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SUMMARY 

The Envi runmenta ti Zesearch and technology, Inc. ( E X )  report 
on “The Influence o f  the (Hat  Creek) Project on Trace Elements i n  the 
Ecosystm” (Appendix F) w a s  completed i n  July 1978. Since that time 
there have b e e n  changes i n  the proposed mine  and powerplant constrcc- 
t i o n  and operation, n e w  data have  been acquired and new questions have 
been raised. For these  reasons, i t  was decided by 8. C. Hydro and Power 
Authority that a revised Hat  Creek Trace Element  Report should be 
prepared. 

The principal  objective of this report i s  t o  identify  the 
trace element content of the coal and the redistribution of  the  trace 
elements t o  the environment through coal combustion.  Twenty-three 
trace  elenants have  been selected on the basis o f  source  contributions 
(caal, overburden, mine d u s t ,  stackemissions,  coaling tower drift, as 
we1 1 as waste mdc and ash di sposal), and their potential  toxicity to 
biotic receptors. An extensive l i terature review of the  biological 
implications o f  trace elements contributed to this rzport. The 23 
trace elements selected  are antimony, arsenic, b e q l l i u ,  boron, 
cadmium, ChrQmium, cobalt, copper, fluorine,  lead, manganese, mercuI-j, 
molybdenum, nickel, selenium, silver,  thallium, thorium, t i n ,  tungsten, 
uranium,  vanadium and zinc. 

The recent  investigations have resulted  in  laver coal 
quality, b u t  a  man realistic  operating regime f o r  the powerplant; the 
overall er‘fec+, is  to laver traca element emissions. R e   w i s e d  aine 
mean coal . i s  i ncnased i n  As, Be, 3 ,  Mn, b ,  Sn and Zn above that of 
the &,9T mine  mean coal and lower in Cr, Cu, i, Hg, Ma, N i  and V. The 
mean values of trace elements in Hat  Creek coal fa1 1 w i t h i n  the range 
of regional  averages f o r  United States coals;* however, Hat  Creek coal 

* U.S. coals were selected for comparison since  data were available. 
Only limi‘ced data are  available for Canadian and western Canadian 
coals (see Swanson, V. E. e t  al.  1976). 
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tends t o  be sl ightly higher  in  Cr, Cu, F and V than most L.S. coals, 
and lower or  average  in the remainder of the 23 elements 1 isted. 

An evaluation of the  analytical techniques used t o  charac- 
terize  trace element qL:antities  in  biological  receptors has also been 
performed. Of the 23 tlements  selected for discussion,  adecuate back- 
ground data for biotic  receptors are available for the following 14 
elements: antimony, arsenic,  beryllium, cadmium,  chromium, cobalt, 
copper, fluorine,  lead, manganese, mercury, nickel, vanadium and zinc. 
Factors  contributing t, the comparatively small data base of  trace 
element measurements for the remaining elements, include smal 1 sample 
s ize  and the use of inappropriate  or  semi-quantitative  analytical 
methods. 

Emission rates for trace elements released to the atmosphere 
have  been revised on the  basis of  new informa'-ion on the combustion 
properties of  some elements as well as the  deposition  praperties of 
others. The number of trace elements in this revision has increased t o  
23 from :he previous  nine which  were extensively analyzed by ERT. 
Based on these new data,  the emission rates for iig have decreased  while 
those  for Sb, Be, E ,  Cu,  F ,  Pb, Mn, Mo, N i ,  Se  and U have increased and 
the remainder (As, Cd, Cr, Co, Ag, T1,  Th,  Sn, W ,  V and Z n )  are 
unchanged from the  original ERT assessment. 

Trace element concentrations have  been calculated using SO2 
model predictions and the ra t io  of  emission rates between each trace 
element and SO2. ' Projected ambient concentrations of trace elements 
for the ' oca1 area are below those of the PCB* regulatoty guide1 ine 
values  for 24-hour and annual averages. Most trace  elemenx with the 
exception of fluorine are more than an order of magnitude below any 
guideline  level. The 24-hour average for fluorine of 1 . 9  pg/m3 i s  
close t o  the  guideline  level of 2.0 pg/m3 for the same averaging 
period. 

* Pollotion Control Board, Ministry of Environment, 8.C.  2overnment. 



Deposition patterns o f  trace elements have been  revisad from 
.be  original E3T uork. The most significant  areas o f  deposition f o r  
the major tracz eiement contaminants are  outside  the  iocal  scale. 
These revised  deposition  patterns  are based on the pub1 ication o f  the 
report on the long range transport and the  implications o f  acid  preci- 
pitation (EX, Appendix I ,  U79). The deposition o f  traca elements was 
prev ious ly  calculated tor o n l y  the  local  scale. In this  assessnent  the 
isopleths o f  regional annual SO2 deposition  include  the  plant  site. 
This revised approach provides  a muci more conservative (worst casa) 
estimate o f  soil accumuiations in the  local  area  as  trace element 
depositions,  regionally, were typically  greater t h a n  in  the  local  area. 

The potential impacts o f  the 23 trace  eleqents were assessed 
f o r  biotic  receptors on L9e basis o f  the i.nPonnation obtained from the 
l i terature survey and w i s e d  emission/deposition characteristics for 
the elements. Projections o f  ground level concentrations of trace 
elements from powerplant stack-emissions suggest that  plants or animals 
respiring  airborne  trace e l m n t s  will not  be adversely  affected. 
Although. the maximy 24-hour average, concentration for fluorine o f  
L9 &m3 apprdaches the  guideline value o f  2.0 pg/m3, i t  is unlikely 
that any long-lasti ng or deleterious  effects to the b i o t a  w i  11 occur. 
Fugitive dust emissions and cooiing tnwer drift will be h i g h l y  local- 
ired and will not be important,  sourcs o f  traca elements t o  receptors 
in  the Hat  Creek area. 

Projections o f  trace element actumul ations in  soi 1s have  been 
estimated assuming the  fol 1 owing: tha t  the powerplant w i  11 operate f o r  
35 years a t  65 percent  capacity;  soils i n  the deposition zones  have a 
bulk density of 1-75 g/cm ; a l l  deposited  trace elements will m a i n  in 
miden-  in the top 3 a of soil ; and nei the?  tracs 41 ement uptake by 
vegetation nor erosion o f  soil to watershed drainages  will  ocew. 
Tracs element deposition  rates have been calculated f o r  cooling  bwer 
drift and have  been  added b the depositions f r o m  stack emissions. 
Generally,  trace element enrichment i n  local and regional soils rqre- 
sents  less than 1 percznt o f  background trace element concsntrations 

3 
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a f t e r   t h e   l i f e t i m e  o f  the  powerplant. The ul t imate  enr ichment o f  s o i l s  
r e s u l t i n g  from the p r ~ j e c t  does n o t   a l t e r   t h e  s o i l  contents beyond 
those  reported as natu,*al. The impacts o f  trace  elements .in s o i l s  t o  
p lan ts  o r  animals i s  expected t o  be neg l i g ib le .  The a lka l ina   na ture  o f  
t h e   s o i l s  will render most deposi ted  t race  elements  re lat ively  unavai l -  
ab le.   Th is   character is t ic  will r e s u l t   i n   t h e  s o i l s  ac t i ng  as a s ink 
for most trace  elements. 

Trace  elements  would  enter  the  aquatic  environment  by 
leaching  from  coal,  overburden and waste r o c k   p i l e s   i n   a d d i t i o n  t o  the 
p r i n c i p a l   c o n t r i b u t i o n  o f  elements emitted through  the  !;tack. The 
impacts o f  cont r ibut ions f rom sources  other  than  stack  emissions have 
been assessed on the   t as i s  o f  the  zero  discharge  approach f o r  contami- 
nated  waters and f o r  scasonal f l uc tua t i ons .  

The Eonaparte  River  watershed  would  receive I.he l a rges t  
concentrat ion  of  trace  elements compared with  cl ther systems, as a l a rge  
p o r t i o n  of it l i e s  w i t h i n   t h e  zone o f  greatest  deposit icln. A worst 
case example for t h i s  watershed was examined which  included  the 
following.  conservative  assumptions: 

1. All o f  the   t race   e lements   tha t   fa l l  on the  Bonaparte  :liver  water- 
shed make t h e i r  w,ay in to   the   aquat ic  system. , 

2. A l l  t r ace  elemerits that  enter  the  water  dissolve  completely. 

This approach was used t o  determine  which  elements showed 
inconsequential  concentrat ion  increases i n  water and which  elements 
would  apmar t o  be o f  concern and were therefc,re  deservinq o f  f u r t h e r  
analysis.. A s i m i l a r  assessment was not   poss ib le   wi th  t r x e  elements 
depositing  from  stack  emissions.  Increases i n  the  trace :!lement  con- 
t e n t  o f  waters  withi l l   the  Eonaparte  River  watershed  are  anticipated 
wi th   the  pro ject .  These projected  increases, however, for ,311 elements 
except Hg, meet  a number o f  regulatory  agency g u i d e l i n e   c r i t e r i a  for 
c r o p   i r r i g a t i o n  and l i ves tock   water ing ,   the   p ro tec t ion  o f  f i s h  and 
other  aqJat ic l ife, ar,d  ingestion by w i l d l i f e .  

I SE 7'333 - i x  - 



With tSe assumptions used in the  assessnent,  the Hg concen- 
tration  resulting from s%ack emissions aeet a1 1 o f  the above cr i ter i  a 
excspt for those rxommended ?or the  protection of  fish and aquatic 
1 ife. I t   i s  expec'ied that  the  canrri but ions  o f  Hg t o  background 1 eve1 s 
i n  the Eonaparte River watetshed will be negligible. 

From the  original l i s t  of 23 trace elements addressed  in this 
report, a rationale h a s  been develooed t o  select  those  that should be 
monitored duri  ng detai 1 ed continuing  studi es throughout the  operati on 
o f  the  plant. The basis of the  selection procass included: trace 
elsment volatility,  abient  concentration,  mobility, methylation poten- 
t ia l ,   toxici ty  and SioaccLunulation. The following U trace  elenents 
are suggested f o r  monitoring during  plant  operation:  arsenic, boron, 
cadmium,  chromium, copper, fluorine,  lead, mercurj, nickel, tin, 
u r a n i u m ,  vanadium and zi ne. 

No significant impact on local or regional ecosystems i s  
expected f r o m  the  release' o f  trace elements by the Hat  Creek project, 
provided that tSe  data from the air  quality model (ERT, .Appendix C ,  
1978) and the  acid  rain rqo r t  (Em, Appendix I ,  l979) are 
representative. . 
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SECTION 1 . 0  - 

The upper Hat  Creek Val 

INTROOUCTION 

ley  contains two major  co: 11 deposi t j  , 
one of which has bee!l selected as  the  source o f  fuel fc,r a 2000 MW 
thermal generating  station with a planned l i f e  o f  35 years. A t  the end 
of 35 years apprecia~le  reserves would s t i l l  remain irr the No. 1 
deposit and in the remainder of  the upper Hat Creek va'iley. These 
resources could be u e d  t o  extend the 1 i fe  o f  the proposed plant, t o  
enlarge thermal generating  capacity or for a variety of  alternative 
uses. 

The upper Hat  Creek Val ley 1 ies midway between 4shcroft and 
Lillooet; 200 km northeast o f  Vancouver, British Columbia.  The pro- 
posed plant  si te i s  in  the  Trachyte Hills ,  4..8 km east of  the No. 1 
deposit and a t  an elevation o f  1410 m. 

The purpose o f  this  report  is t o  review the  trace element 
data  collected as part of the  detailed environmental studies. I t  has 
been necessary t o  re-examine data and conclus'ons  in view of a number 
o f  changes t o  the prc~ject description, new data  acquired  since comple- 
tion of  the ERT Repor.: on  trace elements i n  J u l y  1978, and the addition 
of  some  new trace element information based on a recent  literature 
review. . 

This report i s  divided i n t o  three  l~rincipal  sections which 
address: 

1. Trace element concentrations in coal and mine waste (Ikction 2 . 0 ) .  

2. The atmospheric redistribution of trace elements (Section 3 . 0 ) .  

3. The environment,il impact o f  trace elements enterirlg  the  biota 
(Section 4.0).  



Section 2 . 0  describes  the  trace element concenrrati ons in Hat 
Creek coal and mine waste products and t2e sampling and analytical 
prucedures necessary to deternine them I n  order to place  the concen- 
trations ai trace elements in  Hat C ~ e k  coal i n t o  persgective,  the 
organic a i i ini ty  a i  trace elements and the composition o f  trace 
41ements in U.S. coals have  been  compared. t o  those a t  Hat  Creek. 

Section 3.0 addresses  the redistribution of trace elements by 
atnospheric  processes.  Projections o f  incr2ases i n  ataosgheric concon- 
trztian and surface  deposition  rates have  been evaluated on the  basis 
of the revised  content of trace  elenents in Hat  Creek coal.  hpruve- 
ments i n  the  estimation o f  atmaspheric movements and deposition ai 
trace elements have  become avai12ble wi th  the pub1 ication o f  the ERT 
(l.979) report, "Long Range Transport and implications o f  Acid Precipi- 
tation". The average annual SO2 patterns  described i n  t h i s  raport were 
us4 t o  calculate depasi t i o n  patterns and ambient concentrations far 
trace elements arising from powerplant emissions. 

The third principal por t ion ,  Section 4.0, describes. Lye 
potential impacts o f  trace el went  redistribution on the  aquatic and 
terrestrial  biota. The  number o f  trace elements considered h a s  been 
progressively reduced throughout the study iram mast o f  Lbe elements i n  
L9e periodic  table t o  only those that proved to be o f  importance i n  the 
environmental assessnent o f  the proposed project. The factors consi- 
dered i n  the  selection o f  these  trace elements included their  mabil i ty ,  
volatility,  essentiality to biological  materials, methylation potential 
and toxicity, as well as their tendencies far bioaccumulation and 
biomaqnification. 

The impacts o f  trace elements entering L9e environment from 
stack eni ssions , overburden and waste rock piles, coal and 1 ow grade 
was3 stnciqi 1 es, ash disposal s i tes  , nine dust and coaling tower d r i f t  
have  been assessed. This assassment included the movements o f  the 
trace elements through abiotic  (soils, sadintents and water) and biotic 
(wildlife,  vegetation, as well as fish and other  aquatic l i f e )  systms. 

SE 7933 1 - 2  



Particular attention was focused on the  potential  of  trace elements for 
toxicity, bioaccumulation and biomagnification in receptors  for  both 
the local  and  regional areas. 

A computeriz.ed literature search o f  recent pertinent 
reference-material was undertaken to provide an accurate and reliable 
basis for the selection of trace elements of concern as well as  projec- 
tions o f  their movement and  toxicity. The methods used in this 
particular study have been  developed in order to address  the redistri- 
bution  of significant trace elements i n  coal through the powerplant and 
into the lnumerous rkeptors o f  the natural envirmnent. 



SECTION 2 . 0  - TWCE EUHEEITS IN HAT C2E3 COAL 
AN0 HINE WASTE  PROOUCTS 

2.1 INTROOUCTTON 

All naturally oc:urri  ng materials  contain  trace  elementj. 
Coals  tend to contain high concentrations of certain  trace  elements 
while  being  deficient in others in relation to averages  for  crustal 
mcks (clarke  values).  Therefore  trace  elements  comprise  an  important 
study  area in relation  to  the  development o f  coal-fired  power  planti. 

Although  investigations into trace  elements i.n coal were 
conducted as early as 1887 on European  coals,' it was  not  until 
recently  that hterest was  expressed in trace  elenenti  irum  Western 
Canadian  cad1 s. Trace  element  studi  e5  began on Hat Creek coal in 1975 
with  the  advent o f  the  current  series of environmental  pragrams and 
theso  studies are continuing. 3 

This chapter describes  the  distribution o f  trace  elements in 
the  Hat  Creek  coal  deposit  and  the  altered  mining  scheme  that  has 
resul  tad in changes in trace  elements  concentrations in proposed run- 
of-mine  coal. It provides  additional  information on sampling  and on 
the  relationship of tracs  elements in Hat  Cresk  coal  to  those o f  other 
coals.  Additional  analyses  of  mine  waste  that  were  not  avaiiable in 
gar1  ier  studies  are  also  included. 

2.2 CHARACTEXISTICS OF THE HAT CRE< COAL  OEPOSIT THAT AFFXT T U Q  
El.i?4EHT SAMPLiNG 

The  Hat  Creek No. I coal  deposit  has  been  drilled on appruxi- 
mately 150 m centres. On this basis the  deposit  was  divided  into  four 
zones  (labelled A throuqn 0) and  subsequently  into  several  subtones. 
The  deposit is  folded i n t o  a  syncline  flanked on the  east by a  faulted 
antic1  ine  and  anot!!er  sync1  ine. These  structures  plunge  tu  the south 
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2.2 CHARACTERISTICS OF THE  HAT  CREEK  COAL OEPOSIT THAT  AFFECT  TRACE 
ELEMENT SAMPLING - (Corlt'd) 

a t  15' t o  20'. Therefore each coal zone forms part of  the subcrop over 
the  area 3f the No. 1 deposit. 

. I _  - 

A number o f  characteristics of  the  deposit  specifically 
affect sampling procedures for trace elements: 

1. The No. 1 deposit i s  approximately 420 m in true thickness anti 
contains 717 Mt o f  coal , 5  a l t h o u g h  o n l y  331 Mt would be mined6 i n  
the   f i rs t  35 year phase of operations. 

4 

2. The deposit  varies  laterally from northeast, where the coal i s  of 
high grade (>20 0(10 kJ/kg, db*) t o  southwest, where the coal i s  of 
low grade (<14 000 kJ/kg, db) and  where waste partings  are more 
numerous. 4 

3. Vertical  variatio:is in coal quality throucih the depos i t  are more 
pronounced than horizontal  variations  within a s ingle   j t ra t i -  
graphic  horizon. There i s  evidence t h a t  this  relationship can  be 
extended t o  some trace elements. 

Coal quality has a pronounced influence on emissions of trace 
elements because i t   a f iec ts   the  amount of coal that would be required 
t o  generate a specified amount of e lectr ic i ty .  Coal quantities and 
qualities  are summarized in Table 2-1. 6 

* db indicates  the  value is on a dry basis. 
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2.2 CMRACTERISTTCS OF THE HAT CREE.. COAL OE?OSIT THAT AFFECT TRACE 
E E i W T  SAMPLING - ( C o n t '  d )  

TABLE 2-1 

COAL FROM HAT CREEK OPENPIT NO. 1 
OEFINEJ 3Y ZONE 

Coal Heating Val  ue - Zone (Mt @ >7100 !d/kg, Hoist) (kJ/kq,  Moist) 

A 36 246 
3 

11 860 

C 
63 996 13 no 

0 
48 683 
U6 025 

10 580 

TUTAL 330 950 HUN 13 720 

Mine planning i s  a dynamic process. As planning continues, 
concepts- change and result i n  changes of trace element emissions. In 
the document "Air quality and Climatic  Effects a i  the Proposed Hat 
Creek Project - Appendix F - The Influence a i  the  Project on Trace 
Elements in  the EcosystemY the f o l  1 owing assumptions were  made: 

1. The coal quality would be approximately 14.700 !d/kg (6300 Btu/lb) 
w i t h  26.0 percznt ash and 0.43 percent  sulphur a t  20 percent 
,mi sture. 

7 

2. The powerplant would operate a t  a 100 percent  capacity  factor. 

3. The quantity required was estimated a t  42 600 t/d. 

Hare recznt assumptions that have  been adopted basad on addi- 
tional drilling,  additional coal qualib]  infonnation, an altarnate mine 
plan and Lye propassd powerplant operating regime, are as follows: 

1. The coal quality would  be approximately 13 720 kJ/kg (5900 S t u / l b )  
with 25.6 percent ash and 0.39 percent  sulphur a t  23.6 p e m n t  
moisture. 8 . 
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2 . 2  CHARACTERISTICS OF THE HAT CREEK COAL DEPOSIT THPNT AFFECT TRPICE 
ELEMENT SAMPLING - (Coni:' d )  .- 
2. The powerplant would operate a t  a 6 5  percerlt capacity  factor over 

35 years. 

3. The quantity  required from the mine averages  approximately 
26 OCO t / d  based cln 9 .5  Mt for an average year and 36ii operating 
days per year. Peak consumption f o r  a 24, hour period would be 
approximately 40 0130 t. 

2 . 3  SAMPLING AN0 ANALYTICAL PROGRAMS FOR HAT CREEK COAL - 
Several suites of  samples have  been analysed for trace 

elements a t  Hat  Creek.. The methods o f  analysis  are  explained  in 
Section 2 . 6  and in t h e  Environmental Research and Technology (ERT) 
report "Air Quality and Climatic  Effects o f  the Proposed  Hat  Creek 
Project - Appendix F - The Influence of  the  Project o n  Trace Elements 
in the Ecosystem". 7 

During 1975, between four and 21 elements were anitlysed from 
nine samples of  diamond d r i l l  core. The results  are inclc..ded  in the 
"Preliminary Environmental  Impact Study f o r  the Proposed Hat  Creek 
Oevelopment".  These  sampl'es  were analysed by emission  spectroscopy 
and  were used, as a guide t o  potential  trace element impacts from 
combustion o f  Hat  Creek coal. 

In 1976 Or. K .  Fletcher o f  the  University o f  British Columbia 
analysed 24 samples o f  diamond dr i l l  core from lone hole.' .The samples 
form a  continuous  section through the Hat Creek, coal depos't and they 
were analysed for 11 elements by atomic absorption  spectrophotometry. 
The results and a  description of the methods of' analysis  are  included 
in Append,ix A o f  this  report. 

Because of an apparent anomaly in CL, and Ma a1 i available 
composite samples were analysed for these elements by Dr. i.V. Warren 
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2.3 SAMPLING AN0 ,MALYTCAL-PROGRAMS FOR HAT CREEK COAL - (Cont'd) 

o f  the  University o f  ar i t ish Columbia who also used atomic ahsoption 
These composites had  been prepared for ultimate 

analysis o f  the  coal. Subsequently the anomaious interval was 
resampled and analysed for Cu and Mo by atomic absorption spectro- 
photometp] a t  Acne Analytical  Laboratories Ltd. 11 

The  Canada Centre f o r  Hineral and Energy Techno1 oqy (CANMET)  
analysed b o  sets o f  samples, one i n  1976 and the  other one i n  1978. 
The analyses 'were conducted on samples coilacted irsm aucket auger 
dri 11 holes at   three  si tes.  T'ne samples  were prepared by taking grab 
samples f r o m  each drum of homogenized mal  collected for the tes t  burn 
a t  the Canadian Combustion Research Laboratory (CCRL-Ottawa).  The 
samples  were made  homogeneous a t   8 i r t ley  Engineering Ltd. (Calgary) 
where part o f  each sample undement benefici  atian Qsts. 12 Nine 
samples comprising one suite, were amlysed for mercury by using flame- 
1 ess atomic absorption as part o f  a  prel iminary report on mercury in 
Canadian coals.U The secund suite  consisted o f  three samples  which 
were analysed f o r  12 elements; one o f  these samples 'was  done i n  dupli- 
cate. 14>s Mercury  was analysed by flameless atomic &sorption;  the 
remaining elements were analysed by conventional atomic absorpf3on. 

€KT employed  Commercial Testing and Engineering Co. (CTE) ta  
analyse 3 samples f r y  the bucket auger program i n  1976; one  sample 
was from A zone  and  two samples were fram 8 zane.' The samples  wera 
collected f r o m  composites i n  the same  manner as the samples collected 
for CANMET. I t  was recagnized that  these samples, from only a few tens 
o f  metris of the coal section, would not be representative;  therefore 
CTE was given ll additional composita samples for malysis. Thesa 
samples  were collected from drill  cores"with a wide spatial distribu- 
t i o n  aver  the  deposit (Fig. 2-1). Composites  were prepared by sampiing 
each i ntarval on a volume basis; this method avoided the problem 
resulting f r o m  wide fluctuations i n  specific  gravity among intervals 

i 
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2 . 3  SAMPLING AN0 ANALYTICAL PROGZAMS F3R HAT C X 3  COAL - ( C o n t ' d )  

and should produce a suite o f  samples that  are  representative* o f  the 
deposit. Eac3 o f  these Sets o f  samples 'was analysed i n  duplicate or i n  
t r iplicate.  The analyses were conducted by spark SOUK: mass sgecrro- 
scopy for 6 1  trace elements; i n  addition mer:ury 'was analysed by 
flameless atomic absorption, lead by conventional atomic absor?tion and 
fluorine by sqecific ion electrode. These results  are summariz:d as 
mine  mean coal i n  the E,ST report. 7 

In order to determine laboratory  precision and ac:urtcy, 
tbree coal  samples  were selected i n  1978 and analysed for 16 tracs 
ei ements a t  three  laboratories: CTE,16 Chemex Ltd. , l7 and CAN TEST 
Ltd.18 C T E  used primarily  the same  methods as i n  previous analyses, 
however.  mercury was analysed by double-gold-mal gamation. Chemex  and 
CAN TEST analysed Se, Cd, Cr, Cu, Ma, Pb, Sr, V and Zn by conventional 
atomic absorption, Th by colorimetry, Hg by flameless atomic absorption 
and F by specific ion  electrode. Chemex used flameless atomic absorp- 
t i o n  for As and CAN TEST used graphite  furnace atomic absorption. 19 
The selection of these 16 elements from the  original l i s t  o f  64 was 
based on the lj elements specifictlly recommended  by EQT for further 
analysis" plus Th which  was  added to. ttie l i s t  by British Columbia 
Hydro and Power Authority (B.C. Hydro). This l i s t  comprises the 
elements believed t o  be o f  concern because o f  their  toxicity,  valati- 
1 i ty  or concentrations i n  coals. 

Literature research of trace element information was  con- 
ducted i n  1979. Based on thi s search,  eight  additional  el  enents have 
been added t o  the earlier 1 i st because o f  ipeci fic  asiociation w i t h  
coal-fired thermal plants,  toxicity to specific plants  and animals or 
volatility. On the revised l i s t  o f  trace  elekents So, Co, Hn, Ni, Ag, 
Sn, T l  and W have  been  added.  The total 1 i s t  o f  24 elements w i  11 be 
abbreviated for monitoring as described i n  Section 4.0. 

* Standard deviations among samples are  large. This problem i s  
described i n  Section 2 . 7 .  
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: ? . 3  SAMPLING AN0 ANALYTICAL PROGRAMS FOR HAT CREEK - COAL - (Cont'd) 

Subsequent t o  analysing  the  three samples, Cheinex analysed 
eight  additionaf samples plus one dummy sample f r m  the previous suite 
for the 16 elements. All  samples were  done i n  dupl  ica-ce and stan- 
dards were also analysed as a guide t o  accuracy. The .jmples were 
selected t o  improve the sampling distribution over the  deposit 
(Fig. 2-1) and were obtained from the  pulverized  rejects  generated  for 
coal analysis. 

2 . 4  SAMPLING A N D  ANALYTICI\L PROGRAMS FOR HAT CREEK SOILS, O V E R E U R D E N  
A N D  WASTE ROCK .- 

The  samplinlg for the 1976  and  1977  Frograms conc.ucted by ERT 
are  described in theiy r e p ~ r t . ~  These s i tes  were resamplec. in 1978 and 
the procedures and rewlts   are  described i n  Sec:tion 4.0. 

Samples  wera collected in April and October o f  1.978 from the 
eight  test plots a t  A'leece Lake and from the  sloped test  plots a t  Houth 
Meadows and Medicine  Creek. The samples *ere col lect2d by f i r s t  
loosening the  soil  surface t o  a depth of  approximately 20 cm with a 
shovel ']lade and sanlpling was conducted along the untouched surface 
w i t h  a  heavy.plastic. scoop. Four individual samples were collected 
from each p l o t .  These  were placed i n  dry, white sheets of  paper, 
thoroughly mixed and jubsmpled.  Thirteen wet  and 13 air-dried samples 
were co'lected. The wet  samples  were analysed as received for Hg only  
and the  dried samples were analysed for 23 elements. The ,malyses were 
conducted ~ by Chemex  Labs Ltd. and the methods are  described i n  
Section 2.6. 

2 . 5  SAMPLE PREPARATION FO? COAL, WASTE R O C K ,  OVERBURDEN A N D  S0i:LS - 
Samples collected in 1976 and 1977  were analysed by CTE. The 

methods and results  are  described in detail in the ERT report  "Air 
Quality and Climatic: Effects of the Proposed Hat  Cre,ek Project - 
Appendix F - The Inf '  uence o f  the  Project or1 Trace Elements in the 
Ecosy~tem".~ To prepare  the samples CTE drittd them a t  40'C and they 
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2.5 SdMPCi ?RE?ARATION FJR COAL, 'AASTE 2OCX, OVE3BUROEN AN0 
SOILS - (Cont '  d )  

were pulverized- and screened t o  ni nus 75 pm; the f i  ne grain  size 'was 
necessary due to the small  sample size ( 0 . 1  g> ussd i n  Spark  Sourcz 
Hass Spectroscopy (SSMS) analysis. The samples  were  nade  homogeneous 
during pulverizing i n  a homogenizer. 

In 1978 samples a i  coal, waste rock, soil and overburden were 
sent i n  two batcfies (April, flay and October) to  Chemex Laboratories 

dried  overnight a t  55' t o  60'C, pulverized and screened t o  mi nus 
150 pm. In October  samples  were dried a t  45'C and screened t o  minus 
850 pm t o  more closely compare w i t h  the CTE d r j i n g  procedure. The 
October s o i l  samples  were coil  ectad for' direct comparison w i t h  those 
from 1976 and 1977. For each analysis 1.0 g o f  sample was used.  Waste 
rock and overburden  samples  were not  re-analysed. 

Ltd. The April samples- a i  waste rock, overburden and :oil were  oven 

2 . 6  ANALYTiCAL Mmaas 
Three laboratories have conducted the  analyses used i n  this 

document for assessment o f  total  trace elements i n  Hat  Creek coal and 
waste. These laboratories and their meL9ods are summarized i n  
Tables 2-2a and 2-23. 

Commercial Testing and Engineering Company (CTE) used spark 
source mass spectroscopy (SSMS) , conventional flame atcmic  absorption 
spectroscopy ( A A ) ,  plasma emission ipectroscopy (PES) and specific i o n  
electrode (SI) i n  the 1976 analyses. These  methods are described i n  
Lie report, "Air Q u a l i t y  and Climatic E i f x t ~  of  3 e  Hat  Creek  Pro- 
jec t  - Appendix f - The Influence o f  the  Project on Trace Elements i n  
the Ecosystem", 

The  methods  used i n  the 1978 program are  described i n  Lii i 
chapter;  detection 1 imits and coefficients o f  variation  are a1 so 
listed. Chemex Lahs Ltd. perfomed most o f  these  analyses and they 
were instructed t o  zse their  mast  ac:urate and precise methods, t o  
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TABLE 2-2a 

SUMMARY OF ANALYTICAL METHOOS 
FOR TOTAL TRACE ELEMENTS I N  COAL 

Be 
I 

3 

Cd . 
Cr 

I" co 

cu 
I 

F . 
Pb 

I SE 7933 

No. o f  
Samol  es - 

9 

14 
1 1 3  

14 
11 

14 
11 

14 
11 

14 
11 

14 

14 
11 

13 
11 

14 
11 

14 

14 
11 

14 
11 

14 

14 
11 

9 

Lab 

CTE 

CTE 
Chemex 

CTE 
Chemex 

CTE 
Chemex 

CTE 
Chemex 

CTE 
Chemex 

CTE 

CTE 
Chemex 

CTE 
Chemex 

CTE 
Chemex 

CTE 

CTE 
Chemex 

CTE 
Chemex 

CTE 

CTE 
Chemex 

CTE 

- Method 

SSMSZ 

SSMS 
FAAQ 

AA 
SSMS 

SSMS 
ES6 

AA 
SSMS 

AA 
SSMS 

SSMS 

SSMS 
AA 

S i 8  
SI 

AA 
AA 

SSMS 

FAA 
FAA 

AA 
SSMS 

SSMS 

SSMS 
AA 

SSMS 

- 

2 - . 9  

Detection 
i i ' n i  t 

Oat2 (mg/kg) 

1976 

1978 
1976 

1 

1976 
1978 1 

1976 
1977 20 

1976 
1977 0.2 

1976 
1977 5 

1976 

1976 
1977 1 

1976 
1977 20 

1976 
1977 . 1 

1976 

1976 
1977 .a05 

1976 
1977 1 

1976 

1976 
1977 1 

1976 

- 



T M L E  2-2a - (Cont' d)  

80. o f  
Sam01 es 

Si- 14 
II 

T I  4 

i h  14 
1 

Sn K 
w 4 

U 14 
1 

v 
ll 
14 

h 14 
ll 

- lab Method - Oate 
CTE SSMS 1976 
Chemex AA rsn 
m SSMS 1976 

- 

CTE SSMS 1976 
ChWl&X c9 1977 

rn SSMS 1976 

m SMS 1976 

CTE SSMS 1976 
Chemex NA15 1977 

C T E  SSMS 1976 
Chemex M 1977 

m SSMS 1976 
Cha&X AA 1977 

1 

1 

3 

4 

s 

8 

7 

8 

9 

10 
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Oetection 
Limit 

(mq/ka) 

5 
50 
20 

100 

4 
100 
100 

100 

100 

. 100 
0 . 2  loa 

5 
50-100 
20 

75-LOO 
1 20 

C.V. is the abbreviation f o r  coefficient o f  variation. The values are 
based mainly on La Geyt. (1979) Ref. I2 and appiy to a singia sample. 

SSMS i s  the abbreviation for spark source mass spectroscopy.  Oetzction 
1 imits range from 0.1 mg/kg to LO mg/kg. 
Altbcugh ll different samples  were analysed, three of these were sgread 
appreciably aver zones i n  the  revised zone designations and  were 
not included in the  ravised  calculation of mine sean mal. 

- 

FAA i s  the  abbreviation for f1 amel ess atomic absorption. 

M is the abbreviation f o r  atomic absorption. 

ES is the abbreviation for  emission spectroscopy. 

The coefficient of variation was estimatzd by Le Geyt (1979) Ref. 17. 

SI i s  the  abbreviation for specific ion electrode. 

C is  the  abbrwiation for colorimetry. 

NA is  the  abbreviation f o r  neutron activation. 
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TABLE 2-2b 

SUMMARY OF  ANALYTICAL METHODS 
FOR TOTAL TXACE ELEMENTS I N  WASTE ROCK AN0 S U R F I C I A L   M A T E R I A L S  

Sb 

A s  

Be 

8 

Cd 

Cr 

co 

cu 

F 

Pb 

Vn 

kg 
P O  

h i  

:e 

1 4  

5'r 
1'1 

l'h 

11 

SE 7 9 3  

No.  o f  
Samp 1 es 

- 
103 

10 

10 
10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 
- 
10 
- 
10 

10 

- Lab 
- 

Chemex 

Chemex 

Can Test 
Chemex 

Chemex 

Chemex 

Chemex 

Chemex 

Chemex 

Chemex 

Chemex 
ihemex 

Chemex 

Chemex 
- 

Chemex 
- 

Chemex 

Chemex 

Method - 
- 

FAA 

AA 

PES* 

AA 

AA 

AA 

AA 

SI 
AA 

AA 

FAA 

AA 

AA 

FAA 

- 
AA 

- 
AA 

FS 
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Oatel - 
- 

1978 

1978 

1978 

1978 

1978 

1978 

1978 

1978 

1978 

1978 

1978 

1978 

1978 

1978 
- 

1978 
- 

- 
1978 

Oetection' 

&4/kg) (%) 
L,imit c. v. 

- 
1 -  

1 

10 

0 . 2  

5 

1 

1 

20 

1 

5 

.005 

1 

1 

1 
- 

5 
- 

4 

0 . 5  
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?!a. o f  
Oetectionz 

S a m 1  es 
Limit 

Lab  ?lethad - Oatel (rna/!ka) 
C. v. - - - 

v 10 CheIlIex A A  1978 5 10-20 

Zn 10 Chemex M 1978 1 10- 20 

Analyses rere conducted  only for leachable  trace  elements  prior t o  
1978. 

2 OetKtian limits  for SSMS range from 0.1 to 1.0 rng/kq. 

The s u i t e  o f  10 samples is composed ai the ruck materials  collectad 
f r o m  the  Aleece Lake test plots. - 
PES i s  an abbreviation  for  plasma  emission spectroscopy. 

j F is an abbreviation for fluorimetry. 
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: ! .6 ANALYTICAL METHOOS - (Cont'd) 

apply a l l  recommended correction procedures and t o  analyse samples in 
duplicate. 22 

(a) Atomic Absorption 

In the 1978  program Chemex  Labs Ltd.  analysed coal, 
wast.e rock and sirficial  materials for the  following elements by 
atomic absorptio!? af ter  a nitric-perchloric  acid  :ligestion: 25 

1. Co, Cu, Mo, Ni, Pb and Zn which have a detection  limit o f  

1 mg/kg. 23,24 

2. Cd which has a detection  limit of 0 . 2  mg/kg. 

3. Cr, Mn and V which have a detection  limit of 5 mg/kg. 

24 

23,24 

Lead and cadmium  were corrected for background effects. 
For Be and Sr a hydrofluoric-nitric-perchloric  acid  digestion was 
used and the detection  limits  are 1 mg/kg and 5 cg /kg  respec- 
tively. 24 Samples for Se analysis were subjected t o  a nitric- 
sulphuric acid digestion and chelation  extraction; the detection 
limit i s  1 mg/kg. 

For atomic absorption i t  i s  fe l t   tha t  the  coefficients 
o f  variation of 100 percent near the det.ection limit., 20 percent 
a t  10 times the detection  limit and 5 t o  10 percent at   levels o f  
one hundred times the  detection  limit., can realist ically be 
apt~lied t o  routine  analyses performed by commercial laboratories 19 

(Tables 2-2a and 2-2b). 

(b) - Flameless Atomic: Absorption 

Flame'less atomic absorption was used for mercury 
analysis o f  coal and for mercury, arsenic and seleniim  analysis of 
overburden and waste rock in 1978. 22325 The  methoc; differs from 
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2 . 6  ANALYTCAL M € i W O S  - (Cant Id) 

conventional  atcmic  absorption i n  that  the  s1Eaent o f  in t s res t   i s  
f i r s t  converted to  a vo1a;:':e form by reduction t43en swept i n t o  an 
absorption  cell for thermal  decompositian a d  atcmization a i  the 
metal. 

For mercurj analysis the samal es were digested i n  nitric 
and sulphuric  acids,  potassium  permanganate and potassium persul- 
phata. Mercury i s  easily volat i l  i zed,  sa a high  temperature i s  
not required. The detection 1 imit i s  5 lg/kg. 24 

Arsenic and selenium from overburden and wastd rock were 
analysed  as their hydrides by h o t  vapour flameless atomic absorp- 
t ion .  n e  materials were wet ashed with a camhination o f  n i t r i c  
and perchloric  acids prior to  analysis. The de tec t ion   l in i t  for 
As and Se using t h i s  method i s  1.0 mg/kg. '4 

(c) Oouble-Gald Amaloamation 

In the method o f  double-gold  aualgamation for mercury 
determination used by CTE in 1978, a sample is  thenaally  demur 
posed and the evolved mercury vapour i s  swept tSruugh a packing o f  
gold where i t  is amalgamatad.19 Subsequently a purification  step 
i s  used in which the amalgam is  rapidly  heated and the mercury 
red is t i l l ed  onto a secmd gold 'packing. The second amalgam is 
then  rapidly  heated and the purified mercury i s  swept into an 
absorption  cell where the mercury i s  measured by i t s  absorption. 

An early  paper  describing this que appeared  in 
l964." In this paper, a single amalgamation was used 'and the 
authors, i n  d iscussing  interfemces , note: "The principal i n t e r  
ference  encountered  in th i s  technique i s  frum smke f r o m  organic 
Jlatter in  the  samples." Samples containing  less than 10 percent 
organic  natter can be analysed  reliably. 
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2 . 6  ANALYTICAL METHOUS - (Cont'd) 

The CTE procedure o f  double amalgamation includes a 
second purification  step which i s  a definite improvement and 
should provide  reasonably good data. One weakness  of the method 
i s   tha t  t o  avoid problems with organic maxr ia l ,  extremely small 
sample aliquots  are  required, in the range of 5-80 mg. With very 
smal 1 samples suc,i  as this ,   the  danger increases  that  the a1 i quot  
selected may not  be representative  unless the sample ,'s very well 
homogenized. In the  data reviewed t o  date  there  is reasonable t o  
good agreement between the go ld  amalgamation method ind  the wet 
digestion methods favoured by other  laboratories. The method  was 
used in only three samples t o  determine variabil i ty among labora- 
tor ies  and the  analyses were n o t  used in  c.etermining nlean mercury 
content. 

(d)  Fluorimetry - 
Chemex  !used fluorimetry for analysis of  uranium. A t  the 

time of the analyses they used a weak acid  attack,  that  is  diges- 
t i o n  w i t h  4M HN03, followed by direct  fluorim&y The resulting 
analyses  are low for two reasons, not  a1 1 o f  the urarlium is   dis-  
solved and the  fluorescent  effects can  be lowered by such common 
elements as iron and manganese.19 The  Chemex proceduve  has since 
beer: modified, however a l l  o f  the Chemex fluorimetry  results for 
uranium  were reje'lted because they are t o o  low. 19 

( e )  - Inductively Couplad Plasma  Torch (PES) 

In 1978 Can Test Ltd. analysed Liome soil anti waste rock 
samples for boron using an inductively coupled plasma  1.0rch.22 In 
preparing  the samples they were ashed overnight a t  550"C  and the 
ash was dissolved i n  hydrochloric and nitric  acids. The detection 
limit i s  10 mg/k<l.27 The instrumentation i s  described in the ERT 
report. 6 



2 .6  ANALmUL NEiiiOOS - ( C o n t ' d )  

(f) hiss ion  Soectmqraohv 

Chemex Labs Ltd. analysed the  caal samples from 1978 iw 
boron using an enission  spectrograph w i t h  a detection  limit a i  
20 mg/kq.24 Sample pregaration  ccnsisted o n l y  o f  pulverizing  the 
samples to minus 150 pn. 

(9) Calorimetry 

Thorium in  coals was analysed colorieerrically. 24 A 
nitric-hydrofluoric-hydrochloric acid  digestion was  used  and 
thorium was determined using Arsenaro-3 reagent. The detection 
l imit   is  4 ppm. 24 

(h )  Neutron Activation 

A single  analysis has  been -incorporated i n  this paper 
which was determined by neutron activation  analysis - delayed 
neutron counting a t  Lye Novatrack Facility. The sensitivity  level 
i s  0.2 mg/kg.2' 

( i )  Accuracy  and Precision 

A study of accuracy and prxis ion among tracz element 
analyses was conducted.u Analyses  were obtained i n  duplicate or 
i n  trip1 icate  'umuqhout  the  trace  el  anent s tudi  es ; i n  addition 
the trace elements were  compared to  standards. ' ~ 1 7 ~ 2 ~  In general 
replicafas have  been very close to the ini t ia l  value  obtained. 
O w m y  samples (previously analyzed samples sent again under 
d i  fferent numbers)  have a  vider  separation than rep1 ia tes  
analyzed i n  the same suite (Table 2-3). Of these samples Cr and 
Zn a& significantly  different between the two sets o f  samples. 
These diffemnces may be due t o  sample i nhomgenei ty or digestion 
techniques. Expected variations  betwen  duplicates for the 
various analytical methods  used in this study a r e  summari  zad i n  
Tables 2-2a and 2-2b as a percentage of the value  obtained. 
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TABLE 2-3 

ANALYSES OF OOH 76-137:l-8 

FOR COMPARISON OF OUMMY VERSUS 
REI'LICATE VARIABILITY 

IOriqinai SampleS 
@ 1 i ca tes  - - 

As 6 

Be 1 

8 < 20 

Cd <O. t 
Cr 50 

cu 42 

F 95 

Pb 4 

Hg 0.20 

Mo 1 

Se <1 

Sr 175 

Th <4 

U 

v 100 

Zn 29 

- 

6 . 5  

1 

<20 

<o. 2 

48 

4 1  

95 

5 

0.21 

1 

<1 

170 

<4 

2.0 

100 

29 

:1 

:t 

;20 

0. 2 

!j 

1 

20 

1 

,005 

1 

1 

5 

1 

0.2 

5 

1 

SE 7333 2 - 17 



2.6 ANALYTICAL I.1ETHOOS - (Cant'd) 

Expected variations  are  appreciably  larger among  Samples analysed 
by spark source mass spectroscapy, a semi-quantitative  setbad, 
than among samples analysed by quantitative methods. In general, 
among quantitative methods, expect2d variations become very large 
near the  detection limit  and titis i s  evident frcm the  coefficients 
o f  variation i n  Tables 2-2a and 2-2b. As a result or' call  ecting 
several samples i n  each  zone and analyzing each  sample i n  d u p l i -  
ut2 or triplicate  the values are expected t o  be closs approxima- 
tions to the  actual value. 

2.7 TRACE ELEMENTS IN HAT  CREEK  COAL 

There i s  considerahle 
throughout  the Hat  Creek No. 1 
deviations a r e  commonly in  excess 

variability i n  most trtco, elements 
coal deposit (Table 2-4). Standard 
o f  50 percent o f  the mean value. The 

samples generally  represent betxeen 50 and 100 m o f  the coal intarrai 
with the thicker  waste  sections removed. Samples were selected for an 
adequate distribution both areally. and vertically over the No. I 
deposit (Table 2-5 and f ig .  2-1). Three o f  the 25 samples that were 
selected were n o t  used i n  determining mine  mean coal because of  the 
redistribution o f  coal zones. The three samples are f r u m  3 and 
C zones. If these samples  were included the mine  mean coal would 
contain lower c3ncentrations o f  each trace element. 

The mine mean coal established by E,,? is based on a numer- 
ical average o f  samples f r o m  different  dri l l  holes. The revised mine 
mean coal i s  compared to the previous ly  described mine  mean coal i n  
fable 2-6. The m i s e d  mine.  mean coal is  calculated by incorporating 
new analyses and by weighting the samples  based on their  zonal rela- 
t i o n s h i p  and the  quantity  that  is expected t o  come frum each  zone. 
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TABLE 2-4 

TRACE  ELEMENT  'CONCENTRATIONS I N  COAL BY ZONE 

N.0.:' 

11 

0.7 

< 11 

<O. 3 

125 

7 

46 

114 

6 

180 

0.15 

3 

40 

<o. 9 

N. 0. 

103 

N.D. 

<6 

0.9 

N.O. 

7 

0.7 

N. 0. 

N. 0. 

96 

3 

31 

53 

2 

120 

0.04 

1 

39 

N.D. 

N.O. 

36 

N. 0. 

N. 0. 

0.2 

B 
Y i' - - . .  

N.O. 

15 

0 . 5  

<7 

<O. 4 

43 

6 

42 

134 

5 

376 

0.13 

2 

22 
(1.2 

u. 0. 

110 
I. 0. 

:4 

13. 9 

N.O. 

7 

0.5 

N.D. 

N.O. 

15 

1 

19 

34 

2 

432 

0.03 

1 

6 

N. 0. 

N.O. 

9 

N.D. 

N.D. 

0 .1  

2 - 19 

N . D .  

8 

0. i 

<8 

(0.2 

72 

7 

44 

205 

10 

128 

0.15 

2 

35 

(0.5 

N.O. 

90 

N.D. 

<3 

0.6 

N.D. 

i 

0.2 

N.D. 

N. 0. 

15 

N.O. 

21 

7 

4 

103 

0.06 

0 

8 

N. 0. 

N.O. 

30 

N.D. 

N.D. 

N. 0. 

Tis D 
" - 

N.O. N.D. 

5 3 

0.7 0.4 

<.30 N.O. 

4 . 3  ~ . O .  

5 15 36 

4 2 

29 17 

8 I; 23 

5 3 

1178 93 

0.12 0.05 

2 1 

1 :. 6 

<':I. 6 N.D. 

N .O.  N.D. 

6 8  45 

N . D .  N. 0. 

< 'i' N.O. 

0 . 8  0.5 



Table 2-4 - (Cont'd) 

w N.0. H. 0. N .  0. H. 0. N. 0. N.O. N.O. H. 0. 

U 2.2 0.4 2.4 0.7 2. i 0.7 2..4 0.8 

v 167 103 93 37 ll0 0 a 1  33 

28 35 15 46 '3 !a 13 29 22 

~ 2 Numbers o f  samples are as follows: 

A - a - C 0 

A S ,  Be, a ,  cd, CP, CO,)  
F ,  Pb, Hg, Ma, Se, Sr,) a 4 2 a 
Th, V and Zn 1 
Mn, H i  

Co 

Sn 

U 

5- 4  2 3 

i 3 2 4 

5 3 1 3 

5 4 2 4 

3 N.O. is an abbreviation  for not determined due t o  the sinal1 number o f  
samples. 
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TABLE 2-5 

COAL ZONES AN0  SAMPLING  INTERVALS FOR 
TRACE  ELEMENT  ANALYSES 

SE 7933 

- .  

Drill Hale  110. - 

8AH 9-11 
DOH-76-155 
DOH-76-196 
DOH-76-141 
DOH-76-144 
DOH-76-134 
ODH-76-139 
DOH-76-247 
BAH 6-8 
8AH 2 , 3 , 5 , 1 2  
DOH-76-196 
DOH-76-141 
DOH-76-202 
DOH-76- 138 
DOH-76-127 
DOH-76-152 
DOH-76-156 
OOH-76-187 
~ ~ ~ - 7 6 - 1 8 a  
DOH-76-161 
DOH-76-179 
30H-76-201 

Zone _. 

A 
A 
A 
A 
A 
A 
A 
A 
8 
8 
8 
B 
C 
C 
0. 
.O 
D 
0 
0 
0 
0 
D 

Depth 

A!L 

4.6-19.5 
123.2-216.1 

9.1-78.6 
62.1-160. 3 

185.6-312.2 
167.9-229.5 
278.5-3a9,5 

58.5-155.0  
14.9-29.0 
10.7-25.3 
78.6-140.5 

283.7-344.7 
30.3-83.3 
68.8-129.0 
96.6-153.0 
7.6-88.6 

65.8-147. i! 
29.2-84.1 

129.5-202.6 
123.1-215.4 
243.5-272.6 
160.6-252.C, 



Element 

Sb 
AS 

Be 
3 
Cd 
Cr 
co 
cu 
F 
Pb 
1% 

Hg 
Mo 
Ni 
Se 

4 
Sr 
11 
Th 
Sn 
w 
U 
v 
Zn 

i3T Mine  Mean  Coal (19781  Revised Mine Mean Coal (19791 

0.47 0 . 5  
7 .  a 9 
0.38 0 . 7  
E ?7 
<o. 48 4 . 3  
Loa 74 
s. a s. a 
43 38 
u7 Lu 
6 . 6  6 
290 2u 

’ 0.14 0. u 
4.9 2.3 
33 24 
4.0 (0.8 
<o. 5 <o. 4 
76 89 
<o. 1 (0.5 
4.0 6.3 
0.76 . 0.83 
4.1 c l .  0 
<2.3 (2.4 
140 UO 
2s 3s 
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:!.7 TRACE ELEMENTS IN HAT CREEK COAL - (Cont 'd)  /_.. 

The apparent anomaly i n  Cu and Mo determined by Fletcher 
(1976),' was examined by Warren" and Acme." The Warren j tudy  deter- 
mined that   va lues  o f  Cu and Mo for composite samples ranged f rom 16 t o  
143 mg/kg and averaglzd 46 mg/kg for Cu. They ranged "rom 1.2 t o  
4 . 6  mg/kg and averaged 3 mg/kg for Mo. The sample analyzed by Fletcher 
was resampled and reanalyzed  by Acme Analyt ical   Laborator ies;   the 
values  obtained were 43 mg/kg for Cu and 1 mq/kg for No as compared 
w i t h  4150 mg/kg Cu and 21.2 mg/kg Mo in   t he   F le t che r  s:.udy. These 
resu l ts   ind ica te   tha t   the  sample f rom the  Fletcher  study ((as contami- 
nated and the   resu l ts  from t h a t  sample should be disregarded. 

i1.8 TRACE ELEMENTS IN HAT CREEK WASTE ROCK AND OVERBURDEN - 
An experimental  program a t  Aleece Lake was designed t o  evalu- 

ate, on a large  scale,   the  revegetat ion  potent ia l  o f  va.rious  waste 
mater ia ls  f rom the  proposed  coal mine." Many of these  wasx  mater ia ls 
contain  concentrat ions o f  t race  elements  d i f ferent f rom those  found i n  
sur face  so i ls .  .As plart o f  the  experimental.  revegetation  program, 
there fore ,   to ta l  and leachable  t race  element  levels  in  the  var ious 
waste  matxrials were  determined. 

Twenty-three  elements  were  studied  including :- %ome macro- 
n u t r i e n t  elements as we1 1 as t r ace  elements.  Their  selectirrn was based 
upon many factors  including:  potent ia l .   environmental   ef fects,   levels 
known t o  be present i n  s i m i l a r  wastes, a b i l i t y  clf plants   to   concentrate 
c e r t a i n  elements,  mob,ility i n   t h e  environment and t o x i c i t y   t o   p l a n t s  
and animals. 

The r e s u l t s  o f  the  analyses for t o t a l   t r a c e  elements are 
presented i n  Table 2-7. Leachable t race  elements are  described i n  
Section 4..O. Each va.lue i n  Table 2-7 i s  the average 0-f dupl icate 
analyses.  Only  about 'LO percent o f  the more t h m  300 pa i r s  o f  analyses 
for rock and s o i l   d i f f e r e d  by more than 10 p e r w n t .  The r e s u l t s  for a 
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TADLE 2-7 

TOTAL TRACE ELEMENTS IN WASTE ROCKS' 
(us/ kg 1 

Recent 
f l u v i a l  
Gravels 

f rou 
Trench D 

N.D. 
4 
1.5 
(20 
a .  2 
157 
12 

Carbonaceous 
Shale 

Sand- Coal (Carbonaceous Baked Bentonit ic  f luvial  
Glacio- 

Element  stone .. Waste - C\aystone) Clay ColluvluIo  Clay  Gravels - 
Headows 

llouth 

Mater ial  
Parent 

N. D. 
5 
1.0 
<2n 

T i 1 1  - 
Sb 
As 
Be 
D 
Cd 
Cr 
Co 

N.0 .2  
6 

8. 8 

133 
18 
46 

6 

2.0 

(0. 2 

200 

330 
.n95 
.n94 
2 

N. 0. 
9 

N.D. N. D. 
1n 9 

2.5 
13 

2.0 2. n 
11  24 <n. 2 <o. 2 a .  2 

N. D. 
6 

15 
2.0 

N.D. 
6 
1.5 
(20 
<n. 2 
155 
14 
41 
2 18 

675 
1.5 

.n5n 

n. 2 
120 
7 

105 
11 16 

110 135 125 123 
14 15 
61 39 

16 

123 203 265 

.~ ~~. 

40 cu 
f 

" 

29 
173 

64 3 
1.5 

23 
260 
1.3 
393 

Pb 
Hn 

Ho 

3 
453 

4 7 .  
533 313 

.045 . ngn . n u  040 
.MI 
50 ; 1.5 

(1 
N.D. 
290 
N. D. 
10 
N.n .  
N. 0. 
4 . 5  
135 
59 

.ow 
,049 

24 
3 

<1 
N.D. 

N.D. 

N. 0. 
N.D. 

390 

I n  

9n 
<n. 5 

53 

3 2 
60 

2 
45 52 

. n u  .011 ,025 
2.5 
61 

.oh5 

Ni 
Se 

51 

205 

(1 
N.D. 

N.D. 

45 55 

an 110 

1n 20 

<n. 5 a .  5 
150 190 

<1 <1 
N.D.  N.D. 

N. 0. N.D. 

N.D.  N. a. 
N.D. N. 0. 

57 57 

<1  <1  <1 
N.D. N.D. 

215 
N.D. 
255 300 

<1 

205 
N.n. 

<1 
w.n. 
220 

N.D. N. 0. N.D. 

N.O. 
N.D. 

N. D. N.D. 
N.D. N.D. 

~. 

I n  20 30 

<n. 5 <n. 5 (0.5 

N. 0. 

N.D. 
N.D. 

la 
N.D. 
10 
N.D. 

I h  
Sn 
W 
U 
V 
2 I1 

20 

n. 5 
N. U. 
N. D. 

145 
82 

N.D. 
<n. 5 
130 
?1 

<n. 5 

75 
160 245 

51 
135 
75 60 

130 

Analyses by Clremex Labs Ltd . ,  sanlples collected April 1978. 

N.O. Is an abbreviation  for  not determined. 



2.8 TRACE ELEMENTS IN HAT CREEK WASTE ROCK AND O V E W R D E N  - - (Cont'd) 

divided !;ample,  which was analysed as b o  unrelated samples, snow an 
average (difference o f  9.2  percent for the 23 elements ana.lysed. Six 
resul t j  differed by more than 20 percent, main'iy  when the  results were 
close t o  the  detection  limits of  the  tests. No analyses o f  total  trace 
elements in mine waste products were conducted for  the ERT study. All 
trace element data are within  the range of values normally found i n  
natural  soils29  as  is  evident by comparing colluvium, glaciofluvial 
gravels, t i l l ,  Recent fluvial  gravels and Houth Meadows parent  material 
from Table 2-7 with sci ls  from Table 2-8. 

Mercury levsls  for  the Hat  Creek project were cetermined on 
both  air/oven-dried samples and o n  undried,  as-collected samples. The 
mercury concentration measured i n  the undried samples  averaged 26 per- 
cent hi'qher than the  concentration measured i n  those samples dried 
overnight a t  60aC.21 

Ranges o f  t o t a l  trace elements and some major elements in 
sedimentary rocks arc! summarized i n  Table 2-8.. I t  i s  evident in com- 
paring  these ranges with analyses o f  similar waste  rocks associated 
with Hat  Creek coal from Table 2-7 that most  Hat  Creek waste rock trace 
element concentrations  are comparable t o  those of similar. rock types. 
Hat Creek sandstone i s  however  much lower in boron, slightly lower in 
iron and lead and slightly higher i n  chromium, cobal t ,  mpper, molyb- 
denum, nickel, vanadium  and zinc. Hat Creek bentonitic  clay resembles 
typical  shale i n  a  ceologic  sense  therefore  these rock  t,:ypes are com- 
parable. The bentonitic  clay i s  higher in  arsenic, lower i n  fluorine, 
iron and lead and much lower in boron and mercury.  These rocks contain 
similar  concentrations of the  other  elements. Carbonacwus shale and 
claystcne have  been  compared.  These Hat Creek  waste materials are in 
the range of concentration o f  similar rocks for a l l  b u t  lead, moly- 
bdenum  and zinc. For each of these elements Hat Creek carbonaceous 
sedimentary rocks are lower than the ranges for typical carbonaceous 
shales. 

" 



TABLE 2-8 

RANGES OF TOTAL TRACE EF,n(ENTS AN0 SOME HAJOR EmENTS 
IN SEDIMBiTXRY ROCKS AN0 SOILSL 

(mdkgl 

Element 

Sb 
AS 
ae 
8 
Cd 
Cr 

CU 
co 

Pb 
i 

Mn 

MO 
Hg (dr ied)  

N i  

4 
Se 

n Sr 

Tin 
Sn 
w 
U 
v 
z n .  

Sandstone 

1 
N.O. 
<1 
1553' 

10-100 
1- 10 
10-40 
29030 
1 0 4  
3 S 3 "  
0.03 

2-10 
1 
N. 0. 
N.O. 
N. 0, 
N. 0. 
1.6 
0 .65  
10-60 
5- 20 

N.0. 

0.1-1.0 

0.4 

- Shale 

3 
4 
1-6 

0.3 

10-50 
100-400 

30-150 

20 
N. 0. 
0.40 
1.0. 
20-100 
0.5-1 
N. 0. 
N. 0. 
N. D. 
N. 0. 
40 
N.U. 
4. P i  
50-300 

u031 

5w30 

50-300 

Carbanacaous 
Shale 

N.0 .2  
75-225 
1 
L 

N.O. 
N.O. 

10-500 

20-300 
5-50 

N.O. 
20-600 
N. 0. 
N. 0. 
10-300 
20-300 
N.O. 
5-50 

N.O. 
N. 0. 

N. 0. 

H.O. 
N. 0. 

2-30032 
50-2000 u o - m o  

joi  1 - 
~. 0. 

6 
1- 50 

10 
0. s 
1- 40 
5-1000 

2- LOO 
2- 200 
200-3000 

0.2-5.0 
0.03-0.30 

5-500 

zoo 

a. 1-2. o 
a. 1 
N.O. 
N.O. 
N. 0. 
10 
N . O .  
1 

10- 300 
20-500 

1 Data f r o m  Krauskcpf3O i n  Geachemistrl o f  Mineral Exploration by 

t No values 'we- found i n  the references used. 

Hawkes and  Webbf3 except where notld. 

.. 

-1 

I 

.- 
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;!.9 ENRICHMENT OF TRACE ELEMENTS IN COALS 

Some trace elements are enriched i n  c:als.during  three  stages 
of  coal formation and during subsequent groundwater movement: 

1. Cur'ng the i r   l i fe  some plants  extract elements preferentially. 

2. During partial decay of the  vegetal  material and 1eac:hing of the 
peat  there is   differentiation of trace elernents. 

3.  During coal ificat.ion as oxygen, nitrogen, hydrogen ami water are 
reduced other elelnents are  concentrated. 

4. Curing movement o f  groundwater through the coal and tire resultant 
f i l   b a t i o n  o f  the,je  waters,  trace elements are  concentrated in the 
coal, 

Recently interest  has been directed toward identification of 
organically  versus  inorganically bound trace elements in coals. A 
paper by Smith e t  a1 (1979)34 summarized the work o f  five groups o f  
researchers on the  r t lat ive organic aff ini ty  of  a number o f  trace 
elements from various  coals. The results  for  the 24 telements  of 
interest  are summarized i n  Table 2-9 in  addition t o  results determi.ned 
by Schultz e t  a1 ( 1 9 7 3 ) ~ ~  Gluskoter e t  a1 (1977)37 and those  determined 
for Hat Creek coal.  

The  method o f  assessing  organic  affinity  relies on comparing 
trace element concentr,ltions between raw ~ ~- and  washed .- coals. The  method 
i s  n o t  very accurate because i t  does not examine whether or not the 
trace element is  actually bound t o  an organic molecule. There i s  
considerable  variation among laboratories which i s  possibly due t o  the 
variations i n  the  washability of the  coals and analytical  technique. 
Cespite  these  inadequacies a number o f  trends arl evident. * Schu l t z  e t  

* The Iiat Creek analysis  is  for a single sample and is  based on the 
ERT report. 
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TABLE 2-9 

ORGANIC AFFINITY OF T54Ci E L E W T S  I N  CWL: 

V(190) 
3e(75-1CO) 
3(75-?riC) 
Yo(50-75) 
Cr(0-100) 
Zn(5O) 
N f  ( 0 - 7 5 )  
Cu(2S-50) 
Co(2S-50) 
Sn(0 )  

9 
ae 

'i 
SO 

Co 
Se 
Xi 
C U  

Mn 
Cr 

Ma 
Pb 
Cd 

32 
20 
U 
Sr 
I 4  

Ni 

v 
SO 

a 
CU 
Se 
Cr 
Th 
Pb 
Sn ' 

H9 
Mn 
Ma 
Zn 
As 
Cd 

Numbers represent  the  percentage of  the  trace element  associated w i t h  the 
organic component. Where no numbers w e  given o n l y  a ranking was 1 istad i n  
the  reference. 

2 . These numbers are approximate  values o f  organic  affinity as  determined from 
Fig.  XI o f  Smith e t  a l .  (2ef. 34). 

The value for organically-bound Sr exceeds 100 percent of the  total Sr due 
t o  t h e  semi-quantitative  nature of  the  analyses. 
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2.9 ENRICHMENT OF TRACE ELEMENTS I N  COALS - (Cont'cl) 

a l .   determined  that   f luor ine i s  general ly  associated  wi th  the  mineral  
m a t t e r   i n   c o a l ;   f l u o r i n e  had the   l owes t   o rgan ic   a f f i n i t y  o f  the  Hat 
Creek  analyses.  Smith e t   a l , 3 4  Ruch e t  a136 and Gluskoter e t  a137 
found t h a t  As had  a l o w  o r g a n i c   a f f i n i t y  which compares favorab ly   w i th  
resul ts  f rom  Hat Crettk; F i l by   e t   de te rm ined   tha t  As was approxi- 
mately  evenly  divided between organic and inorganic  const i tuents.   Zinc 
has  a low o r g a n i c   i k f f i n i t y   i n  most coa ls   tha t  have  been  examined. 
Vanadium, boron and be ry l l i um commonly have pronounced organic 
a f f i n i t y .  36*37,39340 Other  elements have var iab le   a f f . in i t y .   Add i -  
t i o n a l  analyses  would be requi red t o  ve r i f y   t he   t rends   i n   o rgan ic  
a f f i n i t y   o f  Hat  Creek  coals. 

Any method o f  upgrading  coal   qual i ty   i .e .   se lect ive  min ing o r  
bene f i c ia t i on  would  improve  the  emissions. o f  v o l a t i l e   t r a c e  elements. 
Elements w i t h  an i n o r g a n i c   a f f i n i t y  ( i . e .  cS0 percent   o rgan ic   a f f in i t y )  
would De p r e f e r e n t i a l l y  removed. All trac:e  ,element  (emissions  are 
improved  by impruv i l g   t he   qua l i t y  o f  coal  going t o  the  powerplant. 
Upgrading  the  heating  value o f  the  coal   a lso has t;re e f f e c t  o f  
decreasing  trace  element  emissions  by  decreasing  the  quantity of coal 
c0nsume.d. 

The minera.1 m a t t e r   i n  Hat Creek  run-of-mine  coal i s  l a r g e l y  
contained i n  par t ings o f  c1.aystone  and s i l t s t o n e ,  the precursor o f  

shale. The concentrat ions o f  t race  eiements i n   t y p i c a l   s h a l e ,   i n   t h e  
earth ' ! ;   crust  and il l Hat Creek coal  are l i s ted  i n  Table 2-10 for com- 
parison. It i s  evident  from  the  high  concentrat ions o f  ,As, Be, 8, Co, 
F, Pb, Mn, Hg, Sr, Th, U and Zn i n  shales that  these  elements  are more 
concentrated i n  shales  than i n  Hat  Creek o r  U.S. coals.  This  relat ion- 
s h i p   ' u r t h e r   i l l u s t r a t e s   t h e   i n o r g a n i c   a f f i n i t y  of many elements. 
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Sb 
4 s 
Be 

Cd 
Cr 
c4 
cu 
i 
I.tn 
Pb 

Hg 
Ma 
Ni 
Se 

a 

U 
v 
Zn 

Hat Creek Coal' Crustal Averaqe4I  Typical  Shale42 

0.5 
9 
a.7 
< 17 
<O. 3 
74 
5 .8  

" . 

3a 

0 . 2  

2.8 
10 
0.2 
100 
25 
55 

I. a 

9.6 
c 

2.7  
US 
70 

3.? 
UO 
95 
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TABLE 2-11 

AN0 AVERAGE COALS FROM FIVE COAL PROVINCES OF THE IINITEO STATE.!; 
COMPARISON OF TRACE ELEMENTS AMONG HAT CREEF; COAL 

Sb 
As 
Be 
8 
Cd 
Cr 

cu 
co 

F 
Pb 
Mn 
H9 , MO 
Ni 
Se 

Ti  
Sr 

Th 

W 
Sn 
U 
v 
2n 

I 

I Ag 

1 

1 

1 

0.5 
9 
0 . 7  
< 17 
<O. 3 
74 

38 
121 
6 
2 u  
0.13 
2 . 3  
24 

4 . 4  

<a. 5 
<5. 3. 
0.83 
<1.0 
2 .4  
110 
35 

- 

5.8 

a .  a 
a9 

2 

1. ? 
2 1  
3 . 0  
100 
7 .  :I 
7 
15 

2 0 . 2  
7 1  
55 
138 
0.14 
5.0 

4 . 6  
30 

so 
5 . 2  

- 

- 
- 
- - 
3.3 
2Q 
31 3 l  

3 

0.9 
6 

100 
2 . 0  

1 . 3  
20 
7 
2 8 . 0  
124 
20 
240 

3 . 0  
20 
7 . 0  

200 

8 . 3  

- 

o. l a  

- 
- 
- 

3 . 2  

40 
50 

( m g M  

- 4 

0.6 
3 
0.5 
70 
0 . 2  
5 
2 

45 
5 . 3  
51 
0.09 
2 . 0  
3 
1.0 

150 

2 . 7  

a. 3 

- 
- 
- - 
0.9 
10 
25.6 

5 

0 . 4  
2 
0.7  
70 
0 .5  
5 
2 
9.1  
70 
5 . 5  
36 

1.5 
0 . 0 6  

3 
1.6 

100 

3 . 6  

- 

- 
- 
- - 
1.6 

9.9 
15 

ij 

1 . 2  
2 7  
2 . 0  
3'3 
0 . 7  

7 
20 

2 4 . 0  
80 

620 
1 5 . 3  

0 . 2 4  
3 . 0  
1 5  
4,. 7 

1.00 

4. 9 

.- 

- 
- 
- - 

3.. 4 
;10 
210.0 

Sample!; of U.S. 
Average o f  

I. 1 
15 

:0 
1 . 3  
15 
7 

I 
Columr 1 Weighted mean of 22 saml~les of  coal from the Hat Creek No. 1 deposit  

t ha t  were analysed a t   Csmerc ia l   Tes t ing  and Engineering  Laboratories, 
Golden,  Colorado and Chemex  Labs Ltd., North  Vancouver, 8.C. The 
analyses  represent a revised mine mean coal. 

I Columrl 2 Mean o f  coal samples from the   In te r ior  Coal Province, U . S . A . ' L 3  

Column 3 Mean of coal  samples from the Gulf Province, U.S.A.Q3 

Column 4 Mean of coal  samples from the Northern  Great Plains Coal Province, iJ. S.A. 43 

2 - 3 1  
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Table 2-11 - (Ccnt'd) 

Column 5 Yean o f  cgai samples from the Jock Hauntain Coal Province, U.S.A.43 

Column 6 Mean o f  jmp1 es o f  nonanthacitic coal from the Eastern Provi nco 
Appalachian Coal Region, U.S.A.43 

1 TSe geometric inean i s  58 ing/kg. 
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2.10 HAT CREEK COAL COMPARED TO OTHER COALS 

Hat Creek coal has n o t  been burned over extended periods. To 
assess the implicati.~ns of trace elements from Hat  Creek coal it i s  
useful  to compare i t  w i t h  average values of  799 samples f.rom five coal 
provinces o f  the Uni.ted States (Table 2-11). Most o f  the samples are 
from some 150 mines producing coals t h a t  lhave  been (uti1  ized  over 
extended periods o f  t.ime. 

The mean values for most trace ele,ments in Hx Creek coals 
f a l l  w?thin  the rarge of  regional  averages for these IJnited States 
coals. Hat Creek coal tends t o  be high in  Cr, Cu, F and V and low or 
average in  the remainder o f  the .24 elements listed. The significance 
of these elements i ;  described in -Section 4.0 of this  report. Addi- 
tional' trace elements have  been identified from Hat Creek coal and 
their  significance  is  described  in  the  report on "Aiv Quality and 
Climatic  Effects of the Proposed Hat  Creek Project". 7 
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SECTION 3.0 .. REDISTRIBUTION OF TRACE: ELEMENTS 
BY ATMOSPHERIC PROCESSEiS 

I n  the  previous  sect ions an analys is  has been made o f   t r a c e  
element  content i n  Hat. Creek coal .  The purpos,e o f   t h i s   c ’ l a p t e r   i s   t o  
re la te  those mass fractions to  increases  which Eire an t i c ipa ted   t o   occu r  
i n  atmospheric  concent.-ations and surface  deposi t ion  rates.  

Both  the  mining o f  coal and the  burning  of   coal   to  generate 
e l e c t r i c i t y  will r e s L l l t   i n  some release  of   t race  elements t o  the 
atmosphere. An assessment o f  such  effect:; has been prev ious ly  
conducted  by ERT. It i s  necessary, however, t o   r e v i s e  thi:; assessment 
fo r   seve ra l  reasons: 

1. 

2. 

3. 

4. 

5 .  

The trace  element  contents  . in  the  coal have been rev isad  s ince  the 
ERT work. 

Only nine  elements were extensively  analysed i n   t h e  E:!T work. To 
furt ,her  def ine  potent ia l   impacts,  it i s  now  deemed necessary t o  
evaluate 24 elements. 

New in format ion i s  ava i l ab le  on the  combust ion  propert ies  of  some 
t race  elements. 

New in format ion i : j  ava i l ab le  on deposi t ion  propert ies (:If emissions 
from  the  Hat Creel( pro ject .  

I n  t h e   o r i g i n a l  ,*ark only  powerplant  emissions were considered. 
It i s  now c ~ ~ n s i d e r e d   i m p o r t a n t   t o   i n c l u d e  mine  dust 
r e d i s t r i b u t i o n .  
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3.1 POWERPLSNT 

The  method  used to  estimate  effects or' trace elements 
released t o  the atmosphere by the  poweTlant stacfk i n  the  original iRT 
study (ERT, l.978) was t o  m u l t i p l y  model predictjons for SO2 by the 
ratio o f  the  trace element emission rate t o  that o f  SO2. The usa o f  
such r2tios i n  this  analysis has not  changed, b u t  i t  has  been necessary 
t o  revisa  the emission rates and the SO2 model predictions as discussed 
previously. 

