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SUMMARY

The Environmental Rasears<h and Tachnelegy, Inc. (ERT) report
an "The Influance of the (Hat Creek) Project an Trice Slaments in the
gcosystam” (Appendix F) was completad in July 1978. 3inca that time
there have Been changes in the proposed mine and powerslant <onstruce
tion and cperation, new data have been 3cquired and new questiecns have
been raised. For these reascns, it was dacided by 3.C. Hydro and Power
Authority that a2 revised Hat Creek Trace EClement Resort should be
prepared,

The principal objective aof this report is o identify the
trace element contant of the coal and the redistribution of the tracs
elements to the envircnment through coal combustion. Twenty-thres
trace alements have Deen salectad an the basis of source cantributions
(coal, overburden, mine dust, stack emissions, coaling tower drifi, zs
well as waste rock and ash dispesal), and their potantial toxicity to
biotic recaptors. An aextensive litarature review of the Bbiclegical
implications of tracs slements contributed %o this resort. The 23
trace eclements selectad are antimeny, arsenic, bperyilium, boren,
cadmium, chromium, <sball, copper, fluorine, lead, manganess, mercury,
molybdenum, nickal, selenium, silver, thallium, thorium, tin, tungsten,
uranium, vanadium and zine.

The recant J{nvestigatiens have resuitad in lower c<2al
quality, but a mors realistic operating regime for the sowerplant; the
svarall effect is to lower trace slement emissions. The revisad mine
mean <23l is increased in As, Ge, 8, Mn, §r, Sn and In above that of
the ERT mine mean c¢oal and lower in Cr, Cu, F, Hg, Mo, Ni and V. The
mean values of traca elements fn Hat Creek coal f3l1 within the range
of regional averages for Unitad States coals;* howavar, Hat (reek caal

*  U.S. coals wera seiscted for comparison since data were available.
Only limitad data are availabie for Canadian and westarn Canadian
coals {see Swanson, V.E. et al. 1378).

-vi-
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tends to be slightly higher in Cr, Cu, F and V than mest L.S. coals,
and Tower or average in the remainder of the 23 elements listed.

An avaluation of the analytical techniques used %o ¢harac-
terize trace element quantities in biclogical receptors has also been
performed. Qf the 23 elements 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 ta the comparatively small data base of trace
element measurements for the remaining elements include small sample
size and the use of inappropriate or semi-quantitative analytical
methods.

Emission rates for trace etements released to the atmosphere
have been ravised on the basis of new information on the combustion
properties of some elements as well as the dsposition properties of
others. The number of itrace elements in this revision has increased to
23 from <he previous nine which were extensively analyzed by ERT.
Based on these new data, the emission rates for Hg have decrsased while
those for 3b, Be, 8, Cu, F, Pb, Mn, Mo, Ni, Se and U have increasad and
the remainder (As, Cd, Cr, Co, Ag, T1, Th, Sn, W, V and In) are
unchanged from the original ERT assessment.

Trace element cancentrations have been calculated using 30y
model predictions and the ratic of emission rates between each trace
glement and 502.' Projected ambient concentrations of trace elements
for the 'ocal area are below those of the PC2* regulatory guideline
values for 24-hour and annual averages. Most trace elements with the
exception of fluorine are more than an order of magnitude below any
guideline tlevel. The 24~hour average for fliugrine of 1.9 pg/m3 is
¢lose to the guideline level of 2.0 yg/m3 for the same averaging
period.

* Pallution Control Board, Ministry of Environment, 8.C. Zovernment.
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Oepasition patiarns of trace elemants have Deen revisad from
the original ERT work. The most significant areas of deposition faor
the major irace eiament <ontaminants are outside the igeal scale.
These ravised depesition pattarns ars Bassd on the publication of the
report on the long ranga transpert and the implicaticns of acid preci-
pitation (ERT, Appendix I, 1379). The deposition of traca elements was
previgusly calculatad far only the local scale. In this assassment the
isgplaths of ragional annual 502 deposition include the plant site.
This ravised approach providas a much more conservative (waerst casa)
astimata of s0il accumuiations in the local area as traca alament
depesiticns, regionally, were typically greatar than in the Tocal area.

The potantial impacts of the 23 tricas slements were assassed
for biotic rscsptors on the basis of the information obtained from the
litarature survey and revised amission/deposition charactaristics for
the elements. Projections of ground level concentrations of tracs
elements from powerplant stack-emissions suggest that plants or animals
respiring airporne &race elements will not be adversaly affected.
Although. the maximum 24-hour average concentration for flucrine of
1.9 pg/m3 apprdaches the gquideline value of 2.9 pg/m3, 1% is unlikely
that any lomg-lasting or deleterious effects to the biota will cccur.
Fugitive dust emissions and coaling tower drift wiil be hignly Tecai-
ized and will not be important- sourcas of traca siements to recaptors
in the Hat Creek area,

Projections of trace element accumulations in soils have been
estimatad assuming the following: that the powerplant will operata for
35 years at 83 gercant capacity; soils in the deposition zones have a
Bulk density of 1.75 g/am’; all depositad tracs slements will remain in
residenca in the %op 3 @ of soil; and neither traca siement uptake By
vegatation nor erosion of soil %3 watarshed drainagaes wili accur.
Trace alement deposition rates have been calculated for cooling tower
drift and have Dbeen added o5 the depositiocns from stack emissions.
Genarally, traca element enrichment in Tacal and regicnal soils repre-
sents less than 1 percent of Dbackqground trace eisment concantrations

- viif -
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after the lifatime of the powerplant. The ultimate enrichment of soils
resulting from the praject does not alter the sgil contiznts beyand
those reported as natural. The impacts of trace elements in soils to
plants or animals is expected to be negligible. The alkaiinz nature of
the soils will render most deposited trace elements relatively unavail-
able. This characteristic will result in the soils acting as a sink
for most trace elements. .