The trace element feed rates t o -  the  boiler can  be calculated 
from the peak coal consumption rate o f  about 40 000 t / d  and the  trace 
element concentration i n  the coal , as shown i n  Table 2-6. (The trace 
element concentrations  are  express4 on a dry basis so on ly  the dr\y 
fraction o f  the coal  consumption rate, about 76 percent, should  be 
used. ) O f  this feed rate a certain perckntage is  emitted t o  the 
atmosphere. This percentage differs f o r  each el ment based on its own 
chemical and physical  properties and  has  been estimated i n  Table 3-1. 
In  this way emission rates fo.r each o f  the  trace elements have  been 
calculated and  compared to  the emission rates used i n  the  original E.?T 
analysis in Table 3-2. 

(a) Concentrations 

The estimate of g,mund-level trace element concentra- 
tions in  the  trace element appendix t o  the  original UT work 'was 
done only  for the  local-scale modelling and o n l y  for the  case of a 
366 m stack height. In this  reassessnent,  trace element concen- 
trations have a1 so been mtr ic ted   to   the .   loca l - sa l   e ,  because 
highest  concentrations  are  expeced w i t h i n  t b i  s radius. The case 
treatad, however, i s  for a 244 m stack with a Meteorological 
Control System (W). In  addition the earlier  trzce element 

. appendix d i d  not.  address 3-hour and 24-hour maximum concentra- 
tions, which  have  been addressed here. 
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TABLE 3 -1  

S E  7933 

A COMPARISON OF THE FNACTIONS OF TOTAL TRACE EL.EMENTS  CONTP,INED I N  
THE COAL WHICH WERE ASSUMED TO BE EMITTED IN THE PREVIOUS " I R K  

AND THE FRACTIONS CURRENTLY ASSUMED 

Element 

Antimony 
Arsenic 
Beryl  1 i um 
Boron 

Chromium 
Cadmi urn 

Cobalt 
Copper 
F1 u o r i  ne 

Manganese 
Lead 

Mercury 
Molybdenum 
Nickel  

S i l v e r  
Sel eni um 

Thorium 
Thal  1 i urn 

Tin  
Tungsten 
Urani um 
Vanadium 
Zinc 

Symbol - 
S b  
As 
Be 
8 
Cd 
Cr 

cu 
co  

F 
Pb 
Mn 
Hg 
Mo 
Ni 
Se 

Th 
Sn 
W 
U 
v 
Zn 

Assumed Percrint 
Previous Work Current \/a1 u e l  

A!;sumed Percent 
Emitted (X.) - I imi t t e d  (X) 

0.572 1.0 
6 .4  
0.052 
1.2' 

0.15 
2.1 

0 .4  
0. 32 

6.0 
1.9 
0 . 2 2  
148 
0 . 5 2  
0. 52 
1.02 
0.22 

0.112 
0.1' 

0. 52 
0.12 
0.092 
0.3 
1.5 

N o t  changed 
1.5 
5 

Not changed 
Not  changed 
N o t  changed 

1 

23 
7 a 

100 
1.1 
c J 
1.0 
25 

Not changed 
Not  changed 

Not changed 
Not  changed 

Not changed 

Not changed 
N o t  changed 

1 

Selected as representat ive o f  1 i t e ra tu re   va lues   (Cur t i s ,  1977; 
Lim,  1979;  Meserole a t  d l . ,  1978; LGvblad,  1977; Ondov e t  a l . ,  

m a l   c h a r a c t e r i s t i c s .  
1979; Gladney e t  d l . ,  1978; Kaakinen e t  31 . ,  1975) altd  Hat  Creek 

2 Fsr these  elemmts  emissions were not  analysed i n  tk.e o r i g i n a l  
work. The values shown above are  those  which  would  result from 
analys is  o f  t e r t t  burns. 



TABLE 3-2 

TRACE ELEHENT EMISSION A A T X  F3OM THE PWERPUNT 
AS USiJ IN THE ORIGINAL ERT 'WORK AN0 AS CURRENTLY ESTiPATEil 

- El ement 
Antimony 
Arsenic 
9erIll ium 
Boron 
Cadmi urn 
Chromi urn 
Cobalt 
Cooper 
F1 u o r i  ne 
Lead 
Mercury 
Manganese 

Molybdenum 
Nickel 
Selenium 

Thall iun 
Silver 

nori um 
Tin 
Tungsten 
Uranium 
Vanadium 
Zinc 

Symboi 

Sh 
As 

9 
Be 

Cd 
Cr 
CO 
cu 
F 
Pb 
Mn 

\% 
Hi 
Hg 

$ 
Th 
Sn 
w 
U 
V 
.Zn 

Previous 'dark Current  istimatel 
hi ss  i on Rate (kg/d) 

Not  analysed 

Not  analysed 
Not  analysed 

0.35 
5 . 2  

17.2 

Not  anaiysed 
5.93 
281 
4.36 

Not  analysed 
7 .07  

Not  analysed 
Not analysed 
Not analysed 
Not analysed 
Not  analysed 
Not  analysed 
Not  analysed 
Not analysed 
Not  analysed 

16.1 
u. 9 

0.15 

0.32 
26 
0.19 
3.4 

l a  

0.53 
23 
2300 
5.5 
71.0 
4.0 
3 . 5  
7 . 3  
6 .  I 
0.02 
a. 02 
a. u 
0.03 
0.73 
10 
16 

o. l a  

Calculated by multiplyin  coal  consumption rate (40 000 t/d) by the d r y  
fraction o f  the coal (0. 3 6 ) ,  and by the  trace  elenent  cancentrations 

mi tted  (Tab1 a 3-1). It shauld be natad  that  these m i s s i o n s  carr?s- 
(Table 2-6) and  finally hy the  fraction o f  the  trace  elements  which  ar? 

pond to a 2000 (W. powerplant  operating  at  full  load  continuously. 
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3.1 POWERPLANT - - (Cont'd) 
Althouqh  model predictions for an MCS may not show the 

same property for SO2 as for trace element concentrations, an 
analysis o f  the relative effects on trace element emi:;sions o f  MCS 
control actions has been  conducted. The methods  used to effect 
thfs control ,by an MCS are switching to low sulphur coal and 
reduction o f  load. While the load reduction actions will clearly 
result i n  reduc:ed trace element ernissim, the effect of  fuel 
sw.itching on trace element emissions varies from element to 
element. A comparison o f  the change i n  emission rate during a 
fuel switching ,action for SO2 and  various trace elements is shown 
in Table 3-3. While there is considerable variability, the 
general nature i s  a reduction for most elements. 

Trace element concentrations have  thus  been calculated 
using SO2 model predictions and the ratio o f  emission rates 
between each  t.race element and SO2. The maximum, impacts are 
presented in Table 3-4. Annual-average concentratians are calcu- 
lated  for the isopleths  shown in Fig. 3-1 and presented in 
Table 3-5. 

(b) - Deposition 

I 

SE 7933 

In tne previous work (ERT Appendix F) deposition of 
trace elements was calculated for the local-scale only  and was 
biised on  ground-level concentrations a.nd an  assumed deposition 
velocity. However, since this time, an improved  met7od has become 
available with the publication of the report on  lorg range trans- 
port and the inplications o f  acid  precipitation (EF.7 Appendix I). 
It became apparent from  this report that  areas  recgiving largest 
values o f  deposition rates for major contaminant.? were outside 
this local-scale. Since this analysis of major component deposi- 
tion (ERT Applsndix I) was a more theoretical treatment o f  this 
process, it w.3~ decided to use  the deposition patterns  in the 
Appendix I report to calculate deposition patterns for trace 
elements in this reassessment. 'iith'in the  acid precipitation 
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Figure 3-1 Coded Isopleths o f  Annual herage Concantrations - 
resulting  from  Power  Plant Enmissions 

- 
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TABLE 3-3 

CHANGE IN EMISSION  RATE FOR VARIOUS CONTAMINANTS 
OURING FUEL SWITCHING 

Contaminant 

Antimony 
Sulphur cioxide 

Arsenic 
Beryllium 
aoron 
Cadmi  um 
Chromium 
Cabal  t 
Capper 
Fluorine 
Lead 
Manganese 

Molybdenum 
Mercury 

Nickel 
Sel  eni  um 

Thai 1 ium 
Silver 

Tin 
Thorium 

Tungsten 

Vanadi urn 
Urani urn 

Zinc 

Symbol 

SO2 
Sb 
AS 
Be 
B 
Cd 
Cr 
co 
cu 
F 
Pb 
Mn 
Hg MO 
N i  . 
Se 

;7 
Th 
Sn 
W 
u 
v 
Zn 

Emissions  Ourinq Fuel Switching 
Percent o f  Normal 

53 
NO 1 

~ ~ ~~ ~~ ~~~ 

NQ - not quantifiable due to inadequate data. 
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46 

137 
92 

65 
75 

65 
58 
60 
67 . 
74 
77 

61 
69 



El &vent 

Antimony 
Arsenic 
Reryl l u i m  
Rorun 
Cadmi WII 
Chromi urn 
Cobalt 
Copper 
F 1 uori ne 
Lead 

Mercury 
Manganese 

Molybdenum 
Nickel 
Selenium 

Thall ium 
Silver 

Tin 
Thori urn 

Uranium 
Tungsten 

zinc 
Vanadi ua 

- 

MAXIHUM TRACE EMENT CONCENTRATIONS IN y / m 3  
RESULTING FROM ?OWEXPUNT EMIjiIONS 

SymboT 
Sb 
AS 

3 
ae 

Cd 
Cr 

CU 
co 

?b 
F 

Mn 
Hg 
#O 
Ni 

3-hour 

0.00029 
0.034 

0.050 
0.00061 

0.00036 
0.00063 
0.001 
0.044 
4.4 

0.136 
O.OlO5 

0.0067 
0.0077 

0.012 
0 ~ 014 

- 

o . oooo3a 
o. oooo3a 
0. '00034 
0.00025 
O.bO0057 
0.0014. 
0.019 
0.031 

24-hour 

0.00012 
0.014 
0.00026 
0.021 
0.00015 
0.0027 
0.00042 
0.018 

0. OOW 

0.0032 
0. 057 

0.0028 

0.0049 
0. oosa 
0.000016 
0.000016 
0.00014 

0.000024 
0.0001 

o . ooa 0.00058 

0. ou 

- 

1. a 

Annual - 
0.0000043 
0.00052 
0.0000092 
0.00071 
o.ooooos4 
0.000097 
0. oooois 
0.066 
0.00066 

0.002 
0.00016 

0. ooo1r 
0.0001 
0.00027, 
0.00017 
0.00000057 
0. 000000s7 
0.000005 
0.0000037 
0.00000086 
0.000021 
0.00029 
0.00046 

No comparison i s  given  here between previous work and thess   es t i -  
mates are' for the  current work because  the  original ERT studies 
d i d  not a d d m s  these  impacts. n e  concentratlons a r e  based on a 
2000 IW powerplant  operating a t  f u l l  load cantinuously.  

. .  



Figure 3-2 Coded Isopleths o f  Annual Average Trace Element 
Deposition  Patterns resui ting from Power  Plant 
fmjrsions 

.~ _ "  "" ~~ ~ . - ~ . ~  -. 



TABLE 3-6 

ANNUAL-AVESAGE TRACE i?,”lE3T OE?QSIT?ON RATES iN yg/rn2/a XIOR 
COOED ISaPLi71SL RESULTING FXOM PQMSPUNT ~ I S S i O N S  

Coded Iscol  eth 
Element 

,Anrirnony 
Arsenic 
Seryll ium 
aomn 
Cadmi um 
Chromium 
Cobalt 
Copper 
F1 uori ne 
Hanganesc 
Lead 

Hercury 
Molybdenum 
Nickel 
Selenium 

Shall iun 
Si 1 ver 

Tin 
i’norium 

Tungsten 
Urani  um 
Vanadi urn 
Zinc 

Svmbol A - - 
Sb 
A S  
8e 

Cd 
8 

co 
Cr 

CU 
i 
Pb 
Mn 

MO 
Hg 

Ni 
Se 

8 
Th 
Sn u 
V 
U 

Zn 

0. sa 
70 

101 
1.2 

0.74 u 
2.1 

. 

a9 asoa 
21 

16 
280 

14 
28 
24 
0.078 
0.078 
0.70 
0.5 
0. K 
39 
2. a 
62 

- 3 

0.44 
52 
0.93 
76 
0 . 5 5  
9.9 
1.5 
67 
6700 
16 
210 
K 
10 
2 1  
18 

0.058 
0.058 

0.52 
0.38 
0.087 
2. I 
29 
47 

See Fig. 3-2. 
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C 

0.29 

0.62 
35 

0.37  
50 

6.6 
1.0 
4s 

u 
140 

6.8 
14 
12 

0. 039 

0.25 
0.35 

0.058 
1.4 
19 
3 1  

4500 

7.8 

a. 039 

- 0 
0.15 
17 
0.31 

0.18 
25 

3 . 3  

22 
5.3 
2200 

69 
3.9 
3 . 4  
7 . 1  
5.9 
0.019 
0.019 
0.17 
0.13 
0.029 
0.71 
9.7 
16 

a. 51 

. .  

“ 

_ I  
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3.2 - (Cont'd) 

sc ient is ts .   In   order   to   develop  t race ele!nent  concent:rations  and 

deposi t ion  rates f r o r i  these  estimates i t  i s  rrecessary t o  assume t h a t  

t race  element  concentrations in   the   par t i cu la te   emiss ions   a re   the  same 

as those in   the   coa l   Th is  may not be the case since much of the  dust 

i s  genemated  by expo:;ed rock and s o i l  areas as  we1 1 as the hand1 i n g  o f  

materiais  other  than  coal. However, a considerable amount will be coal  

dust, and thus  the  assumption has  been adopted. 

(a)  Concentrations 

Concentrations o f  t race  e1emenl.s i n   t h e  ambient a i r   a t  

ground level  around  the  mine r e s u l t i n g  f r o m  mine dust  are  calcu- 

l a t e d  by multip' lying  the  ambient a i r   pa r t i cu la te   concen t ra t i on  by 

the   f rac t ion  o f  each trace  element in   the  coal .   Concentrat ions o f  
t o t a l  suspended par t i cu la tes  will be  mainzained w i t h i n  60 pg/m on 

an annual  averaqe basis and 150 pg/m on  a  maximum 24-hour basis 

by a dust  cont?ol program. These values have  been used i n   t h e  

ca lcu la t ion  o f  trace  element  concentrations  which  follows. 

Table 3-7  shows annual-average  concentrateions  and maximum 24-hour 

concentrations "or t race elements. 

3 
3 

(b) &gosi t ion 

Deposition of  mine dust has been presented for annual 

,average rates  only. These resu l ts   a re   ca lcu la ted  by m u l t i p l y i n g  

the ambient concentrat ion o f  60 pg/m by an  assumed deposi t ion 

v e l o c i t y  o f  1.0 cm/s and then  mult iplying  by  the  trace  element 

content o f  the  coal. The resu l t s  o f  th is  ca lcu lat ion  are  pre-  

sented i n  Table 3-8. 

3 

It i!; impor tan t   t o   rea l i ze   t ha t   t race  elements i n  mine 

dust  are s t i l l  bonded i n   t h e i r   o r i g i n a l   s t a t e .   U n l i k e   t h e   t r a c e  

elements f r o m  the  powerplant,  they have no t  undergone the  pro- 

cesses o f  combstion. It i s  necessary f o r  the mine dust   re la ted 

t race  elements t o  be leached f rom the  material  they  are bonded t o  

i n  o rder   to  be re leased  to  the environme'nt. * 
SE 7933 3 - 11 



TABLE 3-7 

AMBIENT TRACE ELMMT CONCENTRATTONS 3ESULXNG 
FZOM NINE OUST MIS5iONS IN gg/m3 

Elenent - Svmbol Maximum 24-hour Hiqhest Annual  Averaae' 

Anti many 
Arsenic 
aerjllium 
8oron 
Cadmi um 
Chromium 
Cobalt 
Copper 
F1 uori ne 
Lead 
Manganese 
Mercury 
Molybdenum 
N i  ckte 1 
Selenium 

Thallium 
S i  1 ver 

T h O r i U D l  
T i n  
Tungsten 
Urani um 
Vanadi um 
Zinc 

YO 
AS 
Se a 
i d  
Cr 
Co 
cu 
i 

Mn 
Pb 

MO 
Hg 
N i  
Se 

0.000057 
0.0010 

0.0019 
0.000034 
0.0084 
0.00066 

0.014 
0.00068 
0.024 

0. oooo8o 

a. 0043 

0. ooools 
0.00026 
0.0027 
0.000091 
0.000046 
0.000057 

0.000095 
0.00011 
0.00027 
0. ou 
0.004 

o. 00060 , 

0.000023 
0.00041 

0.00078 
0.000014 
0.0034 
0.00026 

0.00% 

0. a o o o x  

0. 001; 

a. oaaz7 
0.0097 
0.0000059 
0.000010 
0.0011 

- . . . . -. 

a. 000036 
0.000018 
0.000023 
0.00024 

0. oooolr6 
0.000038 

0. 00011 

o.ooL6 o. 005 

~~ 

1 Annual averages are  arithmetic averages. 
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Element 

Antimony 
Arsenic 
Beryl  1 i urn 
6oron 
Cadmi um 
Chromium 
Cobalt 
Copper 
F1 u o r i  ne 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel  
Selenium 

Thal 1 i um 
Silver 

Thori  urn 
Tin 
Tungsten 
Uranium 

Zinc 
Vanadium 

- 

TABLE 3-8 

ANNUAL-AVE.4AGE DEPOSITION RATES FOR TRACE 
ELEMENTS REZ~ULTING FROM MINE OUST IN pg/m2/a 

Symbol 

Sb 
AS 
Be 
a 
Cd 
Cr 
co 
cu 
F 
Pb 
Mn 

Mo 
Hg 

Ni 
Se 

9 
Th' 
Sn 
W 
U 
V 
Zn 

- Hichest  0eposit. ion  Rate 
1.3 
129 
10.1 
246 
4 . 4  
1072 

536 
1734 
85 
3059 
1.9 
3 . 2  
347 

a2 

11 
5 . 7  
7 . 3  
7 6  
12 
15 
35 
1577 
505 
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SECTION 4.0 - E:NVIRONMENTAL IMPACT OF TRACE ELEMENTS 

4.1 TRACE ELEMENTS OF CONCFC 

(a) Introduction 

Coal contains at  least  some 0:: every  element in the 
periodic table and hence is similar in geochemical characteristics 
to  the  earth's c:"ust (Ruch  et al.,  1973). During the combustion 
of  coal the chemistry of the numerous  trac,e  elements  v3ries  widely 
and, in turn, reflects  upon  both the amounts emitted and the 
chemical  species  of the element. When coal i s  combusted, all 
elements are either volatile or non-volatile  with :some showing 
intermediate  characteristics. (Ray  and Parker, 1978; Curtis, 
1977; Lim 1979). Basically, there are four types 'of behaviour 
exhibited by the elements: 

1. Group 1 - equal distribution in the ash  and  slag. 

2. Group 2 - preferential  concentration on smaller particles and 
relative  deDletion in bottom ash. 

3. Group 3 - volatilized  and  emitted in the vapour ;phase. 
4. Group 4 - kehavioural characteristics between  Groups 1 and 2. 

Fig. 4-1 ?,ummarizes the behaviour of some , : I f  the trace 
elements  and  shows their position in the  Periodic Table. 

Many trace elements  pose a degree of potentid hazard to 
the environment..  The amounts and  forms of  these  elements  that  are 
emitted  from  coal-fired  powerplants  are  largely  unknown  and  likely 
vary  between  facilities-  (Van Hook and  Shultz, 1976). Information 
on these physical  and  chemical  characteristics  of  materials 
released  to the environment is a prerequisite  to the study o f  
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4.1 TRACE ELEMENTS OF CONCERJ - (Cont’d) 
their movement in the biota  (Torrey, 1978). Hence it i s  necessary 
to estimate the transport and  transformat.ion  mechanis,us o f  these 
elements  as  they  are  emitted  from the powdrplant  to the receptor. 

A more thorough  understanding o f  the environmental fate 
of trace elements i s  necessary f o r  the total assessment of  asso- 
ciated  pollution  problems. The less  volatile  trace  elements  are 
largely concentrated in the slag and  bottom  ash  while some 
condense on fly  ash  and  are  removed by  e!lectrostatic: precipita- 
tion. These fractions have  been  previously  described 
(Section 3.0). As they  may  not enter the atmosphere ‘:a any large 
degree  they  are  associated  with  ash  pond lor other disposal  areas. 
They may subsequantly  undergo  transformatlons  which  allow  them  to 
enter biological  systems.  Airborne  trace  elements  may enter the 
ecosystem by direct fallout and  precipi.tation  scavenging. The 
amounts entering. the environment  are a function  of  the  variability 
in trace element. concentrations of coals  and the efficiency  of 
flyash  removal  systems (Jones, 1978), as well  as the conditions  of 
combustion  and the type of  fly  ash  removal  system. 

Emitted trace elements  from the coal-fired  .powerplant 
will ultimately  return  to the soil or sediment  systems  from where 
they  originally ‘came. The rates  of  entry o f  these elements  into 
the environment and their transfer through  various trophic levels 
are  influenced ty complex  interactions 01’ chemical, 3hysical  and 
biological  factors  (Crawford, 1978). 

SE 7933 

Not a’ll trace elements  pose  potential  environmental 
hazards in view of the fact that various  organisms  drsplay  toler- 
ance or a metaflolic need for some  elements. The selection  of 
various trace elements f o r  detailed assessment as  th(%y  relate  to 
the Hat Creek Project  depends on the elements’ demonstrated 
toxicity and their ability  to  move  and  bioaccumulate throughout 
the various trophic levels o f  both the aquatic and  terrestrial 
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4.1 n A C E  ELREHTS OF CONCEXN - (Cont'd) .. 

biota. Ultimately, an assessment o f  traca element impacts to the 
Hat Creek biota w e n  made on the  basis of project trace element 
quantities arising from stack emissions and the leaching o f  

overtwrden and waste d q s  as  well  as  coal stockpiles. 

The remaining sections have  been organized to address 
the f o 1 1 mi ng: 

1. Selection o f  the  trace elements that are to  be addressed as 
they relate to the Hat Creek Project. 

2, To prepare  a critical nvi ew o f  traca element impacts speci- 
flcally, t n  the aquatic and torreatrial onvironments  arising 

- frum the burning o f  coal. 

3. To assass the impacts o f .  projected ' trace element missions 
from the Hat Creak Project in relation to the natural envi- 
ronment at Hat C m e k  and pertinent  information  available frUm 
the 1 iterature. 

(b) Traca Elements o f  Intarest 

The tanninoloqy "Traca Elements" originated t r a m  the 
fact &?at many stable elements occur in the  environment and living 
organism in such small quantities  that  determination o f  their 
pncise concentrations was very difficult with  the  analytlcal 
wthods formerly avallable (C7ewnt8, 1976). Most of the trace 
elements, however,  that am pnsant i n  biological and environ- 
m t a l  materials can now be measurad accurataly and reliably to a 
d o g m e   w i M  much lower detection levels  than befora (Clementa. 
1976; Le Gey-t, 1979). The adjective "traca" nevertheless, 
continues t o  be used in the description o f  thesa elements. 
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4.1 TRACE ELEMENTS OF CONCERN - (Cont'd) 
According  to  Thrush (1968) most  inorganic e'lements  are 

referred  to  as trace elements  with the !exception o f  the eight 
abundant rock-fornling  elements: oxygen,  silicon,  aluminum, iron, 
calcium,  sodium,  potassium and  magnesiurn. These e'ements, in 
addition to chlorine and titanium are major component.;  of common 
rocks  and  soils (Hall  et  al., 1974). Their systematic  toxicity  to 
animals  and  humans,  however  has  not been demonstrated or is un- 

known  (Friberg, 11377). Hydrogen,  phosphorus,  sulphur ,imd nitrogen 
have  also  been  considered major element!; of the earth's crust 
(Heinrichs  and  Ma:yer, 1977). 

On the basis  of  elemental concentration i n  biological 
materials no clear division  can be drawn  between the trace 
elements  and tho:% classified  as  "major"  (Clemente, 1.976). Those 
elements that occur at micrograndgram (pg/g) or micrograms/litre 
(pgJL) quantities in biological  material  are, in practice  however, 
referred to as tyace elements. 

The occurrence and' distribution  of trace elements in the 
environment haw! been  receiving increa:;ed attantion in recent 
years due  to  the  potential  toxicity o f  many  of  these  elements 
(Heinrichs  and  M,ayer, 1977). Increases i n  coal combustion  for the 
pruduction o f  electricity  have led to concern aver t h e  p o s s i b l y  

hazardous  effects o f  an  attendant  release  of  trace  elements  to the 
environment. 1,: has  been  suggested that environmental  mobili- 
zation of  certain trace elements  resulting  from coal combustion 
may be approaching or even  exceeding  that  due  to  natural causes 
(Bertine  and Cioldberg, 1971; Andren  et al., 197.58; Klein and 
Andren , 1975). 
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The  potential  toxicity o f  the trace elements in coal 
varies. The ccmstant adaptation  of  organisms  to their environ- 
ments makes it impossible  to  easily or absolutely describe the 
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4.1 TRACE ELEMENTS OF CONCEXN - (Cont'd) 
toxicity o f  given traca elemenxs. Clemente (l976) generally 
agreas with <tis statement and claims that the classification of  
traca elements into different  groups  according to  t!!eir toxicity 
is inaccurate and  misleading.  Even essential elements can be 
considered  toxic at sufficiently high intake and the  margin 
between levels  that  are beneficial, and those  that a r e  harmful  may 
be very  small. Nevertheless, some empirical catagorfzation o f  
traca element toxicities is possible as demonstratad in 
Section 1.0. t h i s  approach fs useful when addressing  the  ratative 
toxicities o f  trace elements to organisms. 

Ostensibly, at the present time there ate U trace 
elemants which are believed to Ee essential to human and  animal 
life: copper, fron, fodlne, zinc,  manganese, cobalt. molybdanum, 
selenium, cbromium, nickel,  tin,  fluorine and vanadium (World 
Health Organization, 1973; Underwood, 1975). The rules of these 
elewnQ are suawarizod in Table 4-1. Boron is also an essential 
traca element befng m u i r e d  ,by plants at l o w  concentrations 
(Scirwan, 1974). Acrording to khwarz (1972) the  other  traca 
elements which can normally be found in biological matarials can 
be classified into tna other gtoups: 

1. Likely to be essential or under  spacfal consideration. 

2. Very unlikely to be essential. 

Conswuently, through elimination, tha majority o f  trace 
eierwnts are assumed to belong to L'e second category and are, 
therefore, not considered to be ersentlal to human, a n i m a l  or 
plant life. she traca elements found in coal have  been segregated 
into  various categories on tha basis of the above infomation in 
Table 4-2. Hany of  the traca elements 1 isted i n  this tab1 e have 
been shown to be t ox l c  to organisms. 
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Traca Element 

Chrom.'um 

Cobal ': 

Copper 

F luor ine 

Iod ine 

I ron 

Mangz.nese 

Molybdenum 

Nickel  

Selenium 

S i  1 i':on 

T1 n 

Vanadi um 

Zinc 

TABLE 4-1 

TRACE ELEMENTS  ESSENTIAL TO ANIMALS'l 

Known Function 

Involved i n  l i p i d ,   p r o t e i n ,  and glucose  metabolism. 

A component c f  Vitamin BIZ. 

A component of cytochrome  oxidase and other enzymes. 

Reduces incidence o f  dental  caries and, pa r t i a l l y   p reven ts  
osteoporosis. 

A component of thyroxine and t r i iodo thyron ine ,  hormones of 
the   thy ro id  !gland. 

A component (of cytochromes,  succinate  dehydrogenase, and 

o f  carbohydrates, and protection  agairrst H,O,. 
catalase;  fu l lc t ions  in  e lectron  t ransfer,   aerobic  oxidat ion 

pyruvate  metabolism. 
A component o f  enzymes involved  in   urea  format ion and 

A component o f  enzymes involved  in  pur ine  metabol ism and 
su l f i t e   ox ida t i on .  

Precise role unknown. 

A component o f  g lutathione  peroxidase;  protects  tgainst  
hemoglobin  clxidation. 

In i t ia tes   minera l i za t ion   p rocess  i n  bone, and may funct ion as 
a b io log ica l   c ross- l ink ing  agent   in   connect ive  t issue.  

Precise ro le  unknown. 

Precise roll! unknown. 

A component o f  carbonic anhydrqse and other enzymes; funct ions 

alcohol met.abolism, and superoxide  dismutation. 
i n  CO, format ion,   regulat ion o f  acidi ty,   protein  metabol ism, 

- 
Compiled  from  information i n  Undewood (1975). 
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TABLE 4-2 

CATEGOR1ZATION AN0 ESSiNTfALlTY OF ELEMENTS FOUNO 
IN COAL TO SIOLOGICAL HATERIALS 

,!+GO R TRACE 

Essontlal to 
Living Organisms 

Very Unlikely  to b e  Essential 
to Living Organisms 

a1 umi n u  
calcium 
cnl.orine 

hydrogen 
i ran 
magnesium 
n j  trogen 
oxygen 
phosphorJs 
potassium 
s i l i con  
scdi um 

sulphur 
ti t a n i  urn 

boron 
chromium 
cobal t  
cnppar 
f 1 uori ne 
iodine 
manganese 
m 1 ybdenun 

nickal 
relanlum 
t i n  
vanadf um 

. r f  nc 

antimony 
arsenic  
bari  ua 
beryllium 
cerium 
cadmium' 
CeSf um 
dysprosi UIR 

europi um 
galllum 
germanium 
gold 
hafnium 
i ndi um 

1 anthanum 
1 uta t l  w 
1 cad 

mercury 
plutonium 
Polonium 
rad1 um 
rubi d l  um 
scandium ' 
samrlum 
silver 
s t ront ium 
t a n t a t  um 
thallfum 
tarbium 
thar i  um 

urani um 
tungstan 
y t r r r t i f  um 
zi  n s n i  um 
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4 . 1  TRACE ELEMENTS OF CONCEC - (Cont'd) 

The manifestat ion o f  t r ace  element  effects in the   b io ta  

can be  assumed t o  be  a function  of  tolerance.  Tolerance of 
indiv idual   species may be re la ted   to   the   ad jus t ive   capac i ty   o f   the  

organism as wel l  a s  the  fact   that  many trace  elements  are essen- 

t i a l   a t  l o w  concelrtrations  which may f a c i l i t a t e   t h e i r  metabolism 

and excret ion (Schrdarz, 1972,  1974; Prosser, 1973). As the essen- 

t i a l   t r a c e  elemeots have  a n a t u r a l   a f f i n i t y  f o r  b i o l o g i c a l  

mater ia ls,   they must be considered as obvious  inclusions  into  the 

discussion o f  whit,? trace  elements  are  important when considering 

the  inpacts of t race element  emissions from the  Hat Creek Project. 

C lear ly ,   the   se lec t ion   o f   spec i f i c   t race  elements  which 

may be o f  concern a t  Hat  Creek i s  a  complex  and d i f f i c u l t  task. 

Many factors must  be considered  including a trace  element's 

i nhe ren t   t ox i c i t y  and essen t ia l i t y   t o   b io log i ca l   ma te r ia l s  as wel l  

as t h e i r   r e d i s t r i b u t i o n  from  the  burning  of  Hat Creek coal.  This 

task was f i r s t  addi-essed  by Environmental  Rssearch and Technology 

(ERT). Environment.al  Research and Technology,  Appendix F (1978) 
developed a rat ior ia le  f o r  se lect ion o f  t race elements t o  be 

analyzed i n  Hat Creek receptors  (environmental  samples). 

I n i t i a l l y ,   r e c e p t o r  samples from  the  Hat Crc!ek area were  examined 

t o   i n c l u d e   a l l  o f  the  elements  analyzed  by  the  methodologies o f  

spark  source mass spectroscopy and plasma emiss ion  spec:troscopy. 
I n   a l l ,   c o n c e n t r a t o n s  f o r  more than 60 elements  were  obtained. 

This list was shortened by ERT (1978, Appendix F) t o  21 elements 

t h a t  were selected f o r  detailed  environmental  review. Removed 

from t h e   o r i g i n a l   l i s t  were elements  normally  found i n   r e l a t i v e l y  

high  concentrations in   b io t i c   mater ia ls   tha t   a re   compara t ive ly  

non-toxic and those  elements i n  minute t o  nom-detectable  quanti- 

t ies .   Th is   ra t ion i l le  appears  reasonable, lhawever it !;hould be 

noted  that  many eloments,  although  quite l o w  i n   b i o t i c  samples, 

may be s ign i f i can t ly   inc reased i n  the ecosystem due to  pawerplant 

emissions and depositions  (Crawford, 1978). 
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4.1 TRACE ELM€E(TS OF CONCEW - (Cont'd) 
The ZI elements chosen by E.RT also  have the following 

characteristics in cormnon 

1. refativefy high concentrations in Hat Creek coal or ash. 

2. volatilized during coal combustion. 

3. potentially mast  toxic to Hat Creek ncepton, 

4. present fn relatively high concontraticns in Hat Creek 
scurces or  receptor matorials as compared with values 
reported by atbars i n  similar ecosystam materials  or 

5. regulated by governmental agencies. 

Table 4-3 shows the P. traca tlments selected f o r  study by E X '  

and the parameten usnd to dssnss their fmportanca. This 1 ist of 
21 elements was reduced to nine elements o f  most environmental 
concorn. Generally, ff an element had checks i n  at least three of 
the  ffve catogoriea listnd in Tabla 4-1, the element was selected 
as  being 6f environmental concarn. Using E n ' s  sal ection critnria 
nine elefnents including arsenic, cadmium, chromium, copper, 
fluorine, lead, mercury, vanadium and zinc were salected as baing 
of mast environmental concern. 

The logic of Em's (Appendix F ,  1978) solection process 
would appear to be adequat. in choosing clrtain iraca elements f o r  

detailed environmental mviev. A 1  1 o f  Em's critoria have some 

merit although the t h l r d  criterion might be subject to connnmt 
primarily because emittad trace elownts would have to be 
depotitad largely within tha vicinity o f  Hat Creek. The nature of 
stack emissions f r o m  a  coal-find powerplant would be limiting tia 
these depositions as such emissions are known to  be carricd many 
kilometres from the plant sits  (Ovorak and Lewis  et a l . ,  l378; 
Hait, 1978; 'dangen  and ' d i l l  f a m ,  1978). 
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.c 
TABLE 4-3 

CHARACTERISTICS OF TRACE ELEMENTS  SELECTED FOR DETAILED 
ENVIRONMENTAL REVIEW BY ERT 

I '  
Elemeclt 
" 

Antimony 

Arsen.ic 

Beryl  " i urn 

Boron 

Cadmi t u n  

Chrom"um 

Cobalt 

Coppel- 

F1 uor'i ne 

Gal 1 i MI 

Lead 

L i   t h i  t u n  

Mercuiy 
Nicke" 

Se 1 en.' um 

Stronxiurn 

Thal  1 .i um 

T in  

'4anad.i urn 

z inc  

Z i  rconi  um 

Sb 
As 

Be 

8 
Cd 

C r  

co 

cu 

F 
Ga 

Pb 

L i  

Hg 
N i  

Se 

Sr 

T1 

Sn 

V 

Zn 

Zr 

Concentration Dur i  ng Potenti,al  Concentra.tion  Regulated 
High  Volat i l ized  High  High 

i n  Coal o r  A s h  Combustion Toxicity-  in  Recept!,rs  Guidel ine' 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X X 

X 

X 

X X 

.X 

X 

X 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X X 

X 

1 "aken from  Environmental Research and Technology, 19713, Air Q u a l i t y  and 
Cl imat ic   Ef fects  o f  the Proposed Hat Creek Project ,  Appendix F. 
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4.1 TRACE ELBENTS OF CONCERN - (Cont'd) 
ERT's fiftk  critarion is a logical inclusion as regula- 

t ion  by a  government  agencj :or a specific trace element implies 
that  sufficient reasons have  been identified to distinguish  the 
eleinant as one of environmental concern and  one that shauld be 
addrassed. On the  other hand,  the  large number of trace elements 
h a s  precluded governmental screening f o r  all of them and the fact 
that no guidelines exist for many elements should not be 'taken 
that. thay pose no potential threat to the environment. Consa- 

quently,  the  selection procass employed herein has considerrd most 
eleatants regardless o f  the status of governmantat jurisdiction. 

Hat Creek coal contains a similar spectrum of trace 
elemenQ to other coals (McCullough, 1978; Section 2.0). Many of 
the traca elemants a m  o f  insufficfent  toxfcfty to pose any potan- 

tial thruat tu the Hat Creak environment. Of major concern are 
those  tracs  eleaents  that are v0.1 at1 1 ized during coal combustion 
and are preferentially &sorbed or condensad onto the small fly 
ash particles. These'  traca  elemants subsequently entar the 
environment and am dispemed in gaseous and fine particulate form 
both  locally and regionally. In fact the  anthropogenic Contribu- 
tion o f  trace elemants to the  environmant from the combustion o f  

coal is significant for many traca .rl&nents (Allaway, 1968; 
Bartins and Goldberg, 197l; Klein and Andmn, 1975; Klein et al., 
1975; Newkirk, 1976). Helt (1978) has mportod that some volati- 
1i.zation studies indicate a preferential raleese of arsenic, 
cadmium, mercury, lead and Mall i u m  to the envfronment out the 

stack of cnal-ffred powerplants. 

Other mass balance and. particulato studies have shown 

that many of the elemants as expected an predominantly 
concantratad fn  the ash  (Ag. A l ,  Ea, ar, Ca, Ca, Cr, Co. CU,  Oy, 
Eu, Fe, Ge, Hf, K, La,  Lu, Mn, Ha, Hi, Rb, Sc, Sm, Sn, Sr, Sa. 
Tb, Th, T i ,  U, V ,  W) while a few are nlrased into  L?e environment 
as particularas or gasas in varying degrees (AU, AS,  8, Cd, ~ a ,  
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4.1  TRACE  ELEMENTS OF CONCE!Z - (Cont'd) 

Hg, Ma, N i ,  Pb,  Sb,  Se, Te, T l ,  V ,  Zn) (Ruch e t  a l . ,  1973; 

Davidson e t  a l . ,  1974; K le in  e t  a l . ,  1975; Radian  Csrporation, 

1975; Lindberg e t  .11., 1975; Cur t i s ,  1977; Fleserole e t  :11., 1979). 

Some d iscrepancies  ex is t  among d i f f e r e n t   i n v e s t i g a t a r s  on the 

p a r t i t i o n i n g  o f  t race  elements i n   t he   s lag ,  f l y  ash a.nd gaseous 

phases. The above discussion, however, does provide a general 

overview of the  si-:uation i n   s p i t e  o f  these  differences. 

SE 793:) 

The t race  element  content and species i n  vapours and 

par t i cu la te   mat te r  produced  by  the  combustion o f  f o s s i l   f u e l s  i s  

l a rge l y  unknown ( 3 o l t o n   e t   a l . ,  1975; Lee e t  a l . ,  1975; Hei t ,  

1978). It i s  known, however, that  mercury,  selenium and arsenic 

are  emit ted as ga,ses i n   s i g n i f i c a n t   q u a n t l t i e s .  The metals As, 

T1, Cd,  Se,  Pb ,and Sb are  enriched i n  f l y  ash pa l - t i c les   o f  

respi rab le  s ize.  These elements  are  concentrated on the  surface 

o f  the f l y  ash due t o   t h e i r   v a p o r i z a t i o n  anci recondensation on the 

par t i c le   sur face  (Natusch and Wallace, 1974; Oavidson- e t  a l . ,  

1974). Although many t race  elements  are  la,rgely  collected i n   t h e  

bo i le r   bo t tom ash and f l y  ash, they must be consider-ed i n   t h e  

u l t imate  se lect ior l   for   s tudy as cer ta in   quant i t ies  will be 

released  to  the  environment. 

Newkirk'r; (1976) est imat ion o f  t r a c e  e l e m e n t  amounts 

re leased  into  the  g lobal   envi  ronment i n  1970 is reproduced i n  

Table 4-4 to   p rov ide  an appreciat ion f o r  the  s ign i f icance o f  t race  

element  emissions. Even though  the  trace  elements  are  present i n  

very  smal l   quant i t ies  in  coal ,   Newkirk 's (1976) data show tha t   the  

large amount of  ,ctral  burnod each year can r e s u l t   i n   s i g n i f i c a n t  

emissions o f  trace  elements. 

Answering  the  question as t o  which  trace  elements  found 

i n  coal and t h e i r  subsequent  emissions  are s ign i f i can t   t o   t he  

general  well-being o f  the  environment i s  d i f f i c u l t   i n  view of the 

la rge  number o f  elements  contained in m a l  (Table  4-2). As 

p o i n t e d   o u t   e a r l i e r ,   n o t   a l l  of the  trace  elements  are  n,ecessarily 
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- Element 

As 

8 

0a 
Be 
co 

Cr 

tcr 
Gd 

G* 

Hg 
nn . 
Ma 
N i  

Pb 
Rb 
sc 
So 
Sn 
Sr 

T i  
V 

Zn 
Lr 

TABLE 4-4 

RELMSEO FROM COAL-FIREJ POWERPUNTS IN 19701 
ROUGH ESTIMATE OF AIRBORNE TUCE E!SIENTf 

Cancan. I n  
Coal Usad 

f o r  Estimata 
( d u )  

5 
55 

6 4  
2 

12 

20 
12 
5 
a 
2 
30 
6 

20 
9 
2s 
a 
3 
2 

85 

400 
33 

40 
76 

Stack Emission 

T o t a l ,  Caal- 
F i r e d  P l a n t s ,  
Element aasi s 

( tondvear)  

800 
1 600 
1 900 
100 
360 

600 
360 
150 
240 
600 
900 

180 
6ao 

270 
750 
240 

90 

60 
2 500 
It 000 
1 000 
1 200 
2 300 

: Compiled f r o m  na i t ,  l.978. 
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Per n+ 

Gas (STP) 
of Flue 

~ ~~ ~ 

0 
0.2 
0.53 
0.6 
0.04 
0.12 

0.2 
0. u 
0.05 
0.08 

0.2 
0.3 
0.06 
0.2 
0.09 
0.25 
0.08 
0.03 
0.02 
o. a 
4- 

0.33 
0.4 

0. n 
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4.1 TRACE ELEMENTS OF CONCERN - (Cont'd) 

tox ic   nor   are some o f  environmental conc:ern since  they  are  not 

e m i t t e d  i n   l a r g e   q u a n t i t i e s  f r o m  coal-f ired  powerplants. The 

log i c   i n   se lec t i rg   t he   va r ious   t race  elements  should be r e f l e c t i v e  

. o f  the  e lements '   tox ic i ty ,   essent ia l i ty  t o  b io log ica l   mater ia ls  

and the amounts emitted  to  the  environment. 

No d i s t i n c t  causal   re lat ionships have be'en  shown t o  

e x i s t  between a pa tho log i ca l   en t i t y  and t race elemei?t  contamin- 

a t i o n   r e s u l t i n g  f r o m  the  burning o f  coal   (Klein and Russell, 1973; 
Cannon and Swanson, 1975; Horton and Dorriett, 1976). The poten- 

t i a l  hazards have been l o g i c a l l y  deduced from re la t ionsh ips  

exh ib i ted  between m o r t a l i t y  and/or  reduc:tion i n   t h e   q u a l i t y  o f  

l i f e  processes i n  organisms  during expesures to  t race  element 

emissions  ar is inq from coal  combustion  (Piperno, 1975). The major 

bodies  of   toxicological   data  are  qui te heterogeneolJs inc lud ing  

both  the  aquati: and t e r r e s t r i a l  environments and are  large ly  

der ived from acr,te and subacute  experimentation  (Piperno, 1975). 
Appl ica t ion   o f   these  resu l ts   to   the  problems  associated  with  trace 

element  emissiorls from coal-f ired  powerplants i s ,  therefore,  

d i f f i c u l t .  

Dose-rr!sponse re la t ionsh ips  f o r  t race  elemt?nts are  not  
wel l   def lned and even less so f o r  those  organisms  comprising 

natura l  ecosystems. Jones (1978) has c l a s s i f i e d   t h e   p o t e n t i a l  

t o x i c i t y   o f  same s ign i f i can t   t race  elemants i n  coal   in to   three 

broad  categories - h igh   po ten t ia l ,  medium po ten t i a l ,  and low 
po ten t ia l  f o r  b a t h   t e r r e s t r i a l  and aquatic organisms. Table 4-5 

summarizes the   c lass i f i ca t ions ,   bu t  Jones po in ts   cu t   tha t   the  

scheme can only be considered a "best  estimate" based on the 

experience, knowledge, and i n t u i t i o n  o f  those  judging. The 

general izat ions above have been made desp i te   the   fac t   tha t   t race  

element  impacts on the   b io ta   a re   a lso  a funct ion o f  the  chemical 

s ta te  o f  the  element and i t s  in teract ion  wi th   receptors .  Such 
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Element 

AS 

8 

8e 

Cd 

Ca 

C r  

cu 

F 
Hg 

nn 
Mo 

H i  

2b 

Sb 
Se 

Sn 

Tf 
V 

w 
zn 

TABLE 4-5 

POTENTIAL TOXICITY OF TRACE ELBENTS IN COAL1 

T e r r e s t r i a l  
P lant  Animal 
" 

Low LOW 
High Medi um 

Medium High 

High High 

High Medi um 

High Medium 

High . Medium 

High High 
Medium High1 

LOW LOW 

LOW Medi um 

High High 
LOW Medi um 

Medium High2 
Medium H i g h  

LOW LOW 

H i  gh High 

High L o r t  
Medium Medi I& 

LOW Medi um 

Aauatic 

LOW 
C o d  

H i  gh2 

High 

High 

Medium 

High 

LOW 
High 

LOW 
LOW 

M e d i  um 

Medium 

L o r t  
L O 4  

Low 

nedi unrz 
Medi I& 

L o 4  
Medi um 

Comments 

Know enough i n   t o x i c i t y  f o r  t e r r e s t r i a l  
ecosystems, i n  some instancas may be 
benef ic ia l .  

Speciation  important. 

C r  very  toxic-need  to bow speciat ion.  

Camplaxing i n   s o i l  reduces t o x i c i t y ,   i n  
soom instances may be bene f i c ia l .  

4 

Enriched i n  p l a n t s ,  t o x i c i t y   i n  food 
cycle. 

Poten t ia l  f o r  net   benef ic ia l   e f fects .  

Hfgh  enrichment i n  p lan ts -benef ic fa l  o r  
adverse ef f@cts .  
Very  mobile i n   p l a n t s .  

I n te rac ts  w i t h  other  traca  metals, 
e-g. H i ,  Hg. 

Very  mobile i n   p lan ts .  

Poten t ia l  :or net   benef lc ia l   e f fec t .  

Modif fed f r o m  Jones (1978). 

2 Uncsrtain. 
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4.1 TRACE ELEMENTS OF C O N C E 2  - (Cont'd) 
interactions  influence trace element  availability and hence  the 
relative  amounts  that may affect  organismic  life  procesJes. 

The genferal significance o f  12 trace  elements arising 
from  emissions  due  to  coal  combustion in the terrestrial  environ- 
ment is  summerize'j in Table 4-6. Jones (1978)  primarily  used the 
predictive model  of Vaughan  et al. (1975)  to rank the  effects of 
these  trace  elements.  Extrapolations  to ot.her coals  are  difficult 
since the conditions of  runoff,  weathering  patterns,  mineralogy 
and  land-use pattmws may  differ, The pol1ution in a (liven region 
will,  therefore, be a function of both the coal's characteristlcs 
and the environm(znt within which the cont.aminants  are  deposited. 

Of the 13 trace elements  essential  to  animals,  twelve 
are  included wit'lin Tables 4-5 and 4-6, t.he notable iexception  is 
iodine. Iodine is essential  to  the  function  of the thyroid gland 
and  its homologuas in animals (Prosser, 1973). The element  has a 
rapid  passage  through  biological syst,em!i and  concentrates in a 
small mass of tisue (Garner, 1972). I n  spite o f  iodine's  ability 
to enter and accumulate in various  trophic levels of the biota it 
has  not been  identi  fied  as  an  envi  ronmental contaminant in emis- 
sions  arising  from the burning of coal.  Consequently, it  will  be 
deleted from further  discussion. The remaining  essential  elements 
can  exhibit toric effects in sufficiently  high  concentrations. 
These will be a,ddressed in this  report in view o f  their essen- 
tfalfty, potential  toxicity  and  the  fact  that  they  will  be in 
emissions  from  t,he  combustion  of  Hat Creek coal. 

Bromirle belongs  to the same  group o f  elements  as  iodine 
and fluorine, rlamely the halogens.  It  can sometimes be substi- 
tuted  for  chlorine,  but i s  not a normal constituent o f  animals 
(Prosser, 1973). In  certain environments,  bromine is much more 
abundant  than  iodfne yet the  latter is  used more by animals.  The 
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TABLE 4-6 

SIGNIFICANCE OF TRACE ELEMENT EMISSIONS IN 
TERRESTRIAL ECOSYST'JS' 

Rank' 

1 

2 

3 

4 

- 

5 

6 

7 

a 
9 

10 

11 

12 

Element 

Cd 

N i  

n 
cu 

F 

V 

Ln 
t o  

Ma 

w 

Hq 

Se3 

comments 

Very high t o x i c i t y   t o  both plants  and  animals 

Very mobile in   p lcn ts  

Very mobile i n  plants  

Can be  very  toxic b u t  formation of complexes 
reduces  taxi ci ty 

Gaseous forms highly  toxic   to   plants ,  accumu- 
l a t i v e   t o x i c i t y  i n  p lants  and animals 

High enrlchrnmt  fac'ar 

E V e c t s  probably  positive 

Reasonably  high  enrichment factor 

High enrichment factor, pos i t i ve   e f f ec t s   fo r  
p lan ts  or negatlve  for  animals,  depending on 
reg? on 

Very mobile i n  p lants  

High enrichment facfor, tox ic i ty  i n  food chain 

Intarac*a w i t h  Mi, Hg, etc.  

Coapiled f r o m  Jones (1978). 

Rankad i n  descanding order o f  biological fmpacz and need f o r  

deposi t ion.   avai labi l i ty ,  and uptake. 
mSr%rtfl, and based on Consideration o? rOxi c i ty ,  atmospheric 

Se - Mot s u n  where to rank, b u t  needs tu be  Considered in tams 
o f  intxrac3ans. 

! 
1 .  

i 

i 
.. I 
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4,l TRACE ELEMENTS OF C0NCE:RN - - (Cont'd) 

element i s  r e l a t i v e l y  non t o x i c  and wil'l not  be ccmidered a 

contaminant i n  Ha?: Creek coal-combustion  etnissions i n  v i e w  of i t s  

r e l a t i v e  innocuous  nature t o  p lants  and animals. 

Accord ing   to   He i t ' s  (1978) l i t e ra tu re   rev iew ,  the. t race 

' elements  released f r o m  coal  which  are o f  greatest  environmental 

concern i n  a t   l e a s t  one o f   t h e i r  chemical  forms  are:  arsenic, 

beryl l ium, cadmium, copper, chromium, f l u o r i n e ,  lead, mercury, 

n i cke l ,  selenium, s i l v e r ,   t h a l l i u m ,   t i n  and zinc. Hei?.'s sources 

considered  the  ' inl 'ormation  available on these  elements' t o x i c i t y  

t o  humans, releasefi  amounts,  and ecological   ef fects.  

Consideration o f  the  data  presented i n   H e i t ' s  (1978) 

repo r t  and Tables 4-5 and  4-6, reveals  there  are 2 1  t race elements 

t h a t  have  been i d e r l t i f i e d  as being o f  environmental Concern due t o  

r e d i s t r i b u t i o n  from burning  coal. These elements  are  represented 

by  those l i s t e d  i n  Table 4-5  (Jones,  19'78). Compar.ison w i t h  

Table 4-2 shows tha,t there  are many trace  elements  remaining whose 

potent ia l   impacts ':o the  environment  are  not  well  understood  with 

respec t   t o   d i s t r i l au t i on   a r i s ing  from  the  combustion of coal. 

Generally,  these  remaining  elenlents have not been 

considered  threats t o  the environment  although the natura l  radio- 

nucl ides uraniunr2:;5  (U-235)  and  thorium-238 (Th-238) a long  wi th  

t h e i r  daughter  products have e l i c i t e d  some concern  (Wilson and 

Jones,  1974; McSridta e t  a l . ,  1977; Lim, 1979; Christ iansen, 1979). 

The ma jo r i t y  o f  radionucl ides  in  coal   cons. ist  o f  U-238, Th-232, 

Ra-226,  Po-210  and  Pb-210 (Zimmermeyer,  1978; Dvorak ancl. Lewis e t  

al.  , 1978). - 
Thorium  and  uraniun,  are  the  parent.  products t n a t  decay 

into  various  daughter  products. The daughters can  be assumed t o  

be i n  secular   equi l ibr ium  wi th   the  parent .  I n  secular  eaui l ibr ium 

t h e   a c t i v i t y  of the  daughters i s  roughly  equal t o   t h a t  o f  the 
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4.1 TRACE E L 9 W S  OF CONCERN - (Cont'd) . 

parent.  In  many instances,  however,  uranium and/or  thorium can be  

o u t  of equi 1 i brium w i t h  their  daughters due to   the   d i f fe ren t  
chemical propert ies  between the  el   unants  tbat   affect   their  
geochbmi cal   parti  t i  oni ng (Peyton, 1977). 

..- 

The potantial  environmental  impact of thesa  elements i s  
usually addressed on tha basis o f  their radiotoxici ty   ra ther  than 
their c h a i c a l   t o x i c i t y  ( h l f o r d  and Ja i rd ,  1967). Uranium, 
thorjum and their  daughter3  are  emitted i n  r e l a t ive ly  l o w  quanti- 
t i e s  from coal-firad  powerplants  although water percola t ion  
through a s h  disposal  areas  leaches o u t  quantities of these 
elements  (Peyton, l.977). The concentrations of these  radio- 
nuclides  entaring the environment from coal-fired  powerplants have 
not been reportad to be hazardous t o  the b i o t a  on the basis of 

t he i r  chcmical toxicity. The  movements o f  those  radionuclides 
through the environment, however, depend on t h e i r  chemical forms 

and the   charac tor i s t ics  o f  the  receiving ecosystem (Dvorak and 
Lewis e t  a l . ,  1978). Ac~mu1at lon o f  radioactfvi ty  in hlological 
m8pturs f s  therefore ,  dopendent on tho  elements'  chemistry and 
the receptors'  physiology.  Consequently, the chemical nature and 
o c ~ u r r e r ~ a  o f ,  a t   l e a s t ,  the parent a1 w n t s  (uranium and tharium) 
should be considered i n  the  ass8ssment o f  traca element  impacts t o  
the environment. asscciatod u l t h  the cDmbustlon of coal. These two 
elements are added t o  t h e  l i s t  (Tabla 4-5) of traca  elements f o r  
dlseussion as belng o f  potantial environmenral  concern f r o m  t h e  

wmbustion O f  coal.  

For the twa ln ing  elements: Au, ad, Cs, Oy, Eu, Gd. Ge, 

H f ,  In. La. Lu, Pu, Ru, Rb, Sc, Sm, Sr, Ta, Tb, and Yb no d a t a  'was 
uncovered to indicata any were of a n c o r n  u i t h  raspact to environ- 
mntal contamination as a result o f  burnfng  coal f o r  a lec t r fc i ty .  
Then wen, however, many l i t a r a tun   r e fe rences  ' t o  the   tox ic i ty  
f o r  mny of these elements  under controlled  laboratory  conditions. 

- 
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4 . 1  TRACE ELEMENTS  OF CONCERN - (Cont'd) 

These studies,   a l though  providing  valuablo  toxic i ty  informat ion,  

a re   no t   pe r t i nen t   t o   t he   e f fec ts  o f  these  elements in t h e   b i o t a  

w i th in   the   con tex t  o f  coal-f ired  powerplants. A t  an)( ra te,   the 

enviranmental  redistr ibution  from  coal  combustion  for most o f  

these  elements i s  undoubtedly l i m i t e d  as they  are  i*eported t o  

remain i n   t h e   c o l l e c t i b l e  ash of  combusted coal,  thus  minimizing 

their   at tendant  stack  emissions  (Curt is,  1977). The general 

dearth o f  informat.ion i n   t h e   l i t e r a t u r e  f o r  these  elements i s  the 

rat ionale  which has prec luded  the i r   inc lus ion   w i th   the   t race  

elements  which a r e  recognized as being o f  po ten t i a l  ha:!ard t o   t h e  

environment  associsted  with  coal-fired  powerplants. 

From the above discussion  the  fo l lowing t r a c e  elements 

have been i d e n t i f i e d  as warranting  concern i n  regards  to contam- 

i n a t i o n  o f  the  Hat Creek environment f rom the  proposed  project: 

Ag 
As 

8 

Be 

Cd 

co 
Cr . 
cu 

F 

Hg 
Mn 

Ma 

N i  

Pb 

Sb 

Se 

SO 

Th 

T l  
U '  
v 
w 
Zn 

The gene'ral  impacts of these  trace  elements t o   t h e  

b io ta ,  namely the  elements' movement and/or  accumulation i n  both 

a b i o t i c   ( s o i l ,  sediment  and  water) as we l l  as b io t i c   receptors  

(animal and plants),  are  elaborated upon i n  Appendix C. 
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4 . 2  TOXICIR OF TRACE W E N T S  

The combustion of  coal in conventional powerplants produces 
particulates in the sire  range o f  0.01 to 100 pm. Electrostatic 
precipitaton will remove up to 99 percent or nom of the particulate 
matter. Larger particles are more efficiently rwoved (Lee et a i . ,  
1975). 

Particulate  mattar m1easad f r a m  the stackri of coal-fired 
powerplants can potantially affect vegetation and  wildlife. Particu- 
late  matter frum an industrial .source has  been shown to prevent 
stomatal pore closure  which interferes with plant respiration (Richs 
and Williams, 1374). The authors also postulated that the build-up of 

particulatas on 1 eaf  surfacas could affect the photosynthetic capacity 
of th4 plant. 

- 
The particulata emissions may affect urnstrial vertebrates 

by direct  inhalation or t h m g h  ingestion o f  contaminated  vegetation 
(Dvorak and Lawis et a l . ,  1978). O f  concarn are the smallest particu- 
latus (SI pin) that  can bypass raspf r a t o w  fi 1tet-S and can be daposited 
deep ir&  the pulmanary mglons of the lung (Natusch et  al.; 1974; 
Oavidson et  al., U74; Fennolly, 197s). 

The chemical composition of inhaled particulatas  determines 
their toxicity (Ovorak and Lewis  et al., 1978). Certain potentially 
toxic tracn elemants present i n  coal are preferentially  concentrated on 
the smrller  particulatas  (Natusch et al.., 1374; Oavidson and L e v i s  @t 
al., 1975). L i n t m  et al., (1976)  have indiCat8d that, in the smaller 
particulates,  a  greater fraction o f  the traca element's surface area 1s 
more readily available for intoractlon than i n  tho larger particulatas. 

Tracr elements absorbed to partfculatas emittod f r u m  coal- 
firad powerp1antJ reach the soil by dfraet daposjtion, the washing of 

plant or other particulatrin~reopting surfacas and the  decomposition 
o f  plant litter. These eiemnts m y  be r e u i n e d  in the surface or 
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4.2 TOXICITY OF TRACE ELEMENTS - (Cont'd) 
leached  to  lower  soil  horizons  perhaps  reaching  groun&,ater  and 
affecting aquatic systenis. Weathering o f  trace  elements by wind and 
water erosion will also  occur. The  ultimate toxic:ity  of trace  elements 
to  plants  remaining in the rooting zone is dependent on a number  of 
complex factors  including  the  physico-chemical  properties of the trace 
elements, the soil,  plant  roots,  biological charac:teristics 01' the soil 
and climat.ic factors suc:h as temperature and precipitation ('\laughan et 
al., 1975; Dvorak and Le'ds et al. , 1978). 

The cation  exc:hange  capacity  (CEC)  of  the  soil (SUEII total  of 
the exchangeable cations: that a soil can  absorb)  controls the availa- 
bility  of  trace  elements.  Generally  the  heavier  clay  soils  have  higher 
CEC's than  light,  sandy  soils  low in organic m.atter. Cations will, 
therefore, be less  available in the former soil type and  are  bound  more 
tightly i n  neutral o r  :;lightly alkaline  soils  while in acldic  soils 
they  are  more  available  due  to  increased  solubility  (Erady, 1974). 
According  to Lagewerff (1972)  soil  pH  affects the oxidation-reduction 
conditions  of the soil so that in acidic  soils the more  mob.ile,  lower 
valency trace elements predominate over the less mobile higher  valency 
forms. Soils  with a pli 26.5,  therefore, have  less  potential  cation 
toxicity  problems. 

Precipitation  of other ions, organic matter reactions, soil 
drainage, soil rnicrobio.:a' and  plant  roots  also affect the be:laviour of 
trace elements in soils.  Generally a significant  amount o f  trace 
element  deposition,  especially the cationic  forms, is retaiwd in the 
surface soil layers and  is  not  readily  leached  to  lower  horizsns  except 
in very  acid o r  sandy sclils (Little and Martin, 1972). 

The  impact o f  soil-deposited  trace  elements is also depen- 
dent,  to .I certain degree, on endogenous level l i. For example,  trace 
elements  added  to soil:;  as a result of  coal combustion are likely  to 
have a greater impact  to  terrestrial  systems if the facility is located 
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4.2 TOXICIN OF TRACE ELn(EKTS - (Cont'd) 
i n  an  ar?a where endogenous'  soil. concentrations a m  higher than 
average. 

Trace  elements emitted as vapours may directly affect the 
above-ground portions o f  plants.  It is not  fully understood whether 
those elements deposited as particulates on leaf surfaces can enter the 
cuticle and  be subsaquently  translocated (Zindahl  and Arvik, 1973). 
Thmse  deposited traca elements may,  however, be washed off plant 
surfaces by precipitation  thereby entering the soil. 

The uptake and actumul ation of traca elements by plants  also 
depends on soil fertility and the nutritive status o f  the  plants. 
Phosphata. an essential nutrient f o r  example, has  been shown tn.affect 
trace element uptake (Miller and  Koeppe. 1971). In neutral or alkaline 
soils plants iith  shallow,  spreading m o t  systams may be exposed to 
mora trace elements than plan- w i t b  deeper mots as traca elements are 
retained in the upper soil horizon. Species  specific  profiles of trace 
element uotake  and accumulation can also be identified. 

The impact4 o f  trace  elemmnts on plants i s  also determined by 
the specfes' toleranca to various elements (&adshaw,' l975). Some 
plants can accumu1ata large quantities o f  particul'ar trace elements 
without any apparent taxicity. These species are generally termed 
accumulator o r  indicator species (Dvorak et ai., 1978). Tolerance may 
be ralatad to exclusion o f  the  trace element from metabolic sitas 
within  the plant. 

The general toxic mchanism o f  trace elements on plants is 
perturbancn o f  soma mtabolfc function (namely photosythesis and 
mspiration) often manifestnd by growth raduct.ion and  visual symptoms 
o f  chlorosis, necrusis and discolorations. 

.. 
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4.2 T O X I C I T Y  OF TRACE ELEMENT' - (Cont'd) 

The presence o f  trace  elements i n   e d i b l e   p l a n t   p a r t s  i s  

s i g n i f i c a n t  f o r  the passage of these  elements t o  herb ivorous   w i ld l i fe  

and other  grazing  animals. The extent  that  certa, in  trace  elements  are 

t rans loca ted   w i th in   the   p lan t  i s  dependent on  many complex i r l t e rac t i ng  

fac to rs  as previously  discussed. 

Vegetative community type  a lso  a f fects   t race element. impacts. 

The constant  cropping o f  high  value  crops,  for example, s l o w l y  removes 

t race  elements from t h e   s o i l s  on which  they  are grown (Kubota and 

Allaway, 1372). Accumulated trace  elements i n  forage  crops can be 

passed on 'to man via  l i ,#estock.  A por t i on  o f  tklese will obif iously be 

re tu rned   t o   t he   so i l s  1.hrough defecation. I n   r l a t u r a l  area:; where a 

lower  percentage  of  the  vegetation i s  conswed a more rap id  accumula- 

t i o n  o f  t race  elements wi th  t ime may occur. 

Trace  elements  emitted f r o m  a coal- f i red  powerplant may enter 

animals ( w i l d l i f e  and l i v e s t o c k )   i n   t h r e e  ways 

1. vapor and pa r t i cu la tes  can be inhaled, 

2. deposited on t h e   s o i l  and vegetat ion and 

3 .  seepage f r o m  ash disposal  and mine s i t e s  can introduce t r a c e  

elements i n t o  ground and surface  waters. 

Dvorak and Lewis e t  a l .  (1978) s ta te   tha t   the  effqscts of  t racs  elements 

on w i l d l i f s  i . e .  

1. i nha la t i on  and 

2. ingest ion 

a r e   d i f f i c u l t  t o  determine due t o  a general  lack o f  information. 
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4.2 TOXICIN OF TRACE EINENS - (Cont'd) 
Much information has  been gathered through laborator/ studies with 
domestic animals which may not reflect the situation in the  natural 
environment. 

Drinking water may be contaminated by leachates f r o m  ash 
disposal  and coal mining areas as  well as particulate emission fallout. 
Trace elements may  be introduced to wildlife thmugh drinking such 
waters. Assuming wildlife have similar physiological tendencies and 
tolerances, drinking water standarn established for livestock can 'Je 
applied to wildlife. 

Knowledge o f  the  trace element content o f  forage plants for 
harbivorous animal diets is requirad to calculate the traca element 
connnitment f rom dietary intake. Some appreciation o f  digestion rates 

and accumulation o f  tracs elements on vegetation would also be 
r e d  red. 

Food habits o f  the  receptor  wildlife species should also be 
appreciated. Wildlife  typically display variations f n  home  range 
sizer. Trace element doses via dietary intake a m  thereforu increased 
for browse species, with small home ranges withfn tae heaviest zone of 
traca el ement depoai ti on and concantrati on. 

= 

Cartain species o f  wildlife inhabit the  tarrestrial-aquatic 
interface.  Waterfowl  and shorebirds for  example, will receive  trace 
element doses from  both  environments. 

Traca e l a n t s  f r o m  the  combustion o f  coal can be expactad to 
augnnnt those entering the  aquatic  environment f r o m  natural  sources. 
These sourcss include: precipitation, runof f ,  groundwater, the 
atmosphere and the systam' s sediments  (Ovorak and Lewis  et a1 .', 1978). 
Traca elements released thruugh coal combustion enter aquatic systoms 
either by dlrect discharge or indirect input f r o m  groundwater, terres- 
trial litter, runoff and ataospheric fallout. 
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4.2 TOXICITY OF TRACE ELEMENE - (Cont'd) 
The behaviour 3f trace  elements in aquatic  systems  depends on 

a number of physical  and  chemical  parameters  (Stumm  and  Morgan, 1970). 
The  elements  form  associations  with water molecules  (hydratiol) or with 
organic  molecules (chelation). Acidity, or pH of' the water ,as well  as 
the oxidation-reduction  (redox)  potential  also  influences the activity 
of  trace elements. In aquatic  systems the trace  element concmtration 
is divided  among  various  inorganic  and  organic  complexes a!; well  as 
biological  materials. lhe ultimate  concentration  of  these forms is a 
function o f  temperature, salinity, solu5ility, wat.er hardness, chemical 
speciation, biological activity, acd  other  environmental  factors 
(Kinkade and Endman, 197!j). 

In sediment  systems  trace  elements,  especially  heavy  metals, 
are associated  with organic compounds or clay Flarticlqs. The major 
method  of  metal transpor't  is through organometallic  particul.ates, the 
dissolved  fraction  being  a  relatively minor contribution  (Gibbs, 1973; 
Trefry  and  Presley, 1976). Precipitation  and  adsorption-desorption 
reactions, in part,  determine the ionic  forms #of trace elements in 
water (Dvorak  et al., 1978). 

Microorganisms in aquatic systems  affect  trace  element 
concentrations. A number o f  heavy  metals are required  as  (essential 
nutrients and catalysts in biochemical  reaction5  (Karlson, 1970). 

These organisms are  a15C' active in the processing  and conversion of 
trace elements in the aquatic biota. They  affect the biogeochemical 
cycles of some element:,  and are capable of  processing  others  to 
methylated  compounds  (Kuznetsov, 1970; McEntire and Neufeld, li175; Chau 
et al.,  1976). 

Trace element  concentrations  are  also  affected by aquatic 
plants. These plants helve the capacity  to sequckster  and acwmulate 
various  trace  elements (Leland et  al., 1978; Eriksson  and  Martimer, 
1975). Some species  of  (aquatic  plants  concentrate  trace  elements  far 
above the background conssentration. The ratio ol the amount in the 
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4.2 TOXICITY OF TRACE ELEMENTS - (Cont'd) 
plant to that of the ambient water  concentration is referred to  as a 
"concontration factor". These high concentration factor3 ara signifi- 
cant f o r  aquatic plant species that a m  browsod upon by fish and other 
aquatic species as  well  as wildlife such as waterfowl and certain 
species of ungulates. 

Aquatic  invertabates take up trace elements in varying 
degraes depending upon their  metabolism,  their  feeding  Eehaviour and 
the chcmical  form o f  the elemants in the environment. Fluctuations in 
traco element concentrations in these animals am reflective of 

changing environmental conditions or alterations in contaminent 
concentrations  (Dvorak and Lewis et a1 . , 1978). 

Invertebrates o f t e n  accumulata  trace elements to much greater 
levels compared with those concentrations in the ambient environment. 
Concontration  factors may range f r o m  values o f  less then 10 to 
100 000 times  (Vaughan et al. , 1975). 

Toleranc8 o f  indfvidual spccfes also affects the impact of 

trace elements in the aquatic bfota Many o f  these organisms have 
adapted toleranca  mechanisms to trace elem8nts. In highly contaminated 
areas the structure and function o f  the invertebrate community are 
a1 tcred to the point whera the numben ' o f  to1 erant species increase 
while  the overall population divemity decreases (Gaufin, L973). The 
responses of some aquatic invertsbratas can  be so specific that they 
can be used as monttors o f  traca element contamination (Nehring, 1976). 

Fish occupy th4 top trophic level i n  tho aquatic  3iota and, 
in many ways, nflect the  conditions o f  subordinate food-chain  levels. 
Trace elemnts enter fish through two mutes: one, by active or 
passive absorption 'drough the. gills, and secondly, by ingestion. 
Efther mu- nay assume a  prominent ml e but *&is depends on the 
chemical f o n  o f  the traca elemrnt in the  biota, indigenous fish 
species,  metabolic patterns and forage bases as mil as food habits. 
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4.2 TOXICITY OF TRACE ELEMENT2 - (Cont'd) 
The chemical  form of  the trace elements  can vary with  pH,  alkalinity, 
hardness acd temperature which will also  affect Llptake  rates. Temper- 
ature can also alter the metabolic rates  of  fish (Hochachka and Somero, 
1973) which will affect the uptake  of trace elements. Fluctuations in 
pH a1 ters the amount of dissolved trace elements in the aquatic 
environment.  When the wlution is acidic,  many  heavy  metals  and  other 
trace elements  are  liberated  from  sediments and related  complexes which 
makes  them  available fat' bronchial  uptake.  Various other factors that 
affect trace element  uptake  include  dissolved  oxygen  and  carbon dioxide 
concentrations and the presence  of  organic  ligands  as well  as other 
trace elements. 

Retention and elimination of trace  elements  appears  to be. 
related  to the source o f  uptake.  Losses of some  heavy  metals in fish 
were slower when the  or-ginal source of the element  was  the  food  rather 
than water (Pentreath, 1976; Rvohtula and Miettinen, 1975). Retention 
o f  trace elements is Influenced by various fac:tors including:  age, 
size, metabolic rate and feeding habits. 

Trace elements in the water column can affect f.ish in two 
general  ways: 1) direct lethal effects  when  concentrations  are  high, 
and 2) indirect subletttal effects when concentrations o r  exposures  are 
chronic (Sprague, 1973). In the ecological  context the overall effects 
o f  sublethal  exposures to trace  elements  are mclre significant.  These 
are the concentrations that are more  likely  tn  persist in receiving 
bodies  of  water. The potential  trace  element  impacts  on  the aquatic 
biota  associated  with coal combustion  powerplants  should  be  assessed 
individually  for  each  facility. Generalizaticlns of  impacts  are  too 
difficult  to  make in view  of  the  many  mixed and complex  factors 
contributing  to trace element  toxicity. 

Bioaccumulat'on and  biomagnification o f  trace  elements in the 
aquatic  environment  have been observed. A number of factors  influence 
these processes includ'ing the physicochemical fclrm of the t:<ace 
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4.2 TOXICITY OF ??ACE ELEMEWTS - (Cont‘d) 
element, the nature of the organisms and their  habitat, substrsta- 
sediment associations, and food habits (Dvorak, A.J. and 3.G. Lewis  et 
al. , l978). Sediments act as bath a sink and a  reservoir f o r  trace 
elements whi 1 e attendant  concentrations in the  water col unm are 
comparatively lowar. Benthic organisms &sari, traca elements from the 
sediments, grazer1 and lower-order consumers saem ta concentrate  the 
elements to the highest degree. The grsatest bioac:umulation or 
concentration factors have  been observed in sediment o r  detrital 
feeden. 

M e d e n  of higher  tropic levels  seem to discriminate as traca 
elemnt concentrations are usually lower in predators than i n  their 
prey. Trace elemants will eventually r s t u r n  to the s8diments or move 
downstream unless some factors are accounting for trace element removal 
f r o a  the aquatic system. 