, Trace elements would enter the aquatic eavironment by
teaching from coal, overburden and waste rock piles in addition to the
principal contribution of elements emitted through the stack., The
impacts of contributions from sources other than stack emissions have
been assessed on the tasis of the zero discharge appreach for contami-
nated waters and for seasonai fluctuations.

The Bonaparte River watershed would receive the largest
concentration of trace elements compared with ¢ther systems as a largs
portion of it lies within the zone of greatest depositicn. A worst
case example for this watershed was examined which included the
fo]1owing-conservative assumptions:

1. AlT of the tracs elements that fall on the Bonaparte River water~
shed make thair way into the aquatic system.

2. A1l trace elements that enter the water dissolve completely.

This approach was used to determine which elements showed
inconsequential concentration increases in water and which elements
would apoear to be of concern and were therafcre desaerving of further
analysis. A similar assessment was not possible with trace elements
depositing from stack emissions. Increases in the tracs alement can-
tent of waters within the Bonaparte River watsrshed are anticipated
with the project. These projected increases, however, for all elements
except Hg, meet a number of regulatory agency guideiine criteria for
crop irrigation and ‘iivestock watering, the protection of fish and
other aquatic 1ife, ard ingestion by wildlife.

_fx-
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With the assumptions used in the assassment, the Hg concan-
tration resulting frem stack emissions meet all of the above critaria
ex¢ept 7or thosa recommended For the protacticn of fish and aquatic
Tifa. [t is axpactad that the contributions of Hg to background lavels
in the 3onaparta River watarshed will be negligitle.

From the original Tist of 23 trace elements addressed in this
report, 4 raticnale has been daveloped Lo selesct those that should be
monitored during detailed continuing studies throughout the cperaticn
of the plant. The basis of the sesiaction procass included: trace
alement volatility, ambient concentration, mobility, methylaticn poten~
tial, toxicity and biocaccumulation. The follewing 13 trace elements
ares suggestad for monitoring during plant operation: arsenic, boren,
caémium, chremium, copper, fluorine, lsad, mercury, nickal, tin,
uranium, vanadium and zine.

No significant impact on local or regional ecosystems is
axpectad from the releasas of trace elements by the Hat Creek arsject,
provided that the data from the air quality medel (ERT, Appendix C,
1978) and tha acid rain report (ERT, Appendix I, 13979) are
renresantative,



SECTION 1.0 -~ [INTRODUCTION

The upper Hat Creek valley contains two major cozl deposits,
one of which has been selected as the source of fual for a 2000 MW
thermal generating station with a planped 1ife of 35 years. At the end
of 35 years appreciasle reserves would still remain in the No. 1
deposit and in the remainder of the upper Hat Creek vailey. These
resources could be used teo extend the life c¢f the proposed plant, to
enlarge thermal generating capacity or for a varfety of alternative
uses.

The upper Hat Creek valley lies midway between Ashcroft and
Lilloocet; 200 km northeast of Vancouver, B8ritish Columbia. The pro-
posad plant site is in the Trachyte Hills, 4.8 km east of the No. 1
depaosit and at an elevation of 1410 m.

The purpese of this report is to review the trace element
data collected as part of the detailed environmental stucdies. It has
been necessary to re-examine data and conclusions in view of a number
of changes to the project description, new data acquired since comple-
tion of the ERT Repor: on trace elements in July 1978, and the addition

. of some new traca element information based on a recent literature

SE 7933 -

review.

This report is divided intc three arincipal sections which
address:

1. Trace slement concentrations in coal and mine waste {jection 2.0}.
2. The atmospheric redistribution of trace elements (Section 3.0).

3. The eavironmental impact of trace elements entering the biota
(Section 4.0).
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Section 2.0 dascribes the traca alement cancantratiens in Hat
Cresek coal and mine wasta products and the sampling and analytical
grocedures necassary io detarmine tham. [n ordar i3 placa the concan-
trations of trace alements in Hat Creek coal inta perspeciive, the
organic affinity of traca alements and the cammesitian of trace
elements in U.S. coals have been campared %o those at Hat Creek,

Saction 3.0 addresses the redistribution of trace siaments by
atmospheric grocessas. Projections of increases in itmospheric cancan-
tration and surfaca depsasition ratas have baen evaluatad on the Basis
of the revisad content of trace elements in Hat Creek coal. Improve-
ments in the astimation of atmospheric movements and demosition of
traca elements have become available with the publication of the ERT
(1979) report, "lLong Range Transport and Implicatiens of Acid Precipi-
tatien”. The average annual 502 patterns described in this report were.
usad ta calculate deposition pattarns and ambient concantrations for
trace elements arising from powerplant amissions.

The third pringipal porticn, Sectien 4.0, describes the
potentia1 impacts of traca element redistribution on the aquatic¢ and
tarrastrial biota. The number of trace elements considered has heen
arogressively reduced throughout the study from most of the elements in
the pericdic tabie to only those that proved to be of importancs in the
anvironmantal assassment of the propased project. The factors consi-
dered in the selection of these trace elements included their mobility,
valatility, essentiality to viciogical materiais, mathylation potential
and toxicity, as well as their tendencias far bigaccumulaticn and
biomagnification.