The above discussion has  been prasentad to provide an appra- 
ciatian o f  W e  phenomena  affecting  trace element movements through  the 
aquatic and tertsstrial biota attar their release f r o m  coal  cwnbustion. 
Reference to spcrifTc trace elements has not  been made but  each of the 
23 selected elements are reviewed individually in Appendix C (CI-CZ3). 

4.3 ASSESSMENT OF BACXGROUNO TRACE ELEMENTS FOR HAT CREEK a m a  
(a) Introduction 

Concern has been expressed that the techniques used f o r  

analyses o f  certain traca e lamnts  for Hat Craek m a p t o r s  may not 
be adequate to  charact8riz.m  actual  levels.  Le Geyt (1979) has 
ravieued g e  sampling prograa as w e l l  as  sample preparation and 

subsampling tacbniquer for C-aca elements associatad w i t h  the Hat 
Creek project. Although Le Geyt vas unable to  COrrmUnt on the 
mathod o f  plasma Mission spectroscopy,  the semi-quantitative 
analytical technique of spark source mass spectrometry was 
addressed. Generally, i f  one  recsgnitas the constraints o f  the 

-. 

-. 
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4.3 ASSESSMENT OF EACXGROU!ID TRACE ELEMENTS FOR HAT CREEK BIOTA - (Cont'd) 

l a t t e r  method, a.nd re jec ts  t i n  results as  well a.; makes  an 
allowance for  tho  uncertainties  associated w i t h  the method, the 
data  are  reasonable. Le Geyt also  points o u t  that   spectral  
analyses f o r  a pilrt icular element may be s ignif icant ly   in  error. 
I t  was also app,arent t h a t  some discrepa.ncies  existed  with the 
analyses Cor boron, vanadium, zin?,  chromium  and  molybdenum. 

Trace ,element data have  been collected f o r  water f o r  
1976,  1977,  1978,  1979 and 1980. The (dates of co'l 1 ection  are 
summarized in  Table 4-7. Generally, f o r  1976 the semi- 
quantitative  tec:?niques of spark  source mass spectrolnetry (SSMS) 
and plasma emission  spectroscopy (PES) were used f o r  a l l  elements 
except  for  fluorine which was analyzed by spec i f ic  i o n  electrode 
(SIE) and mercury and lead which were quantified by atomic 
absorption  spect.rophotometry (AAS). In 1977 analyses on biota 
were obtained by M S .  In 1977,  1978 and 1979, receptor samples 
were analyzed wclusively by quantitative  techniqws  including 
cold vapour ult .ra  violet   absorption i0.r mercury, specific  ion 
electrode f o r  fluoride,  inductively  coupled plasma tol.ch f o r  boron 
and variations o f  atomic  absorption SpeCtrOphotOmr!try f o r  the 
remainder. Samples  from 1980 were collected only for  water  in Hat 
Creek and the Eonaparte  River and were analysed by AAS (B.C.  
Ministry of the Environment, 1980; Appendix 0).  

I n  order to  place  the  trace element data  $collected f o r  

Hat Creek receptors i n  their  proper  perspective  the measurements 
have been assessed w i t h  respect  to Le Geyt' s (1979) report. Each 
receptor  is   Issessed i n  t h e  follow-ing  discus.%ion w i t h  an 
evaluation of the t race element  data  included. 

(b)  Waz 
Water samples were collected by ERT (Appendix F, 1978) 

i n  1976 and 1977 and analyzed  for  trac:e  elements by Commercial 
Testing and Enclineering Co. Ltd. (CTE) 'in Golden,  Colorado. Some 
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TABLE 4-7 

RECEPTORS  ANALYZED  FOR  TRACE EL.BE?iTS 

SPECIMEN YEAR 

Id76 1977 1978  1979 1980 
Qctaber January May Qrtober flay - 

Aouati C 

Watar 

Sediment 

F i s h  

Terrastrial 

Sdi 7 5 

Lf chens 

Grasses 

Shrubs 

S m a l l  Mammals 

X X 

x ' X  

X - 

X X 

X X 

X 

X 

X 

- 
- 
- 

Year af collectians shown - reaptor sampling indicatad by an X. 

. .> 
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4.3 ASSESSMENT OF BACKGROUNO TRACE ELEMENTS FOR HAT CREEK BIOTA - (Cont'd) 

addit ional  data  wem  obtained i n  the  hydrology  study  conducted  by 

Beak Consultants L::d. (1978) f o r   t h e  same years. The sampling 

schemes and de ta i l s   o f   the   ana ly t i ca l   techn iques   a re  summarized i n  

the  hydrology  study  prepared  by Beak (1978) and Appendix F o f   t h e  

ERT (1978) report. CTE used the  quant i ta t rve methods of atomic 

absorption  for  mercury and lead and the   spec i f i c   ion   e lec t rode  fo r  

f l u o r i d e   i n   t h e  sampling  periods. All remalning  elements i n   t h e  

1976 program were analyzed by  plasma emission  spectroscopy. The 

January 1977 water samples were analyzed by SSMS whi le  May 1977 

samples were analyzed  by  atomic  absorption  spectrophotometry. 

Plasma, emission  spectroscopy i s  a semi-quantitative method, 

Le Geyt  (1979) did  not  evaluate  the  tec:hnique used by ERT 

(Appendix F, 1978) but  presented a discussion of the  method's 

p rec is lon  and accuracy. The da ta   co l l ec ted   w i th   t h i s  method can 

be considered  representative i f  one keeps i n  mind  the  concentra- 

t i ons  o f  the   t race  elements t h a t  can be e f fec t i ve l y   quan t i f i ed .  

Oata collected  by  spark  source mass spectrophotometry  are 

representat ive i f  ane fol lows  the  conclusions  of  Le Geyt's (1979) 

assessment  sumnarized i n   t h e   i n t r o d u c t i o n  01' this  section.  Trace 

element  concentrations  determined by atomic  absorption  spectro- 

photometry (AAS) a.re quan t i t a t i ve  and can be considered  val id 

w i th in   the   l im i ts   o f   p rec is ion   fo r   the   techn lque.  

Assessment of  the SSMS technique has reve,aled t h a t  

v a r i a t i o n s   e x i s t  with the measurements :for boron, chromium, 

molybdenum, t i n ,  vamadium and zinc. Le  Geyr: (1979) has presented 

evidence t o  show t h a t   a l l   t i n  data  analyzed  by SSMS should be 

re jected and that;  the  other  elements  should be c r i t i c a l l y  

assessed. The leve ls  o f  C r ,  V and Zn c o l l e c t e d   i n  1977 should be 

used to  represent  background  water  concentrations  since  they were 

a l l  analyzed  by  quantitative methods. 
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4.3 ASSESSMENT OF BACXGROUNO TRACE ELEMENTS FOR HAT CREEK BIOTA - (Cont'd) 
Beak's (1978) data were all analyzed  using quantitative 

techniques. The data are considered to be representative o f  water 
borne trace alement concentrations. The program  included both 
ground  and surface waters, the major water courses o f  the latter 
group  included  Hat  Creek,  Bonaparta  River,  and the Thompson River. 
The data presented by Beak (Hydrology, 1978) have  been considered 
in the impact assessment for  trace elements generated from tke 
burning o f  coal at Hat Crerk. 

(c) Sediments 

Trace element data f o r  sediments have  only  been analyzed 
for  1976 and U77. Oetails o f  the santplfng program are presented 
in.ERT's report (Appendlx F ,  1378). Mercury and  lead detamin- 
ations w e n  made by atonic absorption spectrophotometry, and 
fluoride by speific ion,electrode. both of  whish are quantitative 
techniques. The validity o f  results obtained with these tech- 
niques has been addressed by  Le Geyt (1979). -The data can be 
considered accurate withfn the conteit o f  Le  Geyt' s (1979) evalu- 
ation. The reamlning elements for 1976 were analyzed by spark 
source mass spectrophotometry. The data  are  reasonably acceptable 
if one rxognizss the scope of  the technique as Le Geyt (1979) has 
indicated. Sediment samples collected in January and  May 1977 
w e n  analyzed for trace elenbents by atomic absorption spectro- 
photometry  which  provided a $ai-quantitative astimate o f  trace 
elements in the sediments. 

Trac8 element data f o r  stream sediments are  probably 
more acsurataly represented by those shown f o r  January and  May 
Is77 because quantitative techniques were used. The trace element 
data collected by SSMS in 1976 is suspect because o f  variations 
observed in a number of the elemental  analyses  for vegetation and 
soils. Comparisons f o r  trace element  lavels detamined by SSMS 

with those by m o r e .  quantitative methods showed that  boron, 
molybdenum,  chromium,  zinc,  vanadium and tin yielded variable  and 
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4.3 ASSESSMENT OF BACKGROUND TRACE ELEMENTS  FOR HAT CREEK BIOTA - (Cont'd) 

questionable  results. If t he   t i n   da ta   a re   i nco r rec t  f o r  
sediments, as  Le Geyt (1979) has indicated  they  are for  s o i l s  and 

vegetation due t o  contamination,  there  are no d a t a   f o r   t h i s  

element i n   f i s h   a t  Hat Creek. The other   t race element data must 

be c r i t i c a l l y  assessed i n  view o f  Le Geyt's (1979) evaluat ion o f  

the  analyt ical   techniques used. 

No data ,are ava i lab le  f o r  B i n  1977 as the  sampling 

program was discontinued f o r  the element.  C:onsequently there  are 

no r e l i a b l e  background data f o r  Boron i n  sealiments. Mea.surements 

for C r ,  V ,  and Zn w(!re  made i n  1977 by  quant i ta t ive metha'ds, these 

data can, therefore,, be used. t o  represent  sediment  concenltrations. 

Molybdenum data were no t   co l lec ted  f o r  strea.m sediments, hence no 
background informat ion i s  ava i lab le  f o r  the element. Absence o f  

Mo data  from th is   receptor  i s  o f  importance  since  the  element has 

been i d e n t i f i e d  a:; being o f  environmentall  significamce  with 

regards t o  a  coal-f,ired  powerplant. 

(d) 

F ish samples c o l l e c t e d   i n  October 1976 were arlalyzed  by 

spec i f i c   ion   e lec t rode fo r  f l u o r i d e  and spark: source mass spectro- 

metry for  a l l   o t h e r  elements. Samples obtairled i n  January and May 
1977 were again detl!rmined  by speci f lc  i o n  electrode f o r  F but  the 

remaining elements  were  analyzed  by  atomic  a.bsorption 

spectrophotometry. 

The r e l i a b i l i t y ,   p r e c i s i a n  and accwacy o f  these methods 

have been reviewed  by Le Geyt (1979). The techniques,  specific 

ion  e lect rode and atomic  absorption spe!ctrophotomer.ry, more 

accurately  represent  trace element concentrations for f i s h   i n  Hat 

Creek as the methods are  quant i ta t ive compared with  the semi- 

quanti tat ive  technique o f  spark  source mass spectrophotometry. 

Consequently,  the  data from January and May 1.977 can be considered 
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4.3 ASSESSMENT OF EACXGROUNO TRACE ELEMENTS FOR HAT CREEK BIOTA - (Cont'd) 
relatively reliable and accurate determinations o f  trace elements 
in fish. 

Analyses for tin in fish were only made in 1976 by SSMS. 

These data appear to be incorrect as evidence o f  gross contamina- 
tion during analysis was apparent (Le Geyt, 1979). Essentially, 
this means there are no tin data for fish at  Hat Creek since 
samples were not analyzed past  1976.  It is not possible, there- 
fore,  to characterize background Sn levels in fish which may be 
important for the development o f  an adequate monitoring scheme. 
The variability of  the chromium, zinc, boron, vanadium and  molyb- 
denum results by SSMS throws some doubt upon the reliability of 
these analyses for  the same period. Evaluation of the reliability 
f o r  data for 1976 i s  subject to  the criticisms put forward by 
Le Geyt (1979). 

Boron data were not collected in 1977 for fish which 
essentially results in a lack o f  background information for this 
element in ffsh as the  1976 data are suspect. Analyses f o r  Cr, V 
and Zn were, fortunately, continued in 1977 by quantitative analy- 
tical techniques. These data should be  used in reference to 
background levels in flsh. 

(d) a 
Samples of soil were collected by ERT (Appendix F, 1978) 

in October 1976 and January and May, 1977. B.C. Hydro in its  
Environmental Studies Programme (1978) collected soil data for 
October 1978 and May and September 1979. 

The analytical techniques employed for the soils 
collected by ERT (Appendix F, 1978) parallel those for the fish, 
and similar comments can be made with respect to the reliability, 
accuracy and precision o f  the methods.  Soil data collected i n  
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4.3 ASSESSMENT OF BACKGROUND TRACE ELEMENTS FOR HAT CREEK BIOTA - (Cont.'d) 

1978 and 1979 were analyzed by Chemex Labs employing  the  following 

quanti tat ive  techniques f o r  the  t race elements: 

mercury - co ld  vapour u l t ra   v io le t   abso rp t i on ;  

f luor ide  - speci f ic   ion  e lect rode;  

boron - induct.ively  coupled plasma  torchl; 

a l l  remaining  elements - var ia t ions  a d  atomic  a:bsorption 

spectrophotometry. 

Comparison of  the  data  obtained  from CTE and Chemex Labs 

ind ica tes   tha t  m0s. t  o f  the  analyses  are comparable, wi th   the 

exception  of  those f o r  t i n  whjch  are many tiimes higher i n  the CTE 

results  than  those  ;presented  by Chemex. A sjimilar  observation  can 

be made f o r  t i n  in vegetation,  according t o  Le Geyt (1979) the 

data  are  unrel iable and represent some contaminat i~n   dur ing  

analysis. Recent  clnalyses have shown t h a t  !jn leve ls   a rc   w i th in  a 

"normal"  range  thu:r ve r i f y i ng   t ha t  some  Sn contamination o f  the 

e a r l i e r  samples have taken  place.  Variable  results were also 

observed fo r  boron, molybdenum, chromium, z inc and vanadium i n  

1976. These d isc~epancies were apparent1.y due t o   s i g n i f i c a n t  

interferences for these elements associated  with  the SSMS 

technique (Le Geyt, 1979). With  the  exception of these  data,  the 
trace  element  content of s o i l s  a t  Hat Creek can be most accurately 

represented  by  the  values  reported i n  B.C. Hydro's  Environmental 

Studies Programme (1978) as analyzed  by Chemex Labs. The data 

obtained  from 197fi and 1977 can also be used i f  one does not  

inc lude  the  resul ts  fo r  t i n  and i f  onm keeps i n  mind the 

r e l i a b i l i t y  and prec is ion  o f  SSMS used f o r  the 197Ei samples. 

Boron  an.alyses  were not  continued  past 1976 .In the .ERT 

(Appendix F, 1978) program so no re l iab le   da ta   ex is t .   fo r   th is  

element i n   t h a t   p a r t i c u l a r  study. The data f o r  C r ,  V and Zn 
co l lec ted  in 1977 by ERT (Appendix F, 1978) are  reasonably  val id 
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4.3 ASSESSHENT OF BACXGROUNO TRACE ELEMENTS FOR HAT CREEK BIOTA - (Cont'd) 

as  analyses were performed by quantitative  techniques and compare 
favourably t o  those  observed i n  the B.C. Hydro Environmental 
Studies programs (1978,  1979). 

(e)  Vaqetation 

Samples o f  vegetation were col lactad by ERT (Appendix F, 
1478) i n  October, 1976 and January and May 1477' f o r  t race   e l  sent 
analyses. An additional  series of  samples  were col lected i n  

October 1978 and May and September 1979 by 8.C. Hydro as   par t  of 
* their Environmental Studies Program (1978). These samples were 

analyzed by Chefnu Labs. 

The .  analytical  tachniques used f o r  the  vegetation 
col lected by ERT (Appendix F, 1978) and analyzed by  CTE i n  Golden, 

Colorado am s imi la r  to those employed f o r  the   f ish and soi l  
sanpler.  Briefly,  in 1476 fluoride was analyzed by spec l f i c  Ion 
e l g m d e  (SI€),  mercury and lead by AAS w i t h  the  exceptton o f  F 
which was again  determined by SIE. The analytical  methods 
employed by Chemu Labs were a l l   quan t i t a t ive  and are  suamIarized 
f n  the sol l r   sect ion.  The accuracy,  precision and r8Tiabi l l ty  of 
these methods have been previously  discussed by  Le Geyt (1979) and 
am  b r l e f ly   r e f e r r ed  to i n  the fntroductfon of thls  section. 

A comparison  of th. 1976 SSMS data  w i t h  the quant i ta t ive  
is76 d a t a   ( C h a m  Labs) revealed a number o f  discrapandas.  aoron 

and molybdenum generally were louer and h i g h e r  respectively  while 
t i n  values were s x t m w l y  high i n  the 1976 d a t a  and according t o  
La Geyt (1979) a m  inenorred and show evidence of gross contataina- 
tion. Chromium, vanadium and zinc a lso  showed  some variation. 

The raminlng  data  seem to be fn reasonable agreement 
w i t h  t h e  exception o f  fluorid.. The 1978 ERT report  (Appendix F) 
s t a t ~ s  t h a t  F was analyzed by spec i f fc  ion electrode b u t  Le Geyt 
(1979) has  indicated  the samples were analyzed by sgark  source 

--. 

-1 
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4.3 ASSESSMENT OF BACKGROUND TRACE ELEMENTS FOR HAT CREEK BIOTA - (Cont'd) 

mass spectrophotoms'try (SSMS). Fluoride  analyses  by SSPlS are  not 

re l iab le   a l though CTE personnel  consider the! values dete!rmined  by 

SSMS t o  be approximiite (Le  Geyt, 1979). 

The data  which can  most accurately be used t o  represent 

t race  element lewis i n  vegetat ion  at   Hat Creek are  those 

co l lec ted  by Chemex Labs i n  1978 and 1979. The SSMS and atomic 

absorption (AA) da ta   co l l ec ted   i n  October 1976 and January and May 

1977 can also be [used i f  one  does not  include  the  analyses o f  

boron o r  t i n  f o r  1976. 

The data fo r  C r ,  V and Zn i n   t h e  1977 ERT program  were 

analyzed  by  quant,itative methods and are  reasonably  represen- 

tat ive.  Information  provided  from B.C. l4ydro's  environmental 

studies (1978,  1979) most accurately  represented  trace  element 

concentrations for vegetation. 

( f )  Small Mammals 

Trace  element  data f o r  small mammals have only been 

c o l l e c t e d   i n  October, 1976 and January .and  May 1977 by ERT 

(Appendix F ,  1978). The data were analyrecl  by S I E  f o r  f luor ine ,  

AAS f o r  mercury and lead and SSMS f o r  the  remaining  trace elements 
i n  1976. The 1977 samples were a l l  analyzed f o r  trace  elements  by 

AAS except f o r  F which was determined  by  the S I E  technique. 

Trace  element  analyses  conducted  under ERT" s program 

(Appendix F, 1978) have been shown t o  be i n   e r r o r  for  t i n   w i t h  

var iab le  resul ts   rvpor ted for boron, molyb,denum, chromium, zinc, 

vanadium as we l l  as f luor ide .  These discrepancies were l a rge ly  

associated  with  interferences i n  the SSMS technique. Review o f  

ERT's (Appendix F, 1978) t i n  data show that  the  small  mammals a t  

Hat Creek had t i n  concentrations  roughly an order of magnitude 

higher compared with those  reported elsewhere. Assuming the same 

contamination  existed i n   t i n  SSMS analyse!; for small mammals  as 
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4.3 ASSESSMENT OF BACKGROUNO TRACE ELEMENTS FOR HAT CREEK BIOTA - (Cont'd) 
f o r  soils and vegetation it I s  lihly these data  are unrullable. 
Data were not collected for the elemant past 1976, consequently no 

ruliable data for tin  exist f o r  small m a m u l s .  No information is 
avaflable for Ma in small mammals as data for the element weru 
never collected. 

Analyses f o r  a were not continued past 1976, thus no 

mliabl8 background information exists f o r  this element in small 
mlmals. 

(9) Conclusions 

O f  the 23 elements s8lected for discussion f n  this 
report (see Section 4.1(b)) ,  ruliable background data for  Hat 
Creek receptors a m  available for only the following 14 elements: 
antimony, arsenic, beryll<um, cadmium, chromium,  cobalt, copper, 
fluorin., lead,  manganese, mercury, nickel, vanadfum  and zinc. 
Cartain of these data,  however, man accurately rapnsent back- 
ground lev8ls in Hat Cruek rucaptors depending on the assay . 
kchnique. 

4.4 TRACE ELEMENT SOURCES FROM THE PROJECT 

The principal sources o f  trace elements associated with the 
coal mine a m  coal, overburden, uaste rack and mine dust. The coal 
burned I n  the plant will result i n  various forms o f  gaseous and  ash 
emfsrlons. The leachings o f  disposal aruas f o r  slag and prncipitatcd 
fly  ash a m  also  traea elewnt contributors. Also a certain  amount of 
traca alements uf 1 1  enkr the local Hat Cruek environment as a result 
o f  cool f ng tower drift, 

(a) OverSurden and Waste Rock 

Oxerburden and was+. rock matarial s uill b8  placed i n  

above ground storage piles o r  basins wheru weathering and chemical 
raactions can dissolv. various trace elements.  Details  of the 

.- .. 

.. 
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4.4 TRACE ELEMENT SOURCES FRCIM THE  PROJECT - (Cont'd) 
overburden  dump construction and location  have  been given in the 
report prepared by Beak (Volume 3A, 1979). 

SE 7933 

Overburden and waste  rock  leachate quality was estimated 
by Acres Consulting Services (1978). Extraction tests  were 
performed  on crushsed test materials. Deta.ils of the  overburden 
and waste rock sampling program  have  been  previously  descrfbed 
(Acres Consulting  Services, 1978). 

Projected leachate  characteristics (Beak, Volume 3A, 

1979) are  shown in Table 4-8 based on  averaging the projections  of 
leachate quality (of overburden and waste  rock given in Table 6 
to 9 Volume 3  of Beak's (1978) report. The volumes  of the  seepage 
loss to regional groundwater from the Houth  Meadows  Dump range 
from 0.86 m /d to 86.0 m /d. Roughly 58 percent or  5 0  m /d will 
enter  the Houth  Meadows groundwater  regime  while the remainder 
will enter  the  Marble Canyon  aquifer. Surface runoff  from the 
dumps  of Houth Meadows and Medicine  Creek w.il1 be directed through 
sedimentatton ponds  prior to entering Hat Creek. The quality of 
the dump  runoff dsepends on the contact time of precipitation but 
the least estimate  would  approximate tha,t shown in Table 4-8. 
Runoff from the  MedTcine  Creek reclaimed dump should be similar to 
natural Medicine  Creek  water (Table 4-9). 

3 3 3 

(b) Coal and Low Grade  Waste  Stockpiles 

Runoff  and  leachates from these  stockpiles will be 
collected  and  stored in a  leachate storage pond. A coal stockpile 
at  the mine  mouth will be about 32 ha (80 acres) of  which  about 
20 ha (70 acres) will be used for coal storage. The low  grade 
waste dump is anlticipated to be roughly ,128 ha (317 acres) con- 
taining 46 x 10 t of l o w  grade waste-coal during  plant operation. 
The proposed drilinage control for  these  areas will consist of 
collection of runoff by ditching and diverting  the  water to the 
closest lagoon. A relatively  impermeable base will 'line the low 
grade  waste  stockpile  to prevent groundwater contamination. 

6 
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TABLE 4-8 

PROJECTED WASTE OUMP LEACHATE CHARACTERISTICS’ FOR TRACE ELEMENTS 

Element 
Trace 

Arson1 c 

Concentration 
( m d L )  

0.07 

8oron 0.04 

Cadmium < 0.002 

C h m d  WD 0.13 

Copper 1.5 

Fluoride 0.06 

Laad 0.02 

Mercury 0.0015 

Vanadium a. 01 
21 ne 0.15 

Raw data fmm Acres Consulting Sewices Limited leac3ate tests on 
overburden and wasto rock. 

Note: - Estimaud by 8eak fma T o t a l  Extractable Tests and 
multiplying by ratlon o f  fflterable residue extracted 
in 24’ houn to Total Extractable Filterable Residue. 

a A t  l o w  para volumo displacement ( a e o  example calculation). 

Laachata aaractoristic in mg/C = 

lhtraaable  comment at oay I in mq/kq) x (woiaht or samle in k q l  
(Volrmpo of extract  at Day 1 in litres) 

From Beak (Volume 3A, 1979). 
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TABLE 4-9 

PROJECTED  QUALITY OF INTERCEPTED  SURFACE WATER 
FOR TRACE E:LEMENTS' MEDICINE CREEK AREA 

Element 
Trace 

Arsenic 

Boron 

Cadml um 

Chromium 

0. 
Value 

< 0.005 

< 0.1 

< 0.009 

0.01 

Copper 

Fluoride 

Lead 

Mercury 

Vanadium 

Zinc 

< O.OO!!i 

0.12 

< 0.01 

< 0.0005 

< O.OO!i 

0.009 

Based on average of available  Medicine  Creek  water quality 
data 21/5/77. 

From Beak (Volume 3A, 1979). 
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4.4 TRACE ELEMEM SOURCES FROM THE PROJECT - (Cont'd) 

EStimat8S of  the runoff and leachate water quallty  for 
t h e  coal and l a w  grade  waste stock piles  are shown i n  Table 4-10. 

The results  are based on actual samples collected from B.C. 
Hydro's bulk sample program oa site  stockpiles.  These waters will 
be contained  thruughout t h e  construction and operation phases of 
the Hat Creek Project. 

.- 

Under normal conditions i t  1s l lkely  that  runoff and 

leachates from the coal stockpile would be norrexistant as t h e  

average short  duration  rainfall would l ikely be  to ta l ly   in f i l -  
t ra ted I ntn the stockpile and would subsequently  avaporata (Beak, 
V o l u p ~  3 ,  1978). The pilo  will be designed to handle runoff which 
will be collected i n  dttches and directed  to the nearest lagoon. 
Due to the dry ClfMto the low grade was- stockpi14 w i l l  probably 
b8  unsaturated and hence not l ikely produce any continuous 
leachate seepage. The leachates expected would o r i g i n a t e  during 
rprlng snorrmlt runoff and during  rainstorms. These waten will, 
however, be collectad and s t o r e d  i n  a leachata  storage pond and 

not  discharged. 

(c) Ash Dfsposal 

Oisposd ash wi l l  be a mixture o f  conditioned f l y  ash 
and damp  bot- ash. I t   i s  projected soam seepage will coma f r o m  
the dump (Beak, Volume 3A, 1979). Surface  runoff from the ash 
disposal  area  in mid-Medicine  Creek w l  11 be contained  durfng  the 
ffnt 15 yeafl  by an enfbankaurt across the valley below t h e  f i l l .  

Runoff and dupe seepage that  is   collected will be  returned  via  the 
p w  s ta t ion and pipalin. to the powrplant waste watar ra tmt lon  
pond. In subsequent years, ash pond runoff and runoff from t h e  
lower Medtcine Creek mine w a s t e  dump will b 8  prevented f r o m  mixing 
by maintaining a t i l l  berm across the lower perimetor of  the ash 
dlsposal f i l l  (Beak, Volume 3A, 1979). Ash runoff will then b e  

pumped back to tho powarplant wash water r e t e n t i o n  pond. On the 

b u i  s of the current  plan there will be no di rec t  d l  scharge o f  
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'TABLE 4-10 

PROJECTEO  LOW GRADE COAL AND COAL  LEACHATE  CHARACTERISTICS 
FOR TRACE ELEMENTS 

Element 
Trace 

Arsenic 

Boron 

Cadmi  urn 

Chromi un 

Capper 

F luor ide 

Lead 

Mercury 

Vanadium 

z inc  

N.O. Not  determined 

Low Grade Coal' 
(mg/L) 

0.005 

0.7 

N. 0. 

0.010 

0.007 

N. 0. 

N.O. 

0.0003 

0.006 

0.18 

(rag/L) 
Coal2 

0.005 

0.31 

N.O. 

0.01 

0.04 

0.10 

N. 0. 

0.0003 

0.04 

0.11 

Based on one saqalfng o f  leachate  collected Worn storage  pfle 
constsucted as pa r t  o f  the   bu lk  sample progrm.  Data SUlJplied 
by B.C. Hydro. Sampling  data 28/4/78. 

2 Based on three (3) samplings o f  leachate  col lected from coal 
s torage  p i le   const ructad as p a r t  o f  the   bu lk  sample program. 
Raw data  supplied t1y B.C. Hydro. 

grom Beak (Volume IIA, 1979). 
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4.4 TRACE ELEMENT SOURCES FROM THE PROJECT - (Cont'd) 

runoff f r o m  the ash area to surface  waters o r  creeks. Seepage to  
substrates  will  enter  the Medicfne Creek regional groundwater 
ngime. The maximum seepage to groundwater i s  estimated a t  being 
from 7.0 to 15 m /d. The projected  quality o f  t h i s  seepage is 
shown in  Table 4-11. I t  h a  been suggested tha t  the most  imperme- 
able ash  should be  placed n e x t  to the base f i l l  to minimize 
seepage f r o m  the ash dump. 

3 

(d)  Mine Oust 

Fugitive d u s t  resulting f rom coal mining and transport 
activit ies  will  comprise natural  soil,  overburden,  wasta  rock 
m u r i a l s  and coal. The trace element content i n  the coal and 
overburden materials  is  not signiffcantly differant f r o m  tha t  i n  

the surrounding soil  materials. I n  fact ,  ERT (Appendix F, 1978) 
has painted o u t  that soil concentrations o f  trace elements may 
even b. higher.  . 

Adient  concentrations o f  t r a m  elements associated w i t h  
fugitive d u s t  f rom t h e  plant have  been estimated i n  Section 2. 
Concentrations uere deterwined by multiplying the amhient a i r  
particulate  concentrations by the various  elements. Annual 
average and maximum 24-hour concentrations  are given  in  Table 3-7 
o f  this npor t .  

(e) Coollns Tower Drift 

Thompson River water will be t h e  source 62 cooling waur 
*ich w i l l  be concantrated by a factor o f  14 as i t  is recycled 
through the cooling systsll (LC. Hydro. 1978). A portion o f  the 
concentrated  circulating watar (approximately 0.008 percent)  will 
be carrfrd to areas  near  the  cooling tower as winds disperse some 
of the water away f r o m  the tac.r (ERT, Appendix F, 1978). The 

pndicted  concentratlons o f  selected  traca elements i n  cooling 

. .. 

- 
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TABLE 4-11 

PROJECTED COMBINED ASH LEACHATE QUALITY FOR TRACE ELEMENTS' 

Trace 
E l  ement 

Arsenic 

Concentration 
(ma/L) - 

< 0.6-2.4 

Boron < 3.0-3.6 

Cadmium < 0.10 

Chromium < 0.12-0.20 

Copper 

F1 uori  de 

< 0.23-0.33 

3.3-4.9 

Lead < 0.05 

Mercury < 0.0013-0.0023 

Vanadium < 0.18-0.22 

Zinc 0.82-2.5 

' Eased on f l y  ash t o  bottom ash r a t i o  o f  75/2!5, conditioned and 
wetted  with  recycled  powerplant waste  waters t o  20 percent and 
40  percent  moisture  respectively. 
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4.4 TRACE ELMENT SOURCES FROM THE PROJECT - (Cont'd) 
tower drift are shown in Table 4-12 which  also describes Thompson 

River water quality and the predicted total amount o f  trace 
elemnt drift associated with the cooling towers. Although there 
are no estimates o f  amoient concentrations arising f rom cooling 
towur drff%,  it  is possible to  predict soil depositfonal zones. 
Tha deposition o f  trace elements in these zones has  been predictad 
f o r  the data shown in Table 4-12 along with the predicted salt 
deposition due to drift fron, various cooling tower designs. These 
salt depositional zones are  shown i n  Fig. R-2 o f  the ERT report 
(Appendix F, 1978). 

The ratio o f  trace element concentrations to TDS (total 
dissolved solids or salt) concantration in drift is used to deter 
mfne treca element deposition rates in various  depositional zones. 
Projected increases in  soil trace element concentrations can then 
be Calculated for  the salt depositional zones. Trace element 
depositfons f r o m  cooling tower drift will augment those depositing 
fram stack emissions. Estimates o f  these amounts are provided in 
Sectf on 4.6. 

( f )  Powerulant Stack histions 

These emissions have  rocently  bean  re-evaluated 
(Section 3.0). The sources o f  changes to the emission assessment 
a m  due to revised amountJ o f  trace element contant in coal  as 
wll as an Inproveinent  in the methods  used to astimata concontra- 
tfon wd deposition patterns. 

Section 2 gives estimates o f  local ground level trace a 

element concantrations on tha basis o f  a 244 m stack with  meteoro- 
logical  control systea (MCS). Maximum trace element  concentra- 
tfons have been calculated for 3-hour, 24-hour and annual 
(Table 3-4). Local  annual average ambfent concentrations o f  tpaca 
elements are calculated f o r  the isopleths  shown in Fig. 3-1, 
presonted i n  Tabla 3-5. 

" 

-. 
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TABLE 4-12 

CHEMICAL  CH,&RACTERISTICS OF COOLING  WATER 
ANI1 COOLING TOWER DRIFT 

~ ~- 

Element 
Thompson Cool i ng Predicted Amount 
River1 Tower Drift* 
(mg/L) 

i n  Drift 
(mg/L) (kg/a)3 

Tota l   d isso lved  so l ids (TOS) 109 1526 155 652 

Arsenic (As) 0.05 0.7 71 

Cadmirlm  (Cd) 0.005 0.007 7.1 

Chromi um ( C r )  0.002 0.028 2.9 

Copper,  (Cu) 0.01 0.14 14 

Fluor ide (F) 0.1 1.4 I42 

Lead (Pb) 0.05 0.7 71 

Mercur-y (Hg) 0.001 0.014 1.4 

~~ 

Vanadi urn (V )  

Zinc  (Zn) 

0.006 0.084 9 

0.031 0.43 44 

Thompson River will be source o f  cool ing  water; TDS va'lue  from a 1!375 study; 
trace  element  values from samples c o l l e c t e d   i n  May 1977: 

Cool ing  water   rec i rcu lat ion  bu i ldup  factor  assumed t o  be 14 (B.C. Hydro, 
1978). 

Elitimated d r i f t   i s  194 Umin; see ERT Appendix 0 - Assessment o f  AIrospheric 
E f fec ts  and Drirt Deposition due t o  Alternate  Cooling 'rower Design!;. 

From ERT (Appendix F, 1978). 

SE 79321 4 - 4 0  



4.4 TRACE ELMEM SOURCES FROM THE PROJECT - (Cont'd) 
It  became apparent (Section 3.0) that the mast signifi- 

cant areas o f  deposition would occur outside of the local  scale. 
due to long range transport (EXT, Appendix I, l979). The deposi- 
tion o f  trace elements  has  been  dona on the basis o f  annual 
average SO2 deposition rates. The deposition patterns correspond 
to the coded isopleths o f  Fig. 2-2, while deposition rates  are 
s h a m  in Table 3-5. 

4.5 ASSESSMENT OF AMBIENT TRACE ELEMENT CONCENTRATIONS F2OM THE PROJECT ON 
THE BIOTA 

The main interest in gaseous and particulate trace element 
mi;sions f m i  coal-flred powerplants has  been directed  largely  toward 
the impacts on human  health, economically important crops and ornamen- 
t a l  plants as well  as the health o f  livesack (Dvorak and  Lewis  et al., 
1978). The ef fec ts  o f  these trace element missions on the natural 
envinnwnt  nawly wildlife, vegetation. soils and the aquatic biota, 
have  rrcelved  a comparatively small amount o f  attention. 

Once the trace elenmnts are i n  the atmosphere t h e e  are 
numerous conversions and mactions that can take place to alter the 
chemical f o m  o f  thesa elemnts. The airborne trace elements will 
have  variable  reaction times, hence their impacts  must be considered 
not  only  locally  (plant  site-specific)  but  also  regionally. A number 
o f  trace elements a m  known, f o r  example, to be deposited mlatively 
close to the plant site while others can  be carried  many  kilometres 
away from the point-sourcs mission (Section 4.2). 

The potential impacts o f  airborne trace elements are greater 
i n  the terrestrial  biota due to their aerial  distrlbution. Under 
fumigation  conditions, for example, all trophic levels o f  the tarns- 
trial cosystsa would be exposed to airborne trace elements. The 
aquatic ecosystem, on the other hand, is little  affected by ambient 
trace element concentrations. Elmanta depositod in the terrastrial 

I 

" 

-2 
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4.5 ASSESSMENT OF AMBIENT TRACE ELEMENT CONCENTRATIONS FROM THE PA:OJECT ON. 
THE BIOTA - (Cont'd) . 

environment, however, ma,y ul t imately  impact upon aquat ic  receptors  v ia 

leachate and surface watc!r d i sso lu t i on  of t race elements. 

The e f fec ts  o f  airborne  trace  elements on t h e   t m r e s t r i a l  

b i o t a  have been largely  determined under laboratory  condi t ions  using 

acute  levels i n  fumigation chambers (Dvorak and Lewis e t  a). , 1978). 
Data fo r   ch ron ic  exposur*e under  natural   condi t ions  are  less  avai lable 

even though such data  would be more r e f l e c t i v e   o f   t h e  operat.ing  coal- 

f i r e d   e l e c t r i c a l   f a c i l i t y .   V e g e t a t i o n  would be t.he f i r s t  major b i o t i c  

component t o  be affected  by  airborne  trace e1ement.s. It i s  l i k e l y   t h a t  

annual and perennial  plant  species  would be a f fec ted   d i f f e ren t l y .  A 

popu la t ion   o f  annual p lants ,  for  example, would he a f fec ted  siooner  and 

perhaps more severely  by  factors  impair ing  sexual  reproduction and/or 

seed germination  than  would a populat ion  of   perennial   p lants.  Such 

changes (chronic o r  acute)   cou ld   lead   to   a l te ra t ions   in  community 

s t ruc tu re ,   p roduc t i v i t y ,   s tab i l i t y  and  a number o f   o t h e r  facl.ors. The 

animal component would he impacted  by  secondary  c!ffects due t o  hab i ta t  

changes o r  food  species changes caused by   po l lu t imt   e f fec ts  on vegeta- 

t ion.   Herbivores  would  l ikely be the f i r s t  animal t roph ic   leve l  

affected  since  they am! dependent on vegetation  for  both  food and 

habi tat .  The e f fec ts   o f   a i rbo rne   t race  elemeints on w i l d l i f e   a r e  

expected t o  be more variable  than  those on l i ves tock  because o f   t he  
general migratory nature o f  t h e  former group. 

It has been proposed that  there  are  three  general   levels  of  

e f f e c t s   o f   a i r   p o l l u t i o n  on  ecosystems  (Dvorak and Lewis e t  a'l., 1978). 
Under condi t ions o f  low dosage ( f i r s t   l e v e l )   t h e   v e g e t a t i o n  and s o i l s  

funct ion as an important  sink f o r  a i r  contaminants. When exposed t o  

the secondary o r  intermediate doses, ind iv iduals   o f   the  var ious  b io t ic  

components may be adver!;ely and subt ly   a f fected  whi le  exposure t o   h i g h  

p o l l u t a n t  doses, t h e   t h i r d   l e v e l ,  may induce  mortal i ty.  
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4.5 ASSESSMUTT OF AMEIENT TRACE ELEE(ENT CONCENTRATIONS FROM THE PROJECT ON 
THE BIOTA - (Cont'd) 

The fmpacts o f  airborne trace elements on the biota arising 
from the combustion o f  Hat Creek coal, both  locally  (Hat  Creek)  and 
regionally are assessed below. 

(a) Aquatic Biota 

As discussed previously, the effects of ambient con- 
cantrations o f  airborne pollutants generally do  not impact upon 

aquatic systems. The maximum ambient trace element concantrations 
( p g h  ) resultfng from powerplant emissions have  bean given i n  

Sectfon 3.0, Table 3-5 while Table 3-6 and Fig. 3-1 provide the 
annual average concentrations and the coded isopleths corms- 
ponding to these conditions. 

3 

Certafn organisms which inhabit the termrtrf a1 aquatic 
intarfaen sucb as amphibians and  various forms of aquatic vegeta- 
tion (macrophytes) that have  aerial  plant parts could be .affected. 
Comparison of.the coqeentrations shown in Tables 3-5 and  3-6 w f t h  

the ambient air quality objectives for trace 411~mnt~ (Table 4-U) 
indicates that ambient concnntrations are belaw those o f  the 
guidelines. The 24-hour average for fluorine (F), however, o f  

1.9 rg/m is very ClOS8 to the guideline level of 2.0 p g h 3  for 
thn same averagf  ng  time. Them are a dearth o f  data describing 
the effects o f  F on amphibians and aquatfc macrophytes. Weinstefn 
(1977) reports,  hcwever, that selected macrophytes IImatiens sp. 
and Plantauo sp.) display differing tolerances to F. 

3 

The abundanu o f  aquatic macrophytas fn the Hat Creek 
vicinity is law due to the rocky substrate of the s tm-  and 
intamittent nature o f  some o f  the wtarcourses (Beak, Fisheries 
and Benthos Study, 1977). The effects o f  1.9 pgfm o f  F over a 
24-hour  period are projected to  be insignificant on these 
vrgetative forms. The maximum average ambient concentrations o f  F 
and those coded to the isopleths of Flg. 3-1 wfll  not affect 
laacrophy%i c vegetari on. 

3 
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4.5 ASSESSMENT OF AMBIENT TRACE ELEMENT CONCENTRATIONS FROM THE PROJECT ON 
THE BIOTA - (Cont'd) 

The remaining trace elements' average ambient  concentra- 
tions are roughly an order of magnitude below any guideline level. 
Further, data available from the literature survey indicata there 
will  not  be  any adverse effects to the biota  at  any of the 
expected concentrations. Consequently, their impacts as gaseous 
pollutants to amphibians and aquatic vegetation'in  the Hat Creek 
a n a   a n  projected to be negligible. 

Regional ambient concentrations of trace elements are 
much lower .than those described for the local Hat Creek area 
(Section 3.0, Table 3-6 and  Fig. 3-1). The deposition of traca 
elements in the regional area I s ,  however, greater than in the 
local area as described in the ERT (Appendix I, 1979) acid  rain 
report. These deposition patterns are based  upon the annual 
average dry  and wet SO2 depositions. These deposfted trace 
elements will subsequently enter surfaca and groundwaters. The 
I m p a m -  o f  depositad traca elements to the aquatic biota are 
discussed in Sections 4.,6(d) and  (e)  below. 

(E) Terrestrial  Biota 

As it has been pointed  out above, terrestrial vegetation 
would Ea the f f n t  biotic component that could be affected Ey 
ambient trace element concentrations. The impact assessment for 
ambient trace element Concentrations i s  limtted to the local 
mvironment (Hat Creek) since these concentrations are  much higher 
i n  this a n a  than the regional or offsito zones (Section 3.0). 
ThOS8 e1ements o f  gmatast potential toxicity are those that 
dfsplay  phytotoxicity to vegetation or a n  readily accumulated 
through leafy  tissues. The principal elments of this group 
Include boron.  fluorine,  lead  and mercury. These elemnts may 
enter plants through the leaves  and  can be translocatad within the 
plant. O f  the above elements, F is the most signiffcant in term 
o f  impact to the vegetative species as a result  of the Hat Creek 

. .. 
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4.5 ASSESSMENT OF AMBIENT T R K E  ELEMENT  CONCENTRATIONS' FROM THE PRIOJECT ON 
THE BIOTA - (Cont'd) 

Project .  The f luor ine   concent ra t ion   o f   Hat  Creek coal i s  
re la t i ve l y   h igh   (Sec t i on  2.0) and hence will r e s u l t   i n   s i g n i f i c a n t  

gaseous emissions o f   t h e  element from the cclmbustion o f  Hat Creek 

coal  (Section 3.0). 

Resul t ing maximum average  ambient  concentrations fo r  F 

have heen given (Ta.bles 3-5 and 3-6). these  levels  are in compli- 

ance with  the  guidel ine  concentrat ions shown i n  Table 4-13. On 
th is  basis,   vegetat ion will l i k e l y  be protec:ted from acute  in jury  

although  they will probably  accumulate  the  element in t h e i r  

t i ssues   p ropor t ionate ly   to   the   inc rease  in  ambient  concentrations. 

Th is   re la t ionsh ip   ho lds   t rue   fo r  F concentrations  over  the  range 

0.6 t o  40 pg/m3 i n  grasses  (Weinstein, 197'7). It i s  presumed a 

s i m i l a r  response will be e l i c i t e d  by   the   p lan ts   a t   the  F concen- 

t ra t ions   p ro jec ted   fo r   Hat  Creek. The resultant  accumulations 

should  not, howeve!*, be of s u f f i c i e n t  magnitude t o   s i g n i f i c a n t l y  

a f fect   the  growth or reproduction of indigenous  vegetation a t  Hat 

Creek. The pro jected maximum 24-hour concentrat ion of 1.9 pg/m 3 

i s  of the  same order of magnitude  which has demonstrated t o x i c i t y  

t o  beans. A concentrat ion  of  2.1 pg/m  was  shown t o   i n h i b i t   t h e  

growth of beans bu t   the  exposure was continuous  over  the f i r s t  

generation o f  the  p lants.  It i s  un l i ke l y   t ha t   t he  24-hour pro- 

3 

jec ted  maximum F concentrat ion of 1.9 &m3 will produce any 
long- last ing o r  de le te r ious   a f fec ts   t o   t he   vege ta t i an   i n   t he  

v i c i n i t y  of Hat Creek i n  view of the   in te rmi t ten t   na ture  of 
exposure. Fig. 4-2 shows the dose-response re la t ionships  for  

f o l i a r   i n j u r y   t o   d i f f e r e n t   p l a n t   s p e c i e s  (McCune., 1969). 

Comparison of projected  ambient F concentrat ions  wi th   th is   f igure 

reveals  that   the  est imated  levels  should  not   af fect   Hat Creek 

vegetation even dwing  long-term exposure. I f  suf f ic : ient   data 

were avai lab le a ser ies of d i f f e r e n t  curves  could be drawn f o r  
c r i t e r i a  based on photosynthetic  carbon  dioxide  asslmilat ion, 

growth, f r u i t i n g ,   q u a l i t y  o r  F content. It i s  obvious from 
Fig. 4-2 that  conil 'erous  trees  are more s e n s i t i v e   t o  F than most 
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4.5 ASSESSMENT OF AMBIENT TRACE ELEMENT  CONCENTRATIONS' FROM THE PROJECT  ON 
.~ ~ ~~. ~. ~ THE BIOTA - (Cont'd) 

plants. These t rees   con t r i bu te   s ign i f i can t l y   t o   t he   f o res t  

i ndus t , r y   o f   B r i t i sh  Columbia and the  impacts o f   t he   p ro jec ted  

ambient F concentrations on these  sensit ive and economically 

'valuable  species hais been assessed (TERA Appendix A3, prepared  by 

Reid  Coll ins  Ltd., 1978). 

The projected  ambient  concentrat ions  of 8,  Hg and Pb are 

qu i te  low  (Tables 3-5 and 3-6). These elements are  phytotox ic   to  

p l a n t s   b u t   a t  much higher  concentrat ions  than  those  projected  from 

the  combustion of   coal   a t   Hat  Creek. Even though  the  estimated 

ambient leve ls   a re   qu i te  low, some accumulation o f  these  elements 

by  local   vegetat ion i s  expected t o  occur.  Boron  concent,rations i n  

p l a n t s   o f  300 mg/kg o r  greater can  produce i n j u r y  (Temple e t  al., 

1978). The backgr~~und B leve ls   for   vegetat ion  a t   Hat  Creek  ranges 

only  from 2.01 t o  39.33 mg/kg (Section 8-3 o f  Appendix  6). It i s  

unl ikely  that   s igni f icant  accumulat ions  could  occur by the   p lan ts  

from  the  ambient  concentrat ions  projected  to  produce  injury. 

S imi la r ly ,   the   p ro jec t  ambient  concentrations o f  lead and mercury 

are so low  that  i t  i s  improbable  local  plants will accumulate the 

elements to   t ox i c   l eve l s .  

The a i r b o r n e   t o x i c i t y  o f  the  remaining  trace  elements  to 
vegetation has been discussed i n  Section 4.2. No evidence  exlsts 

which  indicates  that   the maximum ambient  concentrations o f  these 

t race  elements ccsuld adversely  affect  the  vegetation i n   t h e  Hat 

Creek  area. 

Gaseous t race  elements may a1 so be inhaled  by 1 ivestock 

and wi ld i fe   that   are  near   the  p lant   s i t .e .  A1 though  the  major 

routes  of  trace  element  entry  into  these  animals i s  b'y ingest ion 

some will undoubtedly  enter  via  inhalat ion. The trace  elements 

tha t   en ter   the  lungs  are  pr imari ly  those  that   are gaseous o r  
v o l a t i l i z e d  and  adsorbed t o   p a r t i c u l a t e s  of submicron size. Such 

rlements  include Hg,  Se,  Be. Pb, As, F, El and Ni .  The submicron 
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4.5 ASSESSMENT OF WIDFT TRACE E L M W T  CONCENTRATIONS FROM THE PROJECT ON 
THE BIOTA - (Cont'd) 

particulates bearing these traca el aments can deposi  t  into the 
deep alvaolar portions of the lung where they  have  access  to the 
bloodstream and subsequent transport to  the internal organs 
(Natusch and  Wal lacs et a1 . , l974). The.am4ient guide1 ine concan- 
trations o f  traca elements are designed to protect humans 
nspirlng similar concentrations for the tiw periods indicated. 
If w. assume that these guide1 inrs ara adaquate to protect other 
m m l s  such as livestock and wildlife speies, the estimated 
maximum concantrations of ambient tracs elements will  not impact . 
upon these animals. 

There are not sufficfent data for avian species to 
adquately dotarmin8 whether the projected ambient levels are 
hazardous.  It  is  ucpecfed those levels that are safe for nammals 
would also p r o t a c t  birds. 

The maximum 24-hour and  annual average ambient concen- 
trations resulting from mine dust have  been  estimated. These 
concentrations have  been  given in Section 3.0 (Table 3-7). The 
aabient level-s projected are below all guideline values  and  hence, 
a m  not anticipated to have any adverse affect on the local  biota. 

Generally, there i s  a  lack of information addressing the 
a f f e c t s  of airborne Wac8 alemen- to animals, whether they  be 
doaustic or wild. This should be considered in th8 development of 
monitoring programs to assess airborne traca element impacts 
during the operation of t f m  Hat Creek P r o j e c t .  

4.6 RECEPTOR ACCUMULATION OF TRACE ELMENTS AND IMPACTS FROM THE PROJECT 
ON THE BIOTA 

(a) soil, 

Them will  be minor increases o f  trace elements in the 
local  and  regional soils due to powerplant and cooling tower 

... 

. 
.-. 

.-  

.- 
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4.6 RECEPTOR ACCUMULATION OF TRACE ELEMENTS  AND  IMPACTS FROM THE  PROJECT 
ON THE BIOTA - (Cont'd) 

emissions and subsequent deposition. The  deposition rates for 
emitted trace elements have been  discussed  previously 
(Section 3.0, Table 3-6). The  more recent deposition rates  have 
been  calculated  on  an  improved  method from earlier studies on the 
basis o f  informaticm that has come  available with the  pub1iCatiOn 
of the  report  on  the long range  transport and the implications of 
acid precipitation ERT (Appendix I, 1979). It was realized that 
the  major  deposition  zones o f  trace  elements occurred  outside  the 
local area  while ground-level ambient  concentrations  were higher 
in the local area. For the  purposes of this impact analysis  the 
isopleths o f  regional-annual SO2 deposition (Fig.  3-2) have  been 
extended to include! the plant site. This  approach  provides a  much 
more conservative  estimate o f  soil accumulations in the local area 
as trace  element depositions,  regionally, .were  typically  greater 
than  the local  area. The  deposition rates shown in Table 3-6  have 
been used to  calculate  the estimated soil enrichment o f  trace 
elements due  to  stack  emissions  after  35  years o f  powerplant 
operation,  assuming  an overall capacity  of EL5 percent. Table 4-14 
provides  the projected soil enrichment within  tho isopl.eths shown 
in  Fig. 3-2. 

SE  7933 

Several assumptions  were employed to  facilitate  the 
calculation o f  these predictions: 

1. Soils i n  the  Hat  Creek and regional areas  are o f  a  sandy 
3 loamy texture  whose  bulk density is approximately 1.75 g/cm 

(Dvorak and Lewis et al., 1978). 

2. All deposited trace elements will rem,ain in residence in the 
top 3 cia o f  soil which  approximates  the most  hiologically 
actlve area. 
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4.6 RECEPTOR ACCUMULATION OF TRACE ELEMENTS AN0 IMPACTS FROM THE PI?OJECT 
ON THE BIOTA - (Cont'd) 

3 .  Neither  t race element  uptake by vegetation nor er-osion o f  

s o i l   t o  watershed  drainages will occur. 

I 

The deposit ion  of  nine  trace  elements  (arsenic, cadmium, 

chromium, copper, f luorine,  lead, mercury, vanadium and zinc)  onto 

s o i l s  has been estimated  from  cooling  tower d r i f t   c h a r a c t e r i s t i c s .  

The deposi t ion zones; o f  these  trace  elements  followed  those  of  the 

sa l t   depos l t i on  zones i l l u s t r a t e d   i n  Fig. F7'-2 of the ERT repo r t  

(Appendix F, 1978). All o f  these zones were found t o  be located 

w i th in   t he  E isop' leth  of  trace  element  deposit ion  (Fig. 3-2). 
Trace  element s o i l  accumulations f r o m  t h i s  source  annually and 

a f t e r  35 years  operat ion  a t  65 percent  capacity  are shown i n  

Table 4-15. The assumptions cont r ibu t ing  t o  these  calculat ions 

are  s imi lar   to   those  descr ibed  for   so i l   accumulat ions  ar is ing  f rom 

stack  emissions.  Consequently,  trace element contr ibutions  from 

coo l ing   tower   d r i f t  have been added t o  those i n   t h e  E i m p l e t h   t o  

p rov ide   t he   t o ta l   t r ace  element soi l   accumulation  given i n  

Table 4-16. Generally,  trace  element  enrichments i n  Hat  Creek 

so i ls   represent  le!;s than 1 percent o f  background  trac:e  element 

leve ls  even a f t e r   t h e  35-year l i f e t i m e  of the  powerplant., The  one 

exception was mercury  which may be enriched  by as much as 

11.4 percent. Expressed as a  percentage  th.is  increase ,appears t o  
be qufte  large. The quant i t ies  o f  Hg, however, accumulated f n  the 

s o i l s  range only from 1.59 t o  6.83 mg/kg x  (Table 4-14)). 

Such concentration!; of Hg are  wi th in   the normal range!; reported 

fo r  na tu ra l   so i l  components (Appendix 6.12). 

The t race element contents  of   soi ls i n  o f f s i t e  areas, 

namely Pav i l ion  Mountain,  Cornwall  Mountain, Lower tlat Creek, 

Arrowstone Creek and Ashcroft  are  sfmilar  to  those  levels  observed 

i n  H a t  Creek so i l s .  Trace  element  soil-enrichment i n  these  areas 

due to  stack  emis!i ions can, therefore, be approximated t o  those 

described fo r  Hat Creek. 
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TABLE 4-15 

v) m 
PROJECTED ANNUAL  AN0 35 YEAR (ASSUMING 65% CAPACITY) INCREASE OF SELECTEO'TRACE  ELEMENTS 

I N  SOIL WE TO COOLING TOWER DRIFT (w /kg l  

ELEMENT II ANNUAL AFTER 35 YEARS - ASSUMING 65% CAPACITY 

SALT  DEPOSITIONAL ZONES (kq.km-'.a")* 

4700 2240 550 112 4700 2240  560  112 

ARSENIC 
CADHlUM 
CHROMIUM 

P COPPER 
FLUORINE 
LEA0 
MERCURY 
VANADIUM 
ZINC 

0.041 
0.0003 
0.0016 
0.008 
0.08 
0.041 
0.0008 
0.004 
0.025 

0.019 
0.0019 
0.00076 
0.0039 
0.039 
0.019 
0.0003 
0.0023 
0.013 

0.0049 
O.OOO049 
0.00019 
0.0009 
0.009 
0.0049 
0.00009 
0.00059 
0.0029 

0.0009 
0.000009 
0.000038 
0.00019 
0.0019 
0.0009 
0.000019 
0.00011 
0.00057 

0.94 
0.009 
0.037 
0.186 
1.86 
0.94 
6.0104 

0.112 
0.57 

0.446 
0.0043 
0.017 
0.088 
0.88 
0.446 
0.0088 
0.053 
0.291 

0.112 
0.0011 
0.0043 
0.022 
0.22 
0.112 
0.002 
0.013 
0.068 

0.022 
0.0m 
0.0008 
0.0043 
0.043 
0.022 
0.00043 
0.0026 
0.013 

See Fig. F7-2 for  areal  extension  of these zones - ERT (Appendix F. 1978). 
Trace element deposit ion  f lux (kg-km".a") salt deposltlon  rate x element t o  s a l t  concentrat ion  rat io in  d r i f t  
(see table F4-3 o f  ERT Report Appendlx F .  1978). 

Assumes that a l l  desposited elements will renaln I n  residence I n   t a p  3 UII OP s o i l  and that  neither uptake  by vegetation 
nor   eros ion  o f   so i l   to  watershed  drainages will occur. Asswnes a soi l   bulk  densi ty  of  1.76 9/m3. 

kg/52.5 x I O b  kg = mg/52.5 kg. T R erefore.  sol ! increase (Ihg/kg/p ) = deposit ion  f lux  for 35 year  buildup  ylth.65X ... 
capacity  nult iply  projected annual values by (35 x 0.65). 

Calculations  for annual values based  on cooling towers operating a t  design capacity  for 365 days/year (worst case 

Then. soi l   concentrat lon lncrease e r  year = de os i t lonal   f lux  x 1 km2 i (0.03 x lo6 m3 x 1.75 g/m3 x lo6 ctn3/m3)= 

I ses b t ) . !  " I  I : ; : I  , , I , :  , 



TABLE 4-16 

TRACE KLEMENT ACCUMULATION AFTER 35 YEARS OPERATION (ASSUMING 65% CAPACITY) 
FROM STACK EMISSIONS  AN0 COOLING TOWER DRIFT 

~ 

TRACE ELEMENT TRACE ELEMENT ACCUMULATIONS  (mg kg) IN 
ACCUMULATIONS 

ELEMEN: IN B ISOPLETH 
SALT.  DEPOSITIONAL ZONES fig-. k d - a - 1 ) .  

~~ 

FROM COOLING TOWER DRIFT 
(mg/kg) 

4700 2240 560 112 
* 

ARSENIC 
CADMIUI4 
CHROMIIJM 
COPPER 
FLUOR1:YE 
LEA0 
MERCURY 
VAMADI 34 
ZXNC 

I 

0.0216 
0.0002 
0.0040 
0.0291 
3.033 
0.0066 
0.0052 
0.0126 
0.0216 

0.9616 
0.0092 
0.0410 
0.2561 
4.8930 
0.9466 
0.1902 
0.1246 
0.5916 

0.4676 
0.0045 
0.0210 
0.1171 
3.91 30 
0.4526 
0.0140 
0.0656 
0.3126 

0.1336 
0.0013 
0. 0083 
0.0511 
3.2530 
0.1186 
0.0072 
0.0256 
0.0896 

0.0436 
0.0004 
0.0048 
0.0334 
3.0760 
0.0286 
0.0056 
0.0152 
0.0346 

*Assumed t h a t  a l l  salt deposition zones l i e  completely w i t h i n  the B 

I i sopleth of annual SO2 deposition. 

Attendant trace element accumulat'lons (mg/kg) are given for the B isopleth 
(taken from Table 4-15). 

Values of trace element accumulatlons shown for sa l t  deposition zones a.re 
derived by adding the concen t r a t i~~ns  i n  the B isopleth t o  those for the  
sal t  deposftion zones f r o m  Table 4-15. ~.I 
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4.6 RECEPTOR ACCUMULATION OF TRACE ELPfENTS AN0 IMPACTS FROM THE PROJECT 
... ON THE BIOTA - (Cont'd) 

The soils fn the Hat Creek area are charactorired by 
being alkaline and o f  a  sandy/loany  texture.  Soil types such as 
these readily bind trace elements that occur most often as cations 
(Be, Cd. Cr, Co, Cu, Pb, Mn, Mi, Sn, V and Zn) (Berry  and  Wallace, 
1974). Arsenic,  molybdenum  and  selenfum, on the other hand, occur 
as divalent anfons in the soil  solution. These elements can be 
axpeetad to be mora mbil e in Hat Creek soi 1 s as they are mora 

soluble fn neutral to alkalfne soils (Allaway, 1968). Deuel  and . 
Swaboda (19721, however, have estimated that only  about 1 percent 
o f  applied As was recovered in the soluble water phase  with the 
remainder tied doun by the soil. The remaining elements, Sb, 8,  

F, Hg.  Ag, T1, Th. W and U, according to the literature 
(SMtfon 4.2) will  be relatively fmmobile f n  alkaline soils 
approximating those o f  Hat Crwk. Uranium, as the uranyl ion 
(W2 1, however, is soluble i n  water and  hence  may  be available 2+ 

in soils. 

During the 35-year operation o f  the powerplant f t is ' 

belfwed the $oils fn the Hat Creek araa and offsite locations 
will  ba able to absorb and fix  a large portion of the  trace 
elements that are d e p o s i t d  on them. As they are alkallne wi th an 
assumed  high cation exchange  capacity  and  rainfall is relatively 
low h9ese  soils will have a protedve effect on the contamination 
of groundwater and  will  also protect plants f r o m  exposure to 
levels o f  available trdcc el&mants. The soils i n  the study  areas 
will, thenfora. act as a "sink" f o r  most o f  the trace elements. 
Even those elcmenta that will display soma mobilfty and avail- 
ability (As, Mo and Sa) are anticipated to have : $1 i g M  impact 
due to the axtmmely small percantage o f  their enrichment. The 
atbndant percentages are 0.30 f o r  As, 0.46 f o r  Mo and 1.0 f o r  Se. 
The contributfon of frace elements to sof 1s as a result o f  mine 
dust deposftion are expected to be  neglfgible. There f s no mal 
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4.6 RECEPTOR ACCUMULATION OF TRACE ELEMENTS AN0 IMPACTS FROM THE PROJECT 
ON THE BIOTA - (Cont 'd)  - 

difference  in  trace element content between the  coal-dust  parti- 
cles and soi ls   mar   the mine. Therefore no trace element 
enrichment o f  so i l s  can occur via t h i s  source. 

I t  is  reiterated  that  the above callculations awe fa i r ly  
conservative and t.hat  the  actual enrichment of the  soils i s  

probably less than the  values shown above. The ultimate  enrich- 
ment o f  soils  resulting from the  project clo n o t  al ter  the  soil  
content beyond  tho!ie reported  as  "natural"  (Tables 8.1  to  8.23).  

SE 79Xi 

(b) Terrestrial Veqetat& 

The uptake and accumulation o f  trace elements from so i l s  
and nutrient  solutions by plants has been reviewed in  Seetion 4.2. 

The vegetation a t  Hat  Creek will  likely accumulate the 
essential  micronutrient  trace elements such as 8,  Ca, Eln, Mo and 
Zn i n  amounts proportional t o  those added t o  the  soi'ls. These 
enrichments have  been assessed  in  Section  4.6(a) and  were shown t o  
be generally  less than  1 percent of the background concentration. 
The accumulation of these elements by indigenous plant  species 
should,  therefore,,  not exceed this  percentage. By similar 
mechanisms the plaints  could accumulate unessential  trace elements 
such as Cd, Ni, Be, C r ,  Pb, Hg, Se, Ag, T l ,  Sn, U as U02*+ and V. 

I f  soil concentrations are sufficiently  increased,  plants  will 
continue t o  accumr!late the elements and concentration:;  toxic  to 
the  plant or i ts  c:onsumers may  be reached. There i s   l i t t l e  or no 
accumulation of C,a,  F ,  Sb, Th ,  T1 or W by plants from soils.  

The cons,ervative enrichment of !;oils  (about 1 percent 
a f te r  35 years) as  a resul t  of the Hat  Creek Project  will  preclude 
the  accumulation o f  trace elements to  toxic  proportions  in  the 
plants. 
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4.6 RECEPTOR ACCUMULATION OF TRACE ELEMEHTS ANQ  IMPACTS FROM THE PROJECT 
ON THE 810TA - (Cont.'d) 

Arsenic, selenium and molybdenum  are expected to  have 
the greatest availability in soils o f  all the trace elements. 
These elements are anionic in soils and  hence are mora soluble in 
the solutions o f  such soils. In the semi-arid region o f  Hat Creak 
where soil moisture is low the migration o f  As, Mo and Se through 
sails and diffusion into  plants o f  even these soluble trace 
elements will  be limited. If one again  assumes that all of the 
deposited trace element amounts are available to the plants, the 
resulting change i n  plant tissue levels i s  expected to be negli- 
gible because o f  the limited enrichment in soil  quantities. 

Soam discrimination o f  trace elements uptake is dis- 
played by  plants. Many trace elements such as As, #e, Cr, Ni, Pb 
and V are accumulated by the roots, but a m  not  raadi  ly translo- 
cated to the above ground plant parts. Other elements such as  Cd. 
Cu  and Ln a n  man f n a l y  translocated. The mvement o f  these 
e l c ~ n t s  from Hat Creek soils to vegetation is expected to occur 
in a siaflar fashion but it  is not known if  the translocation 
characteristfcs o f  these elements reduces or increases their 
toxlcity to plants. The movements ara, hawaver. significant when 
considering which trace elements arr transported to the aerial 
portions af plants uhich then becnw available to herbivorous 
animals.  It 1s unlikely that significant impacts will occur in 
view of the relatively small amounts o f  trace elements that are 
anticipated to reach  biological recepaon. 

(c) Wildlife 

Wfldl'lfe could be exposed to trace elements through the 
ingestion o f  contaminated plant matarial. In the previous section 
it was shown, however, that accumulations o f  trace elements by 
plants from the soils and f m  the atmosphere are anticipated to 
be relatively minor. Consequently, ft  fs unlikely that 
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4.6 RECEPTOR  ACCUMULATION OF TRACE ELEMENTS AND IMPACTS  FROM THE PR:OJECT 
-~ . ~~~. ~. ON THE BIOTA - (Cont'd) - 

herbivorous  animal  species  would i n   t u r n  accumulate trace  elements 

i n  t h e i r   t i s s u e s   t o  a s ign i f i can t   l eve l .  The poss ib le  movements 

o f  a number of  selected  trace  elements i n   w i l d l i f e  are  cliscussed 

below with  respect  to  the  project .  From the   l i t e ra tu re   rev iew  

(Appendix C) it became apparent  that  not a l l  of the 23 t race  

elements o r i g i n a l l y  1 isted  are  of  environmental concern. due t o  

cer ta in   e lements '   immobi l i ty   in   the  b io ta and the  projected  low 

emission  rates  of  others. 

I 

1 

i S E  7933 

The elemellts 6, Mn and Mo can  accumulate i n   p l a n t  

t i ssues   bu t   they   a re   re la t i ve ly  innocuou:s when ingested by 

browsers.  Increase:; in   the   concent ra t ion   o f   these elements i n  

p lan ts  as a r e s u l t  of the   p ro jec t   a re  expected t o  be ne'gl ig ib le.  

Hence, the  ingest ion o f  these  plants  by  herbivorous  wi ' ldl i fe o r  
the  consumption  of  forage  crops grown i n   t h e  zones or highest 

deposi,fion  (Fig. 3-21 are  not  expected  to  resul t  i n   s i g n l f i c a n t  

accumulations  by  ccmumers.  Antimony,  thorium and tungsten  are 

bound r e l a t i v e l y  t ightly t o  s o i l s  and uptake o f  them by  plants i n  

a l l  areas i s  not  expected  to  occur. These elements  are  poorly 

absorbed  from  the  Sastrointestinal  tract ancl are  not  expected t o  

be  of  concern t o   w i ' : d l i f e  o r  domestic  animals  during  the  operation 

of the  p lant.  

The v o l a t i l e   t r a c e  elements, As, Fie,  Cd, F ,  H g ,  N i ,  Pb, 
Se, T1 and V may  bar i nha led   by   w i l d l i f e  and domestic  arlimals  but 

the  ambient  concentrations  are  projected to be below PCB" guide- 

l ines.  Animals will not  be endangered from  exposure t o  the 

ambient  concentral.ions  projected. As  glases o r  ve ry   f i ne  

part iculates  these elements will enter  the gas exchange !;ystems o f  

p lan ts  and become accumulated in  the  t issues.  Plant  accumulat ions 

v ia   th is   rou te   a re   no t   expec ted   to  be s ign i f f can t .  

~~ 

* Pol lut ion  Control  Board, M i n i s t r y   o f  Environment, B.C. Government. 
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4.6 RECEPTOR ACtLlMUIATION OF TRACE ELEMEMS AN0  IMPACTS FROM THE PROJECT 
ON THE BIOTA - (Cont'd) 

Fluorine will probably accumu1at.a I n  browse vegetatfon 
I n  proportion to the ambient air concentratfon but much o f  the F 

will  be absorbed by  soil  and  watar. Increased F levels I n  plant 
tissues will  not  be sufficfent to significantly altar background 
levels. Fluorine compounds diffuse easily across gut walls o f  
anfrmls and a m  readily fncorporated fnto growing bones. Mast of 
the F that 1s not  incorporated  into  hard body tissues i s  eXCrt1t8d 
by animals. The projected l o w  concentrations o f  F i n  plants grown 
wfthin the greatest depositional zonas (Fig. 3-2) should  not cause 
fluorine toxicosis fn animals. The remaining volatile elements, 
As, Be, .Cd, Ni, Pb. Se. Tl and V are accumulated by plants f r o m  

the air but  display varying movements in plant tissues 
(Section 4.2). . 

Cadmium is considered potentially dangerous because o f  

the inabillty o f  antmals to excrete it. The elemant has a nla- 
tively  long  biological  ha1f-lif8 and can  be  an accumulative poison 
in animals (Ovorak  at al., 1978). It has b.an astimatad that only 
7 peresnt o f  Cd fallout will be incorporated into  living 
vegetation whf le a majority o f  the remainder is bound to dead 
vegetation.  Thus, contamfnatfon o f  plants ingested by animals 
during the project will be n8gligible and  should  not  be  high 
8nough to be a  potantf a1 health ' concern. Cadmium wf 1 1  be most 
available to animals whose food bas. is lfttor o r  detritus as a 
large anmunt o f  the deposltad Cd rwnains in these racrptors. 

Lead 1s Mghly absorbed by soil but s o w  o f  the airborne 
Pb arislng f rom stack em\ssions can be absorbed by plant leaves. 
Lead in the soils at Hat Creek will  be unavailable to plants as 
thy am a1 kaline  and  bind the -tal. The mafn route o f  entry 
into animals will  be f r o m  the ingestion o f  vegetatfon that has 
accmaulatad Pb f r o m  the atmosphen. Lead ingested by animals is 
not  raadily tranSpOrt8d across gut  walls,  and  only  a small frac 
tfon o f  the Pb taksn in by animals 1s  s t o r e d  i n  bones. These 
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4.6 RECEPTOR ACCUMULATION OF TRACE ELEMENTS AND IMPACTS FROM THE PROJECT 
. . ~ ~ ~  ON THE BIOTA - (Cont'd) 

observations sugges?. that  Pb will not be accumulated by animals  to 
significant proportions as a result o f  powerplant emissiclns. Lead 
is not  methylated in the terrestrial systm, a fact  that will 
limit  the element's movement in this system. 

1 

I 
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I 

Vanadium is more  soluble i n  alkaline  media, hence  many 
plants  including grazing  crops such  as clover and alfalfa may 
accumulate  the V deposited on the basic sclils in the  Hat  Creek 
area. Some of  the element is taken up  by plants from thr  airborne 
route. Vanadium will be  widely  distributed .in Hat  Creek and other 
environs but at low levels. The  amount o f  V i n  plants, however, 
is not expected to  be harmful to  wildlife or domestic  animals 
ingesting  the vegetation. 

Nickel is; accumulated by plants f rom the  atmosphere but 
is relatively imlbile in alkaline soils,  although p'lants have 
been shown  to acc:umulate the metal under  certain conditions. 
Nickel that is ingested is poorly absorbed and  excreted  mostly in 
the feces. The  movement o f  Ni through  the terrestrial  ecosystem 
to  animals will be limited at  Hat  Creek  due to the basic nature o f  

the  soils and the animals' capability to  excrete  the element. 

Selenium is accumulated by plants and is more available 
in neutral or alkaline soils. It is essential to animals and is 
readily  absorbed  but is eliminated in the feces and  urine. 
Animals can be poisoned through  the ingestion o f  cnntaminated 
vegetation. The  consumption o f  vegetation  containing 5 mg/kg or 
greater o f  Se ha!; been shown  to be toxic  to browsers. Levels 
below 1 mg/kg appear  to  provide an adequate  margin o f  safety 
against  adverse effects. The element will be widely  distributed 
to the  Hat  Creek  area and will be relatively mobile.  The low 
levels emitted, however,  should preclude it:; accumulation  to toxic 
levels in plants and animals. 
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4.6 RECEPTOR ACCUMULATION OF TRACE ELEMENTS AN0 IMPACTS FROM THE PROJECT 
ON THE BIOTA - (Cont'd) 

Thallium is not accumulated by plants  to  any  great 
extent especially in alkalinz soils. It fs relatively toxfc to 
both plant3  and  animals. The projected ambient concentrations and 
bfotic accuntulations ar. not expected to adve.rsely affect  animal 
lffe  at  Hat Creek. 