The {mpacts of traga elements entering the envircnment frem
stack emissions, overburden and waste rock piles, caal and low grades
wasta stockpiles, ash dispesal sitas, mine dust and cosling tower drift
have Been assessed. This assassment includad the movements of the
trace elements through abioctic (soils, sadiments and watar) and bictic
(wildlife, vegstation, as well as fish and other aguatic Tifs) systams.

1-2
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Particular sttention was focused on the potential of trace e’ements for
toxicity, ofoaccumulatien and bicmagnification in receptors for both
the lecal and regicnal dreas.

A computerized literature search of recent pertinent
reference-material was undertaken to provide an accurate and reliable
basis for the selection of trace slements of concern as well as projec- .
tions of 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 in coal through the pawerplant and
into the numercus réceptors of the natural environment.
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SECTION 2.0 - TRACE ELEMENTS IN HAT CRESX COAL
AND MINE WASTE PROOUCTS

INTRODUCTTICN

A1l naturally occurring materials contain traca alements.
Coals tend to contain high concsntrations of cartain tracaz alements
while being deficient in others in refation to averages for crustal
rocks (clarke values). Therefore trace elements comprise an important

study area in relation to the develcpment of coal-firsd power plants.

Although investigations into frace elements in c¢oal were
conducted as early as 1887 on European coals,l it was not until
recantly that interest was expressad in trace alements from Westarn
Canadian cnals.z Trace alement studies hegan on Hat Creek coal in 1978
with the advent of the current saries of environmental programs and
thesa studies are continuing.3 .

This chaptar describes the distribution of traca eiements in
the Mat Creek coal depesit and tha altered amining scheme that has
resultad in changes in trace elements concantratigns in oreposad run~
of-mine c¢oal. [t providas additicnal informatien on sampling and on
the relationship of trace aslements in Hat Cresk cuoal o those of other
¢csals. Additional anmalyses of mine wasta that were not avaiiablie in
garlisr studies are also included.

CHARACTERISTICS QF THE HAT CREEX COAL QEPQSIT THAT AFFECT TRACS
ELEMENT SAMPLING

The Hat Creek Na. 1 csal deposiit nas been drilled an approxi-
mately 150 m cantres. Qn this basis the deposit was divided into four
zones (Jlabelled A througn 0) and subsequently into several subzones.
The deposit is falded inta a syncline flanked on the 2ast by a fauitad
anticline and another syncline. These structures plunga ts the seuth
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CHARACTERISTICS OF THE HAT CREEK COAL OEPOSIT THAT AFFECT TRACE
ELEMENT SAMPLING - (Cont'd)

at 15° to 20°. Therefore each coa] zone forms part of the subcrop over
the area of the No. 1 deposit.

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

1. The No. 1 deposit is approximataly 420 m in true thw‘:kness4 and
contains 717 Mt of cca],5 although only 331 Mt would be mined® in
the first 35 year phase of operations.

2. The deposit varies laterally from northeast, where the coal is of
high grade (>20 000 kJ/kg, db*) to southwest, where the coal is of
low grade (<14 000 kJ/kg, db) and where waste partings are more
numerous.

3. Vertical variatioas in coal quality through the deposit are more
pronounced than horizontal variations within a single strati-
graphic horizon. There is evidence that this relationship can be
extanded to some trace elements.

Coal quality has a pronounced influence on emissions of trace
elements because it affects the amount of coal that would be required
to generate a specified amount of electricity. Coal quantitiss and
quaiities are summarized in Table 2-1.5

* db indicates the value is on a dry basis.

2-2



2.2 CHARACTERISTICS OF THE HAT CREEX COAL QEPQSIT THAT AFFECT TRACE
ELEMENT SAMPLING - (Cont'd)

TABLE 2-1

CCAL FROM HAT CRESK QPENPIT NC. 1
QEFINED 8Y ZONE

Coal Heating Value

Zone (Mt @ >7100 kJ/kg, Moist) (kJ/kg, Meist)
A 86 245 11 866
g 63 996 13 770
¢ 48 683 10 580
0 126 02% 16 170
TQTAL 330 950 MEAN 13728

Mine planning is a dynamic procass. As planning continues,
concepts change and result in changes of tracs eiement emissiens. In
the document "Air Quality and Climatic Effects of the Propossd Hat
Creek Project - Appendix F - The Influenca of the Project on Trace
Elements in the E:nsystem“T the—fciicwing assumptions were made:

1. The coal quality would be approximately 14 700 kJ/kg (5300 3tu/1b)
with 26.0Q percent ash and .45 percant sulphur at 20 percent
noisturs.

2. The powerplant would operats at a 100 percent capacity factor.
3. The quantity required was estimatad at 42 600 t/d.

More recant assumptions that have been adeptad Basad ¢n addi-
tional dmi1ling, additional ¢oal quality information, an altarnats mine
plan and the proposad powerplant gperating regime, are as follows:
1. The coal quality would e approximately 13 720 «kJ/kg (3300 3tu/1b)

with 25.6 percent ash and Q.39 percent sulphur at 23.8 percent
moisture.8 '

S& 7933 2 -3
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CHARACTERISTICS OF THE HAT CREEK COAL DEPQSIT THAT AFFECT TRACE
ELEMENT SAMPLING - (Cont'd)

2. The powerplant would operats at a 65 percent capacity factor over
35 years.

3. The gquantity required from the mine averages approximately
26 QCO t/d based on 9.5 Mt for an average year and 363 operating
days per year. Paak consumption for a 24 hour perfod wauld be
approximately 40 000 t.

SAMPLING AND ANALYTICAL PROGRAMS FOR HAT CREEK CODAL

Several suites of samples have been analysed for trace
elements at Hat Creek. The metheds of analysis are expiained in
Section 2.6 and in the Environmental Research and Technology (ERT)
report "Air Quality and Climatic Effects of the Proposed Hat Cresk
Project - Appendix F - The Influence of the Project on Trace Elements
in the Ecosystem", '

Juring 1975, between four and 21 elaments were analysed from
nine samples of diamerd drill core. The results are included in the
"Praliminary Environmental Impact Study for the Proposad Hat Creek
DeveIopment“.3 These samples were analysed by emission spectrascopy

and were used as a guide to potential trace element impacts from
combustion of Hat Creek coal.

In 1976 DOr. K. Fletcher of the University of British Columbia
analysed ¢4 samples of diamond drill core from one hale.? The sampies
form a continuous section through the Hat Creek cocal depos’t and they
wére analysed for 11 elements by atomic absorpfion spectrophctometry.
The results and a description of the methods of analysis are included
in Appendix A of this report.

Because of an apparent anomaly in Cu and Mo all available
compesite samples were analysed for these elements by Dr. 4.V. Warren

2 -4
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SAMPLING ANQ ANALYTICAL.PRCGRAMS FOR HAT CREEX COAL - (Cant'd)

of the University of British Columbia wno also used atamic agserption
spectrophntcmetry.lg Thesa c¢ompositas had been arenmarsd far yltimata
analysis of tha coal. Subsaquently the anamalous intarval was
resampled and analysed for Cu and Mo by atamic absarption spectro=
photometry at Acme Analytical Laborataries Ltd.ll ‘

The Canada Cantre for Mineral and Znerqy Technology (CANMET)
analysed twe sets of sampies, one in 1976 and the cther one in 1878.
The analyses were conducted on sampies c¢gollectad from bucket auger
drill hoies at three sitas. The samples wers prenared gy taking g¢rab
samples from each drum of homogenizad c<oal collectad for the fast Qurn
at tha Canadian Combustion Research Laboratary (CCRL-Qtfawa). The

" samplas were made homogenecus at Birtley Engineering Ltd. (Calgary)

where part of each sample undarweant beneficiation tasts.lz Nine

‘samples comprising one sujta, were analysed for mercury By using flame-

iess atomic absorptien as part of a preliminary report on mercury in
Canadian c::a]s.}'3 The sacond suita consisted of three samples which
ware analysed for 12 elements; one of these samples was done in dupii-
cate.}‘4’15 Mercury was analysed by flameless atomic absarption; tie
remaining alements wers analysad By conventional atamic abssrption.

ERT employed Commercial Testing and Engineering Co. (CTE) to
analysa 3 samples from the bucket aduger program in 1378; ona sampla
was from A zone and twg samples were fram 8 zcne.7 The samples wars
collacted from compositas in the same manner as the samples callectad
for CANMET. It was recagnized that these sampies, from only a few tans
of metres of the coal saction, would not be representative; therefors
CTE was given 11 additional compasite samples for analysis. Thesa
samples were collectad from drill cores-with a wide spatial distribu-
tion over the deposit (Fig. 2-1). Compositas were preparad Ry sampiing
sach intarval cn a volume basis; this methed aveided the problem
resuiting from wide fluctuations in specific g¢ravity ameng intarvals
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SAMPLING AND ANALYTTCAL PROGRAMS FOR HAT CREsX COAL - (Cont'd)

and should producs a suite of samples that are represantative® of the
depasit. £ach qf thesa sets of samples was analysad in dupiicata ar in
tripiicats. The analyses were conductad 2y spark sourss mass speciro-
scopy for 61 trace ealements; 1in additien mercury was analysad by
fiameless atomic absorpticn, lead by conventional atemic absergticn and
fluorine by sgecific ienm 2lectrode. These results are summarizad as
mine mean ¢oal in the ERT report.?

In order to5 detarmine laboratory precision and accuracy,
three coal samples were selected in 1978 and anaiysed for 18 tracs
elemants at three laboratories: CTE,lﬁ Chemex Ltd.,l7 and CAN TEST
Ltd.18 CTE used primarily the same methods as in previocus analyses,
nowaver. mercury was analysed by double-gold-amaigamaticn. Chemex and
CAN TEST analysed 3e, Cd, Cr, Cu, Mg, Pb, Sr, V and In by conventignal
atomic absorptien, Th by colerimetry, Hg by flameless atomic absorption
and F by specific fon electrode. Chemex used flameless atomic apsarp~
tien for As and CAN TEST used graphita furnacs atomic absarption.lS
The selection of thasa 16 alements from tha original 1ist of 64 was
based on the 13 elements specificzlly recommended By ERT for further
analysiszg plus Th which was added ta the list by 8ritish Columbia
Hydre and Power Authority (B.C. Hydre). This 1list comprises the
alements believed ts 2e of concern because of their toxicity, valati-
lity or concentrations in ¢eals.

Litarature rasearch of trace element information was con—

‘ducted in 1979. Based on this search, sight additional elements have

been idded ta the eariier list because of specific association with
coal-fired thermal plants, toxicity to speciric plants and animals or
volatility. Cn the raevissd list of trace elemants So, Co, Mm, Ni, Aq,
Sa, T1 and W have been added. The total Tist of 24 slaments will be
abbreviated for monitoring as described in Section 4.0.