The elements Co, Cr, tu, Sn, Th, U, W and Zn are  con- 
centratad in the ash  and a n  not emitted ta the same extent as the 
volatile elements. The majority o f  their potential fmpacts result 
fron leachates o f  ash  disposal  ponds  not stack emissions. 

Cdbalt is not accumulated by plants to any great extent 
so ftrr movement through the tarrestrial  food chain fs lfmitad. 
The movement of Cr i n  the environment as a function o f  the project 
f s  difficult to predict b-use o f  the element's ubfquitous 
nature. One. deposited the element may  be available f o r  biotic 
uptake especially if oxidation to huavalent Cr  occurs. Thfs form 

can readf  ly penetrate biological membranes so ft would  likely be 
accumulatad by pl-. Animals can,  however. elfminatc the 
element f r o m  thefr systems,  and  it  fs  usually  not considered to be 
an environmental hazard. Copper will  be largely unavaflable to 
plants  at  Hat Creek because it  fs highly absorbed by soils;  a 
portion wfll become accumulatad fn plants  via the airborne mute. 
It CM be taken up  by animals but it is also eliminated. Copper 
fs  not anticipated to ba a  problem to the health of wildlife or 
damstic .animals as a result of the proja2,. 

The anthylaird fo rm o f .  t l n  is toxic to  animals  and most 
o f  the inorganic,  tln fs not  absorbed. Most of what fs accumulated 
Is fn  the kfdneys  and  liver. Soma accumulation o f  Sn by plants 
can occur from sofls fn cmtamfnated  amas. The projectad levels 
of sofl enrichment as a result o f  the  Hat C m e k  Project should  not 
be sufficient to significantly altar the levels of backqruund Sn 

fn  plants. Tin fs mathylatad in aquatic sediments which is 
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4.6 RECEPTOR ACCUMULATION OF TRACE ELEMENTS AND IMPACTS FROM THE PROJECT 
- ~~ ON THE BIOTA - (Cont'd) - 

v o l a t i l i z e d  and can e n t e r   t h e   t e r r e s t r i a l  ecosystem. This  process 

i s  a n t i c i p a t e d   t o   p r o v i d e   v e r y   l i t t l e  Sn. The element  should be 

monitored i n  view o f  the  discrepancies  observed i n   t h e   a n a l y t i c a l  

da ta   fo r   p lan ts  and animals. 

.I 

I 

L 
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The general  concern f o r  Th as an nnvironmental  contami- 

nant has been due t 8 J  i t s   n a t u r a l   r a d i o a c t i v i t y .   I t s  occurrence i n  

t h e   t e r r e s t r i a l  ecosystem i s  expected to be l im i ted   s ince  

accumulation i n   p l a n t s  does not  occur and it i s  bound to a lka l i ne  

so i l s .  Some leaching may occur  from ash disposal  areas. Uranium 

i s  a member o f   the   na tura l l y   rad ioac t ive  elements. Unl ike Th it 

can be read i l y  acc:umulated  by p lan ts  as th8e  uranyl  ion (UOF). 
The amounts o f  UOi! u l t ima te l y  becoming a v a i l a b l e   t o   w i ' l d l i f e  and 

domestic  animals i s  considered t o  be neg l ig ib le .  

Tungsten will be l i m i t e d  i n  i t s  movement through  the 

t e r r e s t r i a l  ecosystem. It i s  bound by s o i l s  and i s  v i r t u a l l y  

excluded  by  plants.  Stack  emissions  are  estimated t o  be very  low 

as   the   ma jor i t y   o f   the  W remains w i th in   the   p lan t  and ash.  These 

character is t ics   prec lude  the element  from being an environmental 

concern f o r  animal!; due t o  the  project .  

Zinc  shauld be r e l a t i v e l y  immobile and unavai lable t o  

p lan ts  i n  the  Hat Creek area as the  element i s  bound by a1 ka l   ine 

s o i l s .  Zfnc may be  accumulated  from  the atmosphere by  plants, 

many p lan ts  have a   h i g h   a f f i n i t y   f o r  Zn and accumulate  the  element 

i n  concentrations much higher  than  those 01' other tracs!  elements. 

Zinc will be widally d i s t r i b u t e d   i n   t h e  H i t  Creek area  but i t s  

mobil i ty  through  the  food  chain will be l i m i t e d  because it i s  

bound  by a lka l ine  so i ls .   A l though Zn i s  required  by animals it i s  

poor ly  absorbed ac:ross gu t   wa l ls  and  can  be eliminatecl. I n  view 

of   the above, it i s   u n l i k e l y  Zn will be a  problem f o r  animals i n  

the  Hat Creek areif   al though  potential changes i n   p l a n t  concentra- 

t ions  should be monitored. 
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4.6 RECEPTOR ACCUb(ULATI0N OF TRACE ELP(ENTS AND IMPACTS FROM THE PROJECT 
ON THE BIOTA - (Cont'd) 
(d) Water Quality 

Trace elements naturally misting in coal, overburden 
and wastn .rock will be released to the environment during coal 
mining and power generation (Fig. 3-2). The principal source of 
trace element additions to the aquatic environment is from t!!a 
deposition o f  trace elements arising from the stack as airborne 
emissions. Minor additions will result from surface water runoff 
and leachates originating from coal stockpiles. overburden and 
waste rock piles as well as ash  disposal  sitas. 

A worst-case example was examinud in order to obtain 
sonm estimate o f  the impact o f  trace elements from stack emissions 
on the aquatic system. The following consnrvative assumptions 
were made to simplify the calculations: 

1. All af the trace nlements that fall on the Bonaparte River 
watershed mak8 their way  into the aquatfc system. 

.. . 
2. All trace elawnts that enter the water dissolve completely. 

Trace element depositions followed the isopleth  codes 
shown in  Fig. 3-2. attendant deposited amounts concasponded to 
those occurring I n  a 1-year period  with the powerplant operating 
at full capacity. Thesn t o t a l  depositions wera then divided by 
the total amount o f  surface water runoff in the Bonapartn River 
watarshed (Beak. 1979; Volume 2) to  provide an estimate o f  trace 
elewnt concentration for any given tima during the plant's 
operation. considering that them is no accumulation. These 
concnntrations are shown in Table 4-17. The levels were then 
added onto thosn  observed f o r  Hat Creek and the Eonaparte River to 
obtain projectad water concentratfons o f  tho 23 trace elements 
during  plant  operation. These data aru summarized i n  Table 4-19. 
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TABLE 4-17 
. " .  - 

JROJECTED TRACE ELEMENT ADD1:TIONS TO THE BONAPARTE RIVER 
" 

FROM THE HAT CREEK POWER PLANT 

ELEMENT CONCENTRATION 
u g h  

ANTIMONY (Sb) 0.013 
ARSENIC (As) 1 .426 
BERYLLIUM (Be) 0.025 
BORON (8) 2.15 
CADMIUM (Cd) 0.016 
CHROMIUM (Cr) 0.263 
COBALT (CO)  0.043 
COPPER ( C U I  1.89 
FLUORINE ( F) 198.51 

MANGANESE (Mn) 6.16 
MERCURY 1'Hg) 0.42 

LEAD (Pb) 0.437 

ELEMENT CONCENTRAlION 
U 4 R  

MOLYBDENUM 
NICKEL 
SELENIUM 
SILVER 
THALLIUM 
THORIUM 
TIN 
NNGSTEN 
URANIUM 
VANADIUM 
ZINC 

0.437 
0.51 
0.489 
0.002 
0.002 
0.025 
0.04 
0.002 
0.059 
0.702 
1.412 

J 

Calculated f r o m  total  amount of trace elements deposited within the Bonapartt? 
Rfver Water!;hed (Ffg.  3-2). 

Total amounts deposited (mg/a ) were then dlvided by the to ta l  amount o f  surface 
water  runoff (120 x 106m3 x 103L) f o r  t.he watershed t o  derive concentrations  (ug/L). 

Assumes t h a t   a l l  elements f a l l i n g  w i t h i n  the Bonaparte River Watershed make their 
way in to  thl? surface  water and are  completely  dfssolved. 
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4.6 RECEPTOR  ACCUMULATION OF TRACE  ELEMENTS AND IMPAClS FROM THE F'ROJECT 
ON THE BIOTA - (Cont'd) 

Existing concentrations o f  mercury in the  two  water  courses have 
recently  been  reevaluated (8. C. Ministry o f  t,he Environment, 1980) 
in view of earlier Hg measurements  which  were  considered to be 
erroneously high representations o f  Hg concentration in the 
streams. These 1a.tter values  ranged  from <0.29 to .:0.40 pg/L 
(Beak, Volume 2, 1!378; ERT, Appendix F, 1978) and were  obtained 
with an  analytical  method employing a  detection  limit of 
0.25 pg/L. This limit is higher than  the recommended guideline 
limit of 0.20 pg/L f o r  the  protection o f  fish and othitr aquatic 
life (Table 4-23). Consequently, it was not possible to relate  Hg 
levels in the  two  watercourses to this  guideline figure. 

It  was deduced that should Hg  concentrations be as high 
as these  earlier values, evidence  of Hg contamination 'in the  two 
watercourses  would have  been obvious. In  addition,  measurements 
of  'the Hg content o f  indigenous fish species (Appendix 6-12) were 
within "normal" ranges and are not indicative  of a  mercury pollu- 
tion problem. 

The data  provided by the British Columbia Ministry o f  
the Environment (1980, Appendix 0; Table 4-18) using  a  much  lower 
Hg detection limit in water (0.05 pg/L) indicates that actual 
levels are below 0.05 and 0.07 pg/L for the Bonaparte  River and 
Hat Creek respec1.ively. These values have been usf!d in this 
assessment  to  provide an estimation o f  projected Hg concentrations 
in Hat Creek and the  Bonaparte River arisfng from the  Hat  Creek 
Project. 

Regular  measurements  of  the  Hg  concentration in Hat 
Creek and the  Bonaparte River are  continuing using the Illinistry of 

the Environment's methods in order  to eventually provide a data 
base  which  more  accurately represents existing  concentrations of 
the clement. 
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4.6 RECEPTOR ACCUMULATION 'OF TRACE ELENEWTS AND IMPACTS FROM THE PROJECT 
ON THE BIOTA - (Cont'd) 

The contributions of traca elements  arising  from coal 
stackpi  les, overburden and waste ruck pi led as well as ash dis- 
posal sites have been assessed by Beak (Volume 3A. 1979). The 
projactod water quality of the leachates and runoff from those 
amas was given in Sections 4.4(a) to 4.4(d). With the adoption 
o f  the ram discharge approach for  all low quality waton 
(1eachaCas.  seepages. mine watar and  coal pile  runoff) many- of the 
previous concerns and  potential impact snurca~ are  now non- 
existent. In order to project the probable change in the quality 
o f  Hat Creek water during the operation phase  a water quality 
balance uas performed by Beak (as  previously in Volume 3, 1978). 
Beak (Volume 3A, 1979) investigated thre-a case situations. 

Case 1 

Case 2 

Case 3 

D r y  wather condition when the predominant sedl- 
mentation lagoon  inflow  and outflow will  be water 
f r o m  dewatering wills. Hat  Creek will  be at low 
now. 

Spring runoff condition when the predominant lagoon 
inflow and outflow will  be surface runoff and 
dewafaring  activities. Hat Creek flows will he 
elevatad. 

Sunaer rainstorm condition (a 10-year, 24-hour 
rainfall)  when surfaca runoff to lagoons uill be 
large. Hat Creek f l o w s  will  be  elevatad. 

. The basis  of the above water balances  have  been 
desmlbed in Tab1 e 9-14 of Beak (Voluma 3A. 1979). The resul  ti ng 
waar quality from these balances is given in Tables 4-19 to 4-21. 

The projections o f  water quality for the Bonaparta Rfver 
and  Hat Creek f r o m  the various sources has  been compared  with  a 
number o f  regulatory agency guidelines for agricultural  uses 
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TABLE 4-19 

TRACE ELEMENT  WATER QUALITY  PROJECTIONS - CASE I* 

Arsenic 
Boron 
Cadmium 
C h m i  u n ,  

Copper 
Fluorldf! 
Lead 
Mercury 
Vanadium 
Zinc 

Projecte:d Average 

Laaoon Eft- 
Existing 
Hat Creek 

Projected 
Hat Creek 

North 
" ~. 

' 4 . 0 0 5  
<0.10 
4 . 0 0 5  
4.01 
4.005 
0.2 

4 .01 
q0.0003 
~0.006 
<0.04 

4 . 0 0 5  
4.10  
4 . 0 0 5  
eo.01 
4 . 0 0 5  
0.16 

4 . 0 1  
4 .O004 
4 . 0 0 5  
<0.007 

<O * 005 
<0,10 
<O I 005 
<o .* 01 
<O ,, 005 
0.17 

4.01 
<0.0004 
4.006 
4.01 

*-ather Condition (Year 35). The only discharge t o  Hal t  Creek via  the 
sedimentation lagoon is the dewatering f l o w s  from the p i t   sur f ic ia l s  and from 
the slide area. Hat Creek discharge assumed t o  be 0.12 m 1's. 

3 

From Beak (Volume 3A, 1979). 
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TABLE 4-20 

Projected 
Effluent 
M e d .  Ck. 

PWected 
E m  u e n t  

Lagoon  Average Pr&ted 
and Rfm Existing 

Parameter (mR) 
Hat C r e e k  

North  Laaoon Reservafr Hat Creek After Htxinp 

Arsenic 
Boron 
cadmi urn 
Chromt um 
Capper 
Ffuoride 
Lead 
Mercury 
Yanadi um 
Ztnc 

4.007 
<a.w 
9. oas 
4.013 
4 ." 
0.17 

4.01 
GO. 0004 
4.005 
4.017 

Torina Runoff Condition (Year 35). 

4.017 
4 . 0 9  
<o . o a  
4.04 
4 . 2 8  
0.11 

*O.OlZ 
4.0007 
4.006 
4 .035  

<o .a05 
9.10 
4 . 0 0 5  
4 . 0 1  
4 .005  
0.16 

4.01 
4.0004 
<0.005 
4.007 

4.006 
9.10 
4 . 0 0 5  
4 . 0 1  1 
4.016 
0.16 

<a. 01 
4.0004 

UJ . o m  
9.006 

Discharges t o  Hat  Creek vf a the 
sedimentatfan lagoon include prorated mean surface runoffs and the 
dewatering f l o w s  from the p i t  surficials and from the sIide area. Hat  Creek 
dlschargc was assumed to be 0.48 m /set. Surface runoff and dewatering rates 
are f rum OJV estimates. f l o w  attenuation fn the lagoons has  been assumed as 
neglfgfble. 

3 

From Beak (Volume 3, 1979) 
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T A R E  4-21 

TRACE ELEMENT WATER QUALITY PROJECTIONS - CASE 3* 

I 

Projected 
Projected  Projected 
Effluent P i t  R i m  

Effluent 
Projected 

l Parameter (mg/ 3 Med. Ck. Om 
North Lagoon Lagoon Discharge Hat  Creek After  Mixins 

Exlsting Hat  Creek - " - 

Arsenic 
Boron 
Cadmium 
Chranlum 
Copper 

' Fluoride 
Lead 

, Mercury 
Vanadium 
Zinc 

I 

I 

c0.008 
c0.10 
<O .005 
c0.015 
c0.07 
0.16 

co.01 
<O .0004 
<O .005 
c0.014 

<O .03 
cO.08 
4 .004 
4 . 0 5  
<O .47 
0.10 

c0.014 
~0.0008 
<o .007 
<O ,052 

<0.019 
<0.09 
e0.005 
c0.03 
cO.26 
0.13 
<0.012 
~0.0006 
c0.006 
<O .03 

<o . I105 
<O.'IO 
c0.005 
<0.010 
cO.fOO5 
0.16 
<0.~010 
<O .'O004 
<O. 005 
c0.007 

<O ,007 
<0.10 
~ 0 . 0 0 5  
c0.013 
<O .035 
0.16 
<0.012 
<0.0005 
e0.006 
<a. 01 

*Summer Rainstorm Condition [Year 351. Oixharges  to Hat  Creek via  sedfmentation ponds 
include  surface  runoff caused by a 10 yea.r 24 hour ra infal l ,  dewaterfng  flows from p i t  
surf ic ia ls  ant1 from the  sltde  area. Hat  Creek discharge was assumed to be 1.68 m / s .  
Surface  runoff and dewaterfng rates  are f'ran CMJV estimates. Flow attenuation has been 
assumed t o  ocI:ur f n  the lagoons.  Dtscharge from P i t  R i m  Oam, into which the Medicine 
Creek sedimentation lagoon overflows, is assumed to  be 0.12 m3/s ('pump capacity) i n t o  
Hat Creek Cam1 . 

3 

From Beak (Vol'me 3A, 19791. 
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4.6 RECEPTOR ACCUMULATION OF TRACE EW.ENTS AN0 IMPACTS FROM THE PROJECT 
ON THE BIOTA - (Cont 'd )  

( irr igation and livestock). The agencies and guidaline  cancentra- 
t ions  a n  shown in Tabla 4-22. The livestock  guidelines have  been 
applied fo r  thosa which are presumed to be  accaptabla by wildlife. 
Projected  receiving  water  quality i n  the Bonaparte  Rfver as a 
result of stack emissfons meets a1 1 regulatory agency c r i t e r i a  f o r  
use in crop i r r igat ion and livestock waterlng. 

The results of Beak's  (Velum 3A, 1979) t h r e e  case 
assessments of watar  quality from coal and waste  dlsposal areas 
have also been  compared w i t h  the  guidelines shown i n  Table 4-22. 

The lagoon effluent  quality i n  Case 1 meets the  lowest  Pollution 
Control Branch objectives,  for Case 2 elevatad  levels of Cu from 
the Medicine Creek sedimentation lagoon effluent may be possible. 
Predictions  indicata somewhat elavated  levels of copper  could be 

ocpected from t h e  Medicine C r s s k  sodimentation lagoon discharge i n  
Cas4 3. Onca dlfutod w i t h  other runoff entering t h e  p i t  rim 
rrservoir,  the Cu levels I n  t h e  dfseharge to Hat Creek would  be 
r8duC8d. The Cu concentratlon may, however, s t i l l  exceed t h e  

lower range of  (0.05 mg/L) suggested by the  Pollution Cdntrol 
Branch. 

In a l l  three cases there a m  predlctions of inarginal 
increases i n  trace element concentrations f o r  Hat  Creek.  Compari- 
son of thesa  projections with t h e  levals  suggested f o r  irr igation 
and livestock watorlng  (Table 4-22) show$ that all  predictad 
concekrations meet the respective guide1 fne levels. 

Livestack and mast wild .animals  will be rest r ic tad from 
drinking lagoon and reservoir w a s t a  waters. Birds, especfally 
waterfowl, have  been observed using such areas for wataring and 
staging s i t a s  (Dvorak and Lewis  e t  d l . ,  1978). Besides  drinking 
the water, watarfowl a t  Hat Cree& could be expected to  ingest 
t r a c a   e l m n t s  through the consumption of sediments. Geese  and 
d u c b  f o r  axample, eat  sediment matorials because of  the   de t r i t i c  

c 
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RECEPTOR  ACCUUULATION  OF TRACE ELEMENTS  AND IMPACTS FROM THE PROJECT 
ON THE BIOTA - (Cont'd) - 

organics and certair l   types o f  aquat ic macrophytes that   are concen- 

t r a t e d   i n   t h e  sediments. The sediments i n  the   reservo i r  and 

lagoons  are  expectod to   con ta in   h igh   l eve l s   o f   t r ace  elements 

wh ich   cou ld   con t r i bu te   s ign i f i can t l y   t o   t he   t o ta l  body  burdens o f  

waterfowl  using  these  areas. It i s  ant ic ipated, howe'wer, t h a t  

per iod ic  measurements o f  selected  trace  elements i n  lagoon 

sediments will be performed to   mon i to r  any changes. 

(e) F ish and Other  Aquat ic  L i fe 

Projected  trace  element  concentrations f o r  the  Eonaparte 

River and Hat Creek. have been given i n  Tables 4-18 t o  4-22 i n   t h e  

previous  section. These predic t ions have b,een compared w i th   t he  

recommended c r i t e r i a   f o r   t h e   p r o t e c t i o n   o f   f i s h  and other  aquat ic 

l i f e  shown i n  Tabla! 4-23. The e f f luen t   gu ide l ines   o f   the   Po l lu -  

t ion   Cont ro l  Branch do not  apply as the  concerns f o r   a q u a t i c   l i f e  

a re   fo r   rece iv ing   water   qua l i t y  and no t   e f f luen t   water   qua l i t y .  

The g u i d e l i n e   c r i t e r i a   a r e  expressed as ei ther  absolute recom- 

mended quant i t ies  or as  an app l ica t ion   fac to r  value. The l a t t e r  

f a c t o r   i s   t o  be used in t h e   m u l t i p l i c a t i o n   o f   t h e  96-hour LCSO* 

f o r   t h e  most sensit ive  species i n   t h e  rec.eiving  water system o f  

the  f fsh  spec ies  descr ibed  in   the  Hat  Creek studies (Beak, 

F isher ies and  Benthos Study, 1977). Rainbow t r o u t  were the 
dominant  species.  This  species i s  a member I I ~  the  salmonid  family 

and has been found t o  be one o f  the most sens i t i ve  t o  t ox i c   t race  

elenlents  (Section 4.2). Consequently, f f  the  predicted  t race 

element  concentrat ions  are  suitable  for  habitat ion  by  rainbow 

t r o u t   t h e  remaindev of   the  aquat ic  organism:s f n  Hat Cre(sk and the 

Eonaprrte  River  should be protected. 

* LC50  means concentl-ation  that i s  l e t h a l  t o  50 percent   o f   the   tes t  
organisms i n  96 hoc,rs. 
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Page 2 

WTER @iALllY CRI lERIA FOR FISH AHD OTHER AWATlC LIFE 
TAOLE 4 - 23 - (Cont'd) 

L E M  

MERCURY 
I 

% 

x:cYr: 

SELEHIUI 

B.C. Pollutian Control Branch 
Quality Cri ter ia  (Effluent Quality) 1979. 
U.S.E. P.A. 1972 Uater U.S.E.P.A. 1976 Qualtty 

Cr i ter ia   for   Uater  

M 0.01 x 96-h L C ~ O  - 4.03 w/l  r t  any time o r  place 

M I 0.02~96-h LC50 for a r t  sensitive1 
specter; >u.i mgii i uzar iws .  - 
b r i n e  enviroments.. 
<O.W .s/l minimal r i s k  In I I 
- .0.5 mg/$ body burden; 20.2 

average 10.05 @/I 

O.MOa6 MI1 
@/I a t  any tins o r  place, 

- 

M I 0.05~96-h LC50 f o r  most 
sensit ive species; 24 hour 

u r i n e  environaents. 
average ?O.Mx%-h LC50 in 

Y. 
1- I h.n71S-h ?C5h fer MI? I n.n!r96-h LC50 

~ ~ ~ i t i v e  species 

tu 0.01 I 96-h LC50 for  nost  0.01 X 96-h LC50 
senslt lve species; 0.01 .s/l 

able In WrTne envirorulents. 
hazardous. '0.005 &I acccpt- 

?n.nSr%-!! LC50 fer W S ?  
senslt lve rpecies;~O.W5 ug/l 
hazardous. 4.001 mgll accept- 
able in  lurTne  enviroments. I 

". 
.I. 

I 

nin. of tha Environent 
Ontario 1974 

2 4 4  average 10.01 x 
96-h LC50 

dlscharses should bo 
avoided 

?0.02x%-h  LC50 a t  any 
tire o r  place. 

Envlroment Canada 
Inland Uater 
.Olrectorate 1979 

O.Mo1 &I for 
protection of f l s h  
c o n s m r s  O.Mo2 
uJ/I to ro tec t  
aquatic  !ife 
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O.C. Pollutlon  Central  Irancb 
(Cflluent b r l l t y )  1919. 

! 

W 

. 

U.5.E. P A .  1972 Ultor  
Qur l l ty   t r l to r l r  

iis/l acceptablo In urlne 
80.1 ql/l bzardour; 3 .06 

onvlronuentr. 

U.5.f.P.A. IBIS W a l l t y  
t r l t o r l r  for Ultdr Inland k t o r  

f a v l r M u w t  Canada 

Olreclorate 1979 
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4.6 RECEPTOR ACCUMULATION OF TRACE ELEMENTS  AN0 IMPACTS FROM THE F'ROJECT 
~ - ON THE BIOTA - (Cont'd) 

The hardness o f   the   rece iv ing   waters   in   the   Hat  Creek 

and the  Bonaparte  River i s  r e l a t i v e l y  high. On the  bas is   o f  

absolute amounts a l l  o f  the  predicted  trace  element  concentrat ions 

i n  the  Bonaparte  River  (Table 4-18) wi th  the  except ion of mercury 

are  be low  the  gu ide l ine  cr i ter ia  shown i n  Table 4-23. Mercury 

l eve l s ,   f o r  example, are  approximately an order   o f  magnitude 

higher  than  those recommended. 

The c r i t e r i a   f o r   c e r t a i n  elements, however, are  a lso 

expressed as app l i ca t i on   f ac to rs   t o  be usctd i n   m u l t i p l y i n g   t h e  

96-hour LC50. lhese  elements  include: antimony, arsenic, 

cadmium, chromium, copper, f luor ine,   lead, manganese,  molybdenum, 

n icke l ,  selenium, !; i lver, uranium, vanadium and zinc. 'The appl i -  

cat ion  factors  f o r  these  elements  are  given i n  Table 4-23. 

Applyfng  these  factors  to  the 96-hour LC50 ,data f o r  rainbow t r o u t  

and .other  species  of  comparable s e n s i t i v i t y ,  as dis,cussed i n  

Sectlon 4.2, yieldtrd  'acceptable''  concentration  ranges shown i n  

Table 4-24. Comparison o f  these l i m i t s   w i t h   t h e   a t t e n d a n t  

es t imat ions   o f   t race  element  content i n   t h e  Bonaparte  River shows 

t h a t  these l a t t e r  values  are  lower  than  the  calculated  acceptable 

ranges  presented in Table 4-24. Many t race elements were a t  l eas t  

an order   o f  magnitude  below  the  calculated  safe  levels  including 
As, Sb, 8,  Cd. C: r ,  t u ,  Mn, Mo, Ni, Sc, Ag, U and V. Some 

pro jected  t race e'lement leve ls  were i n   t h e  same range as the 

calculated  acceptable  values  including F ,  Pb and Zn. This 

information  suggesls  that F, Pb and Zn  may pose p o t e n t i a l   t o x i c i t y  

problems t o  indigenous  f ish l i f e  as a r e s u l t   o f   t r a c e  element 

emissions  from a l l  sources. 

It must be kept i n  mind tha t   t he  above ca lcu la t ions   o f  

projected  trace  element  concentrat ions i n  the  Bonaparte  River 

result ing  from  powerplant  stack  emissions  arising  from  the  Hat 

Creek Pro ject  are conservative  estimates i n  view o f  the 

assumptions made (Section 4.6(d)). Projected Hg concentrations 
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TABLE 4-24 

TRACE ELMENT SAFE CONCENTRATIONS DERIVED FROM 96-WJR 
LC50 OATA AND SiiIDELINE APPLICATION FACTORS. 

Guldeline 
Appl ication  Factors 
jTable 4.6.5.1) 

Antimony (Sb) 0.02 
Arsenic (As) 0.01 
Boron (B) 0.1 
Cadmium (Cd) 0.002 
Chrwntm (Cr) 0.01- 
Copper (Cu) o.oa3-0.1a 
Fluorine ( F )  0.1-0.5 
Lead ( P h )  0.01 
Manganese (Mn) 0.02 
Molybdenum (Mo) a. 05 
Nickel ( N i )  0.01-0.02 
Sel en1 m (Se) 0.01. 
Sllver  (Ag) 0.05 
Uranium (U) 
(as UO,) 

0.01 

Vanadium ( V )  0.05 
Zinc (21) 0.005-0.01 

96-Hour LC50 
data for 

ffsh in Hardwater 
(IlKIA) 

17.0 
11.0 

3600-5600 
7.2 

27.3 
0.33 

>5.0 
0.14-4.1 
+10.0 
37. 
24-44.5 
N A P  

0.1-1.0 

135 
NAD 

4.21-7.21 

Acceptable 
Concentration 

Range 
Soeci es* (m/f ) 

fathead minnow 0.34 
fathead mtnnow 0.1 1 
mosquito ffsh 360-560 
fathead minnow 0.01 
fathead minnow 2.73 
rainbow t r o u t  0.03-0.033 
ralnbow t rout  0.5-2.5 
rafnbow  and brook t rout  0.014-0.41 
rainbow t r o u t .  0.20 
fathead mlnnow 18.50 
fathead m i  nnow 0.24-0.89 

rainbow t r o u t  0.005-0. as 
- - 

fathead minnow I. 35 

r a inb& t m u t  a. 021-0.072 

- - 

Yathead minnows and brook trout are  tncluded as they have s h m  similar   sensi t lvi t ies  
as rainbow t m u t  to  trace elements. 

hNA0 - no applicable  data. 

" 

... 

. SE 7933 4 - aa 



4.6 RECEPTOR ACCUMULATION OF TRACE ELEMENTS AN0 IMPACTS FROM THE  PROJECT 
~. ~~ . ~ ". ~- ON THE BIOTA - (Cont'd) - 

are, therefore, actually  higher in the  Bonaparte River  than one 
would  reasonably ant,icipate resulting  from stack emissions. It is 
not logical to asstme, for example, that all of the deposited  Hg 
would eventually firld its way into the  aquatic ecosystem. Mercury 
will be accumulated in various  environmental  receptors which will 
affect  the ultimate amounts of the element  entering th'e aquatic 
environment  (Appendix, 6-12). 

Few data are  available alluding to  the  complex  behaviour 
of Hg in the natural environment. Huckabec! and Blaylock (1974) 
have, however, attempted  to  describe  the  redistribution o f  the 
element resulting from coal combustion. 

According to  Huckabee and Blaylock (1974) a!; much  as 
50 percent o f  the Hg  emitted from coal combustion may find its way 
into aquatic  systems  where 99 percent  of this value accumulates in 
sediments. Huckabee and Blaylock's (1974) figures have  been used 
in the  further anai:ysis o f  projecting more realistic imvressions 
o f  Hg concentrations in the  Bonaparte River resulting from stack 
emissions  of  the  Hat  Creek Project. By using Huckabee and 
Blaylock's (1974) factors  the final projected concentration o f  Hg 
f n  the  Bonaparte Rdver i s  S0.0521 pg/L (Table 4-25). T h i s  level 
compares  favourably  with  the EPA's recommended average  guideline 
value o f  0.05 pg/L (Table 4-23). The projected concentration is 
also below the 0.10 to 0.20 pg/L range recommended for the protec- 
tion of fish consumers and aquatic  life respectively  (Environment 
Canada, 1979. Table! 4-23). The projected  increase in Hg  concen- 
tration is mfnor be'ing 4.2 percent. 
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TABLE 4-25 

CALCULATION  OF FINAL MERCURY  CONCENTRATIONS (&L) 
I N  THE BONAPARTE RIVER RESULTING FROM POWERPLANT 

EMISSIONS FROH THE HAT CREEK PROJECT 

'Contributions Amount (pg/L) Amount ((rg/L) F i n a l  Amount (vg/L) E x l s t i n g  Hg Projected 
From Stack  Reaching  Water  Entering Sediments Reralning i n  Water Concentration (&L) Concentration (lIg/L) 
Emissions 

( d L )  
Column From Water Column Column i n  the  Bonaparte i n  the  Bonaparte 

River  ( 50%) (99%)  (0.21-0.2079) River  
P 
I 

In 

0.42  0.21 0.2079  0.0021 (0 .05  SO. 0521 

0 - Note:  Percentage  factors  taken from Huckabee and  Blaylock (1974). 

Table 4-17 



4.7 SELECTION OF TRACE ELEMENTS FOR CONTINUING  OETAILE,D 
ENVIRONMENTAL STUOIES - 

Based on the  present information available,  the expected 
increases in trace elements in the  areas surrounding the powerplant are 
not ,expected  to  cause any significant impacts on  the  aquatic or 
terrestrial  biota includ.ing crops and livestock. Certain  elements  have 
been  identified that  are readily mobile in ecosystems or are widely 
distributed or that clisplay relatively high toxicity 1:o biotic 
receptors. Other elements are, conversely, relatively immobile and 
have low toxicity or may be emitted in low quantit.ies. 

The following section identifies those elements o f  concern 
with respect  to  the  Hat  Creek Project. It I s  implicit that  the 
elements  identified will be included in any moliitorinq schemes 
suggested. 

(a) Rationale 

The  parameters  that have determined a specific  element's 
significance  to  the biotic  receptors o f  Hat  Creek and other envi- 
ronments  are liste(9 below, as well as the element's  volatility, 
ambient  concentration, mobility,  methylation potential,  toxicity 
and bioaccumulation. Each element is assessed individually  on the 
basis o f  these pal-ameters and a recommendiition with i*egards to 
monitoring i s  made. 

I 

I 

I SE 7933 

I 

Antimony - 
- 

Arsenic - 
- 
- 

widely distributed in the environment 
volatilized  during coal combustion, will be 

projected  receptor  concentrations are low, it 
is moderately toxic to all organisms  but not 
at the  concentrations projected. I? is rela- 
tfvely immobile, in food chains. ivonftoring 
should not be required 

volatilized  during coal combustion, will be 
widely distributed 
mobile in alkaline soil!;, methylated by soils 
and  sediments,  mobility  through food chains 
severely toxfc to plant!;, moderately toxic  to 
animals 
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4.7 SELECTION OF TRACE E L M E M S  FOR CONTINUING DETAILED 
ENVIRONMENTAL STUOIES - (Cont'd) 

- watar is most common transfer routo to  wild- 

- should be monitored in both the aquatic and 
life 

tcrrestriaj environments 

Betylli~I - volatilized  during coal combustion - - nlatively irPlPobile in alkaline soils - not nadily translocatad in plants - moderately toxic to plants  and  animals  but  not 

- monitoring should not  be required 

widnly distributed 

at levels pmjocted 

Boron - only a mall  percentage is mittad from the 
stack - not widely distributed - accumulatod by plants - relatively immobile in soils - low toxicity to animals - intrracts with fluorine in plants - should be monitored in torrertrfal  plants due 
to I t s  potantial interaction w i t h  F 

cadmi urp - volatllizd during coal combustion - wid.ly distributrd - accumulated by animals - relatively toxic to mammals, more toxic to 

- moderatniy toxic to plants - accumulated by plants - should be monitored in both the aquatic and 

fish 

tarmtrlal  enviromants 

Chrmi um - small amount emitted upon coal combustion - widely distributed - plants can accumulate large amounts without 

- hexavalent Cr accumulatad by animals 

- relatively pxic to animals 
- can be mobile in sails in the hexavalent fora 

- should be monitored in both the aquatic and 

injury 

tarrestri a1  envi ronnmnts 

Cabal t - not wtdely distrlbutrd 
- small amount emitted during coal combustion 

- immcbile in alkaline soils - not  readily  accumulatod in plants - can accumulate in animals 
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4.7 SELECTION OF TRACE ELEMENTS FOR CONTINUING  DETAILED 
ENVIRONMENTAL STUOIES - (Cont'd) - 

F1 uori  ne - 

moderately toxic to fi:sh, can be severely 

monitoring  should not be required 
toxic  to  animals but not at projected  levels 

bustion 
small percentage  emitted  during coal c o w  

widely  distributed 
readily accumulated by plants and animals 

especially  fish 
relatively toxic to  plants and animals 

relatively  immobile in alkaline soil:; 
should be monitored in both the  aquatic and 
terrestrial environments 

volatillted  during coal combustion and emitted 
in relatively  large qualntities, hil;:h in con- 

widely distributed 
centration  for  Hat  Creek coal 

readily taken up by aerial portion o f  plants 
toxic to herbivorous  species if they ingest 
highly contaminated vegetation, can  cause 

much  less toxic to fish than hea.vy metals 
fluorosis 

should be monitored .but. only in the terres- 
relatively  immobile in alkaline  soils 

trial environment,  especially plants 

volatilized  during coal combustion 
widely  distributed 
can  be  taken up by plants  from the  atmosphere 
accumulated by animals 
methylated in aquatic  sediments 

relatively immobile in soil 
relatively toxic to f i s h  

terrestrfal  environments 
should be monitored in both the  aquatic and 

small amount emitted  from coal combustion 
not widely  distributed 

readily absorbed by  plarlts 
relatively  immobile in s,oils 

less toxic  to fish  and animals .than heavy 
metals 
monitoring  should not be! required 

volatilized  during coal combustion 
widely distributed 
methylated in sofls, plants and sediments 
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4.7 SELECTION OF TRACE E L M E M S  M A  CONTINUING O E T A I M  
ENVIRONMENTAL STUDIES - (Cont'd) 

methylmercury biomagnifies in food chains 
relatively immobile as inorganic form in s o i l s  

very toxic to plants and animals 

terrestrial environments 

widely distributed 
volatilized during coal combustion 

mobile in alkaline soils 
acemulatad by plants and animals but  not in 
edi b 1 e tissues 
low toxicity to plants  and  animals 
monitoring should not  be  required 

volatilized during C081 combustion 
widely distributed 
nlativaly immobile in soils 

acrumulate the metal 
not  readily accumulatad by animals but plants 

relatively toxic to plants and animals 
especially  fish 
should be monitomd i n  both  tha aquatic and 
termstrial environments altnough projected 
concentrations are low 

volatilized during coal combustion 
widely distributed 
mobile fn alkalin4 soils 
readfly accumulated by plants and is toxic to 
then 
acrunulatad by animals 
relatively nontoxic to animals 
monitoring should not  be  required  although the 
element's t8ndenCy to be mobile in alkaline 
soils should be remembered 

small  amount  emittad during coal combustion 
not widely distributed 

v4ry toxic to fish but  not  at projectad  levels 
not nadily  accmulat8d by plants or animals 

iapohiTcl in alkaline soils and  not  readily 

mnitoring should  not b4 required 
accumulated by plants 

volatilized  during coal combustion 
widely distrqbutad 
accmulatas in animals and is qui:. toxic 

should be monitored in both the aquatic and 

toxic to plants 

. .. 

c 
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4.7 SELECTION OF TRACE ELEMENTS FOR CONTINUING  DETAILED 
ENVIRONMENTAL  STUDIES - (Cont'd) - 

- presumed to  be as toxic as Cu to fish - relatively immobile in alkaline soils - amounts of T1 emitted and proj'scted in 
receptors are so low  monitoring should not be 
required 

Thorium - small percentage emitted  from coal combustion - immobile in alkaline  soils 

- moderately  toxic to plants and animals 
- not readily accumulated by plants or animals 

- monitoring  should not be required 

Tin - small percentage emitted  from coal combustion - relatively  immobile in alkaline soils - methylated in sediments - accumulated by plants andl animals - moderately toxic to animls - may enter food chains in the  methylated form 

- should be monitored in both the  aquatic and 
but its fate i s  not completely understood 

terrestrial environments  due to its potential 

discrepancies in Sn measurements from inven- 
f o r  movement in the food chain and hecause of 

tory  studies 

Tungsten - - - 
small amount emitted  from coal combustion 

relatively  immobile in soils and virtually 
not widely distributed 

excluded by plants 
not usually found in animal tissues 
moderately  toxic  to  animals 
monitoring should not be required 

small amount emitted from coal combustion  and 
from mine dust 
widely  distributed 

mobile in alkaline soils as uranyl ion - U022+ soluble in water as U0,Z") 

moderately toxic  to  animals as UO, 
accumulated by plants and animal!; as UO, 

terrestrial  environments in view  of its 
should be monitored in both the aq:uatic and 

mobility  and radio activity * 

Vanadium - widely distributed 
- volatilized during coal combustion 

- accumulated by plants  but  mostly in roots - relatively mobile in alkaline soils 

I SE 7933 
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4.7 SELECTION OF TRACE ELEMENTS FOR CONTINUING DETAILED 
EMLRONMENTAL STUDIES - (Cont'd) ... 

* raadily  absorbad by animals from the gut - should be monitored but  only in the tarres- 
trial environmant in view  of  its mobility 

Zf ne - small amount emitted during coal combustion - widely distributed - ralatlvely immobile in alkaline soils - readily accumulated by plants  and animal5 - ralatively  non-toxic to birds  and mammals but 

- should bo monitored in both the aquatic and 
may be  vary toxic to fish 

tarrastrial environments 

. 

(b) Monitoring 

The previous section pkasanted a short prdcis of the 
individual trace elementl and a reconmendation regarding moni- 
toring. Tho following U elemants ara suggested for monitoring fn 
bfotic receptors during plant oparation: arsenic, boron, cadmium, 
chromiu, copper, fluorine, lead, mercury, nickel, tin, uranium, 
vamdiun and zinc. 

Recaptor monitoring h a s  been  previously addrassed by ERT 
(Appendix F, 1978). Their report described suggested receptor 
locations as mll as the trophic levels to  be  monitored.  It was 
pointed out thae: 

"By focusing monitoring efforts on vegeration and major 
abiotic recapton such as water, Soil and 5treaa radimant, a 
sufficient data base can bo obtained to evaluata effects of 
mining  and powerplant actfvities in the Hat Creek area. 
F u m e n u o m ,  sinca the primary 1 ntake of W acs elementl by 
animals fs  via the food chain (initlating, of course, with 
producers). traca  element investigations on  vegetatlon will' 
provide a basis for postulating impacts to animals. 
Accordfngly.  tha  following receptors that wen sampled in the 
initial  baseline  program  should be considered for  use in tho 
monitoring program: 
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4.7 SELECTION OF TRACE ELEMENTS FOR CONTINUING DETAILED 
ENVIRONMENTAL  STUDIES - (Cont'd) - 

- Terrest r ia l   Aquat ic  

Soi 1 
Grass 
Shrubs 
Lichens 

Water 
Stream sediment 

ERT's (ApIJendix F, 1978) perception  of what a monitor ing 

program should  invest igate appears t o  be adequately  defined 

although  there  are some addi t ions suggested.  There i s  no proposed 

mon i ta r ing   o f  any ,animals i n  t h e   t e r r e s t r i a l  ecosystem. I n  v i e w  

of t h e   p o t e n t i a l   f o r   t r a c e  element ent ry   in to   water fowl  and 

herbivorous specie:; monitor ing of w i l d l i f e  and perhaps  domestic 

animals i s   a l s o  recommended. Carnivorous amimals  shou'ld also be 

considered as they   res ide   a t   the   top  of the  terrest.r ia1  food 

chain. For the  aquat ic system, no tab le   t roph ic   leve ls   absent   in  

the  proposed ERT nloni tor ing scheme are  primary  producers  (algae, 

macrophytes, etc.) and f ish,  both  carnivorous and herbivorous 

forms. Jo provide a complete  monitoring program the above 

elements  are  recognized  essentials.  Consideration  should be given 

t o  the above fo r   cons t ruc t ing  a monitor ing plrogram with regards t o  

trace  element  emis!i ions  arising from the Hat. Creek Project. 
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Introduction 

Twenty-four coal samples from diamond d r i l l   h o l e  74-025, together  with 

Eve composites from the same hole, have  been analyzed fo r '  Cd,  Co,  Cu. Fe, Mn, 

N i ,  Pb and Zn by atomic  absorption  spectrophotometry a.nd f o r  KO b y  colorimetry. 

X-ray fluorescence was used t o  provide a semi-quantitative check for the 

presence of As and Se. 

Povdered coal samples, received from Commercial Testing  and Engineering 

Co. Ltd.. were analyzed by thm following methods. 

I X) Atomic absorption: * 

2.000 g samples were wtighed into  porcelain  crucibles.   ignited  for 3 

I .  hours a t  550°C in a moffle furnace, and then  allowed  to  cool and reweighed 

. t o  determine  the  ash  content. 0.500 g of the  resul t ing  ash was transferred 
, 

t o  a tef lon  dish and evaporated  to  dryness  with 5 ml KF and 2.5 1n1 of 4:l 

BNCI3-HC104 acids m+ture. !&e residue was dissolved by warming with 6 ml of 

6 PI HQ, transferred t o  a 25 m l  volumetric  flask and d i lu ted   to  volume uith 

d1r;tilled Yarer. Solutions were then  analyzed by atomic  absorption.  against 

standards  prepared i n  1.5 H B:Cl,for  Cd,  Co.  Cu, Fa, Hn, N i .  I b  a.nd Zn. 

To provide  an estimate clf the  accuracy of the method, National Bureau 

of Standards Coal 1632 was also analyzed.  Results, summarized i n  Table 1, 
. .  

a ra  judged t o  be satisfactory.  Duplicate  analyses of E a t  Creek coals  (Table 2 )  

sulggest t h a t  ana ly t ica l  prech.si& is  probably  generally  better  than 2 10% of 

. thts amount present. 



2) Determination of  nolvbdcnm: 

A n m b u  of problems vera encountered in 'the  datermination of solybdeaum 

and several   d i f feraat  methods ver$  tried. The following procedure, given 

detai l   af ter  Table 8. vu f inal ly  chosen. 1.000 g coal W p l e s  vere veighed 

in to  a X i  crucible and ignited Fn a muff18 fuxnaca .E 6900C for  3 hours. The 

ash vas than &ad vlth a N ~ ~ C O J - E ~ ~ Q - N ~ ~ O ~  flu and fused a t  9OO0C for 30 

minutes. atoar cooling t h e  malt vu leached  overnight vith vater. filterad i n t o  

a volmecric f l u k  and No det.mrlned  spectrophotometrically as its t.h.iocyanate 

complar, 

iio s t k d a r d  c o a l  is avatlable f o r  No: r e su l t s  of dupUuce  analyses are 

s-rized in Tabla 3 .  

3) X-ray fluorescence: 

To check for   the  prucnce of a b w d  concentrations of & o r  Se the 

. p d a r a d  C o d  samplu vere loadd direct ly   &to sample holders  for'  the 

P h U i p s  -40 X-ray spectrometer. Secondary fluorescenca vas excited vlth a 

EIO source  tube a d  scanned,. using a LiF aaalyzing crystal ,  between 25' and 

36'20. The k and Sa. &2 liau a m  at 34.04' and 31.96' 20 respectively. 

4) Estimtion of "suluhide" metals: 

As a guide to the propo=ions of Cu, X i ,  Pb, Sa and Fe present as 

su lph idu  (or u r b o u a t u  and any other  readily leachable  forma) c o d a  vere 

L e a c h e d  using a sulphida r d e c c i v e  method. 0.2 g of KC10~~cryrtals are m i x e d  

. vith 0.200 p of povderd  cod,   rad 2 nJ of HQ (concentrated) added. The 

nascent chlorine  g8nerat.d oxidises sulphides to s u l p l u t u .  After 30 uiautm 

the solution is d i l u t d  t o  10 m l  vich dise i l lod  vater and analyzed by atomic 

absorption. 

J 

. .~ 

.J 

i 

i 
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R e s u l t s  

Se and Cd were not detectlad i n  any of the samples and concentrations  are 

probably less than 5 and 0.2 ppm.respectively.  Semi-quantitative  estimates  of 

As cantent  range from <5 t o  25 ppm and Br, although not: del iberately sought 

for,  appears t o  range from <10 ppm up t o  at l e a s t  130 ppm (Table 4 ) .  

Results for   the  remaining elements are  l isted  indLvidually i n  T a b l e s  5 ,  
1 6 a d  8, and a r e  srmnnarised in Table 7. In general  trace  metal  concentrations 

a re   . re la t ive ly  uniform and a re  well within  the  range of values t o  be  expected 

i n  gzologi'cal  materials of t h i s  type. A r e l a t ive ly  higlh proportion of a l l   t h e  

elemants  investigated  with  the  sulphide  selective  leach  appear  to b e  present 
8 

. as   sdph ides   o r  some other   re la t ive ly   l ab i le  form. 

I '  The on* very striking  exception to the  general  unl.formity  of the data  

is  the abnormally  high Cu (4700 ppm) and No (20 .0  ppm) content of sample. 

#25-24. Similar  concentrations were also.found i n  the composite s.ample #25-404 

which represents 95 f ee t  of coIc and includes  the  footage of samplr 825-24. 

All the  Cu is extracted from these samples with the. sulphide  selective 

I' 

1 

I leach (Table 8) and a heavy &.era1  separate,  prepared from #25-404 with bromo- 

form (SC 2 . 9 ) ,  w a s  found t o  consist  mainly of tarnished  chalcopyrize (CuFeS2). 

Disnzssion 

On the bas is  of results  obtained  for  hole 74-25 the  trace  elements most 
I 

I l ikely  to   present  environmental  problems a re  Cu and Mo. Cu concent:rations i n  

I samp1.e~ 25-24 and 25-404 a re  comparable to   t hose   i n  m a q y  porphyry c:opper 

deposits: In the corresponding  ash,  concentrations  are between 0.8 and 1% Cu. 

0 I 



Enviroruencal problams could a r i s e  la  a nttmber of ways: 

t) ox ida t ioa  of the  chalcopyrite  causing-acidity and the  release of 
Cu ineo surface  or  groundvaterr; 

2) luchiag of  Cu from ash waste dumps; 

3) Cu-coxieity t o  vegetation groving on vasee dunps ?reventing o r  
hindering  re-vegetation; 

4) high  uptaka of Cu by v e p e t a t b a  (frw either  cor1  or ash) result ing io 
a g o t m ~ 3 . 4  toxidry  hazard  t o  v i l d l i f e  or  livestock; 

S) rectllng of Cu-rich f l y  ash or  bloom dcst  oat0 vegetat ion  rasul tbg 
i n  a p o t e a t i r l . t o d e i t y  hazard t o  d d l i f e  or  livestock. 

Fur themre ,  assuming the coal coatainr 0.5% Cu a l l  of which is presen t  as 

chalcopyrite, it s a s a  U b l y  chat the a a d y s i s  o t  0.14% for  "pyritic" sulphur 

is sample 2 5 4 0 4  h too low. S eoac.nCs may therefore be higher in soma 

coals thaa the available d a t a  fadlute . 
In dev of t h e   r b r k a b l y  high Cu eoataat of the 95 ift.eomporite 25-606, 

coasiderably more vork is needed t o  datermine the f u l l  cytent. - e r a l o w  and 

chemisttg of tha Cu-rich zone.. the ef fec ts  of combustion on the   dis t r ibut ion 

of Cu a d  i cs  availabfliw t o  p l a n t s  should be ucaafned. The uossibi l i tv  of 

ecoadca l ly   seuara t inz  and recovering  the eoouer may have to be  considered 

if the Cu-rich zone is suff ic ient ly  extensive. 

- c  

Ho also presea t s  a p o t e a t i d  aavironmat hazard in that coacentzatiaaa 

ia the ash (Table 6) d c o  P lesser extent  the coal, are  vithfn  the range 

associated vith molybdaaosir in cat t le .  A problem could a r i se  Ln N o  vays: 

1) uptaka of abnemally high Ha values 0 3  ppm dry  weight) by 
foragm grown oa aah dumps 

2) d i r e c t  lngesc ioa  of %-rich  duat from the  surface of vegetation. 

.-. 

Further  studies should therefore  be made of dis t r ibut ion of Ma and of factors 

U k d y  t o  influence its uptake bv ulaaes =OM oa vaste materials. 

Of the r d n f n g  elemeats i t  seems Ualik.1~ ehac coneeatratioas of Cd. ' 

. .  



Co, Pe, Ni, Pb and Zn wuld pre,seat any particular environmental hazard unless 

they were greatly  concentrated ,at some stage during com'bustion. The  same is 

probably true of As and Se. Rowever because of their  volattle character. and 

in the  case of Sc some uncertalnty  as t o  the amount present, both t- - 
- elements warrant further  study. Data'is  also required  €or HE and 15 

K. Fletcher 

.. . 



Table 1. Couparison of  recome3ded  values and resulcs  
obtained in  this   study  for NBS Coal - 1632 
( a U  values in ppm unless  otherwise  indicaced) 

. . . . .  

Element Recmended . .  value Thfs study 

cd 

cu 
Hn' ' 

ui ' 

Pb 

0.19 f 0.3 

18 L 2 

40 f 3 

U S 1  

30 f 9 

nd 

16 

31 

15 

3s 

37 i: 4 33 

0.87 2 0.03 0.63 



Table 2 .  Duplicate  analyses of coal sample3 (values in ppm unles6 
othervise indicated) 

" Samole # 
Element 25-3  25-5  25-39 , . . 25-402 

- 

Mrl 680 673 179 175 206  209 2:LO 238 

Ni . 53 53 46 45 53 5'3 53 55 

Pb , 3  7 7 7  6 9  4 6  

zn 53 53 7 5  ,70 I 60 trl . 55 55 

Fa (2) '2 .77  2 .71 . 1.75 1.90 
, 

. 2.32 i1.24 1.86 1 .93  



. 

TABLE 3: Duplicate plo uriryru 

2.6 3.0 

2.6. 2.5 

2.5 2.6 

1.9 1.8 



I 

I 

I 

1 

I : . 

Table 4. Semi-qu . m t i t a t i v  
X-ray -t:Luorescence 

'e es ;tinates of As and Br by 

2s-1 

-5 
-3 

-7 

. l l  
-9 

15 
13 

.. 17 
19 
24 
27 
30 
33 
.36 
39 
42 

nd 
nd 

' 1 5  

10 

nd 
10 
nd 
15 
10 
5 

nd 
20 

'15 

25 

' n d  

' 15 

. .  

45 10  
20 

5 1  
54 

25 
10 

57 . ' 10 
60 
63 

15 
10 

4a 

as 
55 

)130 
10s 

as 
as 

>lL5 
nd 

60 
65 
90 

>120. 
U O  

65 

55 
) ll0 
>no 

20 
25 
15 
50 

130 . 

a0 
. .  . 

. .  
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Table 5. Trace ale!n.ne and ash eaneenc of ?!!e Creek coals (all values 
in ppm unless ochanri+a indicated) 

25-1 

25-5 
25-3 

25-7 

25-ll 
25-9 

25-u 
25-u 
25-17 
25-19 
25-24 
25-27 

25-33 
25-30 

25-36 
25-39 . 2542 

. 2545 
25-48 
25-51 

25-57 
25-54 

25-60. 
2S-63 
25-401 
25-402 
2S-404 
25406 

. .  U 4 l l  

la 
43 
50 
29 
41 
44 

55 
48 

40 
62 

52 
28 
41 ' 
54 

57 
49 

33 
40 
39 
u 
15 
13 

, 52 

4150 
50 

54 
39 

4782 

30 

24 

179 
565 
206 

680 

218 

164 
370 

380 
410 

192 

184 
u 
403 
206 

202 
64 

b5 

2l3 
44 

320 
l20 

73 
21 

407 
2lo 
w 
326 

l2 

46 
53 

25 
45 
51 
46 

44 
48 

50 
41 

30 
52 

40 
29 

53 
44 

30 
29 

I3 
16 

20 

43 
24 

53 
50 
42 
u 

2a 

nd 
3 

2 
7 

9 

12 
7 
4 
9 

ad 
10 
4 
5 
7 
6 
11 
4 
3 

nd 
4 

nd 
nd 
4 

4 
6 

dd 
4 
3 

a 

53 
75 
30 
43 

52 
53 

61 
30 
65 
77 
60 
21 
33 
63 
61 
43 

21 
21 
15 
u 
17 
28 
35 

a 

2a 

,55 
a3 

la 
49 

0.22  14.0 

1.75 
2.77  45.1 

52.6 
2.43  31.4 

2.65 
1.79  41.7 

2.ll 
45.0 
50.3 

2.42 
1.27 

55* 4 

2.07  43.9 
3.51 54.3 

0.62 
2.27 

21.2 
59.9 

1.U 30.7 
2.06 
2.32 
0.99 

59.3 
54.6 

1.06 
0.49  25.2 

27.5 

0.49 
0.59 

25.4 
20.0 

0.50 
0.47 

15.0 

1.16 23.0 

1.86 
1.17 

53.3 
36.6 

3.66 
1.93  44.7 

58.1 

0.89  19.1 

22. a 

43.8 

18.7 



. .  

Table 6. Mo content (ppm) of Hat Creek coals .  

~ ~ 

Sanpla I D r y  coal  Coal ash* 
. ~" ~. . " 

25-1 
-3 
-5 
-7 
-9 
-11 
-l3 
-15 
-17 
-19 
-24 
-27 
-30 
-33 
-36 
-3 9 
-42 
-45 

' -51 
-54 
-57 
-60 
-63 

-48 

1 .4  
3.1 
2.7 
1.9 

2.6 
2.7 
2.6 

3.5 
20.0 
2.6 
2.5 
2.6 
3.6 
2.5 
2 .4  
2.7 
3.1 
3.2 
2.4 
4 . 3  
2.3 

. 2.5 

2.8 

2.8 

. .  

. .  

10.. 0 

5 .. 1 6...9 

6. .1 
6.. 7 

5.. 4 

12..3 
4..7 

36..8 
a ,. 0 

4 . .3  

5.. a 

u . ,  a 
a . s  
a 2 

9 .. a 
4 ,I 4 
4 . . 2  

12..3 
12 ., 6 
12 I. 0 

12.. 3 
10 ,. 9 

2a,,7. 

401 3 .3  
402 
404 
406 
4l.l 

* Calculated frfnn ash contents in Table 5. 

9 I, 0 
2.6 4..9 

21.2  36.. 5 

2.0 10 ., 5 
6.,3 2 .  a 
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Tabla 7. S - r y  of trace e luenc eoncant of 2 i  Raz 
Craek c o d  srnplpd from hola 74-25 (all valuu 
in ppm unless otherztsa indkatad) .  

cu 39 (4782)* U - 6 2  . 
m 265 u - 680 

Hi 36 12 - 53 

Pb. 6 d A 1 2  

a M a - 77 

lh 2.7 (20.0) 1.4 - 4.3 

Fa (73 . . 1-54 ' . 0.22 - 3.51 
V a h u  in parentheses u d u d e d .  

1 
I 

", 



I 

I 
.. 

I 

I 

I 

I 

I 

P 

Table 8.  'Sulphide'  trace  elemenes  leached from whole cc,al 
with potassium-chlorate + hydrochloric  acid  (all  
values i n  ppm unless  otherwise  indkated) 

25-1 
25-3 
25-5 
25-7 
25-9 
25-ll 
25-U 
25-15 

25-19 
25-17 

25-24 
25-27 
25-30 
25-33 
25-36 

25-42 
25-39 

25-45 

25-54 
25-51 

. 25-60 
25-57 

. 25-63 

25-48 

25-401 

' 25-404 
25-402 

25-406 
25-411 

18 
40 

25 
41  
40 

54 
43 

33 
61 

5667 
50 

40 
25 

55 
50 

67 
38 
37 

13 
22 

23 
25 

. 52 
48 

48 
. 40 

48 

a3 

4583 

11 
39 
26 
21 
33 

37 
37 

25 

32 
3 1  

42 
31 
2 1  
21 
25 

37 
30 

34 
19 
19 

7 
9. 

13 

29 
18 

37 - 
39 
34 

6 

34 
10 , 0.11 

2.33 
45 1.08 
25 2.81. 
29 
28 

1.49 
2.34 

33 
36 

1.77 
2.05 

19 0.87 
48 2-01 
49 3.25 
38  2.05 
u ' 0.22 
26 1.06 
50 
42 

1.97 

36 ; . 1.61 
2.05 

15 0.35 
15 

9 
0.35 

8 
0.41 

11 
0.42 

2 1  
0.36 

19 
1.08 
0.59 

3 1  
55 

1.32 

3s 
3.81 
I. 65. 

15 0.92 

28 0.72 

I 

t 

. 



S) . Thiocyanate solution: dissolve 3 g sodfun thiocyanate in ylter 

6) Stranow chloride (10%): dissolve 10 g stannous  c'doride fn 100 m l  234 E U  

7) Iron solution: dissolve 1 g hydrated iron a w r i f =  sulphiea with 

8) Isopropyl ether: . 

(52) 

- prapara  fresh each  day 

0.5 ml E2S04 in 100 m l  =tar  

. .  

H8 thod 

U Weigh 1 g powdered coal s q l e  i n to  a &i-crucible and ash La a'muffle 
furnice at 6OO0C for 3 hours 

scoop), mix rapidly and fuse at 900°C f o r  30 minutes 

overnight 

i n to  a 100 ml vo lyeex ic   f l a sk  calibrated at SO ml. 

' 2 ) .  PLLr ash with 2.0 g-of fusion mizeure: add 0.2s g sodim  peroxide (me . 

3) Cool and add .lo ml &ter rad a few drops  of ethanol. L u v e  to s e d  

4) are& up the  r 'uidua vith a tefloo rod; h u t  on a sandbath  and filter 

5) Wash the residue vlth hoe =tar and add ~xsblngs to f i l c r a t r  
6) Bring volme up 'to SO ml v i t h   k e r :  add 10 ml X C I  shaking to Liberate COz 
7) Add 1 Ot iron solucion and mix 

9) Add 3 al thiocyanate solution and nix 

.9) Add 2 al stananus chloride wlution aad mix 

io) Afar .30 srcondr add 4 m i  isopropyl ether. stopper and shake  for 30 srcocds 

ll) Allov the organic  phase to *separata a d  then  carafully add water to bring 

12) Coqare visually against standards  or measure  absorbance ac 46s = on a 

the organic phase  into the neck of the v o l u m t r i c ' f l a s k  

spectrophotoaeter 

Standuds  i ransfer  0, 1, 2, 3; 4, 3, 7.S and 10 ug EIO to  100 ml volrroecric 
f l u b :  procead from 6) abovm. 

t .  

K. Xeccher 

'1 
I . .  

- -. 
! . .. 

n 

.J 

. .. 

.r 

., 

" 



APPENDIX B 

TRACE  ELEMENT  CONCENTRATIONS I N  HAT CREEK 

RECEPTORS AND NATURALLY  OCCURRING  LEVELS I N  

SELECTED  ECOSYSTEM  COMPONENlZ 
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APPENDIX 8 

TRACE ELEMENT CONCENTRATIONS IN HAT CREEK RECEPTORS AN0 
NATURALLY OCCURRING LEVELS IN SELECTEO ECOSYSTEM COMPONENTS 

Section 

8.1 

8.2 

8.3 

8.4 

8.5 

8 .6  

8.7 

E. a 
8.9 

8.10 

. 8.U 

8.12 

8. u 
8.14 

8.15 

8.16 

8.17 

8.18 

8.19 

8.20 

8.21 

8.22 

8.23 

SE 7933 

Subject 

AHFIMNY 8 - 1  

ARSENIC 8 - 2  

BERYLLIUM 8 - 3  

BORON 

CAOMIUM 

CHROMIUM 

COBALT 

MPPER 
FLWRINE 

LEA0 

MANGANESE 

MERCURY 

MOLYBOENUM 

. NICKEL 

SELENIUM 

SILVER 

THALLIUM 

THORIUM 

TIN 

TUNGSTEN 

URANIUM 

VANAOIUM 

ZINC 

8 -  i 

8 - 4  

6 - 5  

8 - 6  

8 - 7  

8 - 8  

8 - 16 
8 - 17 
5 - 18 ~~ 

8 - 19 
8 - 20 

8 - 21 
8 - 2 2  

8 - 23 

i - 

- 

- 



B . l  ANTIMONY (Sb) 

Receptor Hat Creek 

Ua te r  

<0.'29-0.57  mg/kg Vegetation 

<0.57  mg/kg Soils 

<0.0022 mg/l 

Aquatic 
Vegetation 

(algae) 
"*"l.. 
"l, 111"J I a 

(excluding 
f ish)  

4 - 3 2  mcJ/kg 

References 

ERT,Appendix  F.1978. 

ERT,Appendix  F.1978. 

ERT.appendix  F.1978 

Natural Components 

<0.00033 mg/l 

~0.43 mg/kg 

~ 0 . 2 2  mglkg 
0.06 mg/kg 

2 . O k . O  mglkg 

References 

Bowen,  1966 

Ecology Consultants 1975. 

Ecology  Consultants,l975. 
Bowen, 1966 

R e h l d t  aJ., 1975. 

ERT,Appendix  F.1978 I 0.14 mglkg 
I 

I Bowen. 1966. 
I 

ERT.Appendix  F.1978 0.005-0.10 mg/kg 
0.001  mg/kg 

0.002-0.004'111g/kg 

! 
SE 7933 B - 1  

Lucas, e t  fi., 1970 
Rancitemi a., 1967 

Ranci te l l l  fl., 1968 



i: . 

0.2 ARSENIC (As) 

I 
Receptor 

Hater 

I 

Sediment 

.i: sot 1s 

1 

Vegetation 

Antmals 
(excluding 
flsh) 

Ftsh 

Hat  Creek 

co.0022-0.05 ng/l 
<0.005 mg/l 

6.5-34.5 m/kg  

4.87-93.4 W/kg 
5.8-8.3 q / k g  
0.92  mg/kg 

0.6-7.0 -/kg 
0.5-1.57 W/kg 
0.55-0.92  mg/kg 

1.85-2.66 W/kg 

0.43-1.95 W/kg 

References 

ERT. Appendtx  F,1979 
Beak.  Volume 2. 1978 

ERT, Appendix F.1978 

ERT, Appendix  F.1978 
B.C.l!ydro Env.Studtes 
1978.  1979. 

ERT.Appendlx F, 1978 
O.C.Hydm EnvStudies 
1976,  1979. 

ERT. Appendix  F,1970 

ERT, Appendtx  F.1978. 

Natural Canponents 

0.001 - 0.05 m /1, r lvers  

0.0005-0.02 mg/l. lakes 
~0.0MH)l-O.M)12. Great 

90%  <0.000 mg/ 9 
lakes 
0.0004 mg/l 

0.5-14 m/kg 

0.2-40 W/kg 
1.1-16.7 m/kg 

0.2  mg/kg 

0.5 W k g  

cO.2  mg/kg 
~0.45 mg/kg, deer mice 

0 - 10 W/kg 

0.1-1.0 W/kg 

0.03-0.12 W/hg 
0.2-0.5 W/kg 

3 mg/kg 

References 

Oemayo & fl., 1979 
W 

W 

Owwen.  1966. 

Oemayo a., 1979 

Halsh and  Keeney.  1975 
I 

k e n ,  1966 

Underwood.  1971 
ChaplMn.  1966. 

Ecology Consultants.1975. 

Owwen,  1966. 
Ecology Consultants.1915. 

Underwood,  1971 
Oemayo e t  al., 1979 
Munro. lWK 

SE 7933 0 - 2  
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8.3 BERYLLIUM (Be) 

Receptor H a t  Creek 

I 
Water 

Sediment 

Soi ls  

Vegetation 

Animals 
(excluding 
f i sh )  

Fish 

0.0009 mgll 

<0.41 mglkg 

0.43 - 1.9 mglkg 

8.92 mgiky 

0.13-0.21 mglkg 

0.02-0.22 nglkg 

0.19 mglkg 

0.01-0.23 W l k g  

<o.lB  mglkg 

SE 7933 i( ;  

R E C E P T O R  C O N C E N T R A T I O N S ~  -~ 

References References Natural Components 

I I I 

I ERT,AppendixF.  1978 
<0.001 mgl l  
<0.001 mgll  

ERT, Appendix F, 
1978. 
B.C. Hydro Env. 
Studies 

6.0 mglkg 

0.1-40  mg/kg 

, :::E. 1979. I 0.74-7-! mg/cF 

ERT. Appendix F. 197 
B.C.Hydro  Env. Study 
1978, 1979 

ERT. Appendix F, 
i n  soft   t issues. 1978. 
0.0003-0.002 tnglkg 

8 - 3  

Bowen, 1966. 
Drury fl., 1979 

Drury & fi., 1979 

Bowen, 1966. 

Vinogradov. 1959. 

Ecology  Consultants. 1975. 

Bowen, 1966. 

Bowen, 1966. 



R E C E P T O R  C O N C E N T R A T I O N S  

Water 

Sediment 

Soils 

. .  

Vegetation 

Animals 1;;;yng 
Fish 

SE 7933 

Hat Creek 

0.031 nqfl 

4.92 ngf kg 

8.93 ngfkg 

5.4 mgfkg 
15.0-18.1 mfkt j  

1.8-20.4 m/kg 
6.75-21.95 Wfkg 

2.01-39.33 Wfkg 

0.77 mgf kg 

1.30  mg/kg 

References 

ERT.Appendix  F.1978 

ERT.Appendix  F.1978 

ERf.Appendix  F.1978 
D . C . Hydro Env . S tudy 
1978.  1979 
B.C.llydro  Env.Studies 
1978.  1979 

ERT, Appendix  F.1978 

ERT, Appendix  F.1978 

ERT. Appendix  F.1978 

Natural Components 

0.013 nqfl 
D.Ol.ng/l 

0.5 ngf kg 
10  mgfkg. range  2-100 
W/kg  highest  levels 
found i n  saline and alkal ine  soi ls 
20-35 ng f kg 

50 mgfkg 
120  ingfkg, f ru i ts   o f   d l f ferent  
plants 
2550  mg/kg. legvlnes 
1.5 ng/kg. cereal and hay 

D.5 ngfkg 
0.51-1.0 ng/l con milk 

i 
8 - 4  

References 

Bowen.  1966. 
Valkovic. 1975. 

Tmple e t  al.. 1978 
Bowen, m6c 

Ecology  Consul  tants.1975. 

Valkovic, 1975 
Dowen.  1966. 

Underwood.  1971 
Underwood,  1971 

Bowen,  1966 
Underwood,  1971 
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. 8.5 CADHIUM (Cd) 

Receptor 

Uater 

Sediment 

Sol 1 s 

Vegetation 

Invertebrates 

Animals 

fish) 
(excluding 

Fish 

Ha t  Creek 

<0.0013-0.005 V/l 
~0.005 mg/l 

0.38-2.83  mg/kg 

0.58-6.18 W/kg 
0.10-0.43 M/kg  

0.2-0.56  mg/kg 

0.27-0.46  mg/kg 

& i n  - 0.26 mg?ko 

1 
I 
I 

I 

R E C E P T O R  C O N C E N T R A T I O N S  

References 

iRT.Appendix  F,1978 
leak. Yo1 . 2. 1978 

ERT.Appendix  F.1978. 

ERT.Appendix  F,1978 
B.C.Hydro  Env. 
Studies 1978, ?0?9 

ERT,Appendix  F.1978 

ERT.Appendix  F.1978 

Natural Components 

0.08 mg/l 

co.02 mg/l 
0.0006 mg/l 

0.08-0.23  mg/kg 
0.1-2.0  mg/kg 
2.0 mg/kg 

0.06 mg/kg 
0.15-0.20 Q/kg 

0.55 mg/kg 
1.5 %g/ks 

1.0 W/kg 

0.60 mg/kg 
0.1-1.0 mg/kg, food plants 
0.16-1.9  mg. kg 

0.22-1.98  mg/kg 

0.5 mg/kg 
0.04-0.14  mg/kg 
deer  mice 

G . G i - G , i G  mgjicg 
0.05-0.32  mg/kg 
0.6 - 1.1 mg/kg 

References 

Bowen,  1966 
Mathis 6 Cumnings  1973 
Enk  and Mathis, 1977 

Peyton and McIntosh 1974 
Enk  and Mathis, 1977 

Mathis & Cunmings.1973 

Earen. 1966 
Fleischer, e t  a1 1974 

)lei t, 1977 
Ecoiogy ~ o n ~ 1 ~ A . , 1 9 7 5  

M i l l s  6 Zwarich.1975. 

Gough 6 Shacklette.1976. 
Bowen, 1966. 

Ecology  Consultants, 1975. 

Mathis 6 Cmings.  1973 

Bowen,  1966 
Ecology Consultants.1975. 

Lovett  et  al. ,  1972 
Enk a n d X 5 I s .  1977 
Mathis and  Cuni1ings,1973 

SE 7933 ! 8 -  5 
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0;6 CllnoMlUM ( C r )  

Receptor 

Hater 

Sediment 

Sol 1 s 

Vege to t 1 on 

Animals 
(excluding 

Flsh 
ftsh) 

SL 7933 

Hat Creek 

~0.002-0.012 ng/ l  
~0.01 ngfl 

77.30 - 205.75 Wf1 

46.2-247.07 Wfkg 

1.53-5.50 Wfkg 

1.0-9.67 W/k 
0.73-3.95 W/ 81 9 

3.6-4.92 q f k g  

2.10-5.34 ngf kg 

R E C E P T O R  C O N C E N T R A T I O . N S  

References 

ERT.Appendtx  F.1970 
Oeak, Vol. 2. 1970 

ERT.Appendix  F.1970 

ERTJppendlr  F.1970 

ERT.Appendlx  F.1970. 

B.C. Hydro Env. Stuc 

ERT.Appendix  F.1970 

EnT.Appendix  F.1970 

Natural Colnponents 

<0.0002 - 0.34 W f l  
0.00 Mgf1 

0.001-0.01 mgll 

10-140  mgfkg 

12.6-20.3 W/kg 
16-46 ngfkg 
250 wfkg as CrO. htgher 

clays and phosphorites 
I n  tgneus rocks, shales and 

0.02-0.00 ng/kg for  food con- 
sumpt 1 on 

s 0.59, hay 

and grasses 
39-40 ngf kg, 1 ichens 

4.9-7.6  mgfkg. htgher  plants. 
trees. shrubs 
6.5 - 100  nrpfkg 
0.03-1 .O W/ lg  
0:31-0.65 W/kg 

0.075 q / k g  
0.02-0.33 w/kg 

c0.02 mg/kg 

0.21  mg/kg 
0.40-0.50 W/kg 

8 - 6  

References 

WO. 1970 
Omen, 1966 

NAS, 1974 

Leland et fi., 1970 

Ecolo y Consultants.1975 . 
HAS. 3 974. 

Stngh  and  Steinnes.1976. 

MS. 1974. 

V t nogradov . 1959 
I W 

Ecology Consultants.1975 
Pratt. 1966 
Slngh and Steinnes, 1976. 

Bowen, 1966. 
Ecology,  Consul tants.1975. 

Rancttel l t   et  fl., 1967 
Rehwoldt e t X . ,  1975 
Rehwoldt 3 a., 1976 

i 



8.7  COBALT (Co) 

Receptor 

Water 

Sediment 

Sol 15 

Vegetation 

Animals 
(excluding 
f ish) 

Fish 

SE 7933 

- - 

Hat Creek 

0.004 mg/l 

12.67  mg/kg 

12.93  mg/kg 
12.0 - 18.0 mg/kg 
25.67 mg/kg 

0.31 - 2.15  mg/kg 

0.08-0.56  mg/kg 
0.04 - 3.93  Rtg/kg 

0.96 mg/kg 

0.34 ng/kg 

K i C E F T C i R  C O N C E N T R A T I O N S  

References 

IRT, Appendix F.1978 

IRT, Appendix F, 1978 
I.C. Hydro Env. 
Xudies, 1978.1979 

:RT, Appendix F, 1978 
I.C. Hydro Env. 
i tudies. 1978,  1979 

:RT, Appendix F, 1978 

IRT, Appendix F, 1978 

I 

I 

Natural Components 

0.0009 mg/l 
0.0058 mg/l 

5.0-35  mg/kg 

1-40 mg/kg 

2.3  mg/kg 
13 m/kg 

0.5 W k g  
4 .O mg/kg 
o , 7 h  - 2.6 m:!C: 
0.2-1.1  mg/kg 

0.03  mg/kg 

0.02-0.33 ng/kg, deer  mice 
0.02-0.22  mglkg 

0.006-0.014 mg/kg 
4.02 mg/kg i n  salmon l i v e r  
0.03 - 0.21 m/kg 

E - 7  

References 

Bowen, 1966. 
Valkovic , 1975. 

Leland & c., 1978. 

Allaway, 1968. 
Horton e t  al.. 1977 
Klein aii& E s s e l l ,  1973. 

Bowen, 1966. 
Chapman, 1966 

Horton & fi., 1977 

Bowen, 1966 
Underwood,  1971 
Ecology  Consultants, 1975. 

S C O ~ O ~ ~  Cons"ltants. i 9 i 5  
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8.0 

1 

Receptor 
~ 

Hater 

Sediment 

Soils 

Vegetation 

Animls 

fish) 
(excluding 

Fish 

SE 7933 

R E C E P T O R  C O N C E N T R A T I O N S  

l lat Creek References 

O.M)M)-O.Ol ng/l ERT. APPENDIX F, 1970 
~0.005 ng/l Beak, Volune 2, 1970 

25.20-33.67 w/kg ERT. Appendlx  F.1970 

20.20 - 47.13 ng/kg 

50.67 ng/kg 

ERT. Appendix F.  1970 

Studies, 1978,  1979 ' 

50-58.3 Q/kg 8.C.tl.ydro  Env. 

7.33-35.53 ngfkg ERT.Appendlx  F.1978 
B.C. Hydro Env. 5.5 - 31.33 w/kg  

5-16.67 q / k g  Studies, 1978,  1979 

42.54 - 50.20 mglkg ERT. Appendix F.1978 

Natural Components 

0.01 mg/l 

0.015 mg/l,  average 
0.00003-0.00105 w/l 

1-476 T/kg  
100-200 m/kg 

2-100 nq/kg 

2.15  Fng/kg 
4.0-300  mgf kg 
6 33 w/kg 

14 q / k g  

2.4 ng/kg 

7-61 W/kg 

. 5-20 w/kg  

1.3-20  t&kg 

1.9 - 7.5 w/kg  

0.V-21.84 ng/kg kidney and l lvc 
0.12 - 1.14 mg/kg muscle 

0.77-1 -56 mg/kg 

8 - 8  

References 

Bowen,  1966. 

USEPA, 1976 
Valkovic, 1975 

Leland e t  al., 1970 
Hissmi-ai i iT Cook.  1978 

Allauay. 1968. 
M i l l s  and Zuarlch, 1975. 
Chapman.  1966. 
Gough and Shacklette, 1976 
Ecology Consul  tants.1975 

Chapman.  1966 
Bowen.  1966 
Ecology Consultants. 1975. 

Bowen,  1966. 
Ecology Consultants. 1975. 

Brown and  Chow  1977. 

Kelso and Frank, 1974. 



B.9  FLUORINE (F) 

Receptor References Hat Creek 
~ ~~~~~~~ 

Water ERT.Appendix F. 1978 0.10-0.545 mg/l 

Sediment I 194.5-461.25  mg/kg 

Soils 186.0-528.4  mg/kg 

287.5  mg/kg 
273-470  mgfkg 

Yogotrt!nn I 2n,b? - 1448.25 nm/ko 
10-157 Wfkg 
1.77-10.63  mgfkg 

Animals 
(excluding  f ish) 

51.0-118.0  mg/kg 

Fish 17.0 - 94.22  mg/kg 

d 
SE 7933 

I 

ERT, Appendix F.1978. 

ERT, Appendix F.1978 
B.C. Hydro Env. 
Studies, 1979,  1979 

ERT.Appendix  F.  1978 
B.C. Hydro Env. 
Studies, 1978,  1979 

ERT. Appendix F. 1978 

ERT. Appendlx F.1978 

Natural Components 1 References 
I 

0.01 - 0.02 mgfl 

0.14-1.12 mg/l 
1 .O mg/l 

Carpenter, 1969 

Harbo fl., 1974 
Bowen, 1966 

540-620  mg/kg, marine environnten  Acres,  1978 4 
0.3-2.25  mg/kg 
20 - 500  mgfkg 
30-300 ng/kg 
200  mgfkg 

3-12 mg/kg 
0.5-40  mg/kg 
20-700 W/kg 

Temple e t  al., 1978 

A1 laway. 1968 
WeinsteTfi.Tg77 

Bowen. 1966 

Temple fl., 1978 
Bowen, 1966 
Ecology Consultants, 1975. 

5-70 mg/kg, herbivores 
5 mg/kg carnivores 

Kay fl. , 1975 

1500 mgf  kg,  bone 
150 - 500  ntg/kg, soft  t issues 

Stewart e t  al., 1974 1-16 mgfkg, birds 
Bowen, l E 6 -  

la 

\ B - 9  
!~ 



R E C E P T O R  C O N C E N T R A T I O N S  

Receptor 

Water 

Sediment 

Soils 

Vegetation 

Animals 
(excluding 
fish) 

Fish 

Ha t  Creek 

<0.05 - 0.064 mg/l 
~0.01 ng/l 

3.0 -4.4 m/kg 

2.0 - 7.73 W/kg 
7.7 - 9.5 v / k g  
12.67  mg/kg 

4.04 - 30.33 W/kg 
3-53.33 ng/kg 
1-31.67 w/kg 

2.22-3.10 W/kg 

" 

I 

References 

ER1,Appendix  F.1978 
Beak.  Volune  2,1978 

ER1,Appendix  F.1978 

ERT,Appendlx  F.1978 
B.C. Hydro Env. 
Studies, 1978.1979 

B.C. ydro Env. 
ERTJ pendix F.1978 

Studies, 1978,1979 
R 

ERlJppendix F.1978 

ERT,Appendix  F.1978 

Natural CoRIponents 

0.001-0.01 mg/l 
<0.02 mg/l 
0.005 mg/1 

54,423 mg/kg. a l l  sources, 
ran e, largely. 

0.006-0.095 mg/l 

5-8 4 0 W/kg 
200-900 mg/kg 

2-200 m/kg 
1-356 mg/kg 

5-50 V /kg  

1-9 W k g  
10-40 mg7kg 
14-160 ng/kg 
0.4 w/kg 

2 W k g  
0.03 mg/kg 
0.2-0.4 m/kg 

1.25-4.81 W/kg 
0.1-1.3 m/kg 
1.3-4.2 W/kg 
0.05-6.76 nglkg 

References 

USEPA. 1976 
Enk  and Hathis 1977 

Leland e., 1977 

Atchison 3 d., 1977 

Wtlking, 1970 
USEPA. 1976 
Van llook e t  81.. 1977 
" 

Htlklngs, 1978 
Underwood,  1971 
Ecology Consultants, 1975 
Waldron  and Stofen. 1974 

Bowen.  1966 
Ueldmn and Stofen. 1974 
Underwood.  1971 

Pagenkopf  and Neuman, 1974 

Atchison e t  d., 1977 
Gajan and Larry, 1972 

B n r m  andThon. 1977 

I 

SE 7933 8 - 10 



B . l l  MhMNESE (Mn) 

,.I R E C E P T O R   C O N C E N T R A T I O N S  

Receptor 

Water 

Sediment 

Sot ls 

Vegetation 

Animals 
(excluding f i s l  

Fish 

Hat Creek I References 

0.012 mgl l  

847.50 mgjkg 

ERT,Appendix F, 1978 

ERT,Appendix F. 1978 945.33 mg/kg 

ERT,Appendix F. 1978 

150,33 - 222.67  mg/kg ERT,Appendix F, 1978 

4.0 mg/kg 

ERT, Appendlx F. 197@ 17.56 mglkg 

ERT, Appendix F.1978 

4.0 mgll 
<1 .o mgf 1 

20-220  mg/kg 

100-4000 mg/kg 
200-3000  mg/kg 

50-100  mg/kg 

0.32 - 1.0 w l k g  
0.02-0.25 W/kg 

t 
I 

iieferences 

McKee and Wolf, 1963 
USEPA, 1973 

Leland a., 1978 

Horton g c., 1977 
A1 1 away, 1968 

Prosser, 1973 

Brooks e t  al., 1976 
Ko l l  1978 

:, 
SE 7933 B - 11 



8.12 MERCURY (llg) 

Receptor 

Water 

Sediment 

Sol 1 s 

Vegetation 

Animals 
(ercludlng  fish 

Fish 

R E C E P T O R  C O N C E N T R A T I O N S  

I ta t  Creek References 

0.M)1-0.0001 mg/l 
~0.0004 m d l  
0.00005-0~00W7 m@/l 
0.10-0.14 m/kg 

0.09 - 0.18 W/kg 
0.055-0.07 w/kg  
0.057 mg/kg 

0.07-1.32 N / k g  
0.055-0.90  mg/kg 
0.039-0.45  mg/kg 

0.03 - 0.33 W/kg 

0.05-0.39 */kg 

ERT,Appendix  F.1978 
Oeak.  Volume 2. 1978 
B.C. Mfnlstry  of the 
ERT, Appendix F. 1978 

O.C. Hydro Env. 
ERT. Appendix F, 1978 

Studies, 1978,  1979 

I 
ERT, Appendix,F,  1978 

Natural Components 

0.0008 mg/ 1 
0.00004 mg/l 

vi ronment  (1900) 

0.001 nqlkg 

9.0 - 288 .mg/kg, industr lal areas 

0.07-0.10  mg/kg 

0.025-1.0 m l k g  
0.01-1.78 W/kg 

0.02 - i.0 mg/kg 
0.2-5.0 V/kg  
0.01-0.06 W/kg 
0.03-0.8 Ittg/kg 

0.1-0.7 ng/kg 
0.09-0.15  mg/kg 
0.5-3.5 rng/kg In high Hg areas 
0.015  mg/kg 

0.5 mg/kg 
0.045 W/kg 
0.05 - 0.07  mg/kg, deer mlce 

0.03-0.15 ng/kg muscle 
0.06-0.54 mg/kg, l i v e r  
kldney 
0.11-1.13  mg/kg 
0.02-0.63 V /kg  
0.1-0.25 W/kg 

.0.02-0.18 w.kg 

References 

Bowen.  1966 
Kothny,  1973. ! 

D’ltrl, 1972 

Leland 3 q., 1978 
Reeder e t  e l . ,  1979 

NorstroiiiX-al., 1973 

Kothny, 1973 
Allaway, 1968 
Uarrw and Delavault, 1967 
Chapman,  1966 

Kothny.  1973 

D a t t l  et 3 , 3 9 7 5  I 
I 

I 

Mallin, 1976 
U.S. Geologlcal Survey.1970 j 
&wen, 1966 

Palmer e t  al., 1973 
h e n .   m 6 6  
Ecology Consultants, 1975. 

Brown  and  Chow.  1977 

Sunmer e t  a1 1972 
Koli  etxT;’;977 
Arons6ii a al., 1976 
UndemooiT; Wl 

SE 7933 8 - 1 2  



i 

B.13 MOLYBDENUM (Mo) i 

,h 

Receptor I Hat Creek 

Water 

Sediment 

so i  1 s 

Vegetation 

Anlmal s 
(excluding  f ish 

Fish 

<0.0011 mg/l 
<o. 02 

1.64 mg/kg 

2.87 ng/kg 
1-3 mg/kg 
1.33  mg/kg 

0.14 - 6.13  mg/kg ? = c 'I "IL-  

1 - 1.67  mg/kg 
.. . , "my, "y 

1 4*27 mg/kg 

4.22 mg/kg 

I I 
I 1. 

SE 7933 
~ 1 

R E C E P T O R  C O N C E N . T R A T I O N S  

I t 
References  Natural Components 

I 
RT. Appendlx F, 1978 
eak, Volume  2. 1978 

RT. Appendlx F, 1978 

RT Appendix F. 1978 

tudies, 1978.  1979 
.C. Hydro Env. 

RT. Adpendix F. 19781 
.t. iiyaro Env. 
tudies. 1978, 1979 

RT.Appendix F. 1978 

RT, Appendix F, 1978 

0.03 - 0.13 mg/l 

0.2-5.0  mg/kg 

0.6-3.5  mg/kg 

2.9 - 141.2 mglkg 
0.6 - 3.5 mglkg 

9.9-17.5  mg/kg, bones 
3.9-9.6 mg/kg,soft t issues 

2.9-141.2 W/kg 

0.2-5.0 W/ks 

B - 13 

References 

Dvorak 3 fi., 1978 

Allaway, 1968 

Horton 3 c., 1977 
Sham and Shupe,  1977 

A! 1 a.!.y. ! 95: 
Sharna and Shupe,  1977 
Horton 3 c., 1977 

Shanna and Shupe, 1977 



B.14 (Ni) 

R E C E P T O R  C O N C E N T R A T I O N S  

Receptor 

Water 

Sediment 

Soils 

Vegetation 

Animals 
(excludlng f l s l  

Fish 

SE 7933 

Mat  Creek 

~0.0092  mg/l 

B4.0 W k g  

45.53  mg/kg 

4.02-8.13 W/kg 

4.0 mg/kg 

2.07 ng/kg 

" 

E! 

El 

El 

El 

El 

El 

References 

RT,Appendlx  F,1970 

RT.Appendix F ,  1978 

RT, Appendlx F.  1978 

RTAppendix F. 1978 

RT, Appendix F. 1970 

RT, Appendlx  F,  1970 

Natural Components 

0.01 mg/l 

40 - 200 v / k g  
1 - 135 W/kg 

10 - lo00  W/kg 
10-145 m/kg 

, 5 - 500 q / k g  
16 - 5,000 m/kg 

0.05-5  mg/kg 
3 v l k g  

on serpentine so i ls  
250 - 6000 mg/kg plants 

0.15 - 0.35  mg/kg, tubers, 
fruits,  gralns 

4-134 w/kg 

0.02 - 4.5 W/kg 
0.8 mg/kg 

<0.20  mg/kg 

f 
i 

B - 14 

References 

Oonen, 1966 

Misseman  and  Cook,  1970 
Leland g a. , 1978 

Allaway, 1968 
M i l l s  6 Zwarich. 1975 
Bowen.  1966 
Chapman,  1966. 

NAS.1975 
Chapman,  1966 
NAS. 1975 

Underwood,  1971 

Bonen,  1966 
Schroeder al-. , 1962 

Uthe  and Bllgh. 1971 



8.15  SELENIUM (Se) 

Receptor 

Water 

Sediment 

Soi ls 

Animals 
(excluding  fish 

Fish 

\ 

SE 7933 I. 

Hat Creek 

<0.0023 mg/l 
<O. 003 mg/l 

2.04  mg/kg 

2.18  mg/kg 
1.0 - 2.0  mg/kg 
<l.O mg/kg 

0.39 - 3.09 g / k P  

0.23-0.37  mg/kg 
0.2 - 2.3.  mg/kg 

0.69 &kg 

0.69  mg/kg 

R c b r r  r c r n T n n  t u n  C ! ! ! ! C E N T R A T ! O H S  

References 

!RT, Appendix F.1978 
leak. Volume  2,1978 

RT, Appendix F. 1978 

RT, Appendix F. 1978 
.C. Hydro Env. 
tudies, 1978.  1979 

RT, Appendix F. 1978 
.C. Hydro Env. 
tudies. 1978, 1979 

RT. Appendix F, 1918 

KT. Appendix F. 1978 

Natural Components 

0.001 - 0.006 w/l  
0.001 - 0.40 mg/l 
0.05 -0.30 mg/l 

0.1-1.0 mg/l 

0 - 2.3 W k g  

1.4 - 3.3 mg/kg 

8.9 - 53.0  mg/kg 

0.33 - 2.66 m/kg 
0.04 - 2.0  mg/kg 
0.95 - 4.6 mg/kg, f i s h  meat 
0.32 - 1.85  mglkg, wet weight 
1.52 - 9.95 mg/kg, dry  weight 

References 

Adams  and Johnson, 1977 
Lakin. 1973 
USEPA, 1976 

Adam  and  Johnson,  1977 

Sharma  and  Shupe,  1973 

Trelease, 1945 
Chapman, 1966 

Lakin. 1973 

Sharma and Shupe,  1977 

Sharma  and  Shupe,  1977 

Adams and  Johnson,  1977 
~ ~~ 



R E C E P T O R  C O N C E N T R A T I O N S  

Receptor 

Hater 

4 Sediment 

< 

< Sol 1 s 

Vegetation 

Animls 
(excluding fish) 

4 

Flsh 

llat Creek 

:0.0011 mg/l, 

1.20 mg/kg 

:0.60 w/kg  

0.19 - 0.21 w/kg 

:0.25 mg/kg 

1.96 mg/kg 

References 

IT, Appendix F, 1978 

IT, Appendlx F. 1978 

IT, Appendix F, 1978 

IT, Appendix F. 1978 

IT, Appendix F, 1978 

IT, Appendlx F, 1978 

Natural Components 

rarely detected above 1 ,g/l 

e0.5 nglkg 

2.8-31 mg/kg 

0.8 - 1.02 q / k g  tn 
uncontaminated areas 

contaminated areas 
0.9 - I8 mg/kg i n  

References 

USEPA, 1973 

Leland sl,, 1970 
Ragalni eta., 1977 
Ragalni eJ c., 1977 

Rancl te l l l  & a., 1968 

SE 7933 \ 0 - 16 



Receptor 

Water 

Sediment 

soi 1 s 

Vegetation 

Animals 
(?vc!nd!ng f!$ 

Fish 

SE 7933 

Hat Creek 

<0.0011 mgfl 

(0.27 mg/kg 

0.31  mgfkg 

0.13 - 0.21 Wfkg 

0.19 mg/kg 

0.18 mgfkg 

J 
R E C E P T O R  C O N C E N T R A T I O . N J  

References Natural Components 

IRT, Appendix F.1978 

LRT. Appendix F, 1978 

IRT. Appendix F. 1978 

!RT. Appendix F. 1978 

!RT. Appendix F. 1978 

I 0.00001  mgfl 

~ 

0.1 n d k g  

2 - 100 mg/kg, trees and shrubs 
1 mgfkg spinach and rye 

20.4 mgfkg 

i( 
B - 17 

References 

Bowen, 1966 

Bowen. 1966 

Gough and Shacklette. 1976 

Bowen, 1966 



! 1 

.. , .. 

R E C E P T O R  C O N C E N . T R A T I O N S  

Receptor Hat Creek 

Water 

q0.27  tngfkg Sediment 

<O.M165 ngll 

Sol 1 s 

eO.19  mg/kg Anlmls 

0.13 - 0.21 Wfkg Vege ta  t on 

~ 0 . 3 1  lngfkg 

(excludlng fkh) 

SE 7933 
i 

References Natural Canponents 

ERT. Appendix F, 1978 

ERT, Appendlx F, 1978 

usually  not detected 

ERT, Appendix F, 1978 

ERT, Appendix f, 1978 

ERT. Appendix F, 1978 

ERT. Appendlx F, 1978 40.2 m/kg 

. 

B - 18 

References 

Russell and  Smlth. 1966 

8 

Lucas fi &, 1970 



Receptor 

Water 

Sediement 

Soi ls 

Animals 
(excluding  f ish) 

Fish 

Hat Creek I References 

<0.0616 mg/l ERT, Appendix F, 1978 

data not   re l iab le  B.C. Hydro Trace 
Element Report 1979 

data not   re l iab le  

<1.0  mg/kg 

B.C. Hydro Trace 

1 .O mg/kg 

.'at2 nnt re!!&!. R;C, Hydro Trace 

<1.0 mg/kg B.C. Hydro Env. 
<1.0 mgpg Studies, 1978,  1979 

Element Report 1979 
B.C. Hydro Env. 
Studies, 1978,  1979 

Element Report, 1979 

data not   re l iab le  B.C. Hydro Trace 
Element Report, 1979 

data not   re l iab le  B.C. Hydro Trace 
Element Report, 1979 

Natural Components 

0.001 - 0.017 w/l 
0.04 mg/l 

2-200 mg/kg, strongly absorbed 
by humus 
0.4 - 1.5 W/kg 

0.3 mg/ka.'higher i n  lichens 

1.4 - 2.4  mg/kg  mangroves 
(uncontaminated! 

contaminated 
9.4 - 15.0 mg/kg.  mangroves 

32 mg/kg, lichen 

0.15  mg/kg 
0.16  mg/kg 

0.55 - 5.43 mg/kg wet weight 
( industr ial ized area) 

References 

Peterson e t  aJ.. 1976 
Bowen,  19z;b 

Bowen, 1966 

Ecology  Consultants,l975 

Bowen, 1966 

Peterson d., 1976 

Bowen,  1966 
Ecology Consultants, 1975 

Uthe and Bl ight ,  1971 



Receptor 

Hater 

Sediment 

Soils 

Vegetation 

Animals 
(excludlng 
f ish) 

Aquatic 
Invertebrates 

Ftsh 

Hat Creek 

c0.0014 mg/l 

c0.27 ng/kg 

~0.27 mg/kg 

References I Natural Components 

:RT, Appendix F. 1978 

:RT, Appendix F, 1978 

31. Appendix F, 1978 

:RT, Appendix F, 1978 

iRT, Appendix F, 1978 

IRT, Appendix F, 1978 

9.0 ng/kg. enriched so i ls  
1.3 ng/kg, crustal  rock 

not  detectable 

<0.005 w/kg ash 

0.029 - 0.042 W/kg 
~0.008 mg/kg ash 

References 

Wedepoh1JVZ;B 
Regain1 e t  al., 1977 

Ragalnl G., 1977 

Fukat and  Meinke.  1959 

Fukai and  Melnke,  1959 
Fukai and  Meinke.  1962 

SE 7933 I 6 - 20 



! 
! 

' ,  , , !  

8.21 U&lNIUM (U) 
. .  i 

: ! ? E C E P T O R  C O N C E N . T - R A T I 0 N S  

Receptor 

Water 

Sediment 

Soi ls 

Vegetation 

Animals 
(excluding f i s l  

Fish 

i Hat Creek References 

I 

I 
<0.0055 mg/l 

<3.50 mglkg 

ERT, Appendix F. 1978 

ERT , 'Appendix F , 1978 

<3.60  mg/kg 

0.83 mglkg 
~ 0 . 5 0  mg/kg 

ERT, Appendix F, 1978 
B.C. Hydro Env. 
Studles, 1978,  1979 

SE 7933 

0.73 - 1.20 mglkg ERT, Appendix F,  1978 
~0.10 mg/kg B.C. Hydro Env. 
<1.0 -/kg Studies, 1978.  1979 

<0.30 mg/kg ERT. Appendix F. 1978 

~0.18 mg/kg ERT. Appendix F. 1978 

Natural Components 

100 mglkg 

1.0 - 3.0 mg/kg, wet wetght 
industr ia l ized area 

0.021  mg/kg 
3.0  rcg/kg 

1 
.i E - 21 
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8-22 VANAOIUM (V)  

R E C E P T O R  C O N C E N T R A T I O N S  

Receptor 

Hater 

Sediment 

Solls 

Vegetation 

Animals 
(excluding f ish) 

Fish 

SE 7933 
I 

t 

I l a t  Creek 

O.OW2 - 0.0059 ntg/l 
q0.005 mg/l 

61.75-151.0 m/kg  

59.20-297.60 W/kg 
173-195 m/kg 
195.8  mg/kg 

0.30 - 3.97 W/kg 

0.00 - 38.5 M/kg  
0.40 - 6.8 W/kg 

0.35 - 0.82 ng/kg 

References 

RT. Appendlx F, 1978 
eak, Volume 2. 1978 
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IT. Appendix F, 1978 
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.C. Hydro Env. Studlc 
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IT. Appendix F; 1978 

IT. Appendix F, 1978 

Natural Components 

in  h m s  a l k s l l m  

20 - 500 ntg/ g 
16 - 59 mg/k Et 
62 w/kg 

Oal ng/kjt 
0.01-0.59  mg/kg 
0.15 ng/  g 

<0.'5 ng/kg ash 

' 0 - 2 2  

References 

Down. 1966 

Ecology Consultants, 1975. . 
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Horton fi., 1977 
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Bowen, 1966 
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Prosser, 1973 
Bmn, 1966 
Ecology Consultants. 1975 

Fukal and  Meinko.  1959 



R E C E P T O R  C O N C E N T R A T I O N S  

Receptor 

Ua te r  

Sediment 

Soi ls 

Animals 
(excluding f i  

Fish 

Ha t  Creek 

0.0162 - 0.05 mg/l 
<0.007 mg/l 

29.08 - 94.75 mglkg 

99.20 - 147.13 g / k g  
139-148  mg/kg 
139.67  mg/kg 
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24.83 - 38.5 mg/kg 
18 - 60 mg/kg 
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Natural Components 

0.0009 - 0.293 ng/l 
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10 - 300  mg/kg 
31 - 350  mg/kg 
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20.2 - 141.4  mg/kg 
0.2 i 26 !!!;!kg 
53.1 - 66.7 Wlkg 

30 - 102 W/kg 

106.8 - 384.3  mg/kg, s o f t  tissue 

95.8 - 191.6  mg/kg 
134-364.5  mg/kg,  bone 

86-480  mg/kg 
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APPENDIX C 

UTERANRE RNIEW OF THE ENVIRONMENTAL  CONSEQUENCES 
OF TRACE ELEMENT REDISTRIBUTION 

A general introduction to  the consequences of  traca  elements 
entering the anvironment has bean given in Saction 4.2. This Appandix 
is intended to provide the most  recent  assessment o f  trace  elament 
toxicity in the environment based upon an extensive  literature  survey 
as w e l l  as the reports previously prepared by ERT. 

Each o f  the 23 elements  salected for datailed  study is 
addressed in this Appendix. Cited  articles may be located in 
Sution 4.8, References. 

C.1 ANTIMONY (Sb) 

There is little known o f  the  ~acological effacts of  Sb. 
Antiowjny has baan shown to be enrfchad in soils near industrial 
smlting operations (Ragaini et al., 1977). Antimony in these soils was 
not evenly distributed as concentrations o f  the element  showed a sharp 
dcreasa with  depth (Ragaini et al., 1977). This  suggests .that Sb 
movement in soils is  limited. The consequancas o f  soil enrichad in 
antimony are unknown  although  quantfties o f  it may be found in various 
specias of vegatation (Ecology Consultants, Inc., 1975). Concentra- 
tions o f  Sb in marmprls, deer, mica and others, are  reported  to be in 
the range o f  0.03 to 0.14 mg/kg (Ecology Consultants Inc., 1975; Bowen, 
1966). 

B o w n  (1966) reports that  the lathal dose o f  various chemical 
forms o f  Sb to kill 29 percent of  the  tast population (UZO) o f  a 
variaty o f  mamallan spacies ranqes f r o m  about 20 to 4000 mg/kg. In 
m a ~ ~ r l s ,  Antimony is slowly absorbed from the gastrointastinal tract, 
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C.:! ANTIMONY - (Cont'd) 
trivalent forms concentrQate in the red blood cells and the liver, and 
are  slowly excreted in the feces. Pentavalent forms accumulate mainly 
in the blood plasma, liver and spleen, and are primarily  released 
through  the urine (Beliles, 1975). In man, the  chronic effects of Sb 
uptake are unknown  but it has been suggested  that a relationship 
between antimony and pulmonary carcinogenisis based on a possible 
antimony-containing abnormal enzyme  system  may  exist  (Beliles, 1975). 
This may be  consistent with Bowen's (1966) view  that Sb exerts its 
toxicity by acting as a11 antimetabolite. It i s  also generally con- 
sidered as  moderately toxic to all organisms. 

In marine environments Sb  can  be  concentrated by various 
marine organisms to  over 300 times  the  amount  present in sea  water 
(Goldberg. 1957). Background concentrations  of St) in fresh  water  are 
quite low (Bowen, 1966). 

Few studles o f  Sb  toxicity in aquatic  organisms have  been 
conducted. Tarzwell  and Henderson (1956, 1960). however, observed  that 
the 96-hour LC50 (concencration that kills 50 percent o f  the  test 
animals  within 96 hours) o f  Sb f o r  fathead  minnows LPirnephales 
promelas) in soft  water Wits 9 mg/L and 17 mg/L  in hardwater. Cellular 
division o f  green  algae  was hindered at 3.5 mg/L and 9 mg/L retarded 
the  movement of Daphnia (Elringmann and Kuhn, 1959). Concentrations o f  

5 mg/L SbC13 or SbC15 in soft water,  however, did not affect rainbow 
trout (Salno gairdneri), Bluegill JLepomis macrochirus) or sea  lamprey 
IPetrowzon marinus) (Applcggate et al., 1957). Pro.jectile vomiting in 
large  mouth bass LMfcropterus salmoides) was caused by 1.0 mg/l. Sb in 
the  form o f  tartar emetic  (Jernejcic, 1969). 

C.2 ARSENIC (As) 

Arsenic is one o f  the more  volatile trace elements and  is 
distributed from coal combur,tion in the  vapour phase  as well as 
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C.2 ARSENIC - (Cont'd) 

absorbed onto patif  culatrs of submicron size. Such partf  cles  are 
fnhaled t o  the  alveolar port ions o f  the lung where the As may enter the 
bloodstream (Natusch and Wallace e t   a l . ,  1974). Arsenfc d u s t  fnhala- 
tfon o r  As ingestion may Induce gastrointestinal and respfratory  tract 
f n f l m t f o n ,  skin lesions, degeneration o f  body organs, hemorrhage and 
lung congestf on (Masek  and Hais, 1965). 

An8nic Is ubfquitous in the environment ocurrfng i n  varfous 
forms. Generally, tr ivalent  anenfc compounds (arsenite)  are more 
toxfc  than  the  pentavalent compounds (arsenate). The l a t t e r  compounds, 
f n  nature,  are more common than the former (Heft, 1977). 

Water appears to be the most comon transfer route of As to 
wlldlife (ERT, Appendix F. 1978). Same may be transmitted from sofls 
into certatn specfas of plants  that are known to accumulate the element 

.(Porter and Petenon. 1975). The lethal dose for rnfmats 1 s  belfeved 
to be approximately 44 mg/kg body w f g h t  (Luh et   dl . ,  1973). The 
following anen ic  doses have  been l is ted for farm animals: poultry, 
0.05 to 0.1 g per bird;  dogs, 0.f t o  0.2 g per anfkl; pigs, 0.5 to. 
1.0 g p8r  animal; sheep, goats and horses, 10 t o  Is g per animal ; and 
cat t le ,  15 to 30 g per animal (Uadwrth. 1952). Calvert (1975) found 
that  accumulatfon of As i n  various organs was proportional t o  the 
amount Ingested. 

Arsenic has been shown to have a teratogenic  effect I n  chfck 
w i n y o s  a t  an As concentratlon i n  the egg yolk of 0.001 wg/kg, as 
arsenite (Bfrga and Roberts. 1976). Rabbits w i t h  an As intake of 
2.5 mg/kg showed disturbance f n  thefr muscular eo-ordfnatlon, mrpho- 
logical changes I n  t h e  red biood cel ls ,  ana kidney  impairment  (Akulou 
e t  al.,  1959). In a study by Peoples (1964) i t  was found that very 
l f t t l e  o r  no As fed as anenfc  acid w a s  stored  in  the  tissue of cows or 
in  their m i l k ,  although reductions of m i l k  productfon has been 
reported duQ to AS poisonfng (LflIfe. l970). h s t  o f  th.' Ingested AS 

was elfminatrd fn the urin8. The chemical signs o f  As poisonfng are 
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C. ,? ARSENIC - (Cont'd) 

vomiting,  diarrhea, t h i r s t ,  emaciation and unco-ordination  (Dickinson, 
1972; Lil l ie,  1970).  Toxic doses f o r  a var ie ty  of As compounds t o  
se lec ted  mammals under laboratory  conditions  range from a n  LOlO o f  
4 mg/kg fo r   o ra l  dose!; o f  a rsen ic   t r iox ide  04s 0 ) t o  an LO5o o f  

1100 mg/kg for  oral   doses o f  lead  orthoarsenate (Pb As 04) Christensen 
and Lugi nbyhl , 1975). 

2 3  

Where As compounds have been used for   pes t ic ide   cont ro l   the  
concentration o f  As i r l  both  surface and subsurface  soils  increased 
exponentially w i t h  the age o f  the  orchard o r  w i t h  the period  of  time 
arsenic   pes t ic ides  had been appl ied   to  t h e  soil (Frank e t   a l . ,  1976a, 
1976b).  Herbivorous  insects  (katydids) have demonstrated a n  increase 
i n  mor ta l i ty   ra tes  and tissue accumulations where the   insec ts  had fed 
on dosed crop areas  (Watson e t  a l .  ,. 1976). 

The amount of As accumulated i n  s o i l s   v a r i e s  w i t h  soil type 
and depth  (Johnson and Hiltbold,  1969;  Frank e t  al . ,  19768). Concen- 
trations  decreased w i t h  depth, the majority being i n  the upper  30 cm o f  

s o i l .  An approximate  calculation  using  the  formula o f  Oeuel and 
Swoboda (1972) showed that roughly one percent lor l e s s  of the applied 
As could be recovered (IS the  water  soluble form and the  remainder was 
probably t i e d  down  by 'the soil ,  the element  usually  occurs as a diva- 
l e n t  anion i n  sails (Berry and Wallace,  1974). 

The signs o f  As tox ic i ty  i n  p lants  i:s wi l t ing  of new cycle 
leaves  followed by retardat ion o f  root  and top growth of the   p lan t  
(Liebig,  1966). As concentrates i n  or  on the roots ,  the tfps of new, 
f ine  roots   being  affected  f i rs t .  Seed germination can a l so  be ar res ted  
by tox ic  amounts o f  As. Liebig  (1966)  has summlarized the tox ic i ty  of 
As to  various  crop  species  (Table C-1).  Very l i t t l e   o r  no A!; was found 
i n  the edible  parts o f  plants  such as  snap  bears, sweet corn,  peas  or 
potatoes. 
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C.2 ARSENIC - (Cont'd) 

TABLE C - 1  

THE TOLERANCE OF CROP SPECIES TO ARSENIC 

Very Tolerant  Fairly  Tolerant Low or No Tolerance 

Asparagus 

Potato Sweet corn 
Strawberry on heavy and Snap bean 

medium s o i l s  Lima bean 

Tomato Beet Onion 

Carrot Squash Pea 

Tobacco Cucumber 

Strawberry A1 fa1 f a  

Grape 

Red raspberry 
Sweet on l i i h t  and 
Strawberry sandy s o i l s  

- Note: Some of t h e  tolerant crops - potatoes,   corn,  rye, wheat, lemon 
p lan ts  - exhibi t   smal l   y ie ld   increases   a t  low leve ls  of arsenic.  

Source:  Liebig, 1966. 

Arsenic can occur 1 n a number of forms i n  the  aquatic  envi- 
ronment (Penrose, 1974). In water ,   arseni te  i s  f a r  more poisonous  than 
arsenate,  under aerobic   condi t ions  arseni te  is  quickly  convert3d t o  
arsenate  (Dabrowski, 1976). Arsenic compounds are  *educed and sethy- 
la ted  by anaerobes  to form highly  toxic  methylarsenic or  dimethyl- 
arsenic  but  these forms a re  readily  oxidized to give  products which a re  
less   toxic   l ike  cacodyl ic   acid (Wood, 1974; Braman and Foreback, 1973). 

As is accumulated by f i s h  from both  water and food. Fats 
contain more As compared w i t h  other  tissues as  the  element has  a l i p i d  
a f f in i ty   ( l i poph i l i c )   (Ph i l l i p s  and Russo, 1'378). The h a l f - l i f e  of As 
i n  t h e  muscle o f  green sunfish ILeDomis cyanellus) was only  seven  days 
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C.;! ARSENIC - (Cont'd) 

(Sorenson, 1976). As uptake'by  l fver,   gut  and muscle  of  green  sunfish 

increased  with As conc:entratlon i n  water,  temperature and exposure 

i n te rva l  (Sorenson, 1976). 

Gilderhus (1966) invest igated  the  e f fects  of As on b l u e g i l l s  

{Lepomis macrochfrus) ,md other  aquatic  organisms i n  concrete ponds 

which  received doses o,f As. F ish   surv iva l  was reduced a t  concentra- 

t i ons  as low as 0.69 t.o 2.76 mg/L. Only 18 percent of immature f i s h  

survived i n  the  pool  receiving 11.07 mg/L As ( i n  doses o f  0.69 mg/L 

once weekly f o r  16 wet!ks) compared w i t h  90 percen t   su rv i va l   i n   t he  

controls.  Of t he   adu l t   b lueg i l l s ,  31 percent  of  those  receiving As 

survived whereas 60 percent  survived i n   t h e  c:ontrol group. Tissue 

residues of 1.3 and 5.0  mg/g As were associats!d w i t h  reduced  growth 

rates and increased  nwrtal i t y  i n  immature and a.dult  bluegi 11 s respec- 

t ively.   Macrolnvertebrate  densi t ies and d ivers i i t ies  were a'lso reduced 

when the As treatment  over a year  equalled or exceeded 4.0 mg/L 

(Gilderhus, 1966). 

The 96-h LCsc of sodium arseni te   var ies between  sp,ecies. The 

values  for  brook  trctut,   Salvel inus  fontinal 'k and b lueg i l l s ,   f o r  

example, were 25.8 n@L and 72 mg/L respectively  (Cardwell   et  al. ,  

1976). The eyed stage of rainbow t r o u t  eggs could  withstand 50 mg/L of 

e i ther  arsenate o r  arseni te   whi le   the same cancentrations were reported 

l e t h a l   t o   t h e  swimning  stages  (Dabrowski, 1976). 

Temperature a lso  a f fects  As t o x l c i t y .  The LTs0 ( l e t h a l  

temperature a t  which 50 percent   o f   the   tes t  organisms die)  decreased 

from 678 h a t  10°C t o  124 h a t  30°C when th l t   f i sh  were exposed t o  

60 mg/L arsenic as sodium arsenate. 'The LTS0 a t  30°C -for 30 mg/L 

arsenic was 209 h (Sorl%nson, 1976). 

Daphnia were immobl l i red  af ter   exposwe  to As concentrations 

ranging from 18 t o  21 mg/L sodium arsenate, or 4.3 t o  7.5 mg/L as 

arsenic i n  Lake Er ie  water (Anderson, 1944,  1946). A 16 percent 
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C. 2 ARSENIC - (Cont'  d) 
reduction in Oaohnia magna reproduction  occurred at 0.52 mg/L As (as 
Ha HAs04) over a period  of three  weeks (Bfesinger  and Christensen, 2 
19i2). 

Although As is accumulated  from water by aquatic organisms 
there  does  not  appear to be bioraagnlfication through  the food  web 
(Lunde, 1970; Seydel. 1972; Isensee et al., 1973). Eioaccumulation 
ratios for As in selected fish and invertebrates  ranged from 110 to 
14 500, the  emergent parts containfng less than the  submerged parts. 
The levels of As in algae ranged  from three  to 7000 times  the concen- 
tration i n  water (Demayo et al. , 1979). 

In summary,  Arsenic f s  a cumulative poison and is potentially 
toxic  to  plants  and animals. Its toxicity  depends on the chemical form 
and made  of intake. 

C.3 BERYLLIUM (Be) 

Barylllum  ranks 44th $n abondanca among the elements,  constf- 
tuting about 0.0006 percent  of  the earth's  crust. Beryllium  enters the 
environment  principally f rom coal combustion (Drury et al., 1978). The 
chemical species of Be emitted  through coal combustion  are not known 
although  investigators recognize that the  elemant is partially volati- 
lized and occurs in airborne particulate form as well as in the vapour 
phase (Klein et ai., 1975; Lindberg et al., 1975). 

Beqllium caapounds in airbarne  particulate form  are  of 
toxicological interest. Inhalation is the chief form of entry into 
animals  as  little  acCumulation o r  toxicity results from oral exposures 
because ingested forms of Be are poorly  absorbed  through the intestinal 
wall (Stokinger, 1972). Inhaled soluble  salts  of Be hydrolyze to a 
colloidal  form  on the  wcous surfaces  of the bronchopulmonary tract. 
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C.3  BERYLLIUM - (Cont'd) 

Some  Be i s  re ta ined  in   the   lung   fo r   long   per iods   bu t   por t ions  

are  t ranspor ted  to  and stored i n   t h e  major  tissLles o f   t h e  body. The 

manner o f  t h i s   r e d i s t r i b u t i o n  seems t o  depend  more on the  extent o f  

exposure and the  physicochemical  state  of  the Be than on metabolic 

d i f f e rences   o f  animal  species  (Browning, 1969; StcNkinger, 1972:). 

The adverse  health  effects caused by [le are  wel l  known and 

have been described  quite  thoroughly  from  data on occupational expo- 

sures. The purpose o f  th is   d iscuss ion i s  t o  address the  impacts  of Be 

on the  natural   environment  (exclusive  of  man). Consequently,  the 

reader i s  r e f e r r e d   t o  thte review  by  Drury e t   a l . ,  1978, f o r  informat ion 

pe r ta in ing   t o   t he   e f fec ts  o f  Be on human health. 

Beryllium  sulplhate has been shown t o   i n h i b i t   t h e  embryonic 

development o f  chicks,  Gallus  sal lus (Palmer, 1972). Beryll ium  admini- 

stered as a profus ion w'as l e t h a l   t o  pigeons and (chickens; it was found 

(Chanh and Maciotte - Lapoujade, 1966) that  chickens were about  three 

times as sens i t i ve  as pigeons, w i th   t he   l e tha l  dose averag,ing 0.56 f 
0.15 g/kg and 1.49 f 0.16 g/kg  respectively. 

There  are  few.data  which  describe  the  effects  of Be t o x i c i t y  

t o  mammals. In a rev,iew o f  Be tox ic i ty   presented by Drury e t   a l .  

(1978), it would appear t h a t  many of the  biochemical and physiological  
mechanisms that   are  a f fected by Be i n  humans are  also  inf luenced  by  the 

element i n   s i m i l a r   f a s h i o n   i n   o t h e r  mammals. For example, experimental 
f ind ings  show t h a t  some bery l l ium compounds an!  carcinogenlc i n   t e s t  

animals  (Vorwald e t  al., 1966). Pulmonary cancer has been produced. i n  
r a t s  and monkeys by inha la t ion  exposure  (Vo,rwald e t  a l . ,  1966). 
Sarcomas have a lso been induced i n   r a b b i t s  by i ,n jec t ion  (Tapp, 1966). 
No data were uncovered concerning  the  teratogenic or mutagenic e f fec ts  

or  lack  of   these  ef fects  by Be i n  mammals. Lethal  oral doses i n  

several  laboratory  animals  range f r o m  80 t o  146 mg/kg f o r   d i f f e r e n t  Be 

compounds (Christensen (and Luginbyhl, 1975). 
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Beryl1 f u n  chmf s t ry  f n  the  soil has not been- thoroughly 
investigated b u t  I t  fs thought to  be similar t o  that  o f  aluminum or 
zinc (Bohn. l972; Romney  and Chitdress, 1965). The  Be fan participates 
f n  cation exhange reactfons and undergoes  fsomorphfc substftutfon i n  
secondary clay minerals. I t  is fixed i n  many soils and wil l  displace 
divalent  cations which sham common sorptfon  sftes. 

Uptake p f  Bo  by plants from both soi ls  and nutrient  solutions 
does occur (Romney and Chfldress,  1965). Incruasing  the Be concentra- 
t f o n  in t h e  nutrient  solution  increases  the Be content o f  the  plant 
material. High concentrations o f  insoluble  Baa3 and Be0 did  not 
influence bean  growth but  Be(H03)2 and BeSOq a t  10 mg/L fnhfbited  blant 
growth (Romney and Chfldress ,  1965). The b inding  o f  Be by soils  also 
affects uptake by plants .  Beryllium (40 m g / L  added in soluble form) i s  
mm available i n  ac id  soils,  pH = 5.8, than i n  slfghtly  alkaline 
soi ls ,  pH = 7.5 to 8.0 (Willfanu and  LeRfche, l968). Beryllium i s  not 
readlly  translocated from roots t o  shoots. Swe plants, however. as f n  
the  case of maize. concentrated Be i n  the  reproductive  apparatus 
(Oustrin e t   a l . ,  l967). Bingham  and Steucek (1972) reported  that 
roughly 46 percent o f  radioactive Be applied to   p lana  was absorbed 
while four percent o f  that  was transportad o u t ' o f  the  leaves. 

Generally, 8e f n h f b i t s  plant growth, b u t  f n  some cases may  be 
stfmulatory. Growth i n h i b i t i o n  fs more frequently observed i n  
experfmena wfth  Be. h u n t s  o f  Be greater t h a n  4 percent of the 
cation exchange capacity o f  sofl reduced the  yield of beans, wheat, and 
clover (Romney and Childress, 1965). In nutrient  solutions Be toxicity 
occurs.at about one mg/L. 

I n  fresh  watw Be fs prfraarily f n  dissolved form avetaging 
less than 0.001 mg/L. Sediments generally  contain about 2 to 3 mg/L Be 
( D r u r y  e t   a l . ,  1978). The small amounts o f  Be in  natural  waters i s  due 
to the low solubility o f  its oxfde and hydroxide a t  the connnon pH o f  
such waters (Kopp and Kroner, 1968). 
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C.3 BERYLLIUM - (Cont'd) 

Guppies (Poec i l ia  - r e t i c u l a t a )  accumulated  radioactive Be and 

uptake was d i r e c t l y   r e l a t e d   t o   t h e  Be concentration i n  the  water 

(Slonim and Slonim, 1973). Levels were highes.t i n   t h e   v i s c e r a  and 

in tes t i na l   t r ac t   f o l l owe l j  by the  kidney and ovary. 

I .  

I 
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The development o f  eggs and tadpoles  of   the common f rog  (Rana 
temporaria) was retarded  by  t reatment  wi th Be  (Needham, 1941). 

Beryl l ium  sulphate  acts as a m i t o t i c  suppressor i n   s n a i l s  JLyrnnaea sp.) 

(Bose, 1973). 

The t o x i c i t y  o f  Be  compounds t o   f i ! i h  has been studied. 

According t o   T a r m e l l  and Henderson (1960) Be  was the most t o x i c   o f   t h e  

less common metals  tested. They reported a 96-h LCso of 11 m(g/L  Be fo r  

fathead minnows  JPimeph(S1es promelas) i n  a water hardness o f  400 mg/L 

and 0.2 mg/L (as CaC03) i n   s o f t  water. They suggested a safe concen- 

t r a t i o n  o f  1.1 mg/L for   fa thead mfnnows i n  a water o f  hardness 400 mg/L 

but  indicated  the  corresponding  safe  level   for   sof t   water  would be 

lower.  Slonim and Slonim (1973), f o r  example, repor t   the  safe concen- 

t r a t i o n   o f  Be t o  be  between 0.011 mg/L (100 mg/L hardness) and 1.1 mg/L 

(400 mg/L hardness) f o r   t h e  common guppy. 

The p ro tec t i ve   e f fec t   o f   wa te r  hardness on  Be t o x i c i t y   t o  
f i s h  i s  bel ieved t o  be due t o  the antagonism  between calcium and Be 

(Slonim and Slonim, 1973). Bery l l ium may penet ra te   v i ta l  organs more 

read i l y   i n   so f t   wa te r  o f  low Ca content and i t s   t o x i c i t y  may  be 

100 t imes  greater i n   s o f t  watar compared with  hardwater  (Slonim and 

Slonim.  1973). 

Beryl l ium does not  magnify i n  food  chains as  Be ingested by 

higher  animals i s   n o t  absorbed through  the  d: igestive  tract  but i s  

readi ly  excreted. The resu l t s  o f  laboratory  experimentation have 

general ly shown t h a t  Be i s   t o x i c   t o   p l a n t s  and animals  but urtder  normal 

circumstances  should  prlzsent no environmental  health hazard. 
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Boron occurs  enrfched f n solfd  chemical  specf es fn the p a r  
tfcles  of  fly  ash  upon  the  combustion of  coal.  Much of the 8 remains 
fn the ash  within  the  plant,  but a few  percent  are  released  into  the 
environment  (Ruck  et  al., 1974; Klefn  et at..  1975). 

Data  describfng  the  effects  of  inhalatf on o f  8 and i t s  c o w  
pounds  by  animals a m  limited. In experiments  where  animals  fnhaled 
barax  and  baron oxide  particles  for  varying  lengths  of time no damage 
to lungs  was  reported. The  most  serious  damage  incurred  was a mild 
nasal  frritation  at  concentrations 47 tfmns  the  occupatfonal  threshold 
limit  value  (Levinskas, 1964; Durocher.  1969). On the  basis of experf- 
mental  evidence B fs  not  recognized  as a problematic  air  pollutant 
(Schroader, 197l: Weir  and Ffscher, 1972). 

Boron would  appear to have a mlatfvely 1 ow toxicity  to 
m a m a 1 1  since  cattle  have  consumed  nearly 20 g o f  borax  per  day  and 
humans 3 g boric  acid  per  day  with no adverse  symptoms  (McKee  and 
Wolf, 1963). Boron apparently  does  not  accumulate fn mammalfan  tfssues 
(USEPA Water  Qualfty  Criteria, 1972). Gastrointestinal  and  pulmonary 
disorders  have  been  reported in lambs however,  due  to  grazing on vege- 
tation  growing fn areas  of  high  boron soil content  (Belfles, 1975). 

Boron levels of 0.2 to 2.2 mg/L in drinking  water or 
SO0 q/kg o f  6 per  day  dry weight o f  diet  are also  raparted  toxic  to 
lambs (Gough  and  Shackletto. 1976). the l.Ds0 for B fn mica fs reported 
to be 2000 mg/kg  and  an  oral  dose of 0.15 uqfday is toxic to rats 
(Bown , 1966). 

Boron is  an  essential  nutrfent  element  for  higher  green 
. plants  (Ringham, 1973). In relatively l o w  substrate  concentrations, 

hawever, B fs  phytatoxic  to  many  plants. The range  between  beneficial 
and toxic  concentratfons  fs narrow with  levels  from 0.05 to  0.10 mg/mL 
B baf  ng safe  while  concentrations from 0.5 - 1.0 W m L  B being  excss- 
sively high for B - sensitive  plants.  Toxic  boron  concentrations  of 
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C.4 BORON - (Cont'd) 
saturation extracts f o r  a  number of plant  species are given in 
Table C-2. Boron plays  an  important  role in organic translocation in 
plants and plant  growth regulator  responses, it also influences 
enzymatic responses, cell division, cell maturation, nucleic  acid 
metabolism,  phenolic acid  biosynthesis and lignification  as well as 
carbohydrate metabolism (Kothny, 1973). 

Boron toxicity  to vegetation is general ly associated  with B 
levels in acid  soils and soils  weathered from marine  sediments or high 
B levels i n  irrigation waters and over-application o f  B containing 
fertilizers (Temple et al., 1978). Much o f  the B in soils is 
associated  with minerals resistant to weathering, although 13 is also 
contained in the  organic fraction o f  soils (Bingham, 1973). It  appears 
that  this B is small in quantity  and  primarily  restricted to  the 
surface horizon o f  soils. As this fraction mineralizes  the B redistri- 
butes in the soil-water  system  becoming available in part f o r  plants.' 
A large portion o f  B added to soils is absorbed by certain soil 
materials, the balance  remaining in solution. This solution is 
important  to  plant  nutrition because o f  B availability. 

Increases in pli result in increased soil adsorption o f  B with 
maximum  adsorption occurring at pH 9.0. Boron adsorption  takes  place 
independently of other anions. Although B leaches it does not 
ordinarily leach out o f  .:he profile as readily as chloride, nitrate and 
sulphate salts. Variations in soil properties such as pH, organic 
matter  content and clay content may influence the  avai1abi;;ity o f  a 
given amount o f  B. 

Early  stages c t f  B excess in vegetation are characterized by 
leaf-tip  yellowing.  In the later more acute !;tages, a progressive 
necrosis o f  the leaf ocwrs. beginning at the tip and/or margins as a 
chloratic ye1 lowing  eventually spreading between the  late~al veins 
between the midrib  (Underwood, 1975). Foliar  concentrations in excess 
of 300 mg/kg accumulated by plants  exposed to atmospheric emissions 
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TABLE C-2 

TOXIC BORON CONCENTRATIONS OF SATURATION 
EXTRACTS FOR SENSITIVE, SMITOLERANT 

AN0 TOLERANT CROP SPECIES 

Saturation-Extract Boron 
(uq o f  B h L )  

Sensitive 
0.5-1.0 

Semi to1 erant 
1.0 -5.0 5.0-10.0 

Tolerant 

Citrus Lima bean Carrot 

Avocado Sweet potota  Lettuce 

Apricot 

Peach 

8.1 1 pepper 

Oat 

Cabbage 

Turnip 

Cherry Mf lo Onion 

Persimmon corn Broad bean 

Fig . Wheat Alfalfa 

Grape ' Bar1 ey Garden beet 

Apply Olive Mangel 

Pear Field pea Sugar beet 

P1 um Radish Palm 

Navy bean TOMto. Asparagus 

Jerusalem  artichoke  Cotton 

Val nut Potato 

Note: Listed in each category accordfng to  susceptibility  to boron _. 

more W a n  potato, ate. 1. 
injury (viz., citrus is more sensitive  than walnut, l i m a  beam 

Source:  Binghaa. 1973. 
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C.4 BORON - (Cont'd) 
have  been  shown  to  produce injury (Temple et al., 1978). The symptoms 
of injury were  similar  to  those produced by  toxic: concentrations o f  B 
absorbed  through  the roo':s. There is some  evidence  to sugges,t that an 
interaction may exist  between  F and B in plants ('Temple et al., 1978). 

There  are liwited  data on the  toxicity o f  B to  aquatic 
organisms. It occurs regularly,  however, in natural water  supplies 
(Heit, 1977). The minimum lethal dose  for minnows  exposed to  boric 
acid  at  2OoC for 6 hour!; was reported to be 18,000  to 19,OOCI  mg/L  in 
distilled water and 19,000  to 19,500 mg/L  in hard water (LeClerc and 
Devlaminck, 1955; LeClerc, 1960). At a concent.ration of 2000 mg/L 
boric acid  showed no effect on trout and rudd B a r d i n i u s  
erythrophthalmus); at 5000 mg/L it caused  discoloration of the trout's 
skin and at 80 000 mg/L the trout  became immobile (Wurtz, 1945). The 
96-h LC50's f o r  mosquito .fish (Gambusia  affinis) at. 20 to 26°C and a  pH 
range  of 5.4 to 9.1 were 5600 mg/L for boric acid and 3,600 mg/L for 
sodium borate (Wallen et al.,  1957). The above d.ata clearly  indicate 
that B is relatively non-toxic to  fresh  water fish. 

Generally, 8 has a low order  of  toxicity  to both plants and 
animals in the biota. 

C.5 CAOMIUM (Cd) 

Cadmium  ranks fi4th in order  of elemental abundance in the 
earth's crust (Taylor, 1964). It is not an essential trace elelnent f o r  

either plants or animals. 

The  amount  of Cd entering  the environment  from coal combus- 
tion is significant (Fri5erg, 1974) although i t  is not the major 
source (Bertine and Goldberg, 1971). Cadmium is partially concantrated 
on smaller particulates .and  is also volatilized and emitted in the 
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vapour  phase upon coal  combustion (Lim, 1979). Consequently,  airborne 
Cd is available via the  Inhalation  route  to  air  breathfng  animals. 

In humans approximately 60 to 65 percent o f  the  Cd  deposited 
fn  the  lungs is absorbed  but  only 1 to 7 percent from the  normal  daily 
diet is  retained. The reminder is excreted  via  the  urine  and  feces 
(Friberg  et  al., 1975). In -15, approximately 6 to 10 percent o f  

fngested Cd  is  absorbed  and  transported  through the body  by  red  blood 
cells.  Few  data  are  available which  describe the effects of inhaled Cd 
on wildlife.  Inhaled  Cd  caused  pulmonary  damage  especially emphysema 
In bath humans and other mamals (Dugdale, 1978; Miller, 1973.). Onca 
absorbed f r o m  the lungs  the  transport o f  Cd  basically  follows that of 
it7geSt.d Cd. Once ingested  and absorbed, Cd is  stored  largely in the 
kidneys  and liver and is excreted  at  an  extremely slow rate (USEPA. 

1976; Reeder et al., 1979). The  biological  half-life  has  been 
eStiMted at 10 to 30 years  (Friberg et al., 1974). 

.' 

" 

The symptoms of acute Cd toxicity folioufng a high  dosage  are 
nausea,  salivation,  vomiting,  diarrhea,.  abdominal  pafns,  myalgia  and 
weakness  (Reeder  et al., 1979). The lethal  dose  for  man  has  been 
estimated to be  betueen 5 and 50 mg/kg body weight  for  a  single  inges- 
tion.  The 14 day  values for rats  ranged  between 130 and 180 -/kg 
o f  body  wefght. An intake o f  1600 mg/kg for  rats i s  lethal  (Bowan, 
1966). 

The chronic  toxicity  associated  with  long-term  effects o f  l o u  
levels of Cd intake  results in a total or partial  loss of smell, 
coughing. difficulty i n  breathing,  weight  loss, yellwing of teeth, 

caries,  irritability,  gastrointestinal  upset and  proteinuria. There is 
evidence to suggest  that Cd also  has  carcinogenic.  genetic.  terato- 
genic, testicular and cardiovascular effects (Reeder  et  al., 1979). 
Chronic Cd concentrations  may  impair  the  reproductive  potential of 
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C.5 CADMIUM - (Cont'd) 

mammalian populations  th?ough an increase i n  embryonic mor ta l f t y  and/or 

decrease i n  sperm v i a b i l i t y   ( B i r g e  e t  a l . ,  1974a and 1974b). 

Teratogenic  effects were observed i n  mice af ter   long-term 

exposure t o  10 mg/L  Cd ' in  water  (Friberg, 1978). A l eve l  o f  5 mg/L  Cd 

in   t he   d r i nk ing   wa te r  c f  rats  g iven  over a pe r iod   o f  180 t o  240 days 

produced systol ic  hypertension (Gough and Shac:klette, 1976). Only 

s l i g h t   t o x i c   e f f e c t s  were observed i n  a 2-year  ,study w i t h   r a t s  fed a 

d ie t   con ta in ing  50 mg/kgl Cd (Lorke,  1978). A dose l e v e l   o f  tj mg/kg Cd 

over 10 days reduced  we':ght  gain and changed the  behaviour o f  pregnant 

rats.  Cadmium a l s o   i n h i b i t s  hemoglobin  production,  the symptoms are 

the  same as i r o n  d e f i c i e n t  anemia (Wagner, 1972). The element may also 

produce  hemolysis, abno'rmal l i ve r ,   k idney  damage and osteomalasia I n  

r a t s   s i m i l a r   t o  Cd - induced I t a i - I t a i  disease  (Friberg, 1976:). 

The uptake o f  Cd by  plants  varied  over a wide  range, 

depending on the  plant  species,  type o f  s o i l ,   a c i d i t y  o f  t he   so i l ,  

ca t ion  exchange capacity,  organic  matter and zinc  content o f  t h e   s o i l  

(Reeder e t  al., 1979). In sandy s o i l s  uptake i s  greater  than i n   s o i l s  

h i g h   i n   c l a y  o r  organic  matter  (Friberg  et  al. ,  :1974). So i l  pH i s  the 

g rea tes t   s ing le   f ac to r   a f fec t l ng  Co uptake. Generally, Cd uptake  by 

plants  increases  wi th a m  increase in   so i l   ac id . i t y   wh ich  is; probably 

re la ted  t o  the   g rea ter   f rac t ion  o f  soluble Cd i n  the s o i l s  due t o  

increased  leaching  from a decreased pH. 

Cadmium can  ai'fect  several  plant proce:sses such as CO f i xa -  

t i on ,  gas t ranspirat ion  through stomata mitochondiral   respirat ion and 

coupl ing i n   a d d i t i o n   t o   i n t e r f e r i n g   w i t h  normal metabolism o f  z inc and 

i r o n  (Chaney, 1978). 

2 

Visual symptoms of Cd t o x i c i t y   i n  wheat were observed a t  

2.5  mg/kg Cd i n   s o i l   w h i l e   r e d  maple grown on soi ls  'containing 

1.0 mg/kg Cd showed  symptoms of Cd poisoning  (Mitchel l  and Fretz,  1977; 
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C. 5 CAOHIUM - CCont'd) 
Haghfri, 1973). The primary symptoms  of Cd toxicity  on  Vegetation 
fnclude foliar necrosis and chlorosis. Food crops  have  displayed 
reduced yfelds  at soil Cd concentrations in the  range  of 4 to 20 mg/kg 
although rfce was not affected by sail containing 640 mg/kg Cd (Reeder 
et at., 1979). The general toxicity of Cd  is moderate  to  vegetation 
being normally toxic at 1 mg/kg to plants in  rolls. The average back- 
ground soil concentratfon  of Cd  fs reported to be about 0.55 mg/kg with 
plants growing In this soil contafning 0.12 &kg  Cd (Heit, 1977). 
Similar  sofls present around a coal-fired powerplant  were found to have 
1.46 mg/kg Cd and the plants  growing on this sofl  had  an average of 
0.35  &kg  Cd (Klefn and Russell, 1973). 

Herbfvorous  animals may be affected with Cd through  ingestion 
of  contaminated vegetation. C a M  um. for example, is suspected in the 
death o f  a horse which contained 410 mg/kg Cd in I t s  kfdney and 
80 mg/kg I n  the lfver (Allaway, 1968). 

Cortain  plants dfsplay such a tolerance to Cd that they  are 
used as indicators of Cd contaainatfon (Simola, UT). Species of moss ' 

and lfchens are known. f o r  example, to accumulate Cd to 10 times back- 
ground concentrations (Fleischer et al., 1974). 

Cadmiua in natural waters and sediments f s found in rela- 
tfvely low concentrations (Enk and Mathis, 1977). Airborne Cd  as a 
result of emissions from coal combustion may ultfmately find f t s  way  to 
aquatic sedfments. Peytm and McIntosh (1974). have observed that 
afrborne Cd m y  be contributing  significantly  to the Cd concentration 
of stream sediments. The dfstribution of the metal in the systefn was a 
function  of basfn depth and slope, polnt sources and water currents. 
The  eleaent is taken up in large amounts by aquatic  organisms and 
causa prograssfve chronic poisonfng in f f s h  rfmilar to mamals because 
the m e t a l  is excreted at an extreaely slow rate (USEPA, Water Quality 
Criterfa, 1973). Macrophytic vegetatf  on takes up large amounts  of Cd 

i 

L 
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C.5 CADMIUM - (Cont'd) . 

from both  sediments and water,  concentrat ion  facttrrs f o r  the  roots  o f  

shoots o f  pondweed (Elodea), f o r  example, were 20 000 and 21 000 
respect ive ly  (Ravera e t  ~ l . ,  1973). Concentration  factors for other 

species of aquatic  vegetation  range f r o m  :LOO t o  95CIO times. 

(Ladner and Jernelov, 1569; Hutchinson and  Czryska, 1972). Some of 

these  plants  are  ingested by waterfowl and may represent a s i g n i f i c a n t  

route o f  uptake f o r  thest! birds.  Benthic  macroinvertebrates have been 

shown t o  accumulate Cd by concentration  factors  ranging  from 300 t o  

30 000 t imes  the  level   of  Cd i n   t h e  water  (Whitton and Say, 1975; 
Spehar, e t   a l . ,  1978). 

Cadmium i s  taken up and accumulated by fresh  water  f ish. A 

good review o f  these phenomena i s  provided  by  Phi l l ips and Russo 

(1978). The  Cd present i n  f i s h  appears t o  be as,sociated  with a Cd - 
binding  protein  metal lothionein  (Marafante,  19'76). In b l u e g i l l s  

exposed t o  Cd f o r  30,  60 and 90 days, Mount and Stephan (1967) showed 

tha t   subs tan t ia l  Cd accc~mulation had occurred i n   t h e  kidney, l i v e r ,  

g i l l  and gu t   bu t   there  was no signi f icant  accumulat ion i n   t h e  muscle 

and bone. The  same authors were ab le   to   cor re la te  Cd m o r t a l i t i e s   i n  

b l u e g i l l   t o   t h e  amount o f  Cd accumulated i n   t h e   g i l l   t i s s u e .  In 
shor ter  more acute  studies it was observed that  very little Cd had 

accumulated i n  the   l i ve r .  Cadmiunrcontaminated ,f ish  placed i n   f r e s h  
water last Cd from the g i l l s  but  n o t  from the l i v e r  and kidney where 

the  element was bound (Kumada e t   a l . ,  1973). 

Very l i t t l e  evidence o f  accumulation  through  the  food web  was 

found. Concentrations o f  Cd i n  bottom  sediments, worms, clams omni- 

vorous f ish,  carnivorous,  f ish, and water were about 2.0, %.1. 0.6, 
0.003, 0.03 mg/kg and 0.0006 mg/L respectively  (Mathis and (Cummings, 

1973). 

Cadmium i s   t o x f c   t o   a q u a t i c  organisms a t  low  concentrations. 

Phytoplankton has displayed  reductions i n  photosynthe t ic   ac t l v i t y  and 
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C. 5 CADMIUM - (Cont'd) 
regenerative  changes at concantrations as low  as 0.03 to 0.05 mg/L Cd 
(Burnison et a1 . , 1975). Growth inhibition  of  algae was observed at 
similar  concentrations (Burnison et a l . ,  1975). Chlorophyll levels 
were reduced in macrophytes and turgor pressure  as well  as stolon 
development were affected by  0.007  mg/L Cd (Cearley and Coleman, 
1973). 

Acutely toxic concentrations for various species of zoo- 
plankton (48-h  LCfo) ranged from 0.065 to 3.8 mg/L Cd (Biesinger and 
Christensen. 1972; Bandouin and Scoppa, 1974). Aquatic insects are 
less sensitive than zooplankton, the LCso's ranging from 1.2 to 
28.0 mg/L (Warnick and Bell, 1969; Rehwoldt et al., 1972). 

Ssdimen- contaminated  with Cd have been observed to retard 
the development of midge  larvae (Wenuel  et a l . ,  1977). Concentrations 
of Cd i n  the control sediment w a s  0.6 m d k g  (dry weight) and in the 
contaminated sediments. 1030 mgjkg (dry weight). 

Fish vary I n  their sensitivity to Cd. the most  sensitive 
being the salmonid. S o w  of the more tolerant species  include gold- 
fish, catfish (Ictalurus s~.) and fathead minnows. Acute  toxicity 
varies with the fish species tested,  time exposu.re, temperature and 
water  chmistry.  The 96-h LCfO for fathead minnows i n  water hardness 
of 200 mg/L as Ca C03 w a s  7.2 mg/L Cd (Plckering and Gast. 1972). The 
7-day LCs0 for rainbow trout was 0.008 to 0.01 mg/L  Cd and the 10-day 
LCsg w a s  0.005 to 0.007 mg/L (Ball, 1967). Coho  salmon IOncorhvnchus 
kisutch) exposed to 0.008 and 0.02 mg/L Cd for 6 days exhibited a 
14.3 percent and 53.1 percent mortality respectively (Kumada et dl., 

2372). 

Tha  toxicity  of Cd decreases  with increasing water hardness. 
Tha differences are  thought  to be due to an antagonistic effect of 
calcium and maybe magnesium (Hutshinson and  Csyrska. 1972; Oavies, 
1976). A teaperature increase from 5°C to 20aC fncreased the 96-h LCs0 
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of Cd f o r  Fundulus  &roc l i tus  i n  sea  water by  two to   th ree  times 
(E i s l e r ,  1971).  Dissolved oxygen a l so   p ro tec ts   aga ins t   the   tox ic  
e f f ec t s  of Cd on f i s h .  

The  chronic o r  sublethal   effects  of Cd on f i s h  a f f e c t  growth, 
reproduction,  behaviour.  survival and osmoregulation (Reeder, e t   a l . ,  
1979). Growth of brook. t r o u t  was reduced a t  a Cd concentration of 
0.0038 mg/L a t  a hardness;  of 45 mg/L as  CaC03 (Eaton e t   a l . ,  1978). In 
waters of greater  hardness (200 mg/L as  CaC03), a t   s imi la r   concent ra -  
t i ons  of Cd there were no adverse  effects  on t h e  survival ,  growth or  
reproduction of fathead minnows (Pickering and Gast,  1972). The MATC 
(maximum acceptable  tox,icant  concentration)  for brook trout. i n  s o f t  
water  (37 mg/L as CaC03:)  was between 0.001 and 0.003 mg/L  I:d and I n  
hard  water (188 mg/L as  CaC03) between 0.007 and 0.012 mg/L Cd (Sauter 
e t   a l . ,  1976). T h i s  i s   s i m i l a r   t o  t h e  HATC of between 0.0017 and 
0.0034 mg/L Cd suggested for brook t r o u t  i n  Lake Superior  water  (hard- 
ness 44 mg/L as  CaC03) by Benoit e t  a l .  (1976). 

Histopathological  changes have resul ted i n  mature male  brook 
t r o u t  exposed f o r  24 hours t o  0.025 mg/L Cd (Sang:alang and O'Halloran, 
1972).  Similar  observations have  been made f o r  brook t r o u t  exposed 
t o  water containing 0.01 and 0.025 mg/L Cd f o r  24. h. I f  Cd i s  present 
under natural   conditions f o r  a shor t  time a t  a c r i t i ca l   per iod  i n  the 
l i f e  cycle, breeding may be affected.  

Cadmium has  al:;o  caused te ra togenic   e f fec ts  i n  trout. embryos, 
28 percen t  of exposed fi!;h had abnormalities  after  exposure t a ,  0.5 mg/L 
Cd. 9 percent   af ter   expasure  to  0.05 mg/L Cd and 7 percent   a f te r  expo- 
sure t o  0.005 mg/L Cd ( U r g e   e t   a l . ,  1974a'and  1974b). 

Other metals, lead, zinc and selenium  also  influence t h e  

t ox ic i ty  of Cd to  aquat:c  organisms. These  rango from Zn erihancement 
of Cd tox ic i ty ,  antagonism  of Cd tox ic i ty  by Se and both syne!rgism and 

antagonism of Cd e f f ec t s  by lead  (Reeder e t   a l . ,  1.979). 
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C. 5 CAOMIUM - (Cont'd) 
In s-ry Cd  is a highly toxic  traca  element to ali levels 

o f  the biota. It is also a cumulative poison although dfrect evidence 
o f  biomagnification through the food chain is  lacking. 

C.6 CHROMIUM (Cr) 

Chromium is the 21rt most abundant e l a n t  in the earth's 
crust (Taylor. 1964; Bown, 19966). A small portion of the  Cr presant 
in coal I s  releasad, concentrated on small particulates, while  the 
majority is collected on ash particles and retained within the plant 
(Ruch et al., 1973; Klein et al., 1975; Llm, 1979). 

Chromium 1s an essential elomant  for humans and animals;  soma 
different  opinions exist, hoWvar,  whethw it i s  essential to vegeta- 
tion (Chapman, 1966; NRC. NAS. 1974). C h m f u m  i s  essantial for 
maintenance o f  glucose  tolaranca fn -1s. As part of an  organic 
complex ft is probably active during the first  steps of glucose 
mtabolism (Vokal et at., 1975). It h u  also been shown that  Cr is 
essantial to the aetabolfsm of cholastarol (Schmeder. 1968). 
Oeficfancy impafrs glucose and cholesterol umtabolism leading to  highar 
blood levels of both substances. Its deficiency has also been impli- 
catad to be a basic factor in altherosclerosis (Schroeder, l974). 

There  are few data which address the toxicity of Cr taken 
Into animals via inhalation. The major m u t e  of entry appears  to be 
through ingestion although  adverse effects to human health have been 
observd due to  inhalation o f  excessive amounts o f  Cr under occupa- 
tional settings (Cassaratt and Doult. 1975). Hamful effacts have not 
been noted f m m  aatbfent exposure (NRC. H A S .  1974). 