*  Standard deviations among samples are large. This problem is
described in Section 2.7.

2-8
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SAMPLING AND ANALYTICAL PROGRAMS FOR HAT CREEK COAL - (Cont'd)

Subsaquent to anaiysing the three samples, Chemex analysed
eight additicnal samples pius one dummy sample from the previous suite
for the 18 elements.21 A1l samples were done in duplicate and stan-
dards were also analysed as a guide to accuracy. The samples were
selected to improve the sampling distribution over the deposit
(Fig. 2-1) and were obtained from the pulverized rejects generated for
coal analysis.

SAMPLING AND ANALYTICAL PROGRAMS FOR HAT CREEK SOILS, OVERRURDEN
ANG WASTE ROCK

The sampling for the 1376 and 1977 programs concucted By ERT
are described in their repcrt.7 These sites were resamplec in 1878 and
the procedures and results are described in Section 4.0.

Samplas werz collectad in April and October of 1378 from the
eight test plots at Aleece Lake and from the sicped test plots at Houth
Meadows and Medicine Creek.2l The samples were collected by first
loosening the soil surface to a depth of approximately 20 cm with a
shovel 2lade and sampiing was conducted along the untouched surface
with a heavy.plastic scoop. Four individual sampies were collected
from each plot. These were placed in dry, white sheets of paper,
thoroughly mixed and subsampled. Thirteen wet and 13 air-dried samples
were ¢o'lected. The wet samples were analysed as received for Hg only
and the dried sampies were analysed for 23 elements. The inalyses were
conducted " by Chemex Labs Ltd. and the methods are described in
Section 2.6.

SAMPLE PREPARATION FOR COAL, WASTE ROCK, OVERBURDEN AND SOILS

Samples collected in 1976 and 1977 were anpalysed by CTE. The
methods and results are described in detail in the €RT report "Air
Quality and Climatic Effects of the Proposed Hat Cresk Prgject -
Appendix F - The I[nfluence cf the Project conm Trace Elements in the
Ecosystem”.7 To prepare the samples CTE dried them at 40°C and they

2 -7
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SAMPLE PREPARATION FOR COAL, WASTE R0CK, OVERBURDEN AND
SQILS - {Cont'd)

ware pulverized.and scresned to minus 7% um; the fine grain sizs was
necsssary due to the small sample sizz (0.1 g) used in Spark Sourcs
Mass Spectrascopy (SSMS) analysis. The sampies were made homeganecus
during pulverizing in a homogenizer.

In 1978 samples of coal, wasta rack, soil and oversurden wers
sant in two batches (Aoril, May and Qctocer) %o Chemex Latarzfarias
Ltd.21 The Aoril samples of wasta rock, ¢verburdsn and sail were gvan
dried cvernight at 33° to 609C, pulverizad and scresned ta minus

30 um.  In Qctober samples were dried at 45°C and screened %o minus
830 um to more closely compare with the CT: drying procadure. The
Gctober s¢il samples wers collectad for-direct comparisen with thosa
from 1978 and 1977. For each apalysis 1.0 g of samplie was usad. Wasta
rock and overgurden samples were not re-analysed.

ANALYTICAL METHODS

Three laboratorfes have conducted the analyses usad in this
document for assassment of total traca elements in Hat Creek <oal and
waste. These laborataries and <thair methods are summarized in
Tablas 2-23 and 2-2b. '

Commercial Testing and Engineering Company (CTE) used spark
sourtce mass spectroscopy (S3MS), conventional {lame atemic abserption
spectroscopy (AA), plasma emission spectroscopy (PES) and specific ifon
alectrode (SI) in the 1376 analyses. These methods are described in
the report, "“Air Quality and Climatic Effacts of tha Hat Creek Pro-
ject - Appandix F - The Influencs of the Project on Tracs Elements in
the Ecnsystem“.7 '

The methods used in the 13978 program are described in this
chaptar; detaction limits and coefficients of variation are also
1istad. Chemex Labs Lid. performed most of these analyses and they
were instructad to use their most accurate and precise metheds, o

2 -8
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No. of

Samples

9

14
113

14
11

14
11

14
1l

14
11

13

14
11

13
11

14
11

14

14
11

14
11

14

14
11

9

TABLE 2-2a

SUMMARY OF ANALYTICAL METHODS
FOR TOTAL TRACE ELEMENTS IN COAL

Lab
CTE

CTE
Chemex

CTE
Chemex

CTE
Chemex

CTE
Chemex

CTE
Chemex

CTE

CTE
Chemex

¢TE
Chemex

CTE
Chemex

T

CTE
Chemex

CTE
Chemex

CTE

CTE
Chemex

Tt

Detection

Linit
Mathod Data (ma/kg)
SSMs2 1978
S5M3 1878
FAAd 1978 1
SSMS 1876
AAS 1978 1
SSMS 1475
gss 1877 20
SSMS 1976
AA 1877 0.2
SSMS 1874
AA 1877 5
SSMS 1975
SSMS 1976
AA 1977 1
318 1876
SI 1977 20
AA 1876
AR 1877 1
SSMS 1976
FAA 1876
FAA 1877 008
SSMS 1976
AA 1977 1
SSMS 1976
SSMS 18976
AA 1977 1
SSMS 14878

e e S — ———— R 4n e =

c.v.*

v,
(%)

100

5C-104
2C

100
100

50-100
387

130
130

£3-75
&0




TABLE 2-2a2 - (Cont'd)

Qetection
No. of - Limit AT
Samples Lab Mathod Qats {mg/%g) (%)
Sr 14 (TE SSMS 1978 50
11 Chemex AA 1877 3 20
1 4 911 SIMS 1578 100
Th 14 CTE S3MS 1978 100
11 Chemex ¢? 1977 4 140
$a 2 CE SIMS 1378 106
W 4 CTE S3MS 1978 100
Y 14 CTE SSMS 1978 - o100
1 Chemex NALO 1977 Q.2 10a
) 14 ¢Te S3MS 1978 50~100
b Chemex AA 1977 5 20
In 14 ¢re S3MS 1878 75=100
1 Chemex AA - 1977 1 20

1 C.Y. is the abbreviation for coefficient of variation. The valuas are
based mainly on La Geyt (1373) Ref. 19 and apply to 3 singis sampia.

[ ]

$SMS is the abbresviation for spark sourcs mass spectroscopy. Oetaction
limits range from 0.1 mg/kg to L0 mg/kg.

3 Although 11 diffarent samples were analysed, three of these were spread
appreciably over two zonas in the revised zone designations and wers
not included in the ravised calculation of mine mean coal.

4 FAA is the abbraviation for fiame1ess atomic abscrption.

$  AA is the abbreviation for atomic absorption.

3 £S5 s the apbreviation for emission spectroscopy.

7 The caefficient of variation was aesti{matad by Le Geyt (1373) Ref. 17.

8§ ST is the abbraviation for specific fon electrede. .

2 ¢ is the abbreviation for calorimetry.

10 NA is the abbraviation for neutron activation.

SE 7933 ' 2 - 10
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SUMMARY QF ANALYTICAL METHOOS

TABLE 2-2b

FOR TOTAL TRACE ELEMENTS IN WASTE RQCK ANC SURFICIAL MATERIALS

No. of
Samples

103
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
Chemex
Chemex
Chemex

Chemex

Chemex

Chemex

Mathod

FAA
AA
PES*
AA
AA
AA
AA
S1

AA
FAA
AA

FAA

FS

2 -1

¢ — ————— —— -

1978
1978
1978
1978
1978
1978
1978
1978
1978
1978

1978
1978

1978
1978

1978

1978

Detection2
Limit

late!  _(ra/ta)

l L
1
10

100

10-20
10-20
10-20

20~100
5-20

100

10-20

104

5-20

20~100
100




in

TABLE 2-28 - (Cant'd)

Qataction?
No. of Limit .V,
Samoles Lab Mathed Datet _(mg/kg) =
10 Chemex AA 1978 5 10-20
10 Chemex AA 1978 1 10-20

us

SE 7933

Agaéyses were conductad only for leachable %racs zlements priar to
1973.

Jetaction limits for SSMS range from 0.1 to 1.0 mg/kg.

The suita of 10 samples is compesed of the rock materials collectad
from the Aleeca Lake tast plots. -

PES is an abhreviation far plasma emission spectroscapy.

F is an abbreviatien for fluorimetry.

2-12



2.6 ANALYTICAL METHOOS - (Cont’'d)

SE 7933

apply all recommended correction procedurss and to analyse samples in
dupiicate.

(a)

(b)

Atamic Abssrption

In the 1978 program Chemex Labs Ltd. analysed coal,
waste rock and surficial materials for the following elements by
atomic absorption after a nitric-perchloric acid ﬁigestion:zs

1. Co, Cu, Mo, Ni, Pb and In which have a detection limit of
1 mg/kg. 2322

2. Cd which has a detaction Timit of 0.2 mg/kg.2”

3. Cr, Mn and V which have a detection limit of & mg/kg.23’24

Lead and cadmium were corrected for background effects.
For Be and Sr 3 hydrofiueric-nitric-perchioric acid digestion was
used and the detection limits are 1 mg/kg and 5 mg/kg respec-
tively.24 Samples for Se analysis were subjected to a nitric-
sulphuric acid digestion and chelation extraction; the detaction
limit is 1 mg/kg.

For atomic absorption it is feit that the coefficients
of variation of 100 percent near the detection Timit, 20 percent
at 10 times the detaction limit and 5 to 10 percent at levels of
one hundred times the datection limit, can realistically be
apnlied Lo routine analyses performed by commercial 1aboratorieslg
{Tables 2~2a and 2-2b).

Flameless Atomic Absorption

Flameless atomic absorption was used for mercury
analysis of coal and for mercury, arsenic and selenium analysis of
averburden and waste rock in 1978.22’25 The methoc differs from

2-13
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ANALYTICAL METHOOS - (Cont'd)

(e)

conventional atomic absorption in that the slement of intarest is
firgt canverted to a volatile Fform Dy reduction then swest ints an
absorption call for thermal decomposition and atomization of the
matal.

, For mercury analysis the samnles were digestad in nitric
and sulphuric acids, potassium permanganats and potassium persul-
phata. Mercury s 2asily velatilized, so a nigh tamperaturs is
not required. The detaction Timit is § ug/kg.24

Arsenic and salenium from overturden and wasta rock were
anajysed as their hydrides by hot vapour flameless atomic absorp-
tion. The materials were wet ashed with a combination af aitric
and parchicric acids prior to analysis. The detsctiscn limit faor
As and Se using thris method is 1.0 mg/kg.24

Jouble~Gald Amalgamation

In the methed of double-gald amaligamatien for mercury
detarmination used by CTE in 1978, a sample is thermally decom
sosad and the svolved marcury vapour is swept through a packing of
gold whers it is amaigamated.ls Subsequently a purification stap
is used in which the amalgam s rapidly heatad and the mercury
redistilled onte a sacand gold packing. The second amalgam is
then rapidly heated and the purified mercury is swept inta an
absorption call where the mercury fs measured By its abserption.