Chrumium can mter the body o f  an animal via the  mpiratory 
and digestive systems and the skin  with the latter tu0 being the most 
significant routas. The differant  valence  statas of Cr exhibit varying 
toxicitias. Hexavalent Cr (chromate ion) is the most toxfc form being 

" 
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C.6 CHROMIUM - (Cont'd) 
a  potent oxidizing agent  and penetrating biological membranes. 
Trivalent  Cr (chromic ion) forms complexes with biological macro- 
molecules restricting its movement  across  biological membranes. It 
binds strongly to  proteins and in sufficient  concentration forms cross 
linkages  between  carboxyl  groups o f  different  protein molecules. 
Chromates and dichromates  can readily  penetrate cell membranes  to a 
greater extent than  trivalent  Cr  compounds accounting f o r  oile o f  the 
reasons why  hexavalent Cr is more toxic than t.he trivalent species 
(Taylor et al~. , 1979). 

The  Cr content. in the  diet  ranges from 10 to 400 mg/d. O f  

this  amount about 95 percent originates in the food, the rest from 
drinking water and a lnegligible amount from air (NRC, NAS, 1974; 
Clwente, 1976). The  element is poorly absorbed1  by the gastrointes- 
tinal tract o f  manraals. Only 2 to 6 percent of an oral dose  was 
absorbed by rats (Nationill Research  Council, 1976). 

I 

. 
I 
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. Trivalent  Cr has  a low toxicity to animals  if ingeeted  as ft 
readily adsorbs  to food ,fibres and  precipitates as, an  insoluble form in 
the intestine. Hexavalent Cr  can  cross biological membranes and parti- 
cipates in the non-specific binding o f  biological molecules. Low 
levels of Cr (111) can inhibit  respiratory  chaln  activity and energy 
production from food by ,inactivating certain enzymes. 

According to  the National Research Council and National 
Academy of Science (1974.) concentrations o f  Cr I n  drinking water  that 
elicit sublethal toxic effects appear  to be greater 'than 25 mg/L. 
Chronic toxicity. however, has been  observed in several mammalian 
species at  concentrations o f  Cr (VI) greater  than 5 mg/L. At a level 
o f  5 mg/L of Cr (VI)  in (drinking water  the element. was  found t.0 accum.u- 
late in rats  but did llot affect growth rate, food intake or blood 
chemistry (NRC, NAS, 1974). The  same study  also  reported that mixed 
dust containing 7 mg/m3 of Cr03 was fatal to laboratory  mice over a 
10-day exposure  period and was poorly  tolerated by  rats. 
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C.6 CHROMIUM - (Cont'd) 
The symptoms o f  Cr poisoning in animals include neoplasms, 

irritation of  the gastrointestinal tract, vomiting, diarrhea, gastric 
and intestinal hemorrhage and kidney lesions (NRC, NAS 1974; 
Christensen and Luginbyhl, 1975). Different  types o f  cancer have been 
produced by implantation o f  various Cr (VI) compounds in test  aminals 
(National Research Council, 1976). An increased cancer  risk in the 
respiratory tract has been linked to Cr (VI) compounds (Smith, 1972). 
Lead chromate was shown to be carcinogenic  when  administered intramu- 
scularly to rats (Furst et al., 1976). Hexavalent Cr compounds  also 
produced mutagenesis in the bacterium Escherichia coli whereas Cr (111) 
compounds had no effect (Venitt and Levy, 1974). 

The concentration of Cr in soils varies greatly but i t s  soil 
chemfstry is relatively unknown (Berry and Wallace. 1974). Chromium 
(VI) i s  anionic in nature and is not strongly  absorbed by soil or 
particulate matter. It is more mobile than Cr (111) and hence is not 
subject to sedimentation. Chromium (VI) reacts strongly  with  oxidizable 
substances. generally oqanic molecules  forming Cr (111). I f  the  water 
contains  little  organic material, however, Cr (VI) can remain in the 
hexavalent form f o r  long periods. When  Cr (VI) contacts sofl it is 
convert4 to C r  (111) which is rapidly immobilized by the formation o f  

insoluble hydroxides and oxides, sorption  phenomena or by complexing 
thus becoming less  available fo r  plant uptake (Natlonal Research 
Council, 1976; CAST, 1976). The concentration o f  Cr shows a positive 
cornlation with the clay and aluminum content o f  soils (Mills and 
Zvarich. 1975; Whitby et al., 1978). Liang and  Taba.tabai (1977) have 
shown that Cr (111) applications to soils can inhibit nitrogen mineral- 
ization. The degma o f  inhibition vari4 among the four soils studied. 
Chromium (111) inhibition was evldent in the two acid soils (pH. 5.8 
and 6.6) studied but not in the calcareous  types that had  pH values o f  
7.4 and 7.8. 

. 
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C.6 CHROMIUM - (Cont'd) 

The t ox ic i ty  of Cr to  vegetation depends on i ts  chemical 
form, solubili ty,   concent,ration and type of s o i l .  The element may a c t  
synerg is t ica l ly  w i t h  N i ,  Co, and Mg i n  so i l  i n  exer t ing i ts  tox ic i ty .  
Chromium (VI) is  more tox ic  t h a n  t h e  t r i v a l e n t  foim  due t o  it!; grea te r  
mobility i n  s o i l s   ( T a y l o r   e t   a l . .  1979). Chromium i s  considered  to 
i n t e r f e r e  w i t h  t h e  root.  uptake  of some essent,ial  elements namely 
calcium.  potassium,  phosphorus and their   subsequent   t ransport   to  t h e  

aer ia l   por t ions of plants  (National  Research  Cou,ncil, 1976). Water- 
cu l tu re   y i e lds  of  soybeans were reduced by 0.5  mg/L Cr i n  t h e  solut ion 
(Turner and Rus t ,  1971). Chapman (1966) has reported  that  8 to 16 mg/L 
Cr as  chromlc or chromate ion produces  chlorosis on sugar beeb i n  sand 
cul ture .  In  some agricldltural  crops,  high  levels of Cr can  cause 
reduced  growth o r  death, whereas  adverse e f f ec t s  of low concentrations 
of Cr on corn, tobacccl and sugar  beets have a l so  been reported 
(Krickenbeyer, 1974). Additions' of Cr t o  Cr de f i c i en t  s o i l s  on 
t h e  other  hand, st imulate t h e  growth of l e t tuce  a,nd corn  seedlings a t  
concentrations of 0.1 and 0.5 mg/L Cr (Chapman. 1966). 

Chromium occurs, i n  natural  waters a t  average  concentrations 
less t h a n  0.0002 and 0.34 mg/L (WE, 1978). Chromium (111) is a posi- 
t i v e l y  charged  ion t h a t  has a tendency t o  form s t ab le  complexes w i t h  

negatively  charged  inorganic and organic   species   (Taylor   e t   a l .  , 1979). 

I n  t h e  absence  of  anionic  species, Cr (:[I11 i n  neutral  solu- 
tions can reac t  w i t h  water   to  form col loidal  hydrous  oxides. I t  i s  
unl ikely,   therefore ,   that .  much Cr wil l  be present i n  aqueous  r;olution. 
In  f a c t ,  Cr (111) is learst  soluble i n  t h e  pH range  covered by natural 
waters  (National  Research  Council, 1976). There is  some evidence t o  
suggest that  enrichment of the hypolimnion i n  lake!; w i t h  Cr is  a r e s u l t  
of   interact ions w i t h  bottom sediments (Funk  e t   a l .  ,, 1969). 
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C. 6 CHROMIUM - (Cont‘d) 
Chromium is moderately accumulated by aquatic  organisms 

(Phillips and Russo, 1978). The Cr content in lake trout lSalvelinus 
namaycush) increased with  age  collected in a N e u  York State  lake (Tong 
et el., 1974). Rainbow trout exposed to 2.5 mg/L Cr (VI) for 24 days 
showed the highest accumulation in pyloric caeca followed by gut, 
kidney and liver. Transference to fresh water resulted in a rapid loss 
o f  Cr froa the tissues  with the exception of  the spleen and kidney 
(Knoll  and From, 1960). The gill was indicated as the major  route of 
Cr accumulation  with  little  accumulating fn edible tissues. In another 
study, trout axposed to 2.5 mg/L Cr (VI) accumulated Cr rapidly during 
the first day but after this the fish did not accumulate  appreciable 
amaunta of  Cr up to 22 days (Buhler et al., l.977). Accumulations  were 
greatest in the spleen, kidney, gastrointestinal tract, gall bladder 
and opercular bone. Fish should not experience a cumulative Cr uptake 
f n m  intermittent exposures due t o  the fact that Cr is rapidly lost 
upon return to freshwater. 

-. 

i 

Huavalent chromium is the principal toxic form to fish and 
other aquatic  orginisms (Taylor et al., l979). Invertebrates and 
phytoplankton have been reported to be more  sensitive than fish (Strik 
et al., 1975). Macroinvertebrates display a wide range of sensitivi- 
ties, 96-h  LCso ranges in soft water for varfous species  of macroin- 
vertebrates ranged from 2.0 to 64 &L. Similar values were reported 
by Rehwoldt et al. (1972). 

Chromium (VI) in mlatively l o w  concentration  can inhibit 
photosynthesis. WiruP-Anderson (1974) found that  photosynthesis in some 
spcies o f  diatoms pacfllarioohyceae) was fnhibited by as much as 
50 percent upon exposure o f  0.65 mg/L Cr (VI). 

The acute  toxicity  of Cr to  aquatic organism varies among 
spcies and chemical form of tha element. A higher mrtalfty rate has 
been observed  for  chinook  salmon ff ngerlings lOncorhvnchus tshawvtscha) 

.-i 

.. 
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C.6 CHROMIUM - (Cont'd) 

i n  0.2 mg/L Cr.(VI) a f t e r   12  weeks exposure  than i n  0.3 mg/L Cr (111) 
(Olson,  1958).  Trivalent and hexavalent Cr wem? more tox ic  i n  s o f t  
water  (20 mg/L as CaC03:I for   fa thead minnows; the 96-h LCso i n  s o f t  
water f o r  Cr (111) was 5.07 mg/L compared w i t h  67.4 mg/L Cr (111) i n  ' 

hard  water, and f o r  Cr (VI) i n  sof t   water   the  LC5,, was 17.6 mg/L  com- 
pared w i t h  27.3 mg/L in hard  water  (Pickering and Henderson,  1966). 
Tabata  (1969) showed that  hardness  affected the tox ic i ty  of C Y  (VI) f o r  
Daphnia sp. b u t  not far carp {Cvprinius carpio) which is a f a i r l y  
tolerant   species .   Pickwing and Henderson (1966), on the ot.her  hand, 
conducted  bioassay t e s t s  w i t h  four  species of f i s h  and found t h a t  
hardness had l i t t l e   e f f e c t  on Cr toxic i ty .  Reported 96-h LC5,1's ranged 
from 17  to  118 mg/L. 

I 

I 
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It f s  obvious t h a t   t h e   s e n s i t i v i t y   t o  Cr of  various  species 
o f  aquatic organisms is wide. Those lethal  1evel:s  reported  a're 5.07 t o  
118 mg/L f o r  f i s h ,  0.05, mg/L for invertebrates  and 0.032 t o  6.4 mg/L 
f o r  algae, the highest  value  being 3200 times  t,he  lowest one (USEPA, 
Water qua l i t y   Cr i t e r i a ,  1973). 

A t  low concentrations Cr exhibi ts   sublethal   toxici t :y   to  f ish.  

Growth  was retarded i n  rainbow trout  exposed.to  0.35 mg/L i n  sof t   water  
f o r  12 months (Benoit,  1976). The MATC was determined t o  Ibe between 
0.2 and 0.35 mg/L Cr. The  lower  .value  corresponds to   t he   r e su l t s  
reported by Olson  and Fc'ster,  (1956). The survival ,  egg production and 
hatchabi l i ty  o f  fathead minnows, however, was not  affected b.y 1.0 mg/L 
Cr (VI) i n  hard  water (209 mg/L as  CaC03); although  early 'growth was 
affected,  the f inal   lengths  and weight  did  not  differ frorn controls  
(Taylor e t  a l . ,  1979). The a c t i v i t i e s  of g i l l  and kidney  adenosive 
tr iphosphatase enzymes in'rainbow t r o u t  exposed t o  a sublethal  level o f  

2.5 mg/L Cr (VI) were a l te red  (Kuhnert e t   a l .  , 1976). The biochemical 
mechanism o f  the   a l te ra t ions  i s  not known. Some implications o f  chro- 
mium's tox ic  mechanism may be derived from the  observation  that   these 
enzymes are  involved i n  ion and osmoregulation. 
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C. 6 CHROMIUM - (Cont'd) 
Based on the information in the litnrature, Cr appears  to be 

moderately toxic to both plants and animals. It is accumulatad by 
various plant and animal species but its biological half life is short 
and it  is rapidly eliminated. There  are no data to  suggest it 'is 
biomagnified through the food chain. 

C.7 - COBALT (Co) 

Cobalt is emittnd f r o m  coal-fired power plants partially in 
fly ash while the rest remains in the plant as slag (Heit, 1978; 
Lia, 1979). 

Colbalt is  an essnntial element  for both plants and animals. 
In animals it is a constituent  of vitamin Bu and micro-organisms use 
CO in tha synthasis o f  this vitamin (Prosser, 1973; Belilas, 1975). 
Rminantr require  Co  for the rumen  organisms; in sheep this requirement 
1s about 0.05 mg/d (Prosser, 1973). The daily intake for sheep and 
cattle (as distinct froa that required for ruminants) is about ZOO mg/d 
(Underwood, 197l). Cobalt is essential to blue green algae and some 
bacteria seed plants. Green  algae use it to catalyze enzyme activation 
for  nitrogen (Bowen, 1966). According to Valkovic (1975) and Horton et 
a1 (1977) no evidence has been presentnd that indicates it is essential 
to higher plants. 

Few data are available  which  address the toxicity o f  airborne 
Co to animals. Human poisoning, however, has been reported from the 
inhalation of Co dust from refinery and alloy plants. The symptoms of 
the poisoning were; dermatitis, gastrointestinal pain, vomiting and low 
blood pressure (Berry et al., lS74). 

In laboratory organisms it has been shown  that the slow 
accumulation  of  Co at a concentration  of 1 pg/g over a period of a 
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C.7 COBALT - (Cont'd) 

month caused  cardiomyopathy (Be l i les ,  1975). The  !iymptoms wen? s im i la r  

t o  congest ive  heart   fa i lure.   Cobal t   sal ts  are  readi ly absorbed  by the 

smal l   in test ine  but   s ign. i f icant   re tent ion o f  Co i n   t h e  human does not  

occur.  Approximately 80 percent  of  the  ingested Co i s  excreted i n   t h e  

ur ine  and 15 percent i s  removed i n   t h e  feces  (Bel i les,  1975). The 

element may  be accumulat.ed i n   t h e   l i v e r ,   k i d n e y  and bones 01' animals 

(Bowen, 1966; Underwood, 1971; Valkovic, 1975; Gaugh and Shacklette, 

1976). 

The concentrat ions  of Co i n  body t issues  that   are  non-toxic 

are 2.4 mg/kg f o r   r a t s ,  1,O mg/kg f o r  dogs, and 3 mg/kg for sheep (Gough 

and Shacklette, 1976). Underwood (1971) i nd ica ted   tha t  sheep could 

t o l e r a t e  an in take o f  150 mg/kg/d up t o  8 weeks whi le  Gough and 

Shacklette (1976) found  they  could  tolerate 350 mg/kg/d i n   t . h e i r   d i e t  

with no ill effects .  

The  symptoms of Co poisoning i n  animals  includes,  loss o f  

appeti te,  weight  loss and anemia i n  sheep. It has a l s o   r e s u l t e d   i n  

polythemia,  ret iculocytosis and increased  blood volume i n  mice, 

rabbits,  guinea  pigs, do$s, pigs,  ducks and chickens (Underwood, 1971). 
Becker and Smith (1951) also  observed  petechial and ecchymotic hemorr- 

hage i n  t h e   s m a l l   i n t e s t i n e ,   f a t t y   i n f i l t r a t i o n   o f   t h e   l i v e r ,   s l i g h t  
pulmonary edema and congestion i n  sheep. 
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Cobalt i n   s o i l s  apears  most o f ten  as a cat ion,   the  avai labi-  

l i t y  befng  control led ir: p a r t  by  the  cation exchange capaci ty (CEC) o f  

t h e   s o i l  (Romney and Chitdress, 1965; Prat t ,  1966; Brady, 1974.). Being 

a cat ion,  it will be bound t i g h t l y   i n   n e u t r a l  or a lka l i ne   so i l s   bu t  may 

' become  more ava i lab le  i n  ac id i c   so i l s .  The content o f  Co i n  most s o i l s  

i s  between 1 and 40 mg/k!l (Allaway, 1968; Horton e t   a l . ,  1977). Cobalt 
has been repor ted   to   inc rease  in   concent ra t ion   in   the   so i l  around a 

coal- f i red  powerplant film 2.3 mg/kg i n  background s o i l   t o  4.Ei mg/kg i n  
enr iched  soi ls  near  the  ]p lant   (Klein and Russell, 1973). 



C.7 COBALT - (Cont'd) 
Cobalt is not acc*umulated in plants to any great extent. The 

ability of plants to accumulate  Co was approximated using Hodgson's 
(1970) methodolgy. The calculated  concentration  factor was 0.11. 
According to Wallace and Romney (1977) Co is distributed more in roots 
than  in shoots  but is often found in moderate to large  quantities in 
shoots. 

Eewn (1966) reports that Co is toxic  to plants. Concentra- 
tions as l o w  as 9.1  mg/L  in solution  cultures produced toxic effects in 
many crop  species (Chapman, 1966). According  to  Kubota et al., (1963) 
a concentratlon o f  9.1 ag/L Co i n  nutrient  solutions is near the 
threshold toxicfty o f  most plants, whereas a concentration o f  9.05 mg/L 
appears to be satisfactory for  continuous  application on all soils. 
Corn has exhibfted the symptoms of Co  toxicity at concentrations 
between 4 and 8 mg/kg  in the leaves (Vanselow, 1977). HorWn et al. 
(1977) indicata that a concentration o f  one to 8 mg/kg in the leaves o f  
dox fennel was non-toxic. The symptoms o f  Co  toxfcity  include 
depressed gmuth, chlorosis, necrosfs and even death o f  plants 
(Chapman, 1966). 

Cobalt is found in natural waters at relatfvely l o w  concen- 
trations o f  9.009 to 9.0058 mg/L (Bowen, 1966; Valkovic, 1975). In 
sediments the concentration range is from 5 to 35 mg/kg (Leland et 
et., 1978). Upon entering water, Co apparently  tends to associate 
quickly with  particulate  matter and sedimenU becoming unavailable  for 
accumulation by most organism (Phillips and Russo, 1978). 

Little information is available on the toxicity o f  Co to 
aquatic organisms. Thomas '(19l.5) found that 15 mg/L'of cobalt chloride 
was lethal to Fundulus heteroclitus within 5 days. The 96-h  LCs0 for 
rotifers exposed to Co cobalt  sulphate was found to be 59 mg/L (Buikeaa 
et ai., 1974). Enlarged livers were reported in rainbou  trout inhabi- 
ting  watars  with high Co  concentrations (Oguri, 1976). 
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C.7 COBALT - (Cont'd) 

The in t roduct ic ln   o f   rad ioact ive Co t o  a pond containing warm 

water  fauna resul ted if, Co accumulations i n   t h e   s o f t   t i s s u e s  of 

organisms  (Erungs, 1967). The eggs o f  p ike  IEsox  lucius) when exposed 

t o   r a d i o a c t i v e  Co accumlJlated the element bu t   rap id ly   e l im ina ted  it 

upon t ransfer   to   f resh  water   (Kul ikov and Ozhegov, 1975). Rainbow 

t r o u t  eggs accumulated Co t o   l e v e l s   d i r e c t l y   p r o p o r t i o n a l  t o  the Co 

l e v e l   i n   t h e  water.  Coba.lt  uptake  decreased w i th   inc reas ing   ca lc ium  in  

concentrat ion i n   t h e  water  suggesting  that Co  may be antagonis t ic   to  Co 

(Kunze e t   a l . ,  1978). 

Cobalt appears t o  be moderately  toxic  to  p lants and animals. 

The concent ra t ion   fac to r   fo r  Co i n   p l a n t s  i s  low and herbivorous 

animals do not  concentrate  the  element as it i s  readi ly  excreted. 

Cobalt i s  accumulated  by f i s h   b u t  i s  e l iminated upon t rans fe r   t o   f resh  

water.  Intermittent  inc.reases i n   t h e  Co concentrat ion  of  water  should 

not  adversely  affect  aquatic organisms. 

C.8 COPPER (Cu) 

Copper i s  e m i t t e d   i n   t h e  vapour phase b u t   i s  a1 so found i n  

the  mechanically  col.lectc!d f l y  ash o r  bottom ash from coa l - f i r ed  power- 

p lan ts   (K le in   e t   a l . ,  1975; Hor ton   e t   a l . ,  1977; Lim,  1979). The 
chemical  species o f  copper emitted  through  coal  combustion are postu- 
l a t e d  as being  elemental copper and copper I1 oxide (CuO) (Oavidson e t  

a l . ,  1974) 
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Copper i s  essen t ia l   t o   t he   phys io log i c~~ l   f unc t i on ing  o f  man 

as wel l  as p lants  and arlimals. I n   p l a n t s  it i s  a const i tuent  o f  many 

essent ia l  enzymes and proteins one o f  which i s  cytochrome  oxidase 

(Bowen, 1966; Valkovic, :L975;  Gough and Shacklette, 1976). I n  animals 

copper i s  necessary for  the  manufacture o f  some Of the  ferroproteins.  

Ceruloplasmin, f o r  example, i s  a copper conta in ing   p ro te in   in   b lood 

plasma tha t  has fe r rox id i~ t i ve   capac i t y  and i s  essent ia l   to   the   t rans fer  
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of iron between plasma and cells (Roeser et al., 1970). Various 
mlluscs and arthropods concentrate  copper to 1 mg/100 mL of blood when 
it functions in .the orlgen-carrying pigment, hemocyanin (Prosser, 
1973). Coppper is also a constituent  of  cytochrome  oxidase i n  animals, 
the terminal enzyme in the energy transport systm of  animals  (Maniloff 
et al., 1970). Copper is also essential f o r  polyphenol oxidase, cyto- 
chrome oxidase, uricase, laccase, ascorbic acid  oxidase and tyrosfnase 
(Prosser, 1973). The element is integral for  the biosynthesis of 
protsins involved in the structure of  the connective, dermal and 
elastic  tissues (Maniloff et al., 1970). U n d o m o d  (1975) indicates 
that Cu is also required* f o r  red blood cell formation as  well  as  normal 
growth and  reproduction. 

Plants grown on soils deficient in Cu may become  chlorotic 
characterized by leaf-tip yellowing. It can be added to Cu-deficient 
soils as a trace nutrient supplement to other fr'rtilizers. The minimum 
reported concentration of Cu that begins to exhibit  toxicity to some 
agricultural plants is 0.10 mg/L (USEPA, 1976). Chickens  with Cu 
deficiency die from rupture  of the aortic blood vessel associated  with 
increased mucopolysaccharfdes in the  aorta and reduced cytochrome 
oxidase in the liver and heart (Hunt et al., 1970). Man requires about 
2 mg C d d ,  more  while  growing  with  blood  concontrations ranglng from 
0.05 to 1.0 mg/L (Prosser, 1973). Sheep require 1 mg  Cu/d, pigs about 
6 mg/L and most  laboratory  animals  require  about 50 mg/L/d (Underwood, 
197l). Copper  concentrations found in natural waters  are not known to 
have any adverse  effect  on humans. Concentrations  greater than 1 mg/L 
may impart an undesirable taste to drinking water. 

In most -1s Cu is poorly absorbed from the small  intes- 
tine. A small fraction, roughly 5 percent, is bound to albumin but the 
majority is associated with ceruloplasmin. Copper has the capacity  to 
readily penetrate rad blood cells and in the liver it fa  released f o r  
incarporation into various enzymes mquiring copper. Accumulations  of 
the m e t a l  have also been noted fn the brain, adrenal gland, heart, 
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I 

in test ine,   k idney and stomach (Bowen, 1966; Undelwood, 1971; Valkovic, 

1975). 
I 

Some in fo rma t ion   i s   ava i l ab le  on t h e   t o x i c i t y  o f  a,irborne Cu 

t o  animals.  Bischoff and Haun (1939) reported  that  animals were 

af fected as fa r  away  as 5 km from a Cu smel ter   wi th   f lydust   conta in ing 

25 mg/kg Cu. Sheep graz ing   w i th in  20 m o f  high,  tension  copper  tower 

l i nes  became ill and d ied  a f ter   ingest ing  forage  that  had grown on s o i l  

co ta in ing  Cu excesses (liemkes and Hartman, 1973). Molybdenum antagon- 

i zes   the   tox ic   e f fec ts  c f  Cu as sheep t h a t  grazed on pastures o f  normal 

Cu content  but  l o w  I n  Mo resu l ted  i n  l i v e r  accumulations (Gough and 

Shacklette, 1976). Thi!; accumulation can o f t e n   r e s u l t  i n  Cu poisoning 

followed  by  death. Thta  symptoms of Cu poisoning  include  conjunctiv- 

i t i s ,  stomach and in test ina l   catar rh,   sa l ivary   secret ion,   miscarr iage,  

emphysematose f a c t i ,   a f t e r b i r t h   r e t e n t i o n  and reduct ion o'r complete 

stoppage o f   m i l k  producl.ion (Man i lo f f   e t   a l . ,  1970). 

I 

Copper occurs  most o f ten  as a c a t i o n   i n   s o i l s ,  i t s  ava i lab i -  

l i t y  depending p a r t i a l l y  on the CEC o f  t h e   s o i l  and relevant  interphase 

e q u i l i b r i a  (Brady, 1974; Payne and Pickering, 1975). Leeper (1952) 
i nd ica tes   tha t  Cu i s  he'ld more strongly  than most. cat ions by the  cat ion 

exchange complex 'and  are,  therefore,  less  mobile i n   s o i l   s o l u t i o n .  
Copper will be more ava i l ab le   i n   ac id   so i l s   t han   t hose   t ha t  are neutral  
o r   s l i g h t l y   a l k a l i n e .  The concentrat ion  of  copper i n   s o i l s   g e n e r a l l y  

ranges  from 2 t o  100 mg/kg a l though  th is  range i s  narrowel- (1 t o  30 
mg/kg) i n  sandy so i l s   ( ' i o r ton  e t  a l . ,  1977). 

The uptake o f  Cu by p l a n t s   i s  dependent upon i t s   a v a i l a b l i -  

l i t y   i n   s o i l s .   A v a i l a b i l i t y  i s  inf luenced,  pa,r t ia l ly ,  by pH  as more 

a c i d i c   s o i l s  will leach Cu from bound s i t es   p lac ing  it i n   s o l u t i o n .  

Although Cu i s  he ld more s t r o n g l y   i n   s o i l s   t h a n  many cat ions,   p lants 

possess t h e   a b i l i t y   t o   t a k e  up s u f f f c i e n t   q u a n t i t i e s   o f  Cu even i n  very 

low  concentration.  Increases i n   s o i l  concentrations o f  Cu will r e s u l t  

i n  a further  accumulation o f  p lan ts  perhaps to t h e   p o i n t   t h a t   t o x i c  
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concentrations to the plant or fts consumer may be reached (Dvorak and 
Lewfs et al., 1978). There appears to be more Cu in the roots than 
shoots, but oftan moderate with sometfmes large quantities being 
observed fn shoots (Wallace and Romney, 1977). 

Concentrations o f  20 mg/kg in plant  tissues  have  elicited 
symptoms of Cu toxicity (Chapman, 1966, Valkavic, 1975). Grain, on the 
other hand, CM apparently accumulate Cu to 15 mg/kg without i l l  
effects but  these  levels may be harmful to sheep (Hemkes and Hartman, 
1973). Grass  seedlfngs {Aqrostis sp.) have been Shown to  develop a 
tolerance to Cu  over a 10-week period (Vu  and Bradshaw, 1972). Spinach 
and gladfolus also exhibit some  apparent  tolerance as neither species 
was affected by Cu at relatively high safl concentrations (93 to 
U O  mg/kg) at acidlc pH values. 4.5 to 4.7 (Chapman, 1966). 

Snapbeans were adversely affected by tissue  concentrations o f  

40 mg/kg or greater and reduced yields were observed at Cu tissue 
levels o f  betwean 20 and 30 *kg (Walsh et al.. 1972) Concentrations 
of 0.5 to 50 mg/kg o f  copper  acetate in the tissues o f  cauliflower, 
lettuce, potato and carrot  Inhibited growth (Bell and Riekard, 1974). 
Excessive Cu  can.interfere with i r o n  mtabolism in plants, the symptoms 
usually appear as necrosis in foliar regions (Gough and Shacklette, 
1976). Another mechanism o f  Cu toxicity may be related to effects o f  
Cu on nitrogen mlnaralisation in  soils. Lfang and Tabatabai (1977) 
observed that  the Cu divalent cation inhibited the nitrogen metabolism 
in various sails. 

Copper is found i n  most natural waters at an average cancan- 
tration o f  0.015 lag/L (USEPA. 1976). The concentration o f  Cu in sedf- 
mnts ranges f rom 1 to 476 mg/kg with the majorfty  being between 1 and 
110 mg/kg (Leland et al., 1978). Copper enrichment in the sediments o f  

an aquatic ecosystem has been reported f r o m  urban-industrial sources o f  
air pollution. Aerial fallout increased Cu sediment levels above a 
control system, t.?e distrfbution o f  the metal in the ecosystem was a 
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function o f  basin dep th  and slope,  point  sources and water  currents 
(Peyton e t   a l . ,  1974). The chemistry o f  Cu i n  Walter i s  q u i t e !  complex. 
When solut ions of inorg,anic  copper sal ts  a re  added t o  natural   fresh 
waters ,   par t icular ly  a1 kal ine ones, bas i c  copper  carbonate 
(CUZ(OH)2C03) is precipi ta ted.  In the presence of  organic  rubstances 
copper  can be complexed and held i n  solut ion i n  hard  waters (Brown e t  
a l . ,  1974). A t  pH and bicarbonate (C03) levels   typical  of mort surface 
fresh  waters and a t  Cu  concentrations of 1 mg/L o r   l e s s  most of the  Cu 
i n  a so luble   s ta te  i s  ]present as CuC03 and on ly  a small f ract ion  as  
CU2+. In natural   surface  waters,  Cu can occur i n  a number of other  
soluble  forms such as complexes w i t h  humic o r  amino acids   or   associated 
w i t h  suspended materials  (Stiff ,   1971).  

Many s tudies  k:ave been conducted which have investigated  the 
acute and chronic  toxic.'ty o f  copper to   aqua t ic  organisms. The p r in -  
c ipal  test organisms i n  these  experiments were f i sh .  Copper. t ox ic i ty  
i s  dependent on a l k a l i n i t y ,  pH, organic compounds and hardness. A t  
lower a l k a l i n i t y  copper i s  generally more tox ic  so there  are  fewer 
unions w i t h  which t o  complex (USEPA, 1976).  Decreases i n  pH and hard- 
ness increase  the  toxici ty  of Cu to   aqua t ic  organism. In mo!;t natural  
f resh  waters   a lkal ini ty   paral le ls   hardness .  The ralmonids  appear t o  be 

the most sensitive f i sh   spec ies  t o  Cu and,  hence, a r e  commonly employed 
i n  bioassays  to  determine Cu t ox ic i ty  under variable  conditions.  

Copper i s  known t o  be pa r t i cu la r ly  toxic t o  algae and 
molluscs.  Solutions ol' Cu, f o r  example, a r e  commonly employed  as 
a lgicides .  The acute   tox ic i ty  o f  Cu t o   f i s h  varies w i t h  species and 
water  quali ty.  Reportad 96-h acute   tox ic i ty   s tud ies  w i t h  Cu a re  
summarized i n  Table C-3. Perusal  of the tab le   hd ica tes   tha . t   tox ic i ty  
also  varied w i t h  temperature,  increasing  as  the  thermal regime 
increased and w i t h  hardness. 
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m m 
U 
W w u 

Specler 

At lan t ic  salmon 
B lueg l l l  

A t lan t lc  salmon 
Fathead  alnnow 
Fathead mlnnow 

Go ld i l r h  
Fathead mlnnow 
Fathead mlnnow 

c, f a t~wad  mlnnow ' Fathead mlnnow 
Orook t r o u t  
Urown bullhead 
O l u y l l l  
Rainbow t r o u t  
Rainbow t r o u t  
Aalnbow t r o u t  
Halobow t rou t  
Rainbow t r o u t  
nalnbow t r o u t  
GUPPY 

8lUMglll 

Temp 
OC 

20 
15 

25 
17 

25 
25 
25 
23 
23 
25 
25 
12 
23 
27 
12 
12 
12 
12 
12 
12 
25 

- 

TABLE  C-3 

96-IIOUR LC,, OF COPPER FOR VARIOUS FlSll SPECIES 

w 

- 
7.8 

7.8 
7. 8 

7.0 
7. 8 

7.2 t o  7.9 
7.0 

7.2 t o  7.9 
10 

w 1 . 2  
7.0 

a 

a 
a 

a 
a 
a 
7.8 

e!! 
- 

7.3 t o  7.6 
7.0 t o  7.4 

8.4 t o  7.4 
7.5 

7.5 
7.5 
7.5 
7.5 

6.9 t o  7.2 
6 . 9  t o  7.2 ' 

7.5 

7.0 t o  8.0 
7.5 

8 

7.75 
7.75 

6 
6 
30 
7.5 . 

- Note: a - above 90 percent a i r  saturation. 

llardnerr 96-hour 
mg/L-CaCO,-  LC., 

20 
0.74 

14 
0.048 
0.032 

360 
20 0.022 t o  0.025 

20 
1.14.  1.76 

20 : 
0.66 

198 
0.036 

198 
0.47 

30 
0.43 

30 
0.075 
0.084 

42 
202 

0.09 
0.17,  0.19 

45+0.9 
360 

1.100 

100 
. 0.33 

0.066 

360 
30 0.034 

0.125 
100 0.042 
30 
20 

0.032 
0.036 

- 
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COPPER - (Cont'd) - 
The 96-h LCso concentrat ions  for  Cu have been founci t o  range 

from 0.022 t o  0.66 pg/L i n   s o f t  water and 0.066 t o  1.76 pg/L i n  hard 

water. O f  the  species  l,ested,  Atlantic salmon (!jalmo sa lar )  were the 

most s e n s i t i v e   t o  copper. A t  s i m i l a r   t e s t  temperatures  the warm water 

species can be expected t o   d i s p l a y  a greater  tolerance. A t  a pH o f  6 

the 96-h LC5o concentrat ions  of  Cu f o r  rainbow t r o u t  were 0.042 and 

0.125 pg/L a t  hardnesses o f  100 and 360 mg/L (as CaC03) respect ively.  

A t  comparable l eve l s   o f  ihardness and a pH range 01' 7.75 t o  8.0 the 96-h 

LC5o range  increased t o  11.066 t o  0.33 pg/L i n  the same specie!;. 

In chronic or  sublethal   tests,  33 pg / l  Cu d id   no t   a f fec t   t he  

surv iva l  o r  physical  'appearance o f  fathead minnows i n  hardwater 

(200 mg/L as CaC03); i l l  soft  water  the  no-eff(ect  concentrat ion was 

about 10.6 pg/L Cu. Tlie concentrations o f  Cu having no e f fec t  on 
ca t f i sh   X Ic ta lu rus  nebulosus) exposed f o r  600 diiyS to  the  metal  were 

from 16 t o  27 pg/L i n  hard  water (202 mg/L  as  CaC03) (Erunqs e t   a l . ,  

1973). S imi la r ly ,   the   leve l  f o r  b l u e g i l l s   i n   s o f t  water  over a 

22-month exposure was 21 pg/L Cu (Benoit, 1975). 

A copper concent ra t ion   o f  17.5  pg/L did  not   adversely  af fect  

the  survival',  growth or spawning of   adul t   brook  ' t rout  or the  hatchabi- 

l i t y  o f  eggs when chron ica l l y  exposed t o  Cu .in water  wi.th a mean 

a l k a l i n i t y   o f  41.6 mg/L as CaC03  (McKim and Benoit, 1971). For young 
brook   t rou t   the  no effssct  level i s  roughly 9.5 pg/L Cu. Tlie authors 

found t h a t   i n  a second generation  experiment exposure to  sublethal  

concentrations o f  Cu for  year l ing  through spawnin'g t o  3-month juveni les 

was suff ic ient   to  establ ish  no-ef fect   concentrat i ,ons  which were factors  

(app l i ca t ion   fac to r )  of  0.17 and 0.10 o f   t h e  96-h LC5o value. Oavies 

and Goett l  (1976) repo r t   t ha t  Cu concentrations o f  0.012 t o  0.019  and 

0.0095 t o  0.0175 mg/L have no e f f e c t  on rainbow t r o u t  and brook   t rou t  

respect ively.  These concentrations  are  similar  to  those  delrived f r o m  

the use o f   t he   app l i ca t i on   f ac to rs   l i s ted  above. The  maximum accept- 

able  copper  concentrations, based  on a conservat ive  appl icat ion  factor  

of 0.05 x ,  range from 0.003 t o  0.088 mg/L i n  hard  water and from 
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0.001 to 0.033 mg/L  in soft water, over a pH range of 7.0 to 8.4. At a 
pH of 6, the range fo r  hard water is decreased to 0.002 to 0.006 mg/L 
fo r  rainbow trout. 

For zooplankton LOaohnia ma=) a 16 percent  reproductive 
impairment was notad at a Cu concentration of 22 pg/L in a chronic 
3-week exposure to soft watar (45.3 mg/L as CaC03). The 3-week LCso 
was 44 pg/L Cu (Biesinger and Christansen, l.972). The total Cu concen- 
tration having no e f f e c t  on  Camoeloma decislm, Physa integra and 
G-rus pseudolfmnaeus in chronic  studies was between 8.0 and 
14.8 pg/L Cu with a total hardness of 45.3 mg/L as  CaC03 (Arthur and 
Leonard, 1970). 

The concentrations o f  Cu that have been asrocfated cxperimen- 
tally with no harmful effect for serveral water species are approxi- 
mately f r o m  5 to 15 pg/L  (USEPA. 1976). Water with high alkalinity and 
hardness may be.able to  tolerate higher ambient levels. Generally, the 
concentration of Cu should not aceed 0.10 times the 96-h LCso for 
continuous  exposure as detemined with the most  sensitive  resident 
sordes. 

Copper is accumulated by freshwater  ffshes and aquatic 
insects. T h e n  appears to be a good correlation between the onset of 

Cu accumulation above background levels and the development o f  chronic 
syaptoes I n  fish (Phillips and Russa, l978). Benoit (1975) found that 
bluegi31 exposed for up to 22 months accumulated Cu at  all concentra- 
tions 40 pg/L and  above. This level w a s  the lowest concentration 
having an adverse effect on the fish suggesting L.at fish may be 
adversely affected by Cu if they  are  accumulating Cu tissue levels 
above natural backgound levels. Measured Cu concentrations in the 
gills of catfish accurately ruf1ect.d the Cu eqosure conditions. 
Equilibrium concentrations were reached in these tissues after 30 days 
exposure (Brungs et al., l.973). Rainbow trout, on the other hand, 

~J 

... 
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continued t o  accumulate Cu i n   t h e   l i v e r  up t o  107 weeks and accumulated 

Cu i n   t h i s  organ a f t e r  exposure t o   o n l y  3 pg/L Cu (Goett l  e t  a1.,1974). 

M a y f l i e s   U e m e r e l l a   g r a n d i s )  and s tone f l i es   c te ronarcys  

c a l i f o r n i c a )  accumulate Cu i n   t h e i r   t i s s u e s   t o   l e v e l s   t h a t   r e f l e c t   t h e  

insects'  copper  exposure  history.  Nehring (1976) has suggested t h a t  

such forms may be poss ib ly  used to  detect   instances o f  i n t e r m i t t e n t l y  

acute  copper p o l l u t i o n   i n  streams  by monitor ing Cu l e v e l s   i n   a q u a t i c  

insects.  The isopod,  &sellus  meridianus,  accumulated Cu from  both  the 

food and w a t e r ,   p a r t i c u l a r l y   i n   t h e  hepatopancreas (Brown 1977). The 

h is topatholog ica l  and phys io log i ca l   e f fec ts   o f  Cu poisoning i n   a q u a t i c  

organisms  include:  renal and l a t e r a l  bone les ions,   increased  corr t i -  

costero id   leve ls ,   increased  red  b lood  ce l l  prOdiJCtiOn and hematacrit, 

reduced n a t a l i t y  and increased  blood pH (Granda, 1967; McKim e t   a l . ,  

1970; E i s l e r  and Gardrler, 1973; Oonaldson and Dye, 1975; :Sel lers   e t  

a1 . , 1975). 

Copper i s  concentrated by duckweed {Lemna minor) by  a fac to r  

o f  roughly 1000 times  the  water  concentration  (Hutchinson and Czyrska, 

1972). Aquatic  insects  accumulate  the  metal by roughly  the same fac to r  

(Vaughan e t  at. ,. 1975). Bryophytes  concentrated Cu almost 4000 times 

t h a t  o f  background  leve'ls  (Oietz, 1973). 

I n  conclusiorl, Cu i s  an essent ia l   t race  element  to  both 

p lan ts  and animals. It may be  accumulated  by  these  organisms t o   l e v e l s  

t h a t   a r e   t o x i c   t o  a clansumer o r  the  organism  i tse l f .  It does not, 

however, tend  to  accumulate i n   t he   ed ib le   t i ssues  o f  f i sh .  

C.9  FLUORINE (F) 

The e lement   f luor ine  in   coal   is   usual ' ly   chemical ly  bound i n  

the   f l uo r ide  form. Upour the  combustion o f  coa l   the   ma jor i t y   ( in  excess 

o f  60 percent) o f  t h i s  F i s  released i n   t h e  vapour phase of the  stack 
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emissions (Heft, L977; Lfm, l979). There fs some dfscussion as to what 
a reasonablr percentage F emitted in thfs fashion is. Most fnvestfga- 
tors do agree, however, that F is volatflised  when coal is burned and 
that the smaller  percentage of it 1s collected and retained withfn the 
powerplant. The chemfcal specfes of F mitted are belfeved to be 
gaseous hydmgen fluoride (HF), silicon  tetrafluorfde (SfF4) and solfd 
inorganic if-uorlde compounds (NRC. NAS, 197l). 

Fluorine is  an cssentfal trace  element to animals but not 
plants (Muhler, 1959; Eowen, 1966; Prosser, 1973; Underwood, 1975). 
Fluorine fs found in traces o f  vertebrate bone and aids In the 
hardening o f  dental  enamel. It is also known to partially prevent 
osteoporosis (Chapman. 1966; Prosser, 1973; Underuood, 1975). Goodman 
and Gilman (1970) s t a t . .  however. that It has been dffflcult to deter 
mfno whether F sewes a speciflc physfologfcal role. The problm Is 
cor~licated by the universalfty o f  F whfch makes it difficult  to pro- 
duce F-free diets w f t h  whfch to study-  the element's essentfalfty. 
Messer et al., (l972) reported, however,. that mfce with low fluoride 
intake demonstrated fertflfty fmpairment. 

There an- not m a n y  studfes which  address the toxicity of F to 
wlldlffe  vfa Inhalation relative to those  conducted  for humans and 
lfvotock. Ertrapolations o f  F effects In man and livestock can fntu- 
itfvely be made on the barfs of  similarities in biochemical and physio- 
logical archantsma among the three mammalian groups. The effects of 
airborne fluorides i n  man wtll be discussed elsewhere. The reader fs, 
however, referred to the revtous by Hodge and Smith, (1977) and Rose and 
Marier, (1977) for speciflc information concerning the subject. 

It Is usually assumed that the direct inhalation of F from 
the atmosphere  constitutes a small amount of the total F tntake of 
animals fn an area o f  fndustrfal pollutfon (Suttie, 1977). The major 
source Is that Ingested, primarily in the vegetation. There  are few 
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C.9 FLUORINE - (Cont'd) 
data in the  available l.'terature, even for  domestic animals let alone 
wildlife,  that deal with the question  of the F hazard due t o  inhala- 
tion. Fluorine is emitted on particles of  submicron in si2.e. These 
particles can  deposit in the  alveolar regions  of the lung providing 
access to  the bloodstreim and subsequent transport to internal organs 
(Natusch et al., 1974). The well-being  of wildlife surrounding 
fluoride-emitting facilities is o f  concern. A few  studies have 
reported  increases in the skeletal fluoride concantrations 0.f deer and 
elk in these areas (Kay, 1975; Kay et al.,  1975).  Accordirlg to  Rose 
and Marier (1977) wild animals  are more susceptible to the ef.fects of  F 
than domestic cattle. 'Their nutritional status (especially i n  winter) 
and physical exertion may be particularly significant factors  which 
under  conditions o f  stress can  make  the  wild anim,al more susceptible to 
the effects o f  F (Rose a,nd Marier, 1977). In a predator-prey situation 
even  a minor loss of nlobility can lead to rapid  elimination  of the 
individual affected. IKay (1975) has also reported an apparent  age 
shift due to  fluorosis that  was so extreme tha,t older deer  and more 
susceptible  deer  were removed  from the herd. Suttie's (197'7) sugges- 
tion that  wildlife may be protected by employing similar F guideline 
values  as for  the most sensitive domestic species,  cattle, therefore, 
does not apply. In cortain instances wildlife could be conceivably 
less susceptible to F as  they are more mobile than the catt.le which 
would be contained  near the F source.  The, current  information 
available, however, is not adequate  to produce  separate guid,elines for 
wi,ldlife nor  to  indicate the environmental significance of fluoride 
pollution  for these species. 

The metabolim of F in animals follows typical patterns 
regardless o f  whether  the F entered the organism via inhalation  or 
ingestion through food and water. Fluorine 'is rapidly .and almost 
completely  absorbed froln the gastro-intestinal  tract; it i s  distributed 
throughout  the body and the F ion is retained by the bones or  teeth 
where it accumulates. ,'(any of the  studies have been done with  domestic 
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C.9 FLUORINE - (Cont'd) 
ruanns. There is no reason to bel fava they would metabolfre  the 
element differently than other mammals. Direct  comparfsons  to  rumfnant 
wildlffe species  can  cartafnly be made. In rumens F fs rapidly 
absorbed through the rumen wall  (Bell et al., 1961). A single oral 
dose of F in sheep fs rapidly absorbed fnto  the bloodstream and the 
plasm. F concentration nachos a rsaxfmum after about 3 hours (Sfmon 
and Suttfa, 1968). About  three  quartars  of the F fn blood fs contained 
fn the  plasm. the remafnder in the red blood cells. The  plasma F 
lave1 responds rapidly and systematfcally  to varying F Ingestion and 
varfous physiologfcal factors (laves, 1970).  Rats given a single  dose 
of F (50 mg/kg, body weight) raised plasma F levels about 2.0 a g / L  in 
1 hour. (Sukrta, et al., 1976). 

The content of F in urine has been suggested as  an index of 
animal exposure (Burns, 1970). Soma relation has bean reported betueen 
urfnary F and the F concentration in samples from pasture vegetatfon. 
The main fate of ingested F in animals io the bone. Accuhulation of F 
fn the wmalian skeleton begins during gestation. The F content in 
the offspring of mfcm and piglets appears to be a function  of the F fed 
to the anthers (Forsyth et al., 1972; Messer et al., 1974). The 

accumulation  of F fn the SkaletOn fs Contrulied by three facton:  the 
awunt of F absorbed via the dfgestive  systhn and lungs; the recap- 
tfvity of the skeletal surfaces; and the efficiency o f  F axcration by 
the  kidneys. On the basis of background levels, bone fluorfde concon- 

trations ranging up to and above 5000 W k g ,  dry fat-free basis, are 
indicative of environmntal contamination by F and its ingestion by 
wild aniamls (Rosa and Marfer, l977). 

The Inhalation and ingestion of F by animals may lead to 
fluorosis. Symptom  of  thfs disorder are charactarfred by dental 
lesions and mttlfng o f  the taeth. skeletal lesfons and deformftias, 
lameness and stlffness, appetit8 impairment. cachexia and diminished 
milk  yield (Suttfe, 1977). Fluorfne  toxicity  mechanisms also fnclude 
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C.9 FLUORINE - (Cont'd) 
interference  with  calcium  metabolism,  enzymatic processez,, normal 
cellular respiration and reduction  of the immune biological response o f  

the animal to  certain diljeases (Lillie, 1970). 

Fluoride  has  caused  chromosomal  bridges, fragments and gaps 
to develop  during  mitosis  of cells in barley (Bale and Hart, 1973). 
Concentrations of 1.3 and 2.6 mg/L of  airborne F and HF caused  genetic 
damage in fruit  flies (.Gerdes et al., 1971). C:hromosomal  jiberations 
have been observed (Jagrillo and Lin, 1974) in manunalian oocytes  during 
meiosls in the following concentrations in: 

Mouse oocytes: 91 and 181 mg/L; 
Ewe oocytes: 11, 23 and 91 mg/L; 
Cow oocytes: 4, 5, 11, 23 and 91 mg/L.. 

The  major source o f  F contributing  to fluorosis in {animals  is 
through  the ingestion o f  contaminated vegetat.ion and other foods. 
There is a  dlversity  of opinion as to  the levels  of F than can be 
permitted in animal forages and feeds. Suttie (1969) has proposed that 
standards for the  fluoride  content  of forage  should be set at: 

Not over 40 ntg/kg dry weight basis, as a yearly  average; 
Not over 60 Ing/kg for  more than two  consecutive  months; 
Not over 80 mg/kg for  more than  one month. 

The  relationship between F content in the diet o f  tattle and 
the development  of fluorosis is summarized in Table C-4. The  table 
shows  that if the F level  is maintained  under 4.0 mg/kg only a  slight 
periosteal hypertosis and some incisor  mottling will occur. Histolo- 
gical changes in bone arid tooth structure which have no known effect on 
the well being of the arlimal may also be seen at ingestion levels below 
40 mg/kg. The relative tolerance  of  other domestic animal:; to F in 
their  diets i s  presented in Table C-5. The  stated  tolerance levels 
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TABLE C-4 

RELATIONSHIP BETWEEN FLUORINE  CONTENT OF THE OIET 
AND THE  ONELOPMENT  OF  VARIOUS  SYMPTOMS IN CATTLE 

Total  Fluorfne f n  Ofet (nom) 
Smtom 20-30 30-40 40-50 >50 ”” 

Discrrnible  dental mottling’ yes  yes  yes yes 

Enamel hypoplasia (score number (4))’ no no no no 

Slight gross  periosteal  hyperostosis no Yes yes  yes 

Moderate gross periosteal  hyperostosis no no ‘ yes yes 

Significant incidenca of lameness no no no yes 

Decreased a i l  k production‘ no no no yes 

Sk8letal F equivalent to 5000 ppa no no no yes 

a t  5 year2 

Urfne F of 25 p p 3  rn no yes  yes 

Only f f  fluoride is  present dur ing  formatfve  period of the 
tooth.  

2 Metacarpal o r  metatarsal bone, dry,  fat-free  basfs. 

f Basad on valurs taken aftor 2 t o  3 years of exposure; specffic 
gravf ty  = 1- 04. 

Source: Suttie. 1977. 
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TABLE C-5 

OIETARY  FLUORIDE  TOLERANCE FOR OOMESTIC  AN1:MALS 

Animal - A.mGFL 
Performance 

Beef o r  da i r y   he i fe rs  40 

Mature  beef o r  d i a r y   c a t t l e  50 

F i n i s h i n g   c a t t l e  100 

Feeder lambs 150 

Breeding ewes 60 

Horses 60 

F in i sh ing   p igs  150 

Breeding sows 150 

Growing or  bro i ler   ch ickens 300 

Laying  or  breeding hens 400 

Turkeys 400 

Growing dogs loo 

. 

- Note: The values are! presented as ppm F i n  d i e t a r y  d r y  matter and 
assume the  inqest ion o f  a so lub le  f luor ide,  such a5  NaF. 
These tolerances  are  levels  that ,  on the  basis  of   publ ished 
data  for   that   species,   could be fed   w i thou t   c l i n i ca l   i n te r -  
ference  with rlormal performance. A t  lower  levels of intake, 
some pathological  changes may occur,  but  these changes 
have no t  been shown t o  influence  performance. 

Source: Sut t ie ,  1977. 
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C.9 FLUORINE - (Cont'd) 
indfcate a level OC F ingestion that on the basis of published data for 
that species could be fed without clinical interference  with its  normal 
performances. The  table indicates that cattle  are the most sensitive 
domestfc soectes. 

". 

-. 

Fluorine may be taken up  by plants from the air, the sofl or 
water. The F accumulated in plants enten the food chain through 
kerbfvores and passei into the sofl in animal wastes. The uptake of F 
in the soil  by plant roots is dependent upon the element's avaflabi- 
lity. Plants in acid sofls for exampte, tend  to have a hlgher F 
content. 

Fluorides are bound to  soils in different ways; they may be 
chemically combined inside the clay lattice, absorbed on colloidal 
surfaces or mechanically retained in the sofl solution  within soil 
afcropores (Ares, 1978). Under relatively stable envfrori~aental COF- 
ditions. adsorbed or  ~oosely lrtafned F can be exchanged in aqueous 
solution.  Soil organic  colloid may be important i n  F adsorption 

. increasfng the capacfty of  the soil  clays. The amount of F normally 
accumulated by plants from the soil  is, however, small and there is 
little relationship between the concentratfon o f  F in the soil  and that 
of the plant (Weinstein, 1977). 

The  major mode of entry of F into plants is via uptake from 
airborne gases. The muhimisms and ultfmate fate and effects of 
gaseous fluorfdes entering plants have been the topic of review 
articles' (Rose and Harier, 1977; Weinstein, 1977). The effects and 
impacts of fluorine compounds on vegetation arfsing from F emissions 
assocfated  with the Hat Creek project have been prevfously discussed 
(Tera. 1978). The purpose o f  the following  discussion i s  to brfefly 
review the effects of F on terrestrial vegetation as taken from the 
reviews listed above. 
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C. 3 FLUORINE - (Cont'd) 

F luor ine compounds, notably HF are  three  orders  of  magnitude 

more l e t h a l l y   t o x i c   t h a n  SO2. Fluoride  affect.s  cellular  metabolism 

which i n   t u r n  inf1uent:es COz ass imi la t ion  or oxygen  uptake. The 

v i s i b l e  symptoms o f  F damage in   p lan ts   i nc lude   f o l i an   nec ros i s  and 

ch lo ros is .   E f fec ts   a t   the  organism leve l  can include  altered  growth, 

reduced  reproduction,  increased  susceptibil i ty and decreased resistance 

t o  environmental  stresses and  perhaps  death (Tera, 1978). 

Gaseous HF enters  the  plant  through  the  leaf stomata and the 

p lan t   cu t i c le .  FluoridNe sa l t s  will also be absorbed b u t   i n   p r o p o r t i o n  

t o   t h e i r   s o l u b i l i t y  (NAS, 1971). Due t o   t h e   h i g h   s o l u b i l i t y   o f   t h e  HF 

gas i n  water it is   read i l y   t aken   i n to   t he   t ransp i ra t i ona l  stream and 

t ranspor ted   t o   t he   l ea f   t i ps  and margins where it i s  known t o  accumu- 

l a t e  (Woltz, 1964; Ziegler ,  1973). It appears t h a t   l i t t l e  o r  no  move- 

ment occurs between leaves and other organs. 

Studies  performed i n   v i t r o   w i t h  F sa l t s  have revealed  that  

many  enzymes are F sens i t i ve   (S la te r  and Bonner, 1952; Me'lchior and 

Melchior, 1956; M i l l e r ,  1958). The e f f e c t   o f  F on p l a n t  enzymes has 

ranged from s t imu la t ion   to   inh ib i t ion   (Weins te in ,  1977). 

There a r e   l i k e l y  many d i f f e r e n t   p o s s i b i l i t i e s  as to  the  locus 

o f  F act ion.   Respi ratory   act iv i ty  and C02 ass imi la t ion   a re   l i ke ly   the  
primary  si tes  but  the  steps 3 vitro are  not  well  understood 

(Weinstein, 1977). Bush beans fumigated for 20 days a t  a !4F concen- 

t r a t i o n  of 1.8 pg/L increased  their   rate  of   respirat ion  (Applegate and 

Adams , 1960). 

I f  a thresholld o f  HF i s  exceeded by  acute  fumigation,  carbon 

d iox ide  ass imi la t ion i s  decreased i n  a number o f  p lants  (Thomas, 1958). 
Below threshold  levels  the  rates of COz assimi la t ion  are no'rmal. The 

threshold  for   g lad io lus was observed t o  be about 6 t o  7 pg/L fo l low ing  

exposure a t   t h e   r a t e   o f  35 hours a week for  several  week!;  (Thomas, 
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C.9 FLUORINE - (Cont'd) 
1958). Photosynthetic  rates w e n  reduced in oats, barley and  alfalfa 
when fumigated with 10 ng/L HF (Bennett and Hill. 1974). 

Plants exposed to F may display  reduced chlorophyll content 
of the foliage and F accumulation in chloroplasts (Neman and McNulty, 
1959; Chang and Thompson. 1966). Other effects include the occurence 
o f  visible synptoru at the organ level, foliar  chlorosis or a manifes- 
tation of altered structure and function o f  chloroplasts. 

Ponderosa  pine needles injured by F display histopathological 
alterations including hypertrophy of resin  duct epithliat cells and 
hypertrophy of transfusion  parenchysma and phloem and xylem parenchyma 
(Solberg and Adams, 1956). Changes in broad-leaved plants are charac 
terized by collapse  of mesophyll and distortion and collapse of 
e p l d . 1 ~ ~ 1  leaf colls (Solberg and Adam, 1956; Trrshow, 1957). 

Fluoride  effects on growth. yield and reproduction in plants 
depend on deflcfencies in species and varieties, fluoride concentra- 
tion, length of exposure .and  climatic factors. Fluoride  caused a 
25 percent net gmvth reduction I n  Douglas fir without vfsible needle 
necrosis (Tnshow et al. , 1967). An  accumulated  concentration of 
100 W/kg in the needles was suggested as the threshold for gruuth 
reduction i n  the species.  It appears that the threshold  for injury of 
plants classified as  susceptible is less than 150 &kg and for most 
plants m a y  be less than 100 &kg. Plants  classified as intermediate 
or nsistant can probably  tolerate  concantrations in excess  of 
200 mg/Q without uprassing foliar symptnms. 

Exposure of bean  seedlings  to 2.1 pg/m F caused the develop- 
m n t  of less vigorous second-generatfon seedlfngs (Pack. Una and 
197lb). A 30 to 70 percent  reduction in dlamter growth of pfne trees 
vas reported at F - pollution levels  that  otherrise caused no visible 
injury. The growth of pollen tubes I n  the styles  of cherry blossoms 
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C.!3 FLUORINE - (Cont'd) 

was decreased  by  fumigation  with HF ei ther  before o r  a f t e r   p o l l i n a t i o n  

(Facteau e t   a l . ,  1973). Fluoride-induced  reduction i n   p o l l e n   g e n i n a -  

t i o n  and tube  growth has also been observed i n  tomato  anti cucumber 

p lants  (Pack and Sulzbach, 1976) wh i le   i nh ib i t ed  seed protiuction  of 

f r u i t i n g  has been reported,  wi th soybean, bell-pepper, sweet corn, and 

cucunber  being more susceptible  than peas, g ra in  sorghum, o r  wheat 

(Pack and Sulzbach, 1976). Beans and oranges  experlenced  decreased 

crop  y ie lds with increasing F levels,  i.e.  approximately 19 percent  per 

0.1 pg/m fo r  oranges, amd 3 percent  per pg/m (approximately 1.2 pg/L) 

fo r  beans (Leonard and Graves, 1970; Pack, 1972). A 5 percent  loss i n  

the  weight o f  individual  strawberries  occurred  per pg/m3 increase i n  

airborne F, f r u i t  qual ' i ty  also  decl ined (Pack, 1972); McCurie e t   a l . ,  

(1974) establ ished  acceptable  l imi ts   o f  F i n   t h e   a i r  as 0.005 t o  

0.01 mg/L fo r  a two t o  four hour peak concentration and 0.003 t o  

0.006 mg/L for  30 t o  60 day periods. 
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Forage  specie:^ grown with i r r i g a t i o n  water  containing F had 

an elevated F content. (Rand and Schmidt, 1952). F l u o r i d e   i n   s o l u t i o n  

i s   r e a d i l y  absorbed  by p lan ts  (Adams and Sulzbach, 1961). Baby d o l l ,  a 

hor t i cu l tu ra l   fo l iage   p lan t ,   su f fe red   ser ious  (50 perctent) leaf  

necrosis when se t  f o r  roo t i ng  i n  water  containing 0 . 5  mg/L ,: (Canover 

and Poole, 1971). As f l u o r i d e   s a l t s  can be d i r e c t l y  absorbted through 

the  leaves, F i n   i r r i g a t i o n  water  sprayed d i r e c t l y  on crops  could  also 

r e s u l t   i n   h i g h e r  F content  (Weinstein, 1977). I:n cu l tu re  media def i -  

c ien t  i n  calcium and magnesium, added f l u o r i d e  markedly  reduced oxygen 

absorption i n  the  t issues o f  Rubus hisp idus  (P i le t  and Bejaoui, 1975). 
Increased  levels o f  Ca and Mg had a protect ive  act ion.  

The s i t e  o f  F accumulation i n   p l a n t s  i s  the  leaf.  Although 

it i s  assumed l i t t l e   t rans loca t i on   t o   o the r   p lan t   t i ssues   t akes   p lace ,  

Benedict e t  a l . ,  (1964) repor ted  t rans locat ion o f  F from leaves t o  the 

roots .   Kel ler  (1974) has suggested a s im i la r  movement o f   t he  element. 

Other  plant  t issues may contain measurable amounts o f  F, especial ly  the 
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C.9 FLUORINE - (Cont'd) 
roots (Leone et al., 1956). Fruits are usually low in F but large 
amounts  can accumulate after F exposure (Weinstein, 1977). Plants 
become the vehicle for  the concentration and transfer of F t o  
herbivores and the potential problems associated with F ingestion. 
Three  types  of  processes  appear to mediate the concentration  of F in 
plants: accumulation, distribution and elimination. 

... 

" 

.- 
, 

.." 

Fluoride is a natural constituent of  water and sediments. 
The average  concentration in water is about 0.01 to 0.02 mg/L 
(Carpenter. 1969). Almost no data are  available on the toxicity  of F 
to aquatic organisms. A number  of fish species have exhibited injury . from F rxposure, the response being influenced by a number  of factors 
such as species and strain, concentration of Ca and chloride in the 
water, temperature and fish sire (Sigler and Neuhold, 1972; Groth, 
1975). Concentrations as low as 1.5 mg/L of F have affected the 
hatching of fish eggs (Ellis et al., '1946) and 2.3  mg/L introduced as 
sodium fluoride was lethal to rainbow trout at 18 O C  (Angelovic et al., 
1961). 

Aquatic  animals tend to accumulate environmental F, primarily 
i n  the skeleton as  well  as in the gills and exoskeleton. Brown  trout 
1Salmo trutta) axposed to 5.0 mg/L F for 200 hours in tap water dis- 
played a whole-body fluoride  concrntration  of 10 *kg net weight 
(Wright, 1977). 

Groth (1975) has reviewed the data on tha effects of F to 
aquatic vegetation. The data indicated that levels as  low  as 2 mg/L 
can decrtass L?e gruuth of one species of Chloralla,  an algae. In 
addition, many aquatic  plants  accumulate F to  concentrations  that may 
be many times  that  of backgmund lrvels. The  accumulation of F by 
aquatic plants is of  interest because of the element's potential impact 
on animals that  consume  this vegetation. Stewart et al.  ,(1975) report 
that the apparent food-chain concentration  factor in an unpolluted 
marine ecosystem is 10. 

1 
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There i s  v i r t u a l l y  no in format ion  avai lab le on the  long-term 

chron ic   e f fec ts   o f  F irl the  aquat ic  b iota.  The potential  accumulation 

of F i n  the  aquatic  environment  is, however, more eco log ica l l y  

important. 

F luor ine i n  the gaseous form, pa r t i c :u la r l y  as tiF i s  very 

tox ic   to   vegeta t ion .   P lan ts  have the   capac i ty   to  accumulate  F  from  the 

ambient  environment where herbivorous animals, may be p o t e n t i a l l y  

affected  through  the  consumption o f  contaminated  forage.  Fluorine i s  

an essential  element for animals  but i s  a lso   tox ic   in   h igh   concent ra -  

t ions  caus ing  f luoros is .  Some evidence i s   a v a i l a b l e   t h a t  suqgests F i s  

concentrated in   aquat ic   food  chains.  

C.1.0 LEAD (Pb) 

When coal i s  combusted, some lead i s  absorbed  onto f l y  ash 

p a r t i c l e s  o f  the  order o f  1 pm o r  l e s s   i n   s i z e  arid a  por t ion i s  emit ted 

' i n  the  vapour phase (Natusch e t   a l . ,  1974; Kllein e t   a l . ,  1975; Lim, 

1979). 

Lead, i s  present i n   a l l   s o i l s  and p lan ts   bu t  it i:; not  known 

t o  be an essent ia l   fo r   vegeta t ion  nor i s  it requ.ired f o r  animals. As a 

r e s u l t  o f  coal  combustion,  airborne Pb i n   t h e  f o r m  o f   p a r t i c u l a t e s  and 
gas can en te r   o rgan ism  resp i r i ng   a i r .  The major  routes 01' Pb uptake 

i n  man and presumably  animals  are  through  the  lungs and gast ro in tes-  

t i n a l   t r a c t .   P a r t i c u l a t e s  o f  less  than 1 pm in   s i ze   bea r ing  adsorbed 

lead can be deposited i n  the   a lveo la r   reg ions   o f   the   lung  where the 

element has access t o  the  bloodstream and u l t ima te   t ranspor t   t o  

i n te rna l  organs  (Natusch e t   a l . ,  1974). As p a r t i c l e   s i r e  decreases, 

the  solubi   1 i t y  o f  Pb adsorbed  onto them wi 11 increase. . (Underwood, 

1971). These p a r t i c l e s  upon enter ing  the  lungs  are  usual ly absorbed o r  
t r anspor ted   t o   t he  Jase o f   t he   c i l i a ted   b ronch io la r   ep i the l i um 

(Piperno, 1975). Lead t h a t   i s  absorbed  enters  the blood bound t o  
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erythrocytes and plasma proteins and reaches the bones and soft 
tissues. Some elimination occurs vfa bile excreted into the small 
intestine. Approximately 32 percent o f  the Pb that is inhaled is 
absorbed f r o m  the lungs (Waldrun and Stofen, 1974). Lead taken in via 
inhalation produces higher blood and tissue  concentrations  more rapidly 
than higher amounts obtained by ingestion (Egan and O'Cuill, 1970). 
The attendant aamunt o f  Pb absorbed  from the amount fngested is about 5 
to 10 percent.  Lead accumulates prfmarfly in the bones, wfth  lesser 
amounts in tho liver, kidney, muscle and hair (Bowen, 1966; Betiles, 
1975; Undenvood, 1975). Once taken in and absorbed, Pb may accumulate 
to toxic proportfons. The eymptoms o f  lead poisoning include: 
derangement o f  the central nervous system, gastrointestinal tract, 
musculature and the mematopofetic system (Aronson. 1971). 

Lead has been shown to be teratogenic In laboratory  animals 
but M such e f f m  have been observed in cattle or sheep (National 
Academy o f  Sciences, 1972; Christensen and Luginbyhl, 1975). It has 
also been found to ba a renal carcinogen and a poison in anfmls and is 
correlated with mortali.ty from kidney cancer, leukemia,  lymphomas and 
stomach as w e l l  as intestinal and ovarian cancers (Valkovfc, 1975). 
Lead  has also been implicated in the reductfon of resistance to 
bacterial infections in mice, rats and chicks by decreasfng the numbers 
of antibody forming  cells (Hemphill et al., 1971; Killer and Kovaefc, 
1974; Waldron and  Stofen. 1974). 

Lead OCCUM most often as  a  cation in soil, its availability 
being controlled by the CEC o f  the soil (Romney and Childress, 1965). 

Lead markedly accumulates in soils but it is not easily leached out by 
rainfall. In neutral or slightly  alkaline  soils Pb is bound relatively 
tight  while in acfdic  soils the element is more mobile. The general 
range of Pb concentrations is between 2 and 200 ng/kg (USEPA, 1976). 
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The uptake o f  Pb by  plants depends on the   meta l ' s   ava i la -  

b i l i t y   i n   s o i l s  and a number o f  other   fac to rs   inc lud ing   so i l  f e r t i l i t y  

and the  general   nutr i t ional   status o f  the  p lant.  An increase i n   t h e  

s o i l   c a t i o n  exchange cai3acity and organic  matter decreases the  uptake 

o f  Pb by plants  (Haghir i ,  1973). Corn p lan ts  grown w i t h   i n j u f f i c i e n t  

amounts o f  phosphate, fo r  example, accumulated 5 'to 10 times more added 

lead  than  p lants   prov ided  wi th   suf f ic ient  ph0spha.t.e ( M i l l e r  a,nd  Koeppe, 

1971). Lead taken up Iby co rn   p lan ts   i n   so lu t i on   cu l tu re  'is concen- 

t r a t e d   i n  dyctosome vesicles  (normally  involved i n  compound secret ion 

and cel l   wal l   deposi t ian).   Eventual ly,  Pb depo!;its were concentrated 

i n  the cell wal l   outs ide  the plasmalemma (Malone e t   a l . ,  1974). Lead 

i s  accumulated by the  raots o f  p lan ts  and i s   n o t   r e a d i l y  accuimulated t o  

the above ground par ts  o f  plants.  This  occurs even when the   so i l   lead  

i s   s o l u b l e  and a v a i l a b l e   i n   t h e   s o i l  (John, 11372). I n  radishes, a 

t e n - f o l d   i n c r e a s e   i n   s o i l  'Pb content  increases  the Pb concentration by 

a factor  o f  less  than two  (Ratsch, 1974). It Would appear  then, t h a t  

soil lead may not  be re!adi ly  incorporated  into  the  food  chain  via  the 

s o i l   p l a n t  pathway. 

The major  route of  Pb en t ry   i n to   p lan ts  i s  through  leaf 

surfaces  (Hall and Hampp, 1975; Ward e t   a l . ,  1.977; Eela l  and Saleh, 

1978). Leaf  surfaces  that  are  rougher or more hairy  apparent ly accumu- 

l a t e  more Pb (Hal l  and Hampp, 1975). There i s  l i t t l e   t r a n s l o c a t i o n   o f  
Pb i n   p l a n t s ,  most o f  the  metal appears t o  be bound t o  poly-manic  acids 

o f   t he   ce l l   wa l l  (Waldron and Stofen, 1974). Those p l a n t  organs  which 

e x h i b i t  a gas exchange capaci ty  wi th  the atmosphere contain  the  largest 

amount o f  lead (Holl arid Hampp, 1975). This  observation i s  i nd i ca t i ve  

o f  the  metal's  uptake  behaviour i n   p l a n t s .  

There are f e w  data  which  describe  the  toxici ty o f  Pb taken up 

from  cul ture  solut ions or  soi ls.   This i s  p r imar i l y  due t o   t h e   f a c t  

t h a t  Pb i s  poor ly   t rans located  in   p lant   t issues.  Many plants,  however, 

will to le ra te   h igh  Pb leve ls   bu t  some  show retarded  growth o f  10 mg/L 
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Insolutfon cultures (Valkovic. 1975). The growth o f  grape, apple or  
orange seedlings was not affected by  soft concentrations of 150 to 
200 mg/kg (Chapman, 1966). A few plants can accumulate Pb with no 
visible effects. Certain shrubs, for example. have accumulated Pb to 
350 mg/kg and leaves  of corn  75  yards from a smelter  contained 
3200 W k g  (Waldron and Stofen. 1974: Gough and Shackletto, 1976). A 

concentratfon  of 30 mp/kg I n  French beans, however, daataged the plants 
(Gough and Shacklette, l976). Lead can  also inhibft nitrogen mineralf- 
zation fn sofls whfch may adversely affect the nutritfonal status of 
plants (Lfang and Tabatabai, 1977). 

The primary affect o f  Pb on plants is the metal's phyto- 
toxfcity arising from fnteractfons o f  afrbarne lead and the aerfal 
ponions of plants. Transpiration and photosynthesis was decreased f n 
sunffowrs exposed to Pb ( B a u a z  et d l . ,  1974). Lead ions also affect 
photosynthesis by reducing COz fixation  of isolated chlataplasts and 
fnhlbit the election transport o f  photosystm I1 between the s i t s  of 
the primary electron donor and water oxidation. The metal can also 
apparently block thm sulfhydryl groups of plant  enzyme pmtefnr 
effecting an alteratfon fn phosphate  levels (Hall  and  Hampp. 1975). 