An early paper describing this tachnique appearsd in
1364.25 In this paper, a single amalgamation was used and the
authors, in discussing interferencas, nota: "“The principal inter-
farence ancountared in this technique is from smoke frem organic
matter in the samples." Samples containing Tess than 10 parcent
organic matter can De analysed reliably.

2~ 14
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AMALYTICAL METHGDS - {(Cont'd)

(@

(e)

The CTE procedurs of double amalgamation includes a
second purification step which is a definite improvement and
should provide reasonably good data. One weakness of the methed
is that to avoid problems with organic material, extremely small
sampla aliquots are required, in the range of 5-80 mg. With very
smail sampies such as this, the danger increases that the aliguot
selected may not be representative unless the sample ‘s very well
homogenized. In the data reviewed to date there is reasonable to
good agreement between the goid amalgamation method 3nd the wet
digestion methads favoured by other laboratoriss. The method was
used in only three samples to determine variability among labora-
tories and the analysas were not used in cetermining mean mercury
content.

Fluorimetry

Chemex used fluorimetry for analysis of uranium. At the
time of the analyses they usad a weak acid attack, that is diges-
tion with 4M KNG, followed by direct fluorimetry. The resulting
analyses are low for two reasons, not all of the uranium is dis-
solved and the fluorescant effects can be lowered by such common
elements as iron and manganese.19 The Chemex procadurse has since
beer modified, however all of the Chemex fluorimetry results for

uranjum were rejected because they are too 1ow.19

Inductively Couplad Plasma Torch {(PES)

In 1978 Can Test Ltd. analysed some soil and waste rock
sampies for boron using an inductively coupled plasma torch.zz In
preparing the samples they were ashed overnight at 550°C and the
ash was dissolved in hydrochleric and nitric acids. The detection
Timit is 10 mg/kg.27 The instrumentation is described in the ERT
report,

2-15
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ANALYTICAL METHQOS - (Cont'd)

()

(q)

{n)

(1)

Emissian Soectrogranhy

Chemex Labs Ltd. analysed the coal samplas from 1378 for
peren using an amission spectirograph with 3 detaction limit of
20 mg/kg.24 Sample preparatien consistad only of pulverizing the
samples ta minus 150 um.

Calorimetry

_ Thorium in <¢oals was apalysed <alorimetrically.
nftric-hydrofluaric-hydrochioric acid digestion was wused and
thorium was detarmined using Arsenazo-3 reagent. The detaction
limit is 4 ppm. 2% '

2%

Neutren Activation

A single apalysis has seen incorporatad in this paper
which was determined by neutren activation analysis - deiayed
neutron counting at tha Novatrack Facility. The sensitivity level
is 0.2 mg/kg. 28

Accuracy and Precisiaon

A study of accuracy and precision ameng tracz siement
analysas was ccnducted.13 Anaiyses were obtained in duplicats or
in triplicate throughcut the traca element studias; in additien
the traca alaements were compared to standards.7’17’23 [n general
renlicatas have Reen very close ta the {nitial valus cbtainad.
Qummy sampies (previocusly analyzed samples sant again under
different numbers) have a wider separation than repiicatas
analyzed in the same suits (Table 2-3). Of these samples Cr and
Zn are significantly diffarent batween the two sets of samples.
These diffsrencas may be due to sample inhomogensitfy or digastien
tachniques.  Expectad variations Datween duplicates for the
various analytical methods used in this study are summarized in
Tables 2-23 and 2-2b as 1 parcentage of the value obtained.
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ANALYSES OF DDH 76-137:1-8

TABLE 2-3

FOR COMPARISON CF QUMMY VERSUS

REPLICATE VARIABILITY

Original Sample

I 2 3

§ 6.5 6.5
1 1 1
<20 <20 <20
<0.2 <0.2 «0.2
50 48 49
42 41 41
95 95 105
4 5 4
0.20 0.21 0.21
1 11

<1 <1 <1
175 170 180
<4 <4 <4

- 2_0 -
100 100 <5
29 29 k1

(mg/kg)

Qummy Sample

i ¢
4 4
1.5 1.5
<20 ° -
<0.2 0.2
75 80
44 44
110 115
4 4
0.17 0.13
2 2
<l 1
140 140
<10 <10
110 110
46 48

2 - 17

Detaction
_Limit

-

[®]]

- wm O -
3% ]
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ANALYTTICAL METHODS - (Cont'd)

Expactad variatiens are apprecianly larger among samples analysad
By spark sourcs mass spactroscopy, & semi-quantitative methed,
than among sampies analysad by quantitative metheds. In general,
among quantitative methods, expactad variations become very large
near the detaction limit and this is evidant from the coefficients
of variation in Tables 2-2a and 2-2b. As a resuit of c¢ollecting
saveral samples in each zonea and analyzing each sample {n dupli-
cata or triplicata the values are axpacted to be ¢losa approxima-
tions to the actual value.