Lead m y  entar animals through the ingestion of contamfnatad 
forage or  prey. Horses grazfng on contamfnatod hay were affected by a 
consumption  rate of 214 W k g  per day while  cattle w e n  affected by 6 
tu 7 mg/kg per day (Amnson. l97l). Lead at an fntake rate of 1 rnglkg 

per day in cattle will produce effects in fetuses prior  to the recog- 
nitfon of physiolaqfcal effects fn  adults.  Lead  has  bean shown to be 
fatal to domstic animals at the following blood levels: horse, 
0 .38  W L ;  cattle. 0.4 W L ;  dogs, 0.8 mg/L; and. pigs, 1.2 mg/L (Egan 
and  O'Cufll. 1970). Diagnosis of lead pofsonfng fn sandhill cranes has 
been confirmed over a blood concentratfon of 1.46 - 3.78 mg/L (Kennedy, 
et a1 . , l377). Accumulation to 42 mg/kg in  the breast tf ssue of 

pheasant and 168 mg/kg fn the liver was reported as  fatal to pheasants 
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(Hunter and Merton,  1965).  Blood Pb l e v e l s   i n  excess of 6 mg/L i n   w i l d  

ducks  were shown t o  Ibe f a t a l  (OelBono and Buggiani, 19711, Lead 

induced  renal  inclusions and renal  edema 0ccurre.d i n  rodents  col lected 

a t  abandoned meta l l i fe rous  mine s i t e s   i n  Wales; f i e l d  voles  (Microtus 

aqnestis)  with  both  at lnormalft ies  contained body burdens of Pb t h a t  

averaged 42.8 t o  45.3  mg/kg; renal  edema occurred i n   f i e l d  mice 

SApodemus sylvaticus)  t.hat  averaged 8.60 mg/kg (Roberts e t  :IT., 1978). 

Clark  (1979) found tha t   t he  average  lead  cancentrations i n  bats and 

shrews near a major highway equal led or  exceeded those  veported by 

Roberts e t   a l . ,  (1978) for  small   rodents.  Clark (1979) however, d i d  

no t   repo r t  any at tendant  pathological   observat ions  wi th  thc hse concen- 

t ra t i ons .  

Lead i s  found in   na tu ra l   wa te rs   a t  a concentrat ion f r o m  0.001 

t o  0.010 mg/L and i n  sediments  generally  ranging from 5 t o  810 mg/kg 

(USEPA, 1976; Leland e t   a l . ,  1978). Animals ingest ing  less  than 

0.005 mg/L  Pb i n  water showed n o t   t o  be adversely  affec:ted  by  the 

metal. Lead has a low s o l u b i l i t y  o f  0.5 mg/L i n   s o f t  water and only  

0.003 mg/L i n  hard  water,  although  higher  concentrations o f  suspended 

and c o l l o i d a l  Pb  may remain i n  the  water (USEPA, 1972). The  pH and 

hardness o f  water  are  important  factors  which  govern  the  toxic i ty  of  Pb 

to   aquat ic  organisms. Upon ent ry   in to   water  most Pb i s  p rec ip i t a ted  as 

carbonates o r  hydroxides  but  decreasing pH increases   the   ava i lab i l i t y  
of d iva len t   lead ,   the   p r inc ipa l   tox ic  form. A number o f  studies have 

been  conducted  which (address both the  chronic and acute  ef fects o f  Pb 

t o   a q u a t i c  organisms. The pr inc ipa l   test   spec ies has been the   f i sh  

wi th  those of the  salmonid family being  the most sensi t ive.  

Wide v a r i a t i o n s   e x i s t   i n   t h e   r e p o r t e d  96-hour LC5O's f o r  

lead. These may be due t o   d i f f e r e n c e s   i n   w a t e r   q u a l i t y ,   f i s h   s p e c i e s  

tested and the  type of bioassay  (stat ic  versus  f low  through). Some 

96-hour LC50 data  for  Pb i n  f i s h   a r e  summarized i n  Table C-6.  The data 

i n d i c a t e   t h a t  Pb i s  m r e   t o x i c   t o   f i s h   i n   s o f t  water  than  hard  water. 
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Hosquito f i s h  - 
f a  thead  ainnow - 
fathead minnow - 

,-, fathead minnow - 
Brook t r o u t  - 
Ralnhow t r o u t  - 

- 

I 
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TABLE C-6 

96-IIOUR LC6,, OF L E M  FOR VARIOUS FISH SPECIES 

Hardness 
I?!! mo/L-CaCO, 

- a 

- s o r t  

t lard - 
- . 20 t o  45 

- 20 t o  45 

- 50 

Rainbow t r o u t  15 - - 25 

Ralnbow t r o u t  15 - - 366 

Ralnbou t r o u t  11.1 - - 27.7 

Drook trout 9 t o  15 - 6.8  to  7.6 44 

96-hour 

ao/L 

240 

2.4 

75 

LC60 

5 t o  7 

4 t o  5 

1.0 

0.14 

0.14 

1.17 

4.1  

Reference6 

Wallen. e t  SI.. 1957 

Tarzwell  I tlenderson. 1960 

Tarzwell & llenderson, 1960 

P icker lng  6 Henderson. 1966 

Picker ing & llenderson. 1966 

Brown b Dalton, 1970 

G o e t t l   e t   a l . ,  1972 

Goe t t l   e t   a l . .  1972 

Davles e t  a l . ,  1976 

Iiolcombe e t   a l . ,  1979 , 

. - Note:  a - h i g h l y  turbid water,  hardness unknown 

I I . . .  
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Exceptions to  this  are  the  data for trout  which are comparable in both 
hard and  soft waters. Salmonids  appear to be the most sensitive 
species  to Pb while the warmer  water types  exhibit  a  higher  degree  of 
tolerance. The  96-hour LC50 for Pb in highly turbid  water is 240 mg/L. 
In natural waters, Pb i s  absorbed by clays or complexed with dissolved 
or suspended organics. This  would effectively  reduce the  toxicity 
while not affecting the total amount  of lead. The mechanism of  acute 
lethal toxicity o f  Pb to fish is related  to the destruction of gill 
tissue followed by impairment of respiration  and  death  caused by 
anoxia. 

Chronic  Pb  exposure may  result in perturbances of behavioural 
patterns,  reproduction, survival and growth. Exposures of 2 to 
3  months of rainbow arid brook  trout indicated that Pb had determined 
effects at concentrations  as low as 0.10 mg/L in soft  water (20-45 mg/L 
as CaC03) (NRC, NAS, 1974). Guppy  growth  was affected by 1.24 mg/L Pb 
while  concentrations oC 0.1 and 0.3  mg/L elicited sublethal effects in 
threespine sticklebac:ks, Gasterosteus aculeatus (Crandall and 
Goodnight, 1962; Hawksley, 1967). The conditional behaviclur o f  gold 
fish was adversely al'fected  by 0.07 mg/L i n  soft water #:SO mg/L as 
CaC03) (Weir and Hine, 1970). The highest  mean  continuous-flow  concen- 
trations for total Pb that  did not have  an adverse affect an survival, 
growth  and reproduction  were 0.12 and 0.36 rng/l.; for dissolved Pb the 
concentrations  were 18 and 32 pg/L (Oavies and Elverhart, 197'3). 

The divalent  ion of Pb is the form  most  readily  accumulated 
by aquatic organisms. Fish  accumulate very little  lea0 in edible 
tissues but marine benthic  invertebrates can attain unacce!ptably high 
levels of  the metal i l l  edible  portions  after  exposure to low Pb levels 
in the  water (Philli!Js and Russo, 1978). Calcium decrmses the Pb 
accumulation by fishes while Pb can inhibit Ca accumulation and 
deposition. 
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Fish mafntained at a pH of 6.0 accumulated  three  times  mare 

lead than those held at pH 7.5 (Merlfnf and Porrf, 1977a). In another 
study, the same authors (Merlinf and Pozti, 1977b) found a direct 
correlation between Pb accumulation and the concentration of ionic Pb 
at various concentratfons of total Pb. Their data indfcate that under 
the conditfonr exfstfng fn most natural waters, most of the  Pb in the 
water  wuuld be rendered avaflable  for uptake by aquatic anfmals. Brook 
trout  accumulated Pb in the kidney and  gfll over three  generations, the 
no effect concentrations were found to be betueen 58 and 119 pg/L Pb 
(Holeombe et al., 1979). Upon transfer to a Pb-free environment f o r  
12 weeks the gills and kfdney lost about 75 percent of the accumulated 
Pb. Lead  has recently been shown  to be, methylated by micro-organfsms 
in sedfments (Wong et ai.. 1975). lhfs methylated lead  may have some 
signiffcance in the uptake and accumulation of the metal simflar  to 
methylated forms of arsenic and mercury I n  the aquatfc environment. 

The isopod, Asellus merfdianus  accumulated lead from both the 
food and water (Brown. 2977). Individuals from the mst tolerant 
population accumulated the most lead. Concentration factors for Pb in 
the fresh water environment f o r  various aquatfc  organfsms  are as 
fo11 ows: 

847 f o r  duckweed, L e m a  minor (Hutchinson and 
C z y n  ka , 1975) ; 
5300 for bryophytes (Oietz.  1973); 
100 f o r  Invertebrates; and, 
300 for f l sh  (Vaughan et al., 1973. 

Lead  is moderately  toxic to both plants and  animals. In 
plants the primary route of taxfcfty is  vfa airborne Pb, the amounts 
absorbed from the soil are small in comparfson and little translocation 
takes  place with the plant. Herbfvores may become affected through the 
ingestion of contamlnatad foliage.  Lead  is not biemagniffed in the 
aquatic food chain  although it is toxic to fish and invertobrates in 
relatively small concentratfons. 
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Manganese  does  not  occur naturally as a metal but is found i n  
various salts and minerals  frequently in assacfation  with iron c o w  
pounds (USEPA, 1976). Upon the combustion of coal a  portion of  the Mn 
is released  into the environment but the majority of it  is concentrated 
and collected in the  ash (Ruch et al., 1973; Klein et a'l., 1975; 
Lim, 1979). The forms efnitted are  either elemental or solid  inorganic 
oxide  compounds (Davidson et al., 1974; Sullivan, 1975). 

Manganese is an essential trace  element ,for mammals and other 
animals as well as plants. Manganese occurs at levels of  50 to 
100 ag/kg ash weight in many  animals, it is absorbed from  food via the 
gastrointestinal tract. In mammals it is essential and is stored in 
the liver. Manganese  functions as  a cofactor  in  oxidative phosphor- 
ylation, in isocitric  dehydrogenase, L-mlfc dehydrogenase and in liver 
arginase (Prosser, 1973). When Mn i s  not present in sufficient. quanti- 
ties, plants exhibit  Chl~Jrosis and failure  of  the leaves  to  develop 
properly (USEPA. 1976). In animals, Mn deficiency can lead  to  reduced 
reproductive  capabilities and  deformed or poorly  maturing young. 

There are very iew  data  on the toxicity  of  Mn to animals from 
inhslatlon. Generally, Mi, i s  not toxic to  mammals in abnormally large 
amounts and acute Mn poisoning Is rare (NRC,  NAS, 1973; USEPA, 1975). 
The majority of  the  data  concerning Mn  toxicity via Inhalation come 
from observations  of humans  under  occupational exposure. Inhalation of 
Mn dusts and fumes has been known to  cause  subacute  chronic  adverse 
health  effects  under such conditions. Manganic pnc!umonia. a  pneumonia 
with sudden onset and at fecting only one lung f s characteristically 
caused by exposure to  high  concentrations of Mn dust.. The  more  chronic 
Mn  poisoning results by exposure to high concentrations of Mn for a few 
months o r  m r e  (Belfles, 3975). Symptoms  of  the  disease are: sleepi- 
ness, muscular  twitching, leg cramps,  increased tendon reflexes, 
spastic gait, emotional frregularity and a fixed mask-like facial 
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expnrsion. Cfrrhosis o f  the lfver i s  also  observed  with  chronic Mn 
pofronfng.  Manganese has not  proven  to be carcinogenic  although  some 
laboratory  culturr  studies  have  produead a  delayed fn vitro  mutatfon 
with Mn exposure  (Harkaryan  et al., 1966). 

I n  sails Un occun usually  as a divalent  catfon.  fts  avafl- 
abi l i t y  determined. fn part,  by  the CEC o f  the  saf 1. Manganese fs mare 
tightly  bound in  neutral or slfghtly alkaline rof?s but i s  mora avafl- 
able i n  acfdfc sofls dua to its fncraased  solubflfty  under  such 
conditions. 

The uptake o f  Hn by plants  depends an a number o f  factors 
including  plant  specfes,  fartflfty of the soil, nutritional s t a t u s  o f  

the  plant, soil pH and CEC (Dvorak and Lmis et a l . ,  1978). Waltacu 
and R m y  (1977) on the  basis o f  a lfteratun saarch,  have  found  that 
manganesa i s  readfly  absorbed by plants  and  appears to be  unfformly 
distributed  batwaen  tha mots and shoots o f  plants.  Thfs  general fza- 
tfon  may  not aluayi be  true for all  species  under  all condltionr, 
particularly  uhen  very  hlgh  lavels o f  the  alement  are  present fn tha 
sofl: 

At  concentrations of slightly  less  than 1 mg/L to a f& 

mfilfgrams  per Iftn, Mn nay  be  taxfc ta plants  from Irrigation  uatar 
applied to soils uith pH values lomr than 6.0. Problems may  develop 
wfth  long-term (20 yaar)  conttnuous  irrigation on other soils wfth 
water  contafning  about 10 mg/L Mn (NRC. NAS, 1974). 

Manganesa f s  often  found  with  Iron i n  gmunduatars and ern ba 
lercked f r o m  the soil  and can occur fn drafnaga fn high  concentrations. 
The carbonates,  oxides and  hydroxidus arr slightly  soluble, so that 
manganous (Mn2+) and  nunganfc (Mn3+) ions are rarely  present in  surface 
uater i n  excuss of 1 mg/L (USEPA. 1972). 

”, 
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The growth of phytoplankton i n  sea warer was st imulated  by 

0.5 pg/L Mn (Harvey, 1947) whi le  5 pg/L had a t ox i c   e f fec t  on ce r ta in  

algae  types i n   r e s e r v o i r s  (Guseva, 1939). The threshold fo r  immobil- 

i za t ion   o f  Oaphnia was repo r ted   t o  be 0.63 mg/L o f  KMn04  and f o r  the 

same species i n  Lake Er ie  water 50 mg/L o f  MnC12 (Anderson, 1944; 
1948). Bringmann and Kuhn (1959) repor ted  the  threshold  e f fect   for  

Oaphnia magna  as 50 mg/L o f  MnC13 as  manganese a t  23'C. Crayfish were 

observed t o   t o l e r a t e  1 mg/L Mn (USEPA, 1972). 

The tolerance  values f o r  Mn by f i s h  range  from 1.5 mg/L t o  

over 1000 mg/L (McKee  an,d Wolf, 1963). The t o x i c i t y   o f  Mn t o   f i s h  

depends  on  a.  number o f   fac to rs .  Manganese f o r  example, apparently 

antagonizes  the  toxic i ty o f  N i  toward f i s h  (Blebaum and Nichols,  1956). 
Sticklebacks  survived 50 mg/L manganese  as  manganese sulphate f o r  

3 days and eels  withstood 2700 mg/L f o r  50 hours  (Uoudoroff and  Katz, 

1953). Jones (1939) gave the  le tha l   concentrat ion as 40 mg/L f o r  

st icklebacks and noted  that .   the  toxic  act ion was slow. 

Average survival   t imes o f  st icklebacks int manganous n i t r a t e  

so lu t ion  were 1 week a t  50 ,ng/L, 4 days a t  100 mg/L, 2 days a t  150 mg/L 

and 1 day a t  300 mg/L as  manganese (Murdock, 1953). Manganous ch lo r ide  

was l e t h a l   t o  minnows i n   f r e s h  water i n  6 days a t  12 mg/L  MuC12 

(Ooudoroff and Katz, 1953). Groups of rainbow trout eggs exposed t o  0, 

1, 5 and 10 mg/L o f  manganous sulphate f o r  29 days exhib i ted 7, 12, 22 
*ind 30 percent  mortal i ty  respect ively  (Lewis.  1976). F r y  were unable 

1:0 detect   h igh (10 mg/L) leve ls  o f  manganous sulphate.. 

Manganese i s  accumulated via  the  food  chain  by  fresh  water 

invertebrates,  the  concentrat ion  factor  being  roughly 40 000 (Va.ughan 

e t  al., 1975; P h i l l i p s  and Itusso, 1978). The concentrat ion  factor i s  
only 100 f o r   f i s h   b u t  f o r  duckweed and bryophytes  the  factor!;  are 

10 923 and 28 900 respectively  (Hutchinson and Czyrska, 1972; Oietz, 

1!373). 
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MANGANESE - (Cont’d) 

Manganese i s  a re la t fve ly  non-hafardous  element i n  mast 
waters due t o  fts low toxfcf ty   to   aquatfc  organisms and wildlffe  and 
the  fnsolubf7ity o f  Mn under most natural  conditfons. 

- MERCURY (Hq) 

M e ~ u r y  f s, a unique  element due to f ts wf de d is t r ibu t ion  and 
atobllfty  throughout the envf ronmmt. I t  f s extremely volat i  le and f s 
i n  natural  equflibrfm  betueen t h e  bfosphera and geosphere. Mercury f s  
known t o  be 8 m f t t . d  f r o *  the combustion of coal  prfmarfly  as  elemental 
mercury f n  the vapour  phase (Ruch e t   a l . ,  1973; Klaf n e t  a l . ,  1975; 
Lfa, U791. 

Mcrcury ls not essentlat   to  plants  or  anlmals b u t  f s  t ox fc   t o  
both  types o f  organisms. Mercury i s  unique I n  its power t o  form stable 
compounds w i t h  organic radicals.  I n  f ac t ,  f t  has been suggest8d 
(Peakall and i o v i t t .  1972) t h a t  t h e  number o f  compounds which can be 
formed Is sa large,  mercury can be said to havr an organlc  chemistry of 

I t s  own. Mercury fs transformed f n  both t h e  aquatfc and t e r r e s t r i a l  
cnvfroclclranta t o  wthy lwreury  which i s  generally 10 times more tox ic  
than  inorganfc Hg and fs the form whfch 1s  bfoaccmaulat8d (Peakall and 
Lovftt,  1972). Coal combustfon emissions o f  mercury are  not  considered 
hazardous by t h e  USEPA (l973b) even  under re r t r ic t fvc   d l spers ion  con- 
dit lons  s ince Hg 1s not l i ke ly   t o  be brought t o  ground level  except 
under fuafgation  condltions. Mercury vapcurs, however. can be tox ic  to 
“1s f n  poorly  vmtilatad  areas.  Exposure t o  mercury  vapour results 
f n  absorption by the  lungs w f t h  SOID. saccondary amounts taken i n  by the 
skln (Belfles,  1975). Inhaled mercury vapoum rapidly leave the lungs 
and gradually  concentrate f n  other tissues probably as wrcaptid8S 
(Goodman and Gflmn. 1970). Mcrcury accumulates f n  the lfver, hafr, 
skin, nails and lungs f n  mammals and fea thers   for  b f r d s  (Undewood, 
1975; Johnels a t   a l . ,  1979). In humans concentrations from 50 to  
350 are  75 t o  85 percent absorbed by the lungs and  an even higher 
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percentage  of  lower concentrations is absorbed (Babu, 1973). Inhala- 
tion o f  acute  doses of Hg, from 1.2 to 8.5 pg/m , causes  adverse health 
effects  to the respiratory tract (Cassarett arid Doull, 1975). The 
symptoms of these effects  include  pneumonitis, brsonchitis, chest pains, 
dyspnia  (shortness  of breath) and coughing (Babu, 1973). Chronic 
exposure  to low doses causes  the  disease "mercu,rialism" characterized 
by gingivitis,  stomatitis, renal toxicity, tremor and disturbances of 

the gastrointestinal syritem (Goodman and Gilman, 1970). 

3 

Elimination c l f  inorganic  mercury  begins  immediately after 
absorption,  mainly by way of the kidney and colon and to a  lesser 
extent via the bile and saliva. In  experimental animal!;, several 
.percent are  excreted i n  the volatile elemental form through both the 
lungs  and the skin  (Clarkson  and  Rothstein, 1964:l. 

The  metallic and elemental Hg  as well as the inorganic 
mercurial  forms  generally  have a lower toxicity than organic  Hg com- 
pounds  (Valkovic, 1975:'. A l l  of the  organic f o m s  of mercury (alkoxy, 
alkyl,  and aryl) are toxic but the alkyl form is one of the most toxic. 
Typical examples  would be methylmercuric hydronide,  methoxyethylemer- 
curic hydroxide  and  phenylmercuric acetate. The accumulation and 
retention of these  mercurials in the nervous  system, the  ease with 
which they penetrate the blood  barrier and their effect  on  developing 
tissues, make  them  particularly  insidious  (Aulerich et a l . ,  1974). 
Organic Hg fod to developing  mammalian  fetuses resulted i n  a  reduced 
litter s i z e  and/or weight,  morphological  lesions and damage  to the 
fetus's central nervous  system  (Skerfving, 1972). Similar effects  may 
be produced by the inhalation o f  Hg. Mercury  can cause I: - mitosis 
leading to variable c:lromosome numbers which may be reflected in the 
reduced  productive potential of  mercury expo'sed mammals (Rand and 
Schmidt, 1952). 

The distribution of mercury followin'g administration of the 
various classes o f  mercurials to  mammals is  of importance in under 
standing Hg toxicity. The distribution o f  the!ie compounds is shown in 
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C . 1 2  MERCURY - (Cont’d) 

Table C-7. Inorganic and alkoxyalkyl Compounds cause kidney damage- 
usually leadf ng t o  death. A1 kyl Hg compounds usually df splay a period 
of latency wfthout symptoms then sfgns of  damage t o  the  central newous 
systna appear sfmflar t o  those observed in  chronic pofsonfng. Chronfc 
alkyl mercury poisoning has been called Minamata Ofsease after  the 
dfstrfct in Japan where  46 fatal  cases occurred folloufng  the  ingestion 
o f  methylmercury contafned i n  marine organisms (Irukayama, 5966). 
Symptoms of the  disease  include  cerebellar  ataxia,  tremors,  constrfc- 
t f o n  o f  vfsual f ields and lack of co-ordination. 

Airborne mercury can be Introduced f n t o  biological  cycles 
through the soil component. Although the properties. and transport 
dynamics o f  afrborne Hg are not  completely  understood, i t  appears there 
1s a global circulation of the element (Kothny, l973a;  Wallin, 1476). 
In  the vapour phase, Hg is releasad from the transpfration of sof l s ,  
them  also  seem to be an equf l fbrf  um between gaseous uptake and 
relaare from soils (Lockeretz. 1974). Mercury may also enter  soils 
through scavengfng from precipitation. Anderson (1967) has indicatad 
that precfpitation may  be a signiffcaot source o f  sofl mercury. In the 
gasaous phasa, Hg fs readlly taken up by water  being soluble over tho 
range of 20 to 47 pg/L (Kothny,  1973a and l973b). Gaseous Hg wfll  alse 
absorb to fine  particles (submicron) in  the atmosphere.  These d u s t  

partfcles can deposit on soi ls  where the Hg wfll be incorporated. 
Mercury f n  soils  is,  therefore,  the  result of  equilibrfua between the 
Hg i n  t h e  atsasphers,  partfculatr  fnattar, water and rucks. 

Mercury i s  generally not very soluble f n  soil and as such i s  
not  readily leached o r  available  to p l a n a  (Geological Survey, 1470; 
Lorenz. 1979). Mercury tends t o  be retained f n the surface  layers of 
the  soil due to adsorption by organic and inorganf c matarf a1 s and the 
l o w  solubili t ies of  mercury sa l t s  (phosphates,  carbonates,  rulphfdes) 
(Berry and Wallace, 1974). Then i s  a good correlation between the 
mercury concantratfon in sofl and i t s  organic  matter  content and an 
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B1 ood 1 ,,vel s 
( s ing le  or 
repeated admi n- 
i s t r a t i o n )  

Kidneys 

Liver 

Brat n 

Relative amount 
o f  s ingle  i . v .  

w i t h i n  4 hours 
dose  excreted 

( f norgan i c 1) 

Half - l i fe  of 
s ingle   injected 
dose ( i n  days) 

TABLE C-7 

DISTRIBUTION OF MERCURY IN MAMMALS 

Inoraanic 

Disappears 
rapidly 

100-1000 times 
blood leve ls  

5-20 times 
blood levels  

Equal t o  
blood 

. A 

3-4 

m A1 koxyal kyl 

Some increase D i  sappears 
af ter   repeated  rapidly 

Marked increase 

administration 
bound to  
erythrocytes 

20-100 times 100-1000 times 1-1.5 times 
blood levels  blood levels  blo'od levels  

Twi c? blood 
1 evel s 

2-10 timas 0.2-0.4 times 
blood levels  bloOd levels  

1-3% o f  blood 30% o f  b'lood 
1 evel s 

4 4 %  of '  blood 
levels   levels  

2 - 0.1 

3-4 3-4 15 

1 Due t o  high  blood l eve l s ,   t he   t o t a l  amount retained i n  the  brain is  higher 
t ha?   fo r   o the r  compounds. (After Swensson, 1967). 
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C.U MERCURY - (Cont'd) 
fnvene correlation wfth depth (Whitby et al., 1978; Reeder et al., 
l979). Groundwater  also  affects mercury distrfbutfon in the sofl 
proffle as does pH, the lower the pH, the more sorption o f  Hg by 
organlc material (Krenkel et al., 1973). Mercury fs strongly bonded to 
hunfc acids. An fncrease in the sodium  chloride  concentration 
decreased the fixation of Hg by humic acids (Strohal and Huljev, Bn). 

WercurIc ion is methylatmd  under a variety of  condftfons fn 
alkalfne agrfcultural sofls (Rogers, 1975). Sfmilarly, Beckert et al., 
(1974) found methylmercury in desert rofls which had been amended wfth 
wrcurfc nitrate. Recent  evldence Indf cates  that  there I s a constf- 
tuent fn soil whfch can methylate  mercuric fon blologically. It 
appears ft fs associated with the lower  molecular  weight  fraction o f  
the soil organfc matter (Rogers. 1977). Only a smal 1 part, 1 x o f  

the mercurfc fon applied to the s o f l  is found fn the form of methyl- 
mercury (Rogers, 1976). A good review of  the Interaction of Hg with 
sol1.s of varying type can be found In Krenkel et al., (Vol. 1, 1973). 

Plants may accumulate mercury from sofls, water and the 
a m s p h e r e  (Dvorak and Lewis et al., 1978). At the mercury concentra- 
tions prevaflfng in solls, however, plants retain mercury almost exclu- 
rfvely within the root, where ft seems t o  be relatfvely tightly bound 
to acfdic groups o f  cell walls (Beauford. 1977). Only at exceptionally 
high sofls contants of Hg I s  there a sfgnfficant  translocation to the 
shoot. The relatively stable  bindfng o f  inorganic mercury to  organfc 
matter in sofls and the plants' capacity o f  bfndfng inorganic  Hg  are 
the general reasons why Hg  fs not accumulated by higher plants. 

Mercury f n  the gaseous and particulate phases can be absorbed 
by the aerial portions of plants fn the same  manner as other  gaseous 
pollutants lfke  fluorine and sulphur  dioxfde (Treshcw, 1970: Dvorak et 
al., 1978; Siege1 et al., 1978). There  are few data on the toxfcfty of 
airborne Hg to plants. Uallfn (2976). however, has observed hfgher 

-. 
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leve ls  of Hg i n  the  m'ass, Hypnum cupressifonnq for plants  i n  c lose 
proximity  to t h e  e f f luents  of chlor-alkali   plants.  The mosses probably 
accumulated the Hg by intercept ing suspended a i r   par t icu la te -conta in ing  
Hg by the  physical  processes  of  sedimentation,  hpaction and diffusion 
(dry  deposition) o r  via a i r  pa r t i cu la t e s  scavenge'd o n t o  the  surfaces  of 
the  plants.  The leve ls  accumulated by t h e  Hg - exposed plants  was 
about an order of  magnitude greater  than  those  levels i n  control 
plants.  Fumigation  of  tobacco plants  w i t h  metal l ic  mercury  vapour 
increased the amino acid  content of t h e  exposed plants  compared w i t h  

cont ro l   p lan ts   (Anel l i   e t   a l . ,  1973). Grapevines  sprayed w i t , ?  mercuric 
sulphate  increased  the  weight o f  berr ies  compared w i t h  controls  
(Dobrolyubskii, 1959). 

Foliar  application  appears  to move i n  the foliage!  of  apple 
t r ees  by t ranslocat ion.  the movement being due Flrincipally 1.0 growing 
. f r u i t  and fo l iage  (Ross  and Stewart, 1962). Residues have a l so  been 
reported from fo l i a r   app l i ca t ion  of mercury to  tomatoes,   pears,   r ice 
and grain (Krenkel e t   a l . ,  1973). Potato  plants  sprayed wi1.h phenyl- ' 

mercury had concentrations of 0.021 t o  0.032 m(l/kg Hg compared w i t h  

0.005 mg/kg i n  unsprayed controls  (Smart, 1968). Peas  sprayed w i t h  a 
solut ion of  mercuric n i t ra te   over  an 8 hour period w i t h  a t o t a l  of 
90 mL o f  10 pg/g exhibited  reduced growth and weight and an  accumu- 
l a t ion  o f  mercuric  nitrate (Gay, 1976a).  Spraying o f  phenylmercuric 
acetate   onto t h e  leaves  of Coffea anals ica  reducc!d t h e  zinc content o f  

the leaves a t  the  dista ' l  ends  of the shoots (Bock e t   a l . ,  1958). The 
growth o f  cucumber was inhibi ted and d isor ien ta t ion  of the root and 
shoot was induced by mercuric chloride  (Puerner and Siegel ;  1972). 

Little infoma,tion i s  avai lable  w i t h  reaipect t o  the uptake  of 
Hg by vegetation f rom soi ls .   Plants  would appear  to have a low 
tendency t o  accumulate  mercury from soi ls .   Increasing  the Hg concen- 
t r a t i o n  of test soils by 6400 percent  resulted in changes of  Hg leve ls  
in  t h e  plants  from a 10:;s of 6 percent   to  an increase o f  only 109 per- 
cent  (MacLean, 1974). In another  study, a 250 f 'o ld  so i l  amendment i n  
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C.U MERCURY - (Cont'd) 
Hg content msulted in only an increase from four  to s i x  times higher 
than the plants grown in control soil (Stewart et  al.,  1975). Carrots 
and mushrooms, however, have the ability to  concentrate mercury from 
soil (Stijve and Eesron, 1976; Reeder et al., 1979). Translocation 
f r o m  treated  seed does not produce  serious  contamination in harvestad 
grain (Krenkel et al., 1973, Vol. 1). In most plants, mercury concen- 
trations range from 0.010 to 0.200 ng/kg but plants growing near Hg 
deposits  can  contain 0.5 to 3.5 mg/kg Hg. translocation  occurs in mast 
plant tissues, including leaves, fruit and tubers (Ratsch. 1954). 

Mercury in the ionic form taken up  by roots can be translocated, 
raduced and returned i n  gaseous form to the atmosphere (Siege1 et  al., 
1978). 

Plants have the capacity to methylate mercury in their 
tfssues. Gay (1976b) has reported that peas pisuln sativum  methylated 
organic mercury in vitro. The mechanisa o f  this methylation is accom- 
plished by an e n z p  system in the plants. The methylation of  the 
mercury could apparently take place  whether the mercury entered the 
plant via foliar  application, in soils with  mercuric  nitrate  or 
phenylmrcury,  or when  sections o f  pea plants were surfaca sterilized 
followed by incubation  with  phenylnercury  acetate (Gay, 1976a). Cyto- 
logical studies on onion mots (u sp.) have shown that alkyl, 
alkoxyalkyl and  aryl mercurials induce chromosomal changes.  Ramel 
(1967) found that a  concentratfon of 50 pg/kg caused dfsturbances o f  
the mitotic spinale. 

Generally, mast higher vascular plants are resistant to  Hg 
poisoning even though they can  accumulate relatively high concentra- 
tions in their tissues. Labrado tea plants, for example, display no 

adverse effects from Hg at a  tissue  concentration of 3.5 mg/kg (Gough 
and Shacklette, 1976). Methylmercury in terrestrial plants may have 
s o w  significance to grazing wildlife specfes. as  this form o f  mercury 
is the mast toxic and displays the greatest  cumulative potentfal. 
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Mercury  also  enters  animals  via  the  ingestion o f  contaminated 

water,  vegetation and prey. The l a t t e r   r o u t e  appears t o  be! the most 

important,  especial ly fsw those w i l d l i f e  species  preying upon mercury 

contaminated  f ish. 

I 

I 

I SE 7933 

There i s  no direct  experimental  evidence  using  ripecies of 

w i l d l i f e  such as ungu"ates and carnivores  with  which an: adequate 

drinking  water  objectivc! can be der ived (Reeder e t   a l . ,  197!3). These 

authors have suggested  the limit recommended f o r   l i v e s t o c k  (0.003 mg/L) 

be used as the  phys io log ica l  mechanisms a r e   l i k e l y   q u i t e   s i m i l a r  

between var ious  l ivestock and w i l d l i f e  species. A s i m i l a r  argument may 

be advanced i n  consider ing  the  ingest ion  o f  merc:ury f r o m  food  sources 

o f   w i l d l i f e .   I n fo rma t ion   co l l ec ted  f r o m  experimentation  with  other 

domestic  animals and laboratory  species  could  also be ex t rapo la ted   to  

w i ld l i fe .   M inu te  am0unt.s o f  Hg ingested on a  regular  basis can l e a d   t o  

r e l a t i v e l y   h i g h  Hg concentrations i n   t he   k idney  o r  l iver. .   Catt le 

inges t ing  0.48 mg/day/kg resul ted  in   k idney  concentrat ions o f  100 mg/kg 

a f t e r  27 days. In sheep an equal dose led  to  k idney  concentrat i ,ons  of  

l20 t o  210 mg/kg.  The background  concentration o f  Hg i n  the  kidney i s  

roughly 0.5 mg/kg (Palnwr e t   a l . ,  1973). 

A dosage o f  800 mg/kg  Hg2+ i n  r a t s  i s  l e t h a l  (Eowen 1966). A 

cumulative consumption of 24.7 mg of methylmercury i s  f a t a l  t o  ring- 

necked pheasants, symptoms o f  poisoning  occurred between 13 and 17 mg 

(Stoewsand, e t   a l . ,  1371). These l a t t e r  l e v e ! l s  also  impaired egg 

production i n  pheasant hens. Phenylmercury and methylmercury a t  cumu- 

l a t i v e  doses o f  4 and 16 mg can adversely  af fect  egg ha tchab i l i t y .  The 

smaller dose decreases it w h i l e   t h e   l a r g e r   r e s u l t s   i n  complete cessa- 

t i o n  (Adam and Prince, 1972). Japanese quail   fed 1 t o  3 mg/kg  HgC12 

r e s u l t e d   i n   t h e   p r o d u c t i o n   o f  eggs wi th   th inned  shel ls  (Stoewsand e t  

a1 . , 1971). 
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Young chickens  fed f n  excess of 250 mg/kg  HgCIZ  showed a 
suppressfon  of inrPunolcgiea1 responsiveness,  decreased  nutrftional 
uptake, high mortal i ty   ra tes ,  and increase f n  hear t  and adrenal  gland 
weight wi th  a decrease i n  lever,  spleen and bursa  weight  (Parkhurst and 
Thaxton.  1973). The toxfc  oral  doses f o r  laboratory  animals  range from 
an US0 of 18 mg/kg fo r  H g O  to an IDSO of  388 of HgNOJ. In t h e  envi- 
ronment. sfmilar   effects  have  been observed i n  birds  which have fed on 

seeds w f t h  mercurfal dressings (Fimmite et  a l . ,  1970; Johnels e t   a l . ,  
1979). 

Dead b i r d s  obse,wed i n  Sweden contained levels of Hg which 

peaked during June and November', w f t h  subsequent  rapid decline. The 
seasonal  changes were C O r r e l a t R d  t o  the spring and autumn sowing 

periods. Curnow e t   a l . ,  (1977) found a sfmllar correlat ion whew 
pheasants  feedfng on grafn  dressed wf th  niercurialr showed the h i g h e s t  
tfssue conchntrationr i n  those agricul tural   areas  producing t h e  most 
grain. 

Mercury levels were found i n  t he  kidney and l i ve r s  of preda- 
tory b i r d s  which apparently feed on these reed-eating b i rds  - sparrow 
hawk LACCiDe tU nisus.),,goshawk (4. gent i l fs) ,  peragrine  falcon .(Falco 
peresrinus),  eagle owl (8ubo bubo) and whitetailed  eagle  1Hal.ieatus 
a l b i c i l l a  and f n  mamalian  species such as red fox (Vulpes vuloes) and 
mink (Mustela  vison)  (Johnels e t   a l . ,  1979). 

The wrcury I n  ' t he  b i r d  popuTations was found to be largely 
mthylmercury, t a s t s  Indicated that K t o  20 mg/kg msul ted  in   acute  
toxfci ty  (Krenkel e t  al.,  1973). Mercury resfdues i n  l iverkfdney  
composftes of b i r d s  exper fwnta l ly   k i l led  by seed, ranged from 30 t o  
UO mg/kg i o r  pheasants, 70 to ll5 mg/kg f o r  jackdaws and 50 t o  
200 mg/kg f o r  magpies (Krenkel e t  a l . ,  1973). In  cases of fntoxicatfon 
w i t h  neumlogical symptoms o r  death, mercury concentratfons i n  t h e  
brafns o f  mammals ranged from 0.01 mg/kg ( r a t )  t o  61 mg/kg (cat). The 

I 
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brain  concentrat ions  of.alkylmercury i n  some farm  animals  with  signs  of 

poisoning were approximiitely 2 mg/kg i n  turkey, 8 mg/kg i n   c a t t l e ,  and 

10 mg/kg i n  sheep (Palnler e t  al., 1973). In farm  animals,  the  organ 

t h a t  showed the  greatest  accumulation o f  Hg  was the  kidney (Palmer e t  

a1 . , 1973). 

Mercury i s  dellosited i n   l a r g e  amounts i n  feathers and other  

keratinous  t issue.  Using museum specimens, it i s   p o s s i b l e   t o   f o l l o w  

the  progression  of  mercury  contamination  over many past  decades. Such 

analyses, f o r  example, f o r  a number o f  p redatory   b i rd  spc?cies have 

shown t h a t   t h e   l e v e l s   o f  Hg were l o w  i n  the Swedish environment  during 

the  19th and ea r l y  Z0.h centur ies  but  rose considerably  during  the 

1940's,  1950's and 1960's .   Th is   corre la ted  wi th   the  in t roduct ion  o f  

methylmercury as a seed-dressing  agent i n   t h e  1940's (Johne'ls e t   a l . ,  

1979). Accumulations i n   b i r d s   o f  Hg due t o  the! ingest ion o f  alkoxy- 

a l k y l  compounds  do not  occur  to  the same magnitude as meth,ylmercury. 

It appears there i s  l i t t l e   b i o m a g n i f f c a t i o n  o f  the  former compounds i n  

predatory  .birds.  Methylmercury  is, however, biomagnified i n  these 

b i rds  as it i s  very  stable and i t s   e x c r e t i o n   i n   b i r d s  and mammals i s  

very slow. It was ev ident   tha t   add i t iona l  sources o f  methylmercury 

were c o n t r i b u t i n g   t o   t h e   t o t a l  body-burden o f  Hg i n  these! animals. 

I n  Sweden, gvazing and browsing animals like moose (Aices 

- alces) and roe deer  <Capreolus  capreolus) as we l l  as c a t t l e  and horses 
had low  mercury  levels  dur ing  the  cr i t ical  1940s t o  1960s whlen methyl- 

mercury was used as a seed dressing. A sfmf lar  observat ion was  made 

fo r   vegetar ian   b i rds  who dfd  not   feed on dressed seeds. 

The environmental   impl fcat ions  of   mercury  toxic i ty  are  qui te 

s ign i f i can t   i n   t he   aqua t i c  environment.  Mercury  displays bo.th chronic 

and acu te   t ox i c f t y  and fs  a lso  methylated i n  bottom  sediments  from 

where it is   read i l y   b iomagn i f i ed   i n   t he   f ood   cha in ,  perhaps t o   l e v e l s  

that   are  not   on ly   tox ic   to   the  accumulator   but   a lso  to   the b,rowser  and 

predator. 
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The concentration of mercury in unpolluted waters is less 

than 0.1 rg/L (USEPA, 1976) and in s8diments  about 1 pg/kg (Reeder et 
al., 1979). The current  detection limit for  the analytical method 
usually employed to measure mercury in water is 0.05 pg/L. Mercury is 
pres8nt in water in many different forms but  calculation of the exact 
amount o f  Hg species is difficult due to  the complexity of natural 
waters and the l o w  concentrations o f  Hg (Shin and Kronkel, 1976). 

According to Reeder et al., (1979) the two probable  most 
important  reactions of mercury in water are: 1) the exchange of 
mercuric fons (Hg2+) for other  cations in insoluble  sulphidic  minerals 
(because mercurfc  sulphide has the lowst solubilfty o f  all sulphides); 
and 2) the reaction o f  mercuric ions with  bioproducad hydrogen sulphide 
(H2S). Both o f  these reactions occur mainly in sediments  and lead to 
the formation o f  Insoluble mercuric sulphide (HgS). 

I n  aquatic environwnts. Hg may be precipated o r  methylated. 
Inorganic mercury in natural waters was shown to be rapidly and 
efficitntly transferred to the sediment, allnost 100 percent in 5 
minutes, and was affeked 1 ittle by changing  pH (Ramamoorthy and Bust, 
1976). Kudo and Hart (1974) sh o w 4  that  the uptake rates of inorganic 
Hg by Ottawa  River  sediments was relatively rapid and no significant 
difference was observed between aerobic and anaerobic conditions. The 
uptake rate f o r  methylwrcury ions was higher  than the value for 
inorganic Hg by 'ahout 10 percant (Moflimer and Kaslo.  1975). Mercury 
is present in sediments in different forms occurring as: 1) particles 
of wrcurfc sulphide; 2) droplets o f  metallic mercury; or 3) chmi- 
sorbed or adsorbed in 8ith.r organic o r  inorganic  materials as mercuric 
ion and wthylmrcuric ion (Kmnkel, 1974). 

It has been demonstrated  that  micruorganisms living in the 
Sediwnts ingest inorganic wrcury and transom it into dimethyl - or 
mthylmerCury  (hod et al., 1968; Jensen and Jernelov, 1969). At low 
concentrations, the formation o f  dimethylmercury is favoured in the 
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methyl t ransfer   react ion b u t  a t  higher  concentrations of mercury, the  . 
major product  appears  to be monomethylmercury. In a particular  system, 
t h e  amounts o f  mono and Niimethylmercury compounds are  determined by the 
presence of microbial  !;pecies, Hg concentration,  temperatu're and pH 
(Wood e t   a l . ,  1969). Spangler e t   a l . ,  (1973) have demonstrated  reac- 
t ions  by microbes  resull.ing i n  possibly  zero  net  methylmercury re lease  
t o   t h e  water. 

The corresponding  release  of mercury from sediments i s  slow 
(Jacobs and Keeney, 15174). The desorpt ion  ra te  from Ottawa River 
sediments,   for example,  ranged from 0.1 t o  1 .0  pg/cm per day and was 
colume dependent (Kudo e t   a l . ,  1975). 

2 

World attention  focussed on the  environrnental merculy problem 
when humans were poisoned by ea t ing   f i sh  and sh,ell  fish  contaminated 
w i t h  methylmercury  durirlg t h e  middle o f  the  1950s i n  Minamata, Japan. 
The implications  of mercury  contamination and subsequent  methylmercury 
formation i n  aquatic  sediments were c l ea r ly  demonstrated. Thfs  form of 
methylmercury i s  readily  taken up  by aquatic clrganisms an,d is bio- 
magnified  through the food chain  affecting  both  aquatic and t w r e s t r i a l  
t rop ic   l eve ls .  

Inorganic and organic forms of Hg dlsplay acute and chronic 
tox ic i ty   e f f ec t s   t o   aqua t i c  organisms.  Methylmercury, the most tox ic  
of all   mercurials  to  the  environment,   severely  retarded  the growth of 
an alga,  Chlamydomonas sp. by as  low a concentration  as 0.02 pg/L. 
Holderness e t   a l . ,  (1975) reported  similar  f indings i n  the alga,  
Coelastrum microporum a t  a concentration  of 0.80 pg/L methylmercury. 
The presence o f  mercuq affected  both the accumulation o f  sitarch and 
c e l l  buoyancy as  well a:s photosynthetic  rates.  Chlorophyll and galac- 
to l ip id   synthes is  were inhibi ted by 98 percent and 50 percent 
respectively w i t h  alga Ankistrodesmus  braumii tly 3.5 mg/L  HgC12. A 

concentration o f  2.0 mg/L o f  methylmercuric  chloride i n h i b i t s  
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galactolipid synthesis, the compound also inhibits the galactosyl 
transferase activity fn Eualena  chloroplasts (Matron et al., l972). 
D'Itri (1972) reports that 0.027  mg/L Hg (as HgCL2 is toxic  to 
Phaeodactylum  tricoinutum and Chlorella sp., Chlamydomonas sp. were 
affected at levels  greater  than 0.9 mg/L Hg. The same  species were 
affect8d by phenylmercury  acetate at concentrations as l o w  as 
0.06 pg/L. Other studies have  shown that 0.1 mg/L reduces the growth 
of algae and photosynthetic rates. (Harriss et al., 1970; Hannan and 
Patoulllst, 1972). 

MacLeod and  Pessah (1973) found the 96-h LCSO values f o r  
merrurfc  chloride at 5, 10 and 20aC for  rainbow  trout  to be 0.40, 0.28 
and 0.22 mg/L respectfvsly. Matida (1971) found that the LC50  for 
phenylmercuric acetate, methlymercury  chloride and mercuric chlorfde 
with  rafnbow  trout  fingerlings w e n  8.5. 30 and 310 pg/L respectively. 
Wobeser (1973) reported the 96-h LC30 f o r  methylmercuric  chloride in 
newly hatched sac fry and fingarlfngs o f  the  same species to be 24 and 
42 pg/L r*spectively. These data  conpare  favourably  with those of 

Matida (l97l). The average 96-h LCSO f o r  yearling and juvenile 
brook  trout  was shown to be 0.079 mg/L Hg (MeKim et a l . ,  1976). Tho 
MATC determined f m m   t h e  long term effects on three generations of  the 
species was f r o m  0.29 pg/L as CaC03, pH = 7.5. These figures were used 
to determine the applfcation  factor (AF = MATC/96-h  LCSO) which was 
between 0.OU and 0.004. Fathead  minnows exposed to methylmercuric 
Chloride all died a W r  3 months  exposure to 0.80 and 0.41 pg/L 
mercury. 92 percent  of the ffsh exposed to 0.23  pg/L also died within 
tho 3-mOnth period (Mount, l974). Spawning was completely inhibited at 
0.U pg/L mercury with males not developing sexuality. A concentration 
of 0.07 pg/L did not produce any toxic effects. 

- 
I . -. 

-1 
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Short  terw96-hour bioassay studies  with Hg in the form of 
mercuric ions showed that 1 mg/L was fatal to fish (USEPA, l972). 
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Paoigrahi and Misra (19713) r e p o r t   t h a t   t h e   f i s h  &- scanderls exposed. 

t o  5 mg/L o r  greater o f  mercur ic   n i t ra te  a1 1 died. A t  3 mg/L these 

f i s h  developed  inappeterlce and a t a x i a   a f t e r  5 days and, a f t e r  3 weeks 

exposure, blindness was iioted i n  29 percent  of  animals. 

Rainbow t r o u t  and  sockeye salmon lOnchorhynchus m) were 

ab le   to   surv ive  i n  10 mg/L o f  pyridyl  mercuric  acetate f o r  1 hour w i t h  

no tox ic   e f fects   (Ruckw and Whipple, 1951). The  LC50 o f  p y r i d y l  

mercuric  acetate f o r  some fresh  water  f ish ranger; from 0.30 t o  26  mg/L 

f o r  exposures  between 24 and 72 hours (USEPA, 1972). Van Hom and 

Balch (1955) reported  that   the minimum lethal   conc:entrat ions  of   pyr idyl  

mercuric  acetate,  pyridyl  mercuric  chloride,  phenyl  mercuric  acetate 

and ethylmercuric  phosphate f o r  minnows i n  120-hour  bioassays were 

0.15. 0.04, 0.2 and 0.8 sg/L respect ively.  

Concentrations o f  methylmercuric  chloride  greater  than or  
equal t o  1 mg/L reduced :;perm v i a b i l i t y   i n  rainbow  trout.  Incwganic o r  
methyl Hg produced 100 percent   mor ta l i t y   in   ra inbow  t rou t  embryos 

exposed t o  0.01 mg/L (Birge e t   a l . ,  1974b). 0'Connor and Frclmm (1975) 

repor ted  that   ra inbow  t rout  exposed t o  10 pg,lL o f  methylmercuric 

ch lo r ide  for up t o  12 weeks d i d   n o t   a f f e c t   t h e   i n   v i t r o  metabolism o f  

t h e   g i l l  or  the  concentrat ion o f  plasma e lect ro ly tes.  

Mercury a1 so a f fec ts   g i1  1 s t ructure.   Cat f ish exposed t o  

leve ls  o f  0.67 and 15 mg/L Hg displayed changes i n   g i l l  mclrphology. 

The acute  toxfc mechanism of Hg  seems t o   r e s u l t  f r o m  damage t o   t h e   g i l l  

t issues  from  the  "abrasive"  effect o f  the  ions and the  forma.tion o f  a 

mucous film t h a t   f i l l s   t h e   i n t e r l a m e l l a r  spaces which  prevents  the 

normal movenht o f  t h e   g i l l   f i l a m e n t s .  Consequently, gas exchange 

between the  animal's  blood and the  ambient  environment calnnot take 

place and the   f i sh   d ies  from asphyxiat ion.   Mercur ic  ion  inhibi ts  the 

active  uptake o f  sodium by  the g i l l s  o f  go ld f i sh   resu l t i ng   i n   i nc reased  

Ma loss from  the  f ish. The t o x i c i t y   o f  Hg could  therefore be re la ted  

t o   i t s   e f f e c t s  on osmoregulation (O'Itri, 1972). 

SE 7933 c - 74 



C.12  MERCURY - (Cont'd) 

Mercury as 'mercuric chloride and methylmercuric chloride 
caused significant  reproductive impairment a t  concentrations of 2.7 and 
0.04 pg/L respectively i n  Daphnia magna (USEPA, 1976). 

Some fmportant factors  affecting Hg toxicity  are temperature, 
dissolved oxygen concentration,  presence of other metals and water 
hardness. MacLeod  and Pessah (1973) for  example, showed that an 
incnase i n  water taperaturn decreased the time of death f o r  rainbow 
t r o u t  exposed to  Hg. A lO0C rise in  temperature  increased the  toxicity 
of the mercuric ion  three  fold (Rehwoldt e t   a t . ,  1972). Lou levels of 
dissolved oxygen increased  the  toxicity o f  heavy metals due to an 
fncnase i n  the  rate o f  respfratory flow (Lloyd, 1961). 

Copper seemed t o  protect  against  the  toxic  effects of mercury 
In a simflar  fashion t o  zinc's protectfve  actfon  against mercury i n .  
mammalian embryos (Roales and Perlmutter, 1974). The metal most affec- 
ting mercury toxicity  is  selenium. The mercury  body-burden i n  fish 
exposed to mercury was less i n  individuals  pretreated w i t h  selenium 
( K i m  e t   a l . ,  1977). A study by Huckabee  and G r i f f i t h  (1974). however, 
using the percentage  hatch o f  carp q g s .  indicated a synergistic  action 
between Hg and Sa. 

Hard water had  an antagonistic  effect on the  toxicity of 
mercury chloride  to  the protozoan Tetrahymena pyr i formis  (Carter and 
Cawron. 1973). This factor did not  appear t o   a l t e r  Hg's toxicity t o  

- Oaohnia.  rainbow trout,  carp o r  k i l l f i s h  (Tabata. 1969). 

Regardless of the mercury form present,  the major portion of 
the mercury will ultimatrly  ksfda i n  the bottom sediments wheru, 
through microbial action, mono - .and dinmthylmercury can be  formed. 
Therefore,  virtually any  mercury  compound entering water may  become a 
bioaccunulation hazard i f  the environmental conditions are favourable 
for methylatfan ( P h f l l f p s  and Russo, 1978). These are forms biomagnf- 
ffd by fish and other  aquatic organisms due t o  the  rapid uptake and 

.. i 

" 
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t h e   r e l a t i v e  low  rates o f  excret ion o f  methylmercury. The concentra- 

t i o n   o f  mercury i n  the  aquatic  food  chain i s  much more marked than  that  

f o r   t e r r e s t r i a l  systems. 

Bacteria  accunulate  mercury more rap id ly   than sediment, 

tak ing  up almost 20 times as much  Hg a f t e r  72 hours (Ramamoorthy 

e t   a l . ,  1977). Mercury loss  from  the system was a t t r i b u t e d   t o   b a c t e r i a  

conver t ing  d iva lent   mercury  to   vo la t i le  Hgo. 

Mercury  released t o  water  from Hg 203 - enriched sediments was 

taken up by  guppies.  Uptake  from the  water  by  the  guppies was  compen- 

sated  for  by increased  mobi l izat ion  of  Hg from  sediment t o  water (Kudo, 

1976). Mercury  uptake  increased i n   f i s h  exposed t o  a decrease i n  pH, 

increasing  sharply  below pH = 7.0 (Tsai e t   a l . ,  1.975). 
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Ruohtula and Mie l t inen  (1975) found t h a t   t h e   b i o l o g i d l  

h a l f - l i f e  of methy1merc:ury i n  rainbow t r o u t  ranged  from  ab'out 200 t o  

500 days. El iminat ion  t ime was inversely  re' lated  to  temperature. 

Orally  administered  methylmercury was retained  longer  than  methyl- 

mercury  accumulated frm the  water  suggesting  the  importance o f  the 

dfet   (Miet t inen, 1975). Uptake studies  with  the  fresh  water clam 

JAnodonta srandis) showed that  only  methylmercury was reta ined by the 
clams upon t ransfer   to   c lean  water   (Smi th  e t  a l . ,  1975). A s im i la r  

observation was reported  for   ra inbow  t rout .  (Fromm, 1977). 

The g i l l  o f  f i s h  appears t o  be the  major  s i te o f  mercury 

accumulation from wat ts  as opposed t o   t h e   g a s t r o i n t e s t i n a l   t r a c t  

(ingested  water) o r  the   sk in  (Fromo, 1977). Uptake o f  Hg by  fathead 

minnows was not  proptart ional  to  concentrat ion  but  increased  with 

concentration (Olson e t   a l . ,  1975). Brook  trciut exposed t o  methyl- 

mercury  concentrations as low as 0.03 pg/L civer three  generations 

attained  mercury  concentrations i n   e d i b l e  tissue!;  exceeding  the  Federal 

Drug and Administrat ion  guidel ine (McKim e t   a l . ,  1976). 
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Most  of t h e  reports i n  the  l i terature recognize food as the 
major source o f  Hg to  fish. Norstrom e t   a l . ,  (1976) have shown that 
80 percent of the methylmercury present i n  food  and 12 percent of that 
passing over the  gi l ls  was accumulated by fish. Elimination was 
described  as 'a function of body weight and methylmercury body burden. 
 he particular  properties of methylmercury cause its accumu1ation in 
f i s h  tissues  especially i n  brain and muscle tissue. This f s  fn 
contrast to inorganic mercury and the more easily biodegradable 
organomercurials.  Benthic animals contain l i t t l e  methylmercury i n  
relation to total Hg content, hence the  transport of mercury from 
benthic fauna as food to fish i s  comparatively small (Jernelov and 
Lann, 197l). The same would  seem t o  apply f o r  plankton. For f i s h  
preying on other  piscivorous forms, however,  food as a way o f  
methylmercury transport i s  much more important. 

Gardner e t  a l . ,  (1978) have demonstrated the  significance of 
mercury i n  t h e  environment. They measured the concentration of various 
fornu of mercury i n  a Hg-polluted M r S h  ecosystem as a rasult of 
industrial discharge. The levels o f  Hg were elevated i n  receptor 
organisms reflective of the  pollution source. The predominant fonn of 
the metal varied fn different components, most o f  the Hg i n  sediments 
and plants, f o r  example, was not  methylated b u t  i n  the  higher  trophic 
level organisms (mammals. b i rds  and f i s h ) .  Hg existed  principally as 
methylmercury. The tissues of animals which fed on plants and detr i ta l  
material i n  the sediments tended to contain lower, b u t  measurable, 
concentrations of methylmercury. The transfer of methylmercury up the 
food chain  explained the high levels of the compound i n  the  tissues of 
b i r d s  and mllaaals. These animals fed on Littorfna and/or s, fresh 
water plants  that contained methylmercury, and might explain, i n  part, 
the  source of methylmercury observed i n  the b i rds  and  maannals investi- 
gated i n  the study. Some general concentration  factors f o r  mercury by 
various  trophic  levels of  the  aquatic  biota are: > 930 for bryophytes 
(Dietr, l.973); 100 000 f o r  f r e s h  water invertebrates; and 1000 for  
fresh water fish (Vaughan e t   a l . ,  1975). 
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Mercury is a non-essential element  for illants and animals  but 

can be very toxic to 110th forms of organisms. Mercury, especially 
methylmercury, is accumlated by fish in the  aquatic environment  from 
both their food and water. The  slow  elimination o f  the  compound from 
the  animals permits  its general biomagnification through  the  aquatic 
biota. Methylmercury call .enter terrestrial  food c:hain via organisms in 
the terrestrial/aquatic environment interface. Methylmercuiy at any 
trophic level is cause  for  concern because of its bioacc:umulatory 
potential and high toxicity. 

C.13 MOLYEOENUM (Mo) 

Upon the  combustion  of coal,  Molybdenum is  partia.lly vola- 
tllired and enriched on fly ash  particles (Ruchl et al., 1973; Klein 
et a1 . , 1975). 

Molybdenum is required by bacteria,  higher  plants, and 
anima'ls for a number of l~iological processes. In mammals  a trace  of  Mo 
is needed, but an  excess is toxic; it is required  for the  proper utili- 
zation of copper (Pros!;er,  1973). Molybdenum may be important  for 
several flavoprotein3 w c h  as xanthine oxidase!.. Synthesis of the 
latter  compound is induclad by Mo in rats (Prosser,, 1973). It is also  a 
component o f  enzymes  involved In purine metabolism and sulphfte oxida- 
tion  (Underwood, 1975). Plants  require Mo  for normal growth (Johnson, 
1966). 

I 

I 
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There are few  data  which describe the toxicity  of Mo via 
inhalation or by ingestion. Molybdenum exist?; in various valence 
forms; the  soluble hexavalent  compounds are well absorbed from the 
gastrointestinal tract and transported to  the 'liver. Ruminants  are 
sensitive to Mo  which 1.hey may ingest while grazing  (Kubota et al., 
1967). A molybdenum contzentration of 5 to 10 mg/kg  is considared  to be 
toxic in cattle,  sheep  and horses while  swine arc! more  tolerant to Mo. 
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Excess Mo in cattle causes diarrhea and leads to copper accumulation in 
the kidneys. High levels of Ma also nduce copper utilization in 
mammals (Pmsser, 1973). Molybdenum has also been associated  with 
degenerative  changes in liver  cells  (Dvorak et al., 1978). 

In humans Mo accumulates in the kidneys and adrenal s , oxcre- 
tion is rapid  occurring priaurily in the urine. Excess Mo may also be 
excreted in the bile. 

Molybdenum usually occurs as divalent unions in soil solu- 
tions. They react somewhat  similarly  to  phosphate  and am more  soluble 
i n  neutral to alkaline  soils (Berry and Wallace, 1974). The mobility 
o f  Mo has been shown to increase i n  poorly drained or flooded soils, 
probably because of the reduction o f  the element to lower  valence 
states in the absence o f  good aeration (Johnson, 1966). Molybdenum has 
been shown to inhibit nitrogen  mineralization in soils (Liang and 
labatabai , 1977). 

Plants  accumulate Ma proportionately  to the amount added to 
the soil. In fact, natural background  concentrations of  Mo are  not 
toxic to plants (USEPA, 1972). The concentration required to be toxic 
to plants is not wll defined, but hundreds or  thousands o f  mg/kg 
appear to be needed (Horton et al., 1977). The distribution  of Mo'in 
plants  appears to be higher in the mots than the shoots (Wallace and 
Romney, 1977). 

Molybdenum can  enter herbivorous species through ingestion. 
Not much infomation. however, is available on the toxicity  of Mo to 
animals via this  mute. 

.., 

Molybdenum occurs in f n s h  water fron 0.03 to 0 . U  mg/L 
(Dvorak et al.. 1978). It has not been considered a serious pollutant 
but it is a biologically active metal. It may be an important element 
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for   p ro tec t ion  of t h e  aquatic ecosystem due t.0 i t s  ro le  i n  algal 
physiology. Molybdenum i s  essent ia l  f o r  t he   f i xa t ion  of elemental 
nitrogen by b l u e  - green  algae (Hardy and Burns, 1968). 

The 96-hour IK5O for  fathead minnows exposed t o  molybdic 
anhydride (Moo3) was 70 mg/L i n  sof t   water  and 370 mg/L in  hard  water. 
Although Mo is  essent ia l   for   the  growth of  the  alga  Scenedesms  sp.  the 
threshold  concentration  for a de le te r ious   e f fec t  i s  54 mg/L (Bringmann 
and Kuhn, 1959). 

Molybdenum does  not  tend  to  accumulate i n  t h e  edible  portions 
of tissues and has a rtzlatively low tox ic i ty   t o  animals. The concen- 
t r a t i o n   f a c t o r   f o r  Mo I n  the   edible   port ions of f resh  water   f ish is 
only 10 ,  this corresponds t o  the value  observed  for  f.resh  water 
invertebrates  (Vaughan e t   a l . ,  1975). Molybdenlum i n  t h e  biota  would 
appear  to be of l i t t l e  concern  although i ts  influence on copper  toxi- 
c i t y  may be s igni f icant .  

C.:L4 NICKEL ( N i )  

Coal combustion i s  a major  source  of  airborne  nickel. During 
the combustion process,  hot  carbon monoxide i s  passed  over f ine ly  
divided nickel i n  f l y  ash pa r t i c l e s  and gaseous  nickel  (carbonyl i s  

released. I n  the  atmosphere,  nickel  carbonyl i s  transformed  into 
nickel  oxide i n  dry  ail. and nickel  carbonate i n  moist a i r  (IARC, 1973). 

Nickel i s  not   essent ia l  t o  plants ,  b u t  i t  has  been suggested 
that  i t  is  required f o r  animals  although  the  precise  role i s  unknown 
(Underwood, 1975). Nickel occurs i n  kerat inous  t issues ,   especial ly  
fea thers ,  i t  i s  a lso  present  i n  t h e  l i v e r  and thymus gland  (Prosser, 
1973). Nickel act ivates   several  enzyme systems b u t  these! a c t i v i t i e s  
a r e . n o t   s p e c i f i c   t o  N i .  I t  is always present in ribonucleic  acid (RNA)  
and may help maintair the configuration of  the molecule.  Nickel is  
essent ia l   to   hepa t ic  metabolism i n  chickens and may also be involved i n  
melanin  pigmentation. (Underwood, 1975). 
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Same of  the Ni emitted  from  a  coal-fired  powerplant i s  

absorbed  onto  particulates  of submicron  size (Oavidson et al., 1974; 
Klein et al.,  1975). These  particles can  deposit in the deep alveolar 
regions of  the lung (Natusch et al., 1974). In this fashion, Ni can 
enter an organism's bloodstream and be subsequently transported  to the 
internal organs. Some pulmonary accumulation may take place. 
According to Natusch et al., (1974) the  alveolar absorption effi- 
ciencies for most of  the  trace elements are from 50 to 80 percent. 
Ingested Ni, on the  other hand, is poorly  absorbed and excreted  mostly 
in the feces. Nickel carbonyl is apparently excreted in the urine 
(Eeliles, 1975). 

Nickel has been  associated  with cancer  of  the lungs in 
animals. Animals inhaling  inorganic nickel compounds have developed 
respiratory changes and deleterious  health  effects (IARC, 1973;  Graham, 
1975). Nickel dust, nickel sub-sulphide (Ni3S2), NiO, nickel carbonyl 
and nickel bicyclopentadiene are  carcinogenic i n  experimental animals 
after inhalation. There is. however, no evidence of  carcinogenicity 
after oral exposure. Nickel carbonyl, NlC04. i s  the most  toxic of all 
the nickel compounds. It has  caused  death after exposure  of  humans  to 
30 nq/kg for 30 minutes (Eellles, 1975). Mice  can  tolerate 5 mg/L of 
nickel acetate i n  their drinking water  over  their  lifetime but animals 
fed 1600 mg/L showed  a r.eduction in growth and degrees of inappetence 
(Underwood, 1971). Growth  rate was reduced i n  chicks fed on diets 
containing 700 mg/kg or  greater as either  the  sulphate or acetate. The 
growth of rats, on the other hand, fed nickel carbonate, nickel soaps 
and nickel catalyst at 250, 500 and 1000 mg/kg in the  diet f o r  8 weeks 
was not affected. Dogs and cats  are able to tolerate daily doses of 4 
to 12 mg/kg Ni for 200 days  with no i l l  affects. 

Nickel is poorly  absorbed from  the intestine  although the 
mucosal lining of the  gut  can be irritated by  Ni (Gough and  Shacklette, 
1976). The symptoms of Ni toxicity i n  animals fed Ni are hyper 
glycemia, and gastrointestinal as  well as  nervous  system disorders. 
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Abnormalities have developed in the kidney of  calves l'ed nickel 
carbonate. Nickel chloride fed to young male mbbits decreases liver 
glycogen and also fncl'eases muscle glycogon and produces  prolonged 
hypoglycemia  after a galactose dose. 

The symptoms of acute poisoning by nickel carbonyl are respi- 
ratory  problems,  leukocytosis and cyanosis. It can  also  delay the 
symptoms of fever. Thu  mechanism  of  toxicity may be in part, due to 
inhibition of adenosine triphosphate (ATP) utilization, it might also 
produce a  metabolic  block at  the level of messenger RNA. 

Nickel in soils wfll usually occur as divalent cations, its 
availability  being  influenced by CEC  of the soil (Berry and Wallace, 
1974). Nickel cations will be bound more tightly to neutral o r  

slightly  alkaline  soils while becoming  more available in acidic soils 
due to  their increased solubility. Soil levels of Ni are commonly in 
the  range  of 10 to 1000 mg/kg (Allaway, 1968). Nickel has lbeen shown 
to inhibit  nitrogen mineralization in soils  (Liang and Tabatabai, 
1977). 

Nickel can  be  toxic to  plants via the ;sirborne route  as well 
as through  uptake by  th'e roots (USEPA, 1976). There  are very few data 
addressing the toxicity of  airborne Ni. Entry to plants is primarfly 
through  the root  system  where the metal is subsequently translocated in 
the xylem and deposited i n  the leaves (Tiffin, 1971). The toxicity of 
Ni to plants now appears to be caused by a decrease in the  cation 
exchange  capacity  of  the roots (USEPA, 1976). Nickel seems to be 
evenly dfstrfbuted between the roots and shoots crf plants  (Wallace and 
Romney, 1977). Whitby et al., (19761, however,  report that Ni was 
higher fn the roots  than the shoots.  Red Maple {Acer rubrum) trees 
accumulated Ni to  30 mg/kg, 20 km from the  Sudbury, Ontario  smelters 
(Whitby et al., 1976). They related the increased  uptake  to the 
increased acfdity  of  soils  close  to  the smelters. Analyses  of field 
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grown  plants  showed that they had very high levels of Ni in the  foliage 
of the seedlings. Water extracts of the field collected soils  showed 
that there  was a high percentage o f  soluble Ni in the soils. Water 
extractable Ni at concentrations  to 20 mg/L and as high as 420 mg/L was 
found in surface soils. Root  growth in a number of plant  species has 
been found to be reduced by as much  as 50 percent i n  solution concen- 
trations of 2.0 mg/L or less (Whitby et al., 1976). 

Barley developed the symptoms of white  chlorosis character- 
istic of nickel toxicity in cereals when  grown on soils containfng 
320 mg/kg  Ni (Wiltshire. 1974). Yields were  also reduced in conjunc- 
tion with symptoms. The concentratidns of nickel were high (293 mg/kg) 
in the roots. Wiltshire (1974) also observed that certain  populations 
vera  more  tolerant o f  the Ni than others. Oddly,  the more tolerant 
populations of several species took up as  much Ni as  less tolerant 
populations,  but translocated less from the r o o t  to  the  sensitive 
shoot. 

Vanselow (1977) demonstrated that Ni is toxic to  a number of 
plants when  grown in sand and solutions containing 0.5 to 1.0 mg/L  Ni. 
A concentration of 8 mg/L,in solution kills barley  quickly while levels 
of 0.5 and 2.0 mg/L produce chlorosis in buckwheat and ben respectively 
(Chapman, 1966). McKee and Wolf (1963) indicated that Ni was extremely 
toxic  to citrus. Tomato seedlings were injured by 0.5 mg/L Ni and hop 
plants were adversely  affected at 1.0 mg/L (USEPA. 1976). A concen- 
tration of 500 mg/kg i n  the soil and 60 mg/kg in oat  grain reduced  crop 
yields. Yields  were also reduced in oat  straw and alfalfa at concen- 
trations o f  28 and 4 4  mg/kg (Chapman. 1966). 

The symptoms of Ni toxicity  to  plants is a chlorosis  that fs 
usually  described  as  resembling the symptoms of iron deficiency. In 
cereals, the  chlorosis is in the form o f  white or of ye1 low and green 
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s t i pp l i ng ,   ch lo ros i s  i n  dicotyledons  gives a mot t led appearance. I n  

severe t o x i c i t y ,   c h l o r o l i i s  may be fol lowed  by  necrosis and death  of  the 

p l a n t  (Chapman, 1966). The only way t o  detect  excessive N i  i n   t h e  

s o i l s  i s  t o  analyze  the  leaves.  Certain  species such as b i r ch   t rees  

and coni fers .  however!, may serve as ind ica tor   spec ies   fo r   p lan t  

exposure t o  N i .  

Nickel  i s  pre!ient in  natural   waters  at   concentrat ions  ranging 

from 0.003 t o  0.08 mg/L (USEPA, 1976)  and i n  seldiments f r o m  roughly 1 

t o  135 mg/kg (Leland e t  a1 . , 1978). As a pure  metal, N i  i s  no t  a 

problem i n  water  pol lut. ion because it i s   n o t   a f f e c t e d  by, or s o l u b l e . i n  

water. A number o f  N i  sa l ts   a re ,  however, so lub le  in   water  (USEPA, 

1972). 

The t o x i c i t y  of N i  t o   f i sh   va r ies   w i th   t he   spec ies   t es ted  and 

t h e   q u a l i t y  of water used i n   t h e  experiments. 'The 96-hour LC50 of N i  

for   fa thead minnows ranges  from  approximately 5 mg/L i n   s o f t  water t o  

43  mg/L i n  hard  water  under s ta t i c   t es t   cond i t i ons   (Tab le  C-8). A 

s im i la r   re la t i onsh ip  o f  H i  t o x i c i t y  i s  observed f o r   b l u e g i l l s .  The 

r e s u l t s   o f  one study  found  that 96-hour LC50 values f o r  N i  ranged from 

6.2 t o  46.2 mg/L fo r   s i x   spec ies   o f   f i sh  under s ta t i c   cond i t i ons  

(Rehwoldt e t   a l . ,  1971). The survival  curves  far  stick1ebac:ks i n   s o f t  

tap  water  indicate a 1a"hal limit o f  0.80 vg/L N i  (Jones,  19?,9). 

The 96-hour LC50 values f o r  two  spec.ies o f  aquat ic  insects 

were  found t o  be  4.0 and 33.5 mg/L N i  (Warnick and Be'l l , 1969). 

Biesinger and Christensen (1972) found t h a t   t h e  3 week  LC50 va lue   fo r  

Daphnia i n   s o f t   w a t e r  was 0.130 mg/L N i ,  0.095 mg/L caused a 

50 percent  impairment i n   r e p r o d u c t i v i t y  and 0.03 mg/L caused a 

16 percent  impairment. 

I n   s t u d i e s   o f   t h e   c h r o n i c   t o x i c i t y  o f  N i  to   the  fa thead 

minnow, the M T C  was found t o  be 0.38 mg/L. This,  concentrat ion  did  not 
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In m 

Species 

Fathead  ainnow 

Fathead minnow 

Fathead minnow 

Fathead minnow 

B l u e g i l l  

n 
B l u e g i l l  

I Goldf ish 

K i l l f i sh  

St:,iped  bass 

Pumpkinseed 

White perch 

American eel  

Carp 

Fathead minnow 

Temp 
OC 
_. 

- 
- 
25 

25 

25 

25 

25 

25 

17 

17 

17 

17 

17 

17 

25 

TABLE C-8 

96-HOUR LC,,  OF NICKEL FOR VARIOUS FISH SPECIES 

DO 
in& 

- 
- 

7. a 
7.8 

7.8 

7. a 
7.8 

7. a 
6.5 

6.5 

6.5 

6.5 

6 . 5  

6.5 

6.9 

E! 
- 
- 

7.5 

7.4 t o  8.4 

7.5 

7.4 t o  8.4 

7.5 

7.5 

7. a 
7. a 
7.8 

7.8 

7.8 

7.8 

7.8 

Hardness 
mg/L-CaCO, 

96-hour 
LC60 

Hard 

So f t  

20 

360 

20 

360 

20 

20 

53 

53 

53 

53 

53 

53 

207 

24.0 

4.0 

4.58, 5.18 

42.4, 44.5 

5.18, 5.36 

39.6 

9. a2 

4.45 

46.2 

6.2 

a. 1 

13.6 

13.0 

10.6 

27 t o  32 
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C.3.4 NICKEL - (Cont'd) 

adversely  af fect   the  survival ,   growth o r  reproduct ion  in  the  species 

(Pickering, 1974).  Nic:kel concentrat ions  of  0.73 mg/L caused a s ign i -  

f i can t   reduc t i on   bo th   i n   t he  number of eggs per spawning and i n  the 

h a t c h a b i l i t y  o f  eggs. A nickel   concentrat ion  of  0.095 mg/L reduced 

reproduct ion  dur ing a 3 week exposure i n   s o f t  wa'ter  (45 mg/L  CaC03) and 

a N i  concentrat ion  o f  0.03 mg/L had no e f f e c t  (U.SEPA, 1972). 

Nickel  contamination in   f resh   water   lakes   o f  6 mg./L has been 

impl icated i n  the   reduc t ion   o f   a lga l  biomass and species  (Whitby 

e t   a l . ,  1976). Nickel  has  been shown t o  be t o x i c   t o  algae a t  a concen- 

t r a t i o n   o f  0.5 mg/L (Htltchinson,  1973). 

I n  a study (of accumulation o f   i r o n ,  N i ,  Zn, Pb and Cu by 

algae  col lected  near a z inc  smel t ing  p lant ,  it was found N i  exh ib i ted  

the  lowest  concentrat. ion  factor  for a l l   the   meta ls   tes ted .   N icke l  

accumulates i n  sediments r e f l e c t i v e  o f  the   inpu ts   f rom  indus t r ia l  

ac t i v i t y .   (Hu tch inson   e t   a l . ,  1976). Levels  of N i  in   the   water   var ied  

with  fnput  source but cor re la ted   we l l  with leve ls   i n   pe r iphy ton ,  

zooplankton and minnows which is suggestive  that  the  metal was  accumu- 

lated. Some concentr iat ion  factors  for  N i  by  aquatic organisms are: 

10.3 for  duckweed, Lemna minor  (Hutchinson and Czyrska,  1975); 1700 fo r  

bryophytes  (Dietz, 1973);  100 f o r  f resh  water  invertebrates and 100 fo r  

f resh   wa te r   f i sh  (Vaughan e t  a l . .  1975). 

N i c k e l   i s  non essent ia l   to  vegetat , ion  but  is   apparent ly 

requi red i n  t h e   d i e t  clf animals. It i s  appareintly o f  more concern t o  

aquat ic organisms as it i s  no t  o f  environmental  concern t o   t e r r e s t r i a l  

animals that   ingest  th l?  metal .  

C.15  SELENIUM (Sa) 

Coal  combust,ion i s   t h e   p r i n c i p a l  sourc:e o f  selenium  contamin- 

a t i o n   i n   t h e  environment (IARC, 1975). Elemental Se and S e  oxides  are 

the most l i k e l y  forms of Sa t o  be released  (Davidson e t  a l . ,  1974). 
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C.15 SELENIUM - (Cont'd) 
Ouring coal combustion,  Se is considered to be volatized to the extent 
of SO percent or greater (Ruch et al., 1973; Klein et al., 1975). 
Selenium dioxide may be emitted from coal combustion in vapour forn 
although the majority i s  mort likely in particulate form. 

Selenium  generally is not essential to plants but a few 
angiosperms  seem  to have a requirement  for  the  element (Eowen, 1966). 
Animals require selenium f o r  normal growth. Chickens and lambs, t o r  
example,  develop  dystrophy  with Se  deficiency (Prosser, 1973). 
Chickens  also  exhibit  poor feathering and pancreatic  effects without 
selenium. Selenium  can also replace Vitamin E and occurs in a few 
amino  acids and many proteins. It also  prevents hepatosis  dietetica in 
pigs as  well as  promoting  growth, improving fertility and reducing 
postnatal losses in sheep (Underwood. 1975). A dietary  intake of 
0.1 rngjkg for sheep and cattle is sufficient to prevent  Se deficiency. 
A d ie tary  requirement of 0.04 &kg i s  recognized as essential for 
animals in general (Kothny, 1973). Selenium has  also  been shown to 
protect against  the effects of  mercury induced  mortality in mice, 
(Taylor. 1978). 

Selenium is likely adsorbed onto particulates of submicron 
size  which  can readily deposit in the  alveolar portions of  the lungs 
where they are  available to the bl oodstream and subsequent  transport  to 
the internal organs. Natusch et al., (1374) estimate that absorption 
efficiencies for trace  elements in submicron particles from the lung 
are roughly fro& SO to 80 percent. 

Selenium  compounds are inhaled through  the lungs in dust or 
fumes,  absorbed  through the skin or ingested (Gough and Shacklette, 
1976). Excess Sa in the body from any route  can  cause  adverse effects. 
Although Se in elemental form may be relatively  nontoxic,  inhaled Se 
dust and fumes  are irritating and may give  rise  to pneumonitis  (Goodman 
and Gilman, 1970). The main  absorption site of Se in animals is the 
gastrointestinal  tract,  specifically the duodenum. Elemental Se is 
poorly absorbed but inorganic salts  of Se  such as selenate, selenite 
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C.15 SELENIUM - (Cont'd) 

and Sa analogues of cyst ine and methionine a re  absorbed much b e t t e r  
(Underwood, 1975). 

The e f f ec t s  #of excess Sa inhalat ion have  been observed i n  

humans under occupatianal  exposure. I t  was  rihown to  cause mucous 
membrane i r r i ta t fon,   catarrh,   nosebleed,   loss   of sense of smell and 
dermatitis. Selenium fs rapidly  e l iminated  a t  .first t h e n  more slowly 
afterwards,  being  excreted i n  t h e  feces and urine, the  anounts and 
proportions  dependent upon the  level and form of  uptake (Chapman, 1966; 
Underwood, 1975). Acute exposure t o  elementaii Se causes  headache, 
d i f f i c u l t  breathing, mnlucous membrane i r r i t a t i o n  and central  nervous 
system ef fec ts   (S tah l ,  1969). Acute  exposure t o  selenium  dioxide 
causes  similar symptoms including  dermatitis,  burning of t h e  eyes,  
lacrimation,  conjunctival  congestion,  garlic  breath,  dizziness and 
lass i tude.  Chronic  exposure to  airborne  selenium  dioxide  causes 
gastrointestinal  disorders,   nervousness,   lfver and splee!n damage, 
anemia. mucosal i r r i t a t i o n  and lumbar pain (Goodman and Gilnlan, 1970). 
The general   adverse  effects of Se inhalation al-e concentrated on the 
epidermis ( s k i n  and ha i r )  and gas t ro in tes t ina l  systems.  'Chronic Se 
poisoning i n  animals is characterized by dullness and lack of v i t a l i t y ,  
emaciation and  roughnes;s of coat ,   loss  o f  ha i r  from mane and ta i l  of 
horses and body o f  pig!;, soreness and sloughing  of hooves an,d a number 
of other  symptoms (Und,srwood. 1975). Movement of t h e  animal  can be 

r e s t r i c t ed  which  would lead   to  limited ava i lab i ' l f ty   to  food resources 
, and water  resources. 111 severe  cases  the  animals  could  expire. 

Selenium  has a l so  been implicated  as  being  carcinogenic. 
Animal toxicological studies have demonstrated  both  carcinogenic and 
anticarcinogenic  activity  (Schrauzer,  1976). It. has a l so  been implf- 
cated  as  a  teratogen i n  one human occupational  study ( IARC,  1975). 

When chickens  are  fed 3 t o  4 mg/kg Sa, no adverse  effects   are  
observed i n  hens and eggs, b u t  5.0 mg/kg can  reduce  hatchability 
(Valkovic, 1975). Anima'ls consuming feed  containing 5 t o  40 mg/L Se f o r  
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C.15 SELENIUM - (Cont’d) 
several weeks may be poisoned  but 0.6 mg/L in feed is not toxic to 
sheep over a 15 month period  (Chapman, 1966). Kothny (1973) states 
that  a level o f  4 mg/L in feed is toxic to  most animals. Chronic 
poisoning may occur in rats and dogs  ingesting 5 to 10 mg/kg Se; 
20 mg/kg Sa in food may cause  animals to refuse food. Selenosis may 
develop in young pigs in 2 to 3 weeks  while concentrations of 8 mg/kg 
in sheep may result in food consumption and body weight reductions 
after 5 to 6 months o f  treatment and 16 mg/kg can eventually  result in 
death  (Underwood, 1975). Underwood (1975) states  that the minimum 
toxic level f o r  grazing livestock is 5.0 mg/kg. 

Chronic poisoning o f  ltvestock  could  result from daily inges- 
tion of cereals and grasses containing 5 to 20 mg/kg Se (Gough and 
Shacklette. 1976). Accordfng to Underwood (1975) a dietary intake of 
1 mg/kg provides a satisfactory margin of safety  against any dietary 
variable or environmental stress likely to be encountered by grazing 
sheep and cattle. Allaway (1969) indicates that a  dietary intake  of 
0.04. to 2 %/kg Fs required to prevent deficiencies whereas concen- 
trations o f  4 to 5 &kg are toxic. 

Cases of livestock  poisoning by Se in water have not been 
reported  although  some  spring and irrigation  waters have been found to 
contain  over 1 mg/L Se (USEPA, 1972). 

The soil concentration of Se varies in the United States 
(Heit, 1977). The chemistry of  Se in soils is not well understood. 
Seleniun usually  occurs as dlvalent  anions in the soil solution. It 
reacts  similarly to phosphate in that it is more  soluble in neutral or 
alkaline  soils (Berry and Wallace, 1974). In acid soils (pH 4.5 to 
6.5) .  Se is usually found as a basic ferric selenite o f  extremely low 
solubility. In alkaline soils (pH 7.5 to 8 . 5 ) ,  Se may be oxidized to 
selenate ions and become water soluble. Selenium  demonstrated a slight 
inhibition  of  nitrogen  mlneralization in soils (Liang and Tabatabai, 
un). 
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C.15 SELENIUM - (Cont'd) 
Plants may be exposed  to Se via the ai-rborne route o r  through 

the soils. There are few data  addressing the first  mechanism but Se 
uptake by plants has been observed. The  absorption and accumiulation of 
Se by plants  depend upon the  concentration and distribution  of Se in 
the soil, the chemical nature of  Se, seasonal ,variation in rainfall, 
plant  species, stage of growth, physiological condition  of  the plants, 
available sulphur, proteins and  amino acids. Plants grown in neutral 
or  alkaline  soils will accumulate  Se to  a  greater  extent because  the  Se 
is more  mobile being  dissolved in the soil solution. Elemental Se is 
moderately stable in soils and is not readily available in this form to 
plants (Lakin. 1973). At low  concentrations,  Se appears  to have  a 
stimulatory effect on plant growth (Chapman, 1966). 

Selenium can lae concentrated in plant tissues  to levels that 
are  toxic  to  livestock (Allaway, 1969). For example,  Se at concentra- 
tions exceeding 200 mg/kg (dry weight) has been  found in sweet  clover 
growing on  beds of fly ash (Gutenmann and Bache, 1975). The  Se  content 
of plants  seems  to vary more than any other  trace element,  ranging  from 
traces  to  15 000 mg/kg. Corn  grown in culture  solutions  containing 
5 mg/L o f  selenite or organic  selenium  accumulated 200 and 1000 mg/kg 
Se  respectively (Chapmarl, 1966). 

Certain plant species accumulats  Se in large amounts and 

apparently  require it for normal growth. Plants  belonging to  the 
geni Astragalus, Conop!iis, Stanleya, Xylorrhiza!, Aster and Atriplea 
exhibit  these  characteristics (Chapman, 1966; Valkovic, 197!5). These 
plants can also be used as "indicators" of  the !je in soils  since  they 
only thrive in such areas. According  to Lakin (1973), certain  species 
o f  Astraqalus utilize S>e i n  an amino a d d  peculiar to members of this 
genus. Toxic conccntr,rtions for chrysanthemum, sargho,  tomato and 
wheat  range from 101 ti) 1350 mg/kg  in leaf foliar  tissues (Chapman, 
1966). Plants  grown on soils  containing  30  to 325 mg/kg Se  developed 
Se  Toxicfty symptoms. Plants  grown on nearby uncontaminated soils 
(Q.0 mg/kg Se) were unaffected  (Chapman, 1966). 
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C.15 SELENIUM - (Cont'd) 
The  symptoms  of Sa toxicity in plants are usually character 

ized by a  snow-white  border chlorosis o f  the leaves o f  cereals. As 

wheat plants grow to  maturity,  there is a  progressive diminution of 

chlorosis in successive leaves. Roots take on a  pinkish complexion 
when injured by selenite. A garlic  like odor emanates  from some  forage 
plants in range areas that have  accumulated Se (Chapman, 1966). 

Selenium is found i n  natural waters and sediments at rela- 
tively low concentrations, the levels for water ranging  from 0.001 to 
0.40 mg/L and in sediments  generally  averaging from 0.1 to 1.0 mg/kg 
(USEPA, 1976; Adams and Johnson, 1977). The  Se content of surface 
waters is a  function o f  pH being higher in alkaline (pH 7.8 to 8 . 2 )  

than  slightly  acidic (pH 6.1 to 6 . 9 )  waters (Lakin, 1973). Selenium is 
quantitatively  precipitated as a  basic  ferric  selenite at pH 6.3; 

to 6.7; at a  pH of about 8.0, selenite may be oxidized  to the  soluble 
selenate ion. 

Selenium has been regarded  as  one of the  dangerous  chemicals 
reaching the aquatic environment. The toxicity o f  Se is sometimes 
counteracted by the addition of  arsenic  which acts as  an antagonist 
(USEPA, 1972). Selenium is both chronically and acutely toxic to 
aquatic organisms. 

Ellis et al. (1937) showed  that goldfish  could survive for 98 
to 144 hours i n  soft water  over a pH range from 6.4 to 7.3 at 10 mg/L 
sodium selenite. The same  species  exposed  to 2 mg/L Se died after 18 
and 46 days, preceded by equilibrium loss and lethargy (Ellis et ai. , 
1937). At 5 mg/L, death occurred in 5 to 10 days. For Catfish 
(Ictalurus punctatus) an  intraperitoneal  injection o f  3 mg/kg was fatal 
in less  than 40 hours at 10°C. 

Zebrafish prachvdanlo e) exposed to So concentrations 
ranging from 0.5 to 10 mg/L caused  embryo  mortalities at all levels 
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(Niimi and Lattam, 1975). After  hatching,  mortal i ty  increased i n  con- 

cen t ra t i ons   o f  3.0 mg/L or greater. Huckabee!  and G r i f f i t h  (1974) 
demonstrated tha t   t he   t . ox i c i t i es   o f  mercury ancl selenium  wwe syner- 

g i s t i c   t o   t h e  eggs o f  carp. 

Bringmann and Kuhn (1959) demonstrated  the  threshold  effect 

o f  Sa as sodium selen i te  on a fresh  water  crustacean JDaphnia), an alga 

IScenedesmus sp.)  and a bacterium  IEscherichia G). I n  2 days the 

median threshold  e f fect   occurred  a t  2.5 mg/L w i t h  Daphnia, i n  4 days 

the  threshold  leve l  was 2.5 mg/L w i t h  Scenedesmus, 90 mg/L w i t h  

Escherichia a and 1313 mg/L for  the  protozoan, Microregma. Selenium 

as re lenous  ac id   s l ight ly   s t imulated  growth  a t  5 t o  15 mg/L bu t  as 

se len i te  it completely  blocked  growth a t   a l l  concentrations  tested, 3 
t o  20 mg/L, i n  selected  aquatic  animals (Bovee, 1978). 

Dietary  Sa apglears t o  be the most important  source  of Se t o  

many fresh  water organisms ( P h i l l i p s  and Russo, 1978). Fish do not  

appear to.concentrate Se t o  dangerous levels  but   the  accumulat ion  of  Se 

' by f i s h  may be bene f i c ia l   bo th   t o   t he   f i sh  and the consumer because o f  

the presumed pro tec t ive   ac t ion  Se provides  against Hg. Barnhart (1958) 
reported, however, t h a t   m o r t a l i t i e s   o f   f i s h  stocked i n  a reservo i r  were 

caused  by Se leached l'rom bottom  deposits, pa:ised through  the  food 

chain and accumulated t o   l e t h a l   c o n c e n t r a t i o n s   i n   t h e i r   l i v e r .  Concen- 

t ra t i on   f ac to rs  for f resh  water   f ish and inver tebrates  are  repor ted  to  

be 250 and 167 (Vaughn e t  al., 1975). It has been repor ted  that  duck- 

weed, an aquatic macrophyte, concentrated  selenium (Rodgers, e t  al., 

1978). 

Selenium  accuatulates i n   t e r r e s t r i a l   p l a n t s   b u t   t o  a lesser 

extent  than  aquatic and t e r r e s t r i a l  animals.  Animals appear to be more, 

sens i t i ve   t o   t he  element, especial ly  l ivestock  feeding on contaminated 

forage. 
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C.i6 SILVER (Ag) 
Silver is emftted from the stacks  of  coal-fired powerplants. 

It is largely retained within  the plant in bottom ash and precipitated 
fly  ash (Ruch et al., 1974; K7ein et al., 1975; Curtis, 1977). 

There is almost no information on the toxicity of silver to 
animals via inhalatian. It fs not generally known as  a  gaseous pollu- 
tant  nor is  it essential to  plants or animals. Silver  does not 
normally occur fn animal tissues. It can be absorbed from both the 
lungs and gastrointestinal tract although  absorption is very slow 
(Goodman and Gilman, 1970; Beliles, 1975). Silver is slowly  absorbed 
as Ag ions are  readily fixed to proteins;  thus  the ions are captured 
before they diffuse  far fnto the tissues. Ag  can, however, enter the 
body from mucous membranes. Excretion of ingested Ag is primarily via 
the gastrointestinal tract (Beliles, 1975). Studies o f  the metabolism 
of silver in the rat showed only about 2 percent o f  the  elemant entered 
the blood from the gastrointestinal tract and the biological half-life 
was roughly 3 days (Scott, 1-949). The spread  of  damage  occurs  only 
when  the  dose o f  Ag overwhelms  the  capacity of tissues  to fix it 
(Goodman and Gf lman, 1970). 

Ingestion of soluble  silver salts in sufficient  concentration 
leads to corrosion o f  the mucosa of the  digestive tract. The fatal 
oral dose of silver nitrate is 10 g in man. Chronic  ingestion of Ag 
Teads to  a local or generalized  impregnation of the tissues known as 
argyria. This is due to deposition of Ag in subepithelial  portions of 
the skin. A study  of the  toxic effects of Ag added  to  drinking water 
of rats showed pathological changes in kidneys, liver and spleen at 
concentrations of 0.40, 0.70 and 1.0 pg/L (USEPA, 1976). 

The  concentration of Ag in soils appears  to  average approxi- 
mately 3.0 mg/kg (Ragaini et al., 1977). No information was found 
concernfng the soil chemistry of sflver. 
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S i l v e r  can afrparently be taken up b:y p l a n t s   i n   p o l l u t e d  

areas.  Ragaini e t   a l .  ~, (1977) showed t h a t  grasses grown1 on Ag - 
enriched  soils  accumulated  the  metal  accordingly. The  movement of  Ag 

i n   p l a n t s  however, would seem t o  be r e s t r i c t e d   t o   t h e  shoots  thus 

l i m i t i n g   t h e  amounts accumulating i n   t h e   a e r i a l   p o r t i o n  (Wallace and 

Romney, 1977). This  would  also  minimize  the amounts o f  Ag u l t ima te l y  

being  ingested  by  herbivorous  species.  Kleirr and Russell (1973) 

sampled s o i l s  and vegetation  near a coal-fired  powerplant. They found 

that  a l though  there was  some enrichment o f   so . i l s   w i th  Ag near  the 

p lant ,   there was no at1,endant increase in  p lant  concentrat ion.   This 

suggests  the  element i s   r e l a t i v e l y  immobile and unavailable t o  plants.  

The discrepancies betwecm K l e i n  and Russel l 's  (1!373) work and t h a t  o f  

Ragainf e t   a l . ,  (1977) are  unexplained. 

S i l v e r  i s  ravely  detected i n  water above 1 pg/L (USEPA, 

1972). i t s  concentration i n  sediments i s  a lso quit.e low  being  less  than 

0.5 mg/kg (Leland e t   a l . ,  1978). S i l v e r  i s  one o f  the most t o x i c  

metals t o   a q u a t i c   l i f e ,   r a n k i n g  ahead o f  mercury on a re la t ive  acute 

toxicf ty  basis  (Doudoroff  and Katz, 1953). Due t o  the  low  s,olubi l i ty  

of most Ag  compounds i n  water, however, it i s  not  general ly re!garded as 

a hazard t o   a q u a t i c   l i f e . .  

Sticklebacks were  k l l l e d  by a 20 pg/L ccsncentration of s i l v e r  

n i t r a t e   i n  2 days (Doudoroff and Katz, 1953). I n   d i f f e r i n t g  concen- 

t ra t ions ,   the  average  survival  times were: 1 week a t  40 pg/L, 4 days 

a t  10.0 pg/L and only  1 day a t  100 pg/L. Jones (1948) repor ted  that  

the  lethal   concentrat ion limit o f  s i l ve r   app l i ed  as s i l v e r   n i t r a t e  f o r  
s t i ck lebacks   a t  15 t o  :tSoC  was  0.003  mg/L which compared favourably 

w i t h  Anderson (1948) whct found 0.0048 mg/L t o  btr the  tox ic   threshold 

f o r  the same species. 

Rainbow t r o u t  exposed to  concentrat ions of Ag from 0.09 t o  

0.17 yg/L as Ag displayed no s i g n i f i c a n t   m o r t a l i t i e s   b u t  thsa resu l t s  
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C.16 SILVER - (Cont'd) 
did not address the possible  effects on reproduction. Silver nitrate 
in concentrations of 1000 and 100 pg/L killed 16 out of 20 and I 2  out 
of 20 fish respectively, while silver carbonate  was lethal  to  all test 
fish at a concentration o f  1000 pg/L (USEPA, 1976). 

Silver is not present in aquatic  animals at very high con- 
centrations because most o f  its compounds  are  virtually insoluble in 
water (Phillips and Russo, 1978). in addition, Ag has a verj short 
biological half-life and does not accumulate significantly in the 
edible  portions o f  fish. Concentration  factors  for  duckweed (Lemna 

- minor) as well as fresh water fish and invertebrates  have been 
estimated at 82, 2 and 769 (Hutchinson and Czyrska, 1972; Vaughan 
et  al., 1975). Obviously, there is no biomagnification  of Ag from 
insect prey to predator fish. 

There  are limited data on the toxicity of Ag to the terres- 
trial biota but it is likely the metal is relatively immobile in soils. 
.Animals ingesting Ag  would likely  secrete the majority o f  it as  it  is 
not accumulated i n  body tissues. Silver is very toxic  to  aquatic 
organisms but its abundance is low in the aquatic  environment due to 
its low solubility in water. 

C.17 THALLIUM (Tl) 

Thallium is volatilized by about 50 percent or greater during 
the combustion o f  coai (Ruch et al., 1974; Klein et al., 1975). It is 
emitted in the vapour  phase of coal-fired  powerplant stack emissions 
(Ray and Parker, 1978). Thallium oxide is believed Za be the main 
species o f  Thallium released by the  combustion of coal (Cavanaugh 
e t  al., 1975). 

Thallium is not essential for plants and animals. It has 
been cited as having a very high pollution potential due to its 
reported toxicity  to  bacteria,  higher  plants and anima's (Bowen, 1966). 
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There is l i t t l e  information on the   t ox ic i ty  o f  gaseous  11 t o  
animals. l h a l l i u m  is I1ot a normal constituent o f  animal tissues b u t  

can be absorbed  both  through t h e  s k i n  and ges t ro in tes t i r la l   t rac t .  
Humans accumulate T1 i n  t h e  kidney w i t h  l e s se r  amounts i n  o ther  tissues 
and is  excreted  slowly  through  the  urine w i t h  small amounts i n  t h e  

feces   (Bel i les ,  1975). Thallium is  qui te   tox ic  w i t h  a lethal  dose f o r  
humans estimated t o  be a,bout 12 mg/kg. 

The toxic  concentrations of 11   t o  a var ie ty  o f  ani,nals  range 
from 0.8 t o  50 mg/kg  when administered  orally (E,owen, 1966). A level 
of 750 mg/kg per day h<as been reported lethal t o   r a t s .  Rat s tud ies  
have ind ica ted   tha t  t h a l l i u m  oxide is more tox ic  when taken o r a l l y  t h a n  
when administered by in jec t ion   (Bel i les ,  1975). T h a l l i u m  compounds 
have been widely used f'w control l ing  rodents  and predators  because o f  

the  extreme  toxicity o f  t h e  compounds (McMurtrey and Robinson, 1938). 
When poisoned ba i t  is  sca t te red  on t h e  s o i l ,  t h e  e f f e c t s   l a s t  f o r  
several  years. 

Very few data   are   avai lable  which descrlbe t h e  soil   chemistry 
of 11 or its .e f fec ts  on plants  grown i n  such soils. I t  appears  that 
t h a l l i u n r r i c h  soi ls   provide poor subs t ra tes  f o r  vegetation. Zyka 
(1972) repor t s   tha t   11  i n  the  ash o f  herbaceous  plants from an area 
known t o  be h igh  I n  :;oil  concentrations  of 11 ranged from 10 t o  
17 000 mg/kg. These  diita  demonstrate  the cumulative potcmtial of 
p lan t s   fo r  11. . Thalliun has  been reported  to i n h i b i t  photclsynthesis 
and t ransportat ion i n  p lan ts  (Bazzaz e t   a l . ,  1974). 

Tha l l ium is observed i n  natural water u t  a very low concen- 
t r a t i o n  o f  less  than 0.01 pg/L  (Bowen. 1966). Tliallium displays  both 
acute and chronic  toxic,l ty t o  aquatic  organisms. Adverse e f f ec t s  of 

thallium n i t r a t e  have been reported f o r  rainbow t r o u t   a t   l e v e l s  o f  10 
t o  15 mg/L; for perch (Perca f l u v i a t i l i s )   a t  60 m g / L ;  f o r  roach 
(Rutilus rutilfs) a t  40 t o  60 mg/L; f o r  Daphnia a t  2 t o  4 mg/L and 
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C.17 THALLIUM - (Cont'd) 
Gamurus at 4 mg/L (Zitko et al. , l975). Oamage  occurred  withfn 
3 days. Exposure  to  lower  concentrations also resulted fn injury. The 
96-hour  LC50 for salmon is 0.03 m g / L  (Zftko. 1975). Zftko also reports 
that 0.4 mg/L was lethal to tadpoles and grouth inhfbftfon occurs at 
levels of 20. 390 and 200 mg/L for Azobacter,  Proteus  mirabilis and 
Asoewillus  mspectiv8ly. Thallium is apparently as acutely 
toxic to juvenile  Atlantic  salmon JSalmo salar) as  copper. It kills 
the salmon  slowly  allowing  them  to  fncorporata hfgh gill, liver and 
muscle  Concentrations  prior to death. Fresh water fish and inverte- 
brates readily accumulate Tl from the aquatic environment. Concantra- 
tfon factors for the me-1 in Invertebrates fs given as l5 000 and 
10 000 in ffsh (Vaughan et al.,  1975). 

Thallfun is also  concentrated by some fresh water plants 
(Litko et al.. 3975). In studies  with  marine clams arenar>a) and 
rusr8ls  inytftfs edulfs). Zftko and Carson (1975) found that  nefther 
organism accumulated the metal. They  concluded ft was not an environ- 
mental huarh to aquatic molluscs. 

Thallium is moderately  toxic to fish but its movement  and 
potential toxicity to. the aquatic biota fs largely not understood. It 
fs accumulated in plants and may be passed  onto  herbivorous species by 
1 ngesti on. 

Thoriua is considered mom from a radiotoxicological stand- 
point than the chemical. The elaant contributas  to  dose  levels fn 

" 
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C.l.8 THORIUM - (Cont'd) 

biotic.  receptors.  Thorium i s   n o t  considered a gaseous po l l u tan t  from 

coal- f i red  powerplants,   th is i s  obviously due t o   t h e  fac:t t h a t  so 

l i t t l e  of the element .is emitted. No data were found  which  discussed 

t h e   t o x i c i t y  of Th v ia   i nha la t i on  t o  animals. 

I n   s o i l s ,  Th i s  accumulated i n   t h e   f i n e   e a r t h   p a r t i c l e s .  The 

minutely  dispersed  frac,t ion of soils which  contain Th (cO.001 nun) are 

de l i ve red   t o   p lan ts   w i th  ascending  water  flow. It is read i l y  absorbed 

onto  the  roots of p lan t ,   bu t   t rans loca t ion   to   the   leaves  is r ~ e g l i g i b l e .  

(Mercer and Morrison, 11962; Squire, 1963). Generally,  under  natural 

condi t ions,  Th is absent  from  plant  t issues due t , O  i t s   r e t e n t i o n   i n   t h e  

s o l i d  phases of t h e   s o i l  and i t s  general  immobil i ty i n   b i o l o g i c a l  

systems (Russell and Smi'th, 1966). 

The mob i l i t y  and i n t e n s i t y  of the   incorpora t ion   in to   b io -  

log ica l   ob jects  depelids on t h e   s o l u b i l i t y  of i t s  compounds 

(Verkhovskaja e t   a l . ,  1567). T h i s   s o l u b i l i t y  i s  low and the  element i s  

highly  immobile  usually making it unnecessary to   cons ider   the   t rans fer  

of Th through a food wet'. 

The impacts o f  Th on the  aquatic  envrronment  are  not  well 

documented. Water concentrat ions  are  typical ly  very  low as it is 
readi ly p rec ip i t a ted  t o  sediments and i s   r e l a t i v e l y  iMnobilI!  (Russell 

and Smith, 1966). Tho\-ium is moderately accumulated  by fresh  water 

inver tebrates and f i s h .  Concentrat ion  factors were 500 and 30 f o r  
invertebrates and f i sh   respec t i ve l y  (Vaughan e t   a l . ,  1975). The 

element i s  not  biomagnffied as the  concentrat ion  factor f o r  f i s h   i s  

less  than  that  of  the  invertebrates.  Algae' and macrophytes are 

reported  to  d isplay  concentrat ion  factors  varying from 4 t o  10 
(Polikarpov, 1966). 

Pendleton e t   a l . ,  (1964), however, studl ied  the  effects o f  an 

accidental  release of wastes  from a uranium  ore re f i n ing   p lan t .  They 
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C.18 THORIUM - (Cont’d) 
found that hfgh concentrations of Th were found I n  environmental 
samples and in muskrats lfvfng fn the area but carp appeared to  contain 
relatively l a w  levels. 

Thorium was shown to be toxfc to  bacterfa and an alga 
JScenedesmusp) at 0.8 and 0.4 W L .  (Bringroam and Kuhn, 1959). NO 

data were found for the  toxfc o f f e c f ~  of Th to higher aquatic 
organf smr. 

Thorfum is essentially fmobfle fn both the aquatic and 
temstrfal ecosystems. It is not biomagnffied through the food chafn 
and  is generally not considered as a significant  contaminant in food- 
chain relatfonships. 

C.19 m,(Sn) 
Rrrnt mass balancr studies o f  coal-ffred powerplants have 

shown that  tfn is concentrated in the ash, whf l e  a  percentage is 
nleased into the  envfronnunt as particulate or gas (Ruch et al., 1974; . 
Klefn et al., l.975: Lim. 1479). 

Tin is believed to be essentfal to animals although a  precise 
role f o r  the m e t a l  is unknown (Underwood. 1975). Inhaled fnorganic Sn 

remaf ns f n the lungs whersas organic Sn may entar the bloodstream and 
accumulate fn the lfver  with smaller amounts enterfng other organs 
(Bellles. 1975). In hununr. mast of the ingestad inorganfc Sn i s  not 
absorbod and 90 percent o f  the etemnt is recovered fn the feces; 
absorbed fnorganic Sn accumulatas in the lfver and  kidneys. 

Generally, inorganic Sn may be considered  nontoxic ta most 
organisms except at high concentrations, 4.0. 500 mg/kg f o r  14 months 
(Belfles, l.975). Organic Sn, however, is extremely toxic to mammals, 
includfng- man. Laboratory detrrmfned toxic doses of Sn for various 

.. 

..., 

- ., 
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animals  range from 40 t o  1200 mg/kg  (Bowen, 1966). Rabbits  experienced 
depressed we igh t  gain and mild gas t roen te r i t i s   a s  well  as a reduction 
i n  peripheral   red  blood  cells  when given  oral  doses o f  20 mg/'kg per  day 
of dibutyl t i n  chlor ide (Wakashin, 1975). T i n  has a l so  been shown t o  
a f f e c t  t h e  l i v e r ,  kidney,  spleen and nervous  system as  well a!; to  cause 
growth inh ib i t ion  and decreased  food  utilization1  efficiency  (Charyer. 
1975; Wakashin, 1975). 

.~ 

Little is known about t i n  i n  the  environment. The tox ic i ty  
of Sn to   p lan ts   v ia   the   a i rborne   rou te  is  largely undocumnted. I n  
s o i l s ,  Sn occurs  largely  as a divalent   cat ion,  i t s  avai labi l i ty   being 
determined i n  p a r t ,  by 'the CEC of t he   so i l  (Berry and Wallace, 1974). 
Generally, Sn is bound  more t i g h t l y  i n  neutral  or s l igh t ly   a lka l ine  
soils and is more mobill? i n  a c i d i c   s o i l s  by comparison. T i n  i s  re la-  
t i v e l y  low i n  concentral.ion i n  soi ls   (Peterson el: a l . ,  1976). T i n  has 
been reported  to  i n h i b i t  nitrogen  mineralization i n  soils. 

Plants can  acc:umulate Sn from soils b u t  t h e   l i t e r a t u r e  con- 
t a ins   r e l a t ive ly  few reftorts on the  subject.  . Peterson e t  d l . ,  (1976) 
i nd ica t e   t ha t ,  i n  a nunlbcr o f  investigations  the  concentration of Sn 
has been reported  to  b e  below t h e  l imi t  o f  detection f o r  most o f  t h e  

samples  analyzed.  Peter!ion e t   a l . ,  (1976) have,  nlevertheless,  reported 
t h e  accumulatfon o f  Sn t ~ y  some plants   col lected near the t a i l i ngs  o f  a 
t i n  mine i n  Malaysia. The concentrations o f  Sn varied between plant  

species and sampling  locations. The values f o r  t h e  concentration of Sn 

i n  plants  studied were h:.gher than  those  reported from other  countries.  
The r e su l t s  of t h e  work described above by Pet.erson e t   a l . .  , (1976) 
cont ras t   the   s ta tement   tha t  t i n  i s  effectively  excluded try p l$nts  

(USEPA, 1972). 

In water, t i n  levels   are   reported  to  be about 0.001 t o  
0.17 mg/L (Peterson e t   a l . ,  1976)., Little information i s  avai lable  on 

t h e  t ox ic   e f f ec t s  of Sn t o  aquatic  organisms. I3owcn (1966) however, 
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reports t h a t  Sn is t ax tc  t o  green  algae. The @-hour LCfO for  f f s h  

exposed to   e lec t roplas t ing  t i n  solutfons was 100 mg/L ( K a r i j a   e t   a l . ,  
1969). Tf n wes accumulated by the g i  11s. s k i n  and mucous of exposed 
ffsh.  I t  has recently been shown that  fnorganic t f n  can be alkylated 
by bacterfal   actfon. The resultfng  organic  species may be volatf   lfzed 
and released  . into the rtmospheru (Peterson e t   a l . ,  1976). One can 
recall the environmental  fmplfcations of methylmercury w i t h i n  this 
context. T f n  is  accmulated by f r e s h  water fnvertebratas and f i s h  wf th  

concentration  factors  reported  as 1000 and 3000 respectively (Vaughan 
et  a l . ,  1975). 

T f n  fs re la t ive ly  irmncbfla f n  the  natural  environment  and is  
moderately  toxfc to f i s h  and animals. Itd methylated forms from bottom 
s e d f m t s  should be consfdered a poten t ia l   th rea t   to  t h e  biota  although 
rpecf f fc  data are  lackfng. 

., 

. . r  

C.20 TUNGSTEN (W) 

Tungsten Id released f n t o  the o n v f r o w n t  from caat combus- 
tfon. The majorfty o f  the W fs n t a i n e d  w i t h i n  t h e  p lan t  i n  the bottom 
ash and precfpftated  ash  fractions (Ruch e t   a l . ,  1974; Klefn e t   a l . .  
1975). A small percentage (0.03) fs released  fnto the atmosphere as 
M e  par t icu la te  and gaseous form (Sectfon 3). 

Tungsten . i s  not  essential  to plants  o r  animals and f r  not 
usually found f n  animal tfssue. Tungstnn i s  absorbed by the gastro- 
intastinal t r a c t  and ntained f n the  bone wi th  lesser  amounts accumu- 
la tad i n  tho spleen, I f v e r  and kldney.  Oral toxfcf ty  does not  appear 
to b e  a problem and f t  m y  be antagonistfc to  t h e  uptake of molybdenum 
( a e l f l e s ,  1975). 

Thore i s  vf r tua l ly  no infonuation on t h e  t ox fc i ty  of W t o  
p l a n t s  o r  its uptake f r o m  s o i l s  and nutrient  cul tures. The USEPA 
(1972) has stated t h a t  the e l m e n t  i s  effect ively excluded by plants. 
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This  statement i s  confirmed by the data of Ragaini et al., (1977) who 
indicated that W was not detectable in plants  even whent grown  on 
W-enriched soils. Tungliten has  been shown  to  be slightly  inhibitory to 
nitrogen mineralization in soils (Liang and Tabat.abai, 1977). 

There is a paucity of information on  the t0xiciT.y of W to 
aquatic organisms. Cat.fish {Ictalurus -1, however, accumulated W 

after 4 days exposure, the biological half-life was relatively short  at 
2.75 days (Reed. 1969). Fish  dosed in a simple  feeding lost tungsten 
at two rates; one  compcnent had a  half-life of 14 hours and the  other 
6 days. After 8 days,  flesh,  gills, liver and !gut together contained 
78.6 percent of  the total content. 

In nature, concentrations of W in aquatic  biota  receptors  are 
very low (Fukai and  Meinke,  1959, 1962). Tungst.en does not appear  to 
be biomagnified in the  aquatic food chain. The  concentration  factor 
for the  element in fre!;h water fish is 1200 compared  with :IO for  sea 
water species. The  concentration  factor f o r  fresh water invertebrates 
is only 10 (Vaughan, et al.,  1975). 

The dearth o f  information  available  on W is insufficient to 
evaluate its potential for  adverse  effects in the environment. Vaughan 
et al., (19751, however, indicated that W was considered  to  merit some 
concern and perhaps  a  more  intensive evaluation  of potential for 

adverse effects in terrestrial ecosystems. 

C.23, URANIUM (U) 

When coal is combusted,  a small percentage o f  the uranium 
content (1 percent, Table 3-1) escapes into the  atmosphere in particu- 
late and/or gaseous form (Curtis, 1977). The remainder i s  retained 
within  the plant in the bottom  ash and collected precipitator ash. 
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C.21  URANIUM - (Cont'd) 
The quantities  of U inhaled  under  normal  exposures  do  not 

appear to be of  dosimetric  significance (on the  basis  of  radio- 
toxicity). The major contribution  to  doses  comes from  Lh8  gaseous 
members  of  the  serfes,  radon  and  thoron  and thef r sol id daughter pro- 
ducts.  Inhalation  of  uranium  dioxfde  dust  at a concentration  of 
5 W a 3  for 5 years  produced no evidence  of  toxicity in munauls 
(8eliles. 1975). Uptake  of  the  soluble  uranylion (U02 '-1 may  result in 
acute  renal  damage. 

Uraniua  in  soils i s  generally in the  form of  the  water 
soluble  uranyl  ion  which  can  be  carried  away  by  leachate waters (Hansen 
et  al., 1960). Uptake  of U by plants  depends on several  factors  which 
include  plant  species and mostly  the  availabilfty  of U in the  soil. 
S u l I  quantities of u tuve been  identiffed  fn  many  plants. It f s  

believed  that U enters  the  vcgetatfon  mafnly  as  the  uranyl ion (Hansen 
et  al., 1960). The  concentration  of U varfes  widely among plant 
species.  with  the  highest  levels  usually f w d  in  p.erennia1  plants w l t h  
concentratfons as high'as 100 &kg fn the  ash of plants  grown on soils 
rich in uranfum  (Cannon, 1953). This has, on occasion.  been  used in 
the "biological  prospecting" for uranfum. Once In the  bark,  stems, 
tree  branches  and  shrubs, the uranium  deposited  there  will  ramain  to 
the  end  of  the  plant's  life. The U i n  grass.  however,  will  be  returned 
back  into the soil  after  decomposition. thus  enriching  its  upper  layer. 

The ratio  of u in plant  material,  to  that  of "matiile"  uranium 
i n  the  sofl,  differs  betueen  species. The ratio  is a little  above 
unity for  grafns, legumes, tubers, roots and  hay  (Garner,  1972). 
Available U can  penetrate  plants  as a result  of fan exchange  or  in a 
complex  combination  with  organic  acids  given  off by plant  roots 
(Kovalsky  et al., l967). The mobile  forms  of U coapounds in soils  make 
up from 2 to 19 percent  of the total U content in the soil  with  the 
proportion  of mbfle forms increufng with  soil  depth.  The pres8nca i n  

the  soil  of U compounds madily assimilated by  plants  leads to its 
accumulation in some food  components  of  the  rations o f  f a m  animals 

- .j 
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(Reid e t   a l . ,  1977).  Uranium has been observed  i ,n  the  t issues o f  pigs, 

pou l t r y  and f n m i l k  presumably f rom the consurnptfon o f  p lan ts  con- 

taminated  with U; most o f  the U ingested  by  animals  is.found i n   t h e  

bones, wool and skin  (Kovalsky e t   a l . ,  1967). 

Roughly  0.9 tcl 2.5 percent   o f   the  da i ly  U intake  by a hen i s  

e l im ina ted   i n   t he  egg, wf th  uranium  apparently  concentrating i n  the 

yo l k .   W i ld l i f e  may incorporate U depending on t h e i r   l i f e   h a b i t s  and 

feeding  character ist ics  (Verkhovskaja  et   a l . ,  1967). Oigginq  animals, 

f o r  example, may accumulate U when digging  burrows and these  animals 

may i n   t u r n  be taken by iaredators. 

The concentration o f  natura l  U i n  water  fs  usual ly  very  low 

(Welford and Baird. 1967). Concentrations f o r  sea water  are  less  than 

3 pg/L (USEPA, 1972).  Bringmann  and Kuhn  (1.959) deterntined  the 

th resho ld   e f fec t  o f  u r a n y l   n i t r a t e  as U a t  28 mg/L on a protozoan 

picroreqlaa),  1.7 t o  2.2 mg/L on E. a, 22 mgr'L on the  a lga Scene- 

desmus, and 13 mg/L on Daphnia. Tarzwell and Henderson (1960) found 

the  sulphate,   n i t rate and acetate  sa l ts  o f  U more t o x i c  t,o fathead 

minnows  on 96-hour expctsure i n   s o f t  water  than i n  hard w.ater, the 

96-hour LC50 f o r  uranyl  sulphate  befng 2.8 mg/lL i n   s o f t  water and 

135 mg/L i n  hard  water.  Tarzwell and Henderson (1960) found that   the 

LC50 values I n  hard water. for U were 10 t o  100 times  greater  than  those 

obtained i n   s o f t  water. 

Natural U f!; concentrated from water by the  algae 

IOchromonas) by a fac to r  of 330 i n  48 hours (Morgan, 1961,). Aten 

e t  a]. , (1961) calculated  the  concentrat ion  factor of U by marine  f ish 

t o  be  about 20. This compares with the  v$lue of 10 suggested by 

Vaughan e t   a l . ,  (1975) tior both  f resh and sea wat,er f ish. Th,e work of 

Kovalsky e t   a l . ,  (1967) :showed t h a t  U accumulates i n  aquatic (organisms 

ind i rec t l y   v fa   t he  food chafn and tha t   t he  amount, of U accumlJ1ated by 
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fish differs with the species, corresponding  to the umount  of U 

absorbed with the food. The largmst  amounts were absorbed by plant- 
eating fish such ar carp and the least amounts by predatary fish such 
as trout. 

Uraniua is accumulated by plants and aquatic organisms. It 
i s  relatively mobile  through food chain  but its toxicity is mderate. 

C.22 VANADIW (V) 

The burning of coal contributes a substantial amount of V to 
tho environment (NRC.  NAS, 2974). Thfs V is most likely emf-tted as 
solid compounds In the particles of fly ash. 

Vanadium is considmred to be non essential for  higher plants 
and animls although therm i s  soma evidence  to  indicate it is benc. 
ffcial to some fungi, algae.  bacterla. chicken and rats (Bowen, 1966; 
Gough and Shacklette. 1976). Vanadium is present i n  tissues of many 
animals f n  small anmunu (0.1 &kg). It may function in some cmllular 
oxidations (Prosser, 1973). The dietary  requirements  to promote 

optlmm growth for U by rats appears to ba  about 0.10 &kg of diet 
(Prosser, 1973). In plants, V may play a role in enzyme activation in 
nitrogen fixation by soil microorganisms and  may replace Mo as an 
essential element by some N fixing  bacteria (Chapman, 1966). 2 

Fly ash particles 'of submicron sizm m y  enter the alveolar 
portlons of the lung, w h e n  tho V in these particulates can gain access 
to the bloodstream and internal organs (Natusch et al., 1974). 
Particles less than 0.5 rrm contain the highest concentrations of V, 
particles  of this  size a n  readily deposited in  lungs. Consequently, V 
poses a toxicological threat via the inhalation route to animls. In 
fact, the V inhalation threat incmases with decreasing aerosol size 
(Undenood, 1975). Soluble V compounds  which  are inhaled in concen- 
trations greater than 50 pg/m3 a n  thought to accumulate in the lung 

... 
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and cause irritation  (Babu, 1973). Vanadium is more  readily  absorbed 
via  inhalation  than ing~sstion. The  toxic action of V is largely con- 
fined to the respiratory tract in humans  (Beliles, 1975). 

The toxicity of Vanadium compounds  is  related  to  their 
valence states. Vanadium oxide  compounds  are most likely  to lbe present 
in coal combustion emissions, of these, vanadium pentoxide pr'esents the 
greatest hazard. Vanad'ium is not, however, gene,rally considered  to be 
a toxfc element. In humans, an  asthma-like condition results  from 
occupational  exposure, in such  conditions  a  relationship i!; observed 
between  urban atmospher':c vanadium and bronchitis as well as pneumonia 
in males (Babu, 1973). Experimentation  with animals exposed to  large 
amounts of V produces toxicity and  death. Ai: high concrntrations 
(industrial exposure f o r  example), gastrointestinal  dfsorders,  kidney 
damage, and cardiac palpitations  have been observed. Heart {disease in 
humans has been  postulated to be related  to the 'il concentration in the 
air (Beliles, 1975). 

In animals th4! toxic effects of inhaled V include: diarrhea, 
enzyme  system dysfunction, growth depression and irritation  to the 
lungs (Underwood. 1975;. Gough  and  Shacklette, 1976). Vanadium  may  also 
be toxic to animals whin ingested. It has, however,  a  low order  of 
oral toxicity  to mammal:; as it does not affect growth. life  span, nor 
produce  tumours in rats or mice when given in concentrations of 5 mg/L 
in their dietary water (Schroeder, 1971). Chicks can  tolerate 20 to 
35 mg/kg (Underwood, 1975). Toxic symptoms in rats were induced by 
25 mg/kg of sodium  vanadate while 30 mg/kg depresses weight gain and 
200 mg/kg results in high mortality (Valkovic, 1,975). Rats developed 
gastrointestinal  irritation that lead to death  when fed 160 mg/kg V. 
The highest  concentrations of V in animals  are in. the hair and bones 
(Eowen, 1966). 
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T h e r e  a r e  few data which describe t h e  e f fec ts  of airborne V 

f n  p l an t s .  In s o i l s ,  V is  found usually  as a d iva len t   ca t fon .   I t s  
dva i l ab i l f ty  i n  s o i l s  fs dependent upon the CEC of  t h e  s o i l .  (Berry 
and Wallace, 1974). In neutral o r  s l i gh t ly   a lka l fne   so i l s  i t  i s  
t i gh t ly  bound b u t  is mare mcblle I n  ac id ic   to l l s .  Vanadium has an 
a f f in i ty   for   so i l   o rganic  matter (Jacks. 1976). I t  has also been shown 
to i n h i b i t  nitrogen  mabilfzation is  so i l s .  

Vanadium has been shown to accumulate i n  fo re s t  l i t ter .  
humus, lichens, masses and t h e  needles of  spruce trees (Ruhlfng and 
Tyler. 1973). The accumlatad V general  ly remains I n  t h e  roots of 
plants wi th  l i t t l e  reachlng t h e  stam and leaves.  Plant  shoots seldom 
contain mare than 1 mg/kg V (Berry and Wallaca, 1974). S o w  food 
plants  can  accumulate hfgh levels  o f  V without  toxic symptoms. Some 
eoncentrations found were: 600 m g / k g  (ash) I n  snap bean; 50 &kg i n  
cabbage; 30 mg/kg i n  tomato f r u i t s  and asparagus (Gough and Shacklette,  
1976). 

A c m c m t r a t i o n  of 500 mg/L . V  fn a nutr ient   solut ion w a s  

toxic  to both the roots and tops of barley (Chiu,  1953). Vanadium was 
toxic  to germinating seeds and even more' tox ic  to p l a n t s   a t   l a t e r  
growth stages  (Scharrer and Schropp. 1935). A concontratlon  as low as 
1 mgfL V as  vanadlua chloride added to solutlon and sand cultures was 
injurlous to barley. A t  10 &kg V added t o  sandy sof  1s  depressed t h e  

growth of orange seedl ings and a t  IS0 mg/kg the plants  died (Chapman. 
1966). 

Concentratton of 2 mg/kg (d ry  weight) f n  the tops of pea o r  
soybean p l a n t s  may be indicative of V toxfc i ty  (Chapman, 1966). Levels 
greater  than 0.5 mg/L i n  n u t r i e n t  solut ions  are   toxic   to   plants ,   addi-  
t ions of t h e  element t o   s o i l s  has Caused plant  toxfcfty.  The following 
concentrations of soluble V a m   s l i g h t l y  t a l c :  10 t o  20 mg/kg f o r  
soybeans, 26 mg/kg f o r  b e a t s ,  40 mgfkq for   bar ley,  20 mg/kg f o r  wheat 
and  22 mgfkg f o r  oats.  

i 
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There is little  information on the  occurrence or t,oxicity of 

V in the  aquatic biota. Vanadium as vanadyl su'lphate had na effect on 
the growth  of the protozoan, Tetrahymena  at  concentrations o f  1 to 
3 mg/L; 5 to 15 mg/L 'were slightly stimulatory; above that (20 to 
25 mg/L) growth was depressed (Bovee, 1978). Several species of  marine 
algae,  invertebrate ascidians and tunicates  concentrate  v,madium  to 
high levels  (Goldberg el: al., 1951; Vinogradov, 1953;  Swinehart et al., 
1974). Concentration  factors for fresh water and marine invertebrates 
are  estimated at  3000 and 50 respectively  (Vaughan et a'l., 1975). 

Vanadium  shows  some essentfality  to 'animals  but not to 
plants. It is generally  non toxic  to animals;. Data on  V in ;he 
aquatic environment are lacking. 

C.23 ZINC (Zn) 
Zinc i s '  most  probably  emitted through coal combustion as 

solid  compounds in particulate form (Ruch et al., 1974; Klein et al., 
1975). Much o f  the Zn is retained in the powerplant in the bottom ash 
and  precipitated ash with a small percentage (1.5, Section 3) being 
emitted in the  particulate and/or gaseous phases. 

I 

1 
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Zfnc i s  found in almost all lfving organisms and i s  an essen- 
tial element  for  most plants and animals (Prosser. 1973). Zinc is an 

essential component  of c:arbonic anhydrase and is an essential activator 
for  pancreatic carboxypeptidase and occurs in glutanic amd lactic 
dehydrogenases, alcohol dehydrogenase and a1 kaline  phosphatases. Zinc 
is essential f o r  growt.h, bone  growth, wound healing. reproduction, 
carbohydrate metabolisnl and  learning  behaviour  (Undemoosd, 1975). 

Generally, the! inhalation  of Zn is not an imp0rtan.t exposure 
route. Some informatioil pertaining  to this  subject is available from 
situations of occupational exposures. Illness from exposure  to  excess 
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tfnc occurs prfmarf ly   as  "zfnc Cum fever".  Concentratfons  greater 
than 15 mg/m3 have caused t h f s  fever (Goodman and Gilman. 1970). 
Inhalation of Zn and zfnc Oxid8  powder cause inf lammation of t h e  uppar 
r8sp i ra tory   t rac t  f n  workers  (Schrauzer. 1976). Large d0S.S of inhaled 
and ingested Zn have caused illness o r  death  to experimental animals 
but th8 concentrations wer8 even h f g h 8 r  than  those t h a t  would b e  

encountered f n f ndustrf a1 set t ings.  

Animals a re  exposed t o  Zn through a f r ,  water and food 
(Chapman, 1966). Zfnc  i s  absorbed  primarily f n  the small intestine, f t  

is excreted i n  t h e  feces and sweat. Th8 metal is also accumulated f n  
bones, t h 8  central  newous  system and hair. The biological   half- l i fe  
of Zn is re la t ive ly  long. Zinc has been observed to  accumulate f n  t h e  
eye chorofd.  prostat8. kidn8y, feathers ,  red blood c e l l s  and snake 
venom (Bowen, 1966; Maniloff e t  a l . ,  1970; Undewood, 1975). 

Zn is comparatively non toxic t o  both mammals and b f rds .  

T h 8 n  is qui t8  a dffference i n  the normal levels  of f n t a k e  compared 
w i t h  those t h a t  produce deleterious  effects.  Domestic anfmals  are 
q u f t e  to le ran t  to hfgh  levels o f  Zn i n  thefr diet;  t h i s  tolerance i s  
relatad  to   other  elm8nu (Cu, Fe and Cd) which a f fec t  Zn absorptfon 
and utflfzation  (Undewod. l375). Levels as high as 2500 &kg, 
1000 &kg, SO0 &kg and from 1200 t o  1400 mg/kg Zn had no f11  effects  
i n  r a t s ,  w8anling  pfgs. s teers  and chickens  respectfvely -(Gough and 
Shackletta. 1976). A concentration of 5000 &kg of zinc chloride 
depressed growth and caused mortali ty i n  young r a t s ,  5000 to 10 000 nu/ 
kg o f  tifk carbonate  produced anemia and f n h i b i t e d  growth. f ndrrced 

anorexfa and ultimately  d8ath a t  t h m  la t ter   concentrat ion (Underwood, 
lS75). In another uperfmnt ,  Ounker p t  a l . ,  (13271, found t h a t  while 

Zn f n t a k e  resulted f n , Z n  accucaulatfon i n  r a t  tfssues, i t s  accumulation 
was not  great and the l ave ls   fe l l   rap id ly   a f te r  t h 8  temf  n a t f o n  of t h e  

experiment. The fe tuses  of  female  rats' a r e  nsorbed a t  a concentratfon 
o f  4000 mg/kg. levels  of 4000 to 8000 mg/kg ara  lethal  to  weanlfng p i g s  

- 7, 
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. while 3000 mg/kg causes growth and appetite  depression i n  chickens. 
The growth,  physiology and  food  consumption in lambs were adversely 
affected  a t   concentrat isms from 900 t o  1700 mg/kg (Underwood:. 1971). A 

concentration o f  1 mg/kg Zn taken i n  by dogs  reduced t h e  leucocyte 
count and 4 mg/kg bound t o  serum prote ins   resu l t ing  i n  l ass i tude ,  
decreased tendon ref lexes ,  blood e n t e r i t i s  and diarrhea (Valee.  1959). 

In b i rds ,   thc  LD5O of zinc phosphide f o r  pheasants i n  t h e  

f i e l d  was from 8 t o  27 mg/kg (Janda,  1972).  Janda  also  reported  that 
smaller  doses  caused  blood  disorder and adversely  affected  the nervous 
system. l i v e r  and kidneys. Zinc carbonate  at  concentrations  ranging 
from 3000 t o  12 000 mg/kg  was toxic  to  mallard ducks under laboratory 
conditions (Gasaway and Buss, 1972). 

Zinc tox ic i ty   t o   p l an t s   v i a  t h e  airborne  route i s  not   as  
s ign i f i can t   a s   t ha t  t a k m  up  by roots from s o i l s  o r  nutrient solut ions.  
In t h e  s o i l s ,  Zn usually occurs as divalent   cat ions,  t h e  a v a i l a b i l i t y  
being determined p a r t i a l l y  by the CEC of t h e  so i l  (Berry and Wallaca, 
1974). I t  is  bound t igh t ly   t o   s l i gh t ly   neu t r a l  o r  a l k a l i n e   s o i l s  and 
i s  more mobile in soi ' l s  that  are   acidic .  Zin,c reac ts  w i t h  organic 
mat te r   to  form zinc humates that are  quite  unavailable (Ermolenko, 
1966). Z i n c  has been shown t o  i n h i b i t  nitrogen  mineralization i n  s o i l s  
which may i n h i b i t  t h e  growth o f  detr i tus  microorganisms 1:Liang and 
Tabatabai , 1977). 

Plants can  accumulate Zn from quite d i l u t e  soi 1 solut ions  as  
t h e  element is  a micronutrient  for  plants.  I f  the  soil   con'centration 
of these  elements is increased, so i s  t h e  proportionate amount accumu- 
lated. Tissues of p lan ts   def ic ien t  i n  Zn usually  contain  less  than  15 
t o  20  mg/kg Zn w h i l e  plants   containing  greater  t.han 400 mg/i:g Zn show 
tox ic i ty  symptoms (Nasli. 1975).  Toxic  concentrations  to  the  plant 
itself o r  grazing  herbivores may be reached i n  t h i s  fashion  (llvorak and 
Lewis e t   d l . ,  1978). P'lants also  vary i n  their  a b i l i t y   t o  accumulate 
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Zn. Some p l a n t s  may acc~unulata Zn t o  such high  levels they have bran 
suggestad  as "indicators" of h i g h  soil Zn levels as i s  the cas4 w i t h  

ragweed, Abrosia sp. (Chapman, 1966). Other "fndicators" of hfgh  Zn 
levels I n  soils  are  the Cawoohvllaceae, Comoositae. Cruciferae, 
Gramineae, Phmbaoinaceae, Rutaceae and Violaceae families (Gough and 
Shacklatte, 1976). 

According to Wallace and Romney (l9771, zinc i s  uniformly 
distributed i n  t h e  shoots and roo- of plants. Van  Hook a t  a l . ,  
(1977). howevar, found that Zn was higher in  the  roots than other  plant 
parts i n  selected  trees. Accumulations  of Zn by mssas were greatar i n  
urban than rural areas which  was related t o  the  graater  sources of Zn 

i n  the urban s i tes  (Barclay-Estrup and Rinna, 1978). Zinc was mbi- 
lized i n  soi ls  and accumulated I n  all  tissues of the red maple (Jackson 

e t  rl.. l978). I t  appeared that mast of t h e  accumulated Zn tands t o  be 
tied up fn insolubla form i n  t h e  cell wall and  hence exerts only 
limited  metabolllc  actfvity. 

Zfnc d i s t r i b u t i o n  and cycling i n  a mixed deciduous forest was 
studied by V a n  Hook a t   a l . ,  (l9n). The  woody  component of forest 
vegetation  incorporated a i  amount' equal to 50 percent of the  estimatad 
Zn input .  The watershed retained less Zn wtth respect t o  i n p u t ,  stream 
output was 26 percent of estimated  input. Tha watershed soils,  how- 
ever, were the major sink f o r  Zn. Although the  transport of Zn through 
vegetatlon was rapid, t h e  slow nspons8 o f  so i l  and the potential f o r  
ncycllng  resultad i n  the  retantion of Zn w i t h i n  tha system. Thesa 
data were similar to those d8scrib.d by Jackson e t   a i .  (1978) i n  a 
similar study. 

Zinc can be toxic to plants fn sufficient  quantities. Con- 
cantrations of 16 to 20 ng/L in  nutrient  solutions produced Iron 
deficiencies i n  sugar beets (Hewitt, 1948). Huntar and Vergnano (1953) 
found toxicity to oats a t  25 mg/L. and 25 mg/L produced iron  deficiency 
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( M i l l i k a n ,  1947). Chapman (1966) indicated  that   toxici ty   occurred  a t  
concentrations o f  from 1700 t o  7500 mg/kg o f  ;!n i n  leave!; o f  oats .  
Zinc  ch lor ide   a t   concent ra t ions  from 0.5 t o  50 mg/L inhibi ted  plant  
growth (Weaver and Brock, 1972). Gough and Shacklette (1!376) noted 
t h a t  125 g/kg t o t a l  Z ~ I  i n  t h e  so i l  w i l l  s t u n t  the  growth of most 
plants .   Toxici ty   levels  f o r  tomatoes and oranges  range fmrn 526 t o  
1489 mg/kg and 200 t c l  300 mg/kg Zn respectively (Chapmam, 1966). 
Turnips grown i n  soil   containing 200 mg/kg reduced  crop  yields (Kusaka 
e t   a l . ,  1971). The tox ic i ty  o f  Zn is highest  i n  c lay  and pea t   so i l s  
and t h e  l e a s t  i n  sands (USEPA, 1972). Excess xinc i n  s o i l s  produces 
chlorosis  i n  plants   as  i t   i n t e r f e r e s  w i t h  required  iron  uptake. 

~ 

Zinc has been found  accumulated i n  t h e  tissues o f  organisms 
inhabiting Zn-contaminated areas.  Earthworms IOendrobaeng -) 

exhibited  higher tissue leve ls  o f  Zn i n  animals  living i n  so i l  contam- 
inated by base  metal  mining (Ireland,  1975). The concentrations were 
r e l a t ive ly  low  comparecl w i t h  t h e  h i g h  soi l   levels .  Johnson e t   a l . ,  
(1978). however. found :lo difference i n  the Zn c:oncentration o f  small 
manmtals ( f i e l d  mice, IApodemus sylvat icus)  and bank voles, 
IClethrionomys  qlareo1u:i)) from control and Z n  po l lu ted   s i tes .  The 
dens i t ies  o f  fo re s t   l i t t e r   a r th ropods  were shown t o  be affec.ted by Zn. 
Strojan (1978) reported that  t h e  dens i t ies  o f  a l l  major  taxonomic 
groups were lower near a zinc smelter which was cor re la ted   to  h i g h  so i l  

Zn levels.  

Zinc is  found i n  natural  waters and se'diments i n  concentra- 
t ions  from 0.01 t o  1.18 mg/L and 10 t o  3500 mg/kg respectively (USEPA, 
1976; Leland e t   a l . ,  1978). In most surface arld groundwat~3rs i t  is 

generally found i n  t raco  amounts. There i s  some evidence t h i l t  Zn ions 
are  adsorbed  strongly and permanently on s i l t  re:iulting i n  the inac t i -  
vation o f  the  metal i n  aquatic  systems  (Skidmore,, 1964). Zirlc species 
i n  f resh  waters   are  div.ided between lab i le   ion ic   spec ies  ( Z ~ I  ) and a 
s table   inorganic  form (ZnC03); very l i t t l e  of the Zn  was associated 
w i t h  organic  colloids  (Florence,  1977). 

2+ 
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Zinc displays both chronic and acute tox ic i ty  to  aquatic 
organisms. The relative  toxicity of tn has been determined, p r inc f -  
pally, through the  case of f i sh .  The acute  toxicity of Zn to fresh 
w8ter organisms varies  greatly with the water  hardness,  dissolved 
oxygen concentration. pH and temperature. Zinc toxicity i n  hard water 
is roughly an order of Mgnitude lower, the  concantration of the 
alkalincearth Tons (especially calcium)  antagonize the  toxicity 
(Jones, 1939). These ions saturate binding s i tes  on the organism and 
p r e v e n t  Ln from doing the same. The survival times of rainbow trout to 
several Zn concentrations were  measured a t  three hardness levels 
(Lloyd. 1963). I t  w8s obsarved that  the  survival‘perfod lengthened as 
hardness increased w i t h  a ten fo ld  difference between the  toxicity of 
zinc i n  the  hardest (320 mg/L as CaC03) and the softest  (U mg/L as 
CaC03) waters  over  a 2.5 day exposure a t  sfmilar pH values. The toxi- 
city o f  Zn to Atlantic salmon is  also  less when the  fish  am exposed i n  
hard water (Sprague and  Ramsay. 1965). 

Zinc toxicity to Atlantic salmon decreased a5 the pH was 
raised from 7.9 to 9.3; these  findings have  been attributed to the 
decreased amount o f  Zn i n  solution a t  the  higher pH levels (Sprague. 
1964). In contrast,  fathead minnows were found to be  more susceptible 
to Zn a t  a pH of roughly 8.0 when the Zn p r e c i p i t a t e d  and coagulation 
of the g i l l  mucous was apparent (Mount, 1966). 

The effects of tamperatun on Zn toxicity have  been  examined 
by a number of investigators.  Studies of bluegills  acclimatized to 18 
and 3O0C  showed l i t t l e  difference i n  the toxicity of Zn (Cairns and 
Scheier, 2957). In. a la ter  study of the  toxicity of tn to rainbow 
t rou t   a t  fou r  different tmwperatures, i t  was nvealed  that an increase 
i n  t q e r a t u r e  from 12 to 24OC reduced survival tfme by a factor of 2.4 

(Lloyd. 1961). The survival time of Atlantfc salmon has been observed 
to  increase by a factor of roughly f o u r  when the weter  temperature was 
decrrased from l5 to 5°C (Sprague. 1964). Similarly,  the  reduction of 
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survival times for bluegills  exposed  to Zn was a  function  of the rate 
at which  the  temperature  was increased  (Burton et al.,  1972). Similar 
results  have been folrnd for  Atlantic  salmon exposed  to Zn as the 
temperature  was increased  (Hodson and Sprague, 197!5). Cold- 
acclimatized  salmon suwived longer  than warm-acclimatized fish. 

The sensitivity of fish to Zn varies; with  species, age  and 
condition as  well  as the physical-chemical characteristics  of  the  test 
water. Table C-9 swsarizes  the results  of 96-hour LC50  data for 
several fish species. The values  range  from 0.43 to 13.8  mlg/L in soft 
water and 4.2 to 35.!5 mg/L in hard water. Salmonids were  the  most 
sensitive species  tested while  the warm water  types such  as bluegills 
and goldfish were  the most tolerant. Death of fish in acute  bioassays 

. is generally  accepted  as  being due  to  changes in blood flow  patterns 
through  the gill lamellae  causing a failure o f  lamellar c:irculation, 
resulting in respiratory collapse and death. 

Zinc is also toxic  to invertebrates. The  96-hour LCSOs for 
pond  snails JPhvsa heterostropha) in water with  hardnesses o f  100 and 
20 mg/L as  CaC03 wers!  0.303 and 0.434  mg/L i!n (Wurtz, :L945). The 
96-hour LC50 for  the mayfly  (Ephemerella  subvaria) in water with  a 
hardness of 44 mg/L as  CaC03 was 16 mg/L  (Warnic:k and Bell, 1969). The 
48-hour LC50 for  Oaphnia in soft  water (4.5 ng/L as CaCO.,) was 
0.10 mg/L. 

Chronic or long-term exposures  to Zn by aquatic  organisms 
have  caused  growth  inhibition,  changes in swimming  movement  patterns, 
alterations in behaviclur and blood  chemistry itnd reduction in repro- 
ductive capacity. Holcombe  et al., (1979) exposed brook  trout  over 
three generations to i:inc concentrations varying  from 2.6 to 534 pg/L 
without harmful effects. A concentration of 1.37  mg/L.. however, 
reduced  embryo and 12-week larval survival. &rungs (1969) found  that 
in water with a total hardness o f  200 mg/L as CaC03, 0.18 mg/L caused 
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C.2'3 - (Cont'd) - 
an 83 percent  reduction i n  eggs produced by the  :fathead minnow. Spehar 

(1976) reported  that  a Zn concentrat ion o f  0.139 mg/L reduced  the 

growth  of   f lagf ish as we l l  as the embryo production i n  females. The 

growth  of  rainbow  trout was re ta rded   a t  a concentration of: 1.14 mg/L 

over an 85 day exposure! (Watson and McKeown, 1976). A pert,urbance of 

the  osmoregulatory enzyme systems a lso was apparent i n   t h e  sime species 

dur ing exposure t o  0.29 t o  1.98 mg/L Zn (Watson, 1978). Reproduction 

i n  Daphnia was impairod i n  a 3-week ch ron ic   t es t  upon exposure t o  

0.07 mg/L  Zn (Bfesinger and Christensen, 1972). 

Zinc i s  accunlulated  by  fresh  water  organisms f r o m  both  the 

food and water  but   the  internal   organs and bones accumulate mare than 

the  ed ib le   t issues  (Ph, i l l ips  and Russo, 1978). The b io log ica l   ha l f -  

l i f e   i s   r e l a t i v e l y   l o n g  hence most o f   t he  Zn i s   s low ly   e l im ina ted  

(Jones. 1978). Atlant.ic salmon accumulated Zn a t  a h igher   ra te  as 

temperature  increased (Hodson. 1975). Upon e n t e r i n g   f i s h  some Zn 

associates with Cadmium - bindfng-  proteins and there i s  evidence t o  

suggest  the  presence o f  Zn-binding  protein  (Marafante, 15176). The 

leve l   a t   wh ich  Zn begins t o  accumulate i s  near  the  concentrat ion  at 

which Zn begins t o  accumulate. Some concentrat ion  factors  for   selected 

organisms have been found t o  be 32.6 i n  duckweed (Hutchinson and 

Czyrska. 1975), 10 300 i n  bryophytes,  (Dietz, 1973) and 10 000 and 1000 

fo r   inver tebra tes  and f i s h  (Vaughan e t  al., 1975).. 

Zlnc i s   e s s e n t i a l   t o  most p lan ts  and animals and i s  conse- 

quent ly accumulated  by  these  organisms. It i s  moderate ly   tox ic   to  

p lan ts ,   b i rds  and mammals b u t   f s   r e l a t i v e l y   t o x i c   t o   f i s h .  Its accumu- 

l a t i o n   i n   t h e   a q u a t i c  e!cosystem  does not  pose t o o  great  an environ- 

mental  hazard because o f   the   meta l ' s  low t o x i c i t y  when ingested and 

because most o f  it i s  accumulated i n   t h e  non-edible  portions o f  f ish.  
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APPENOIX 0 
HERCORY CONTENT IN HAT CREEK AND THE 
BONAPARTE RIVER AT SELECTED  STATIONS 

CONTENTS 

Sectf on Subject .~ 

0.1 yg CONCENTRATION - BONAPARTE RIVER UPSTREAM OF 
HAT CREEK, 20 MAY 1980 D - 1  

0.2 H CONCENTRATION - BDNAPARTE RIVER UPSTREAM OF 

0.3 H CONCENTRATION - BONAPARTE RIVER UPSTREAM OF 
H i  T CREEK, 23 JUNE l980 0 - 2  

H I  T CREEK, 25 JULY 1980 D - 3  

0.4 H CONCENTRATION - HAT CREEK  AT BONAPARTE RIVER, 
27 MAY 1980 0 - 4  

D. 5 H CONCENTRATION - HAT CREEK UPSTREAM OF BONAPARTE 

0.6 H CONCENTRATION - HAT  CREEK UPSTREAM OF BONAPARTE 

RIVER 0 - 5  

R ~ E R  . .  0 - 6  
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TO! a I: H Y D R O  
B0.X 12121 . 1 7 T H  FLOOii 
VA!iCOUVEi? B C  '429 4 2 6  

ATTZNT"0N. O p t  B C :  HYDRO ....... .- - "___I_ . "_ . ""_. .... "" ... ------- .".___._ 

FOR S I T E :  BONAPAF!TE R IVER U/S OF HAT 1CREEK 

SAMPLING' 04Tf?(S) : JUL' 13/80  io000 HRS 
SAMPLE T Y P E t F R E S H  HATER 

.. - .. SAMPLING .OEP?H-!...--o ___ " 
SAMPLED B Y ;  8, C..HYDRO 
CHARGE TO; INDEPENDENT AGENCV 
DATE  RECEIVED B Y  LABORATORY: JUL !5 /80  

2613403 MERCURY L 0.05 2613503 MEXCURY ' L:.O*os 
DIssO4vCo ................... UG/.L' ..... .... ._.TOTAL.-.-." UG/L: 

THE  A?PRcXIflATE C O S T .  aP THE Ai30VE' TESTS I S  S ' 5 0 , 4 D  

SJ 7533 D - 3  



I 

i 

t 4 A Y  271 1 9 8 0  ENVIRONMENTAL L P 3 O R A T O R r  
M I S T R Y  OF T H E  ENVIRONi?EN 
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PAGE 1 

.. "_ .... ..... .. ............... - "_ 

TO: B C  'HYO90 17TH PI 0174 
EO): 12121 555  W ickSTING 

?EEtAi?KS :: "" .. .......... 
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FOR SITE; HAT CREEK U/S OF BONAPARTE RI ' fER 

SAHPLING D A T E ( 3 ) t  JUL 1 5 / 8 0  0000 HRS 
8AHpl.E TYPE: FRESH WATER 

" . SAMPLING. DEPTH! o ... ..... ." ................. ." _"___ ..... _ _  .. ." . 
SAMPLED B Y :  8 ,  C;"HYORO 
CHARGE TO: INDEPENDENT AGENCY 
DATE  RECEIVED B Y  LABORATORY:  JUL 15/30 

REi lARKS:  "_ "" - .  -_ - . -  - .... .... . . ....... ...... ....... - .  . 
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