TRACE ELEMENTS IN HAT CREEX COAL

Thare 13 considerable variability in mest &tracs alements
throughout the Hat Creek No. 1 coal deposit (Table 2-4). Standard
deviations are commoniy in excess of 50 percant of the mean vaiue. The
samples generally represant between 50 and 100 m of the coal intarval
with the thicker waste sactions removed. Samples were selectad for an
adequate distributien Doth areaily. and wvertically over the No. 1
deposit (Table 2-3 and Fig. 2-1). Three of ths 25 samples that were
salectad waers not used in determining mine medn c¢oal because of the
redistribution of c¢zal zones. The three samples ars from 8§ and
C zones. [f thesa samples were included the mine mean coal would
contain lower concantritions of each trace siement.

The mine mean coal astablished by TS is basad on 2 numer-
ical average of samples from different drill holes. The revised mine
mean c¢nal s compared to the previcusiy described mine mean c¢oal in
Table 2-6. The revised mine mean csal is calculated by incorporating
new analyses and by weighting the sampies based ¢n their zonal rela-
tionship and the quantity that is sxpected tg ccme from each Zone,

2-18
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TABLE 2-4
TRACE ELEMENT CONCENTRATIONS IN COAL BY IONE

(mg/kg)

7 T = =
N.D.3  N.D. N.D. N.D. N.O N.D N.D N.D
1 7 15 7 3 5 5 3
0.7 0.7 0.5 0.5 0.5 0.2 0.7 0.4
<11 N.D. <7 N.D. <8 N.D. <30 N.D.
<0.3 N.D. <0.4 N.O. <0.2 N.D. <0.3 N.D.
125 36 43 15 72 15 56 36
7 3 5 1 7 N.D 4 2
46 31 42 19 44 21 29 17
114 53 134 34 205 7 86 23

§ 2 5 2 10 4 5 3

180 120 376 432 128 103 178 g3
0.15 0.04 .13 0.03 .15 Q.06 0.12 0.05

3 1 2 1 2 d 2 1
40 39 22 & 35 8 1. 6
<0.9 N.D. <l.2 N.D. 0.5 N.D. <6 N. 0.
N.D. N.D. N.O. N.O. N DL N.D. N.D. N.D.
103 36 110 9 30 30 84 45
N.D. N.O. \.0. N.D. N.D. N. 0. N.D. N.D.
<6 N.D. <4 N.D. <3 N.O. <7 N.D.

0.9 0.2 3.9 0.1 0.8 N.D. 0.3 3.5
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Table 2-4 = (Cont'd)

i 2
N.OL NG
24 . 0.8
81 33
29 22
8

8

3

4

3

4

Zone Al
Zlement? . R S _ﬁ_ 3
W N.O. N.0. N.O. N. Q. N.O N.d
U 2.2 0.4 2.4 Q.7 2.5 0.7
] 187 103 33 37 118 a
in s 13 48 13 8 13
L M is the mean and $ the standard deviation.
2 Numbers of samples ars as follows:
A 8 &
As, Be, 8, Cd, Cr, Cu))
F, Pb, Hg, Mo, Se, 35r,) 8 - 4 2
Th, V and In )
Mn, Ni 5 4 2
Co 5 3 2
Sn 5 3 i
U 5 4 2
3 N.J. is an abbreviation for not detarmined due to the smail number of
samples.
$& 7933 220



SE 7933

TABLE 2-5

COAL ZONES AND SAMPLING INTERVALS FOR

Orill Hole MNe.

gAH 9-11

00H-76-155
DOH~76-196
DDH-76-141
0OH-76-144
OOH-76-134
00H-76-139
00H-76-~247
BAH §-8

BAH 2,3,5,12

0QH-76-196
0DH~76-141
ODH-76-202
0OH-76~138
J0H-76-127
DOH-76-152
DOH-76-156

" DOH~76-187

00H-76~180
00H-76-161
0O0H-78-179
JOH-76-201

TRACE ELEMENT ANALYSES

4
(=]
=3
1]

00O OO ooOo0O0OO®EDE P> P B> B S '

-2

Oepth
(m)

4.5-19.5
123.2-216.1
9.1-78.6
62.1-160. 3
185.6-312.2
167.9-229.5
278.5-389.3
58.5-135.0
14.9-29.0
10.7-25.3
78.6-140.5
283.7-344.7
30.3-83.3
68.8-129.3
96.6-153.0
7.6-88.6
§5.8-147.2
29.2-84.1
129.5-202.6
123.1-215. 4
263.5-272.6
160.6-252.¢
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TABLE 2-8

(mg/kg)

ERT Mine Mean Coal (1378)

SE 7933

Y:)
As
e
3

cd
Cr
Ca
Cu
F

e
Mn
g
Mo
Ni
Se
Ag

= R 4

0.47
7.8
g.38
15
<0.48
100
5.8
43,
137
<8.8
200
0.14
4.9
i3

- 1.0

<0.5
78
<0.1
<3.8
1.78
<8.1
2.3
140
25

© TRACE ELEMENT CONCENTRATIONS FOR MINE MEAN COAL

Revisad Mine Mean Coal {187%)

Q.3
E,
0.7
<17
<0.3
74
5.8
38

213
0.13
2.3
24
<0.8
<0.4
89
<0.5
<58.3
0.83
<1.0
2.4
10
38
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TRACE ELEMENTS IN HAT CREEK COAL - (Cont'd) -

The apparent anomaly in Cu and Mo determined by Fletcher
(1976),g was examined by Wart‘enm and Acme.11 The Warren study detar-
mined that values of Cu and Mo for composite samples ranged from 15 to
143 mg/kg and averaged 46 mg/kg for Cu. They ranged “rom 1.2 to
4.5 mg/kq and averaged 3 mg/kg for Mo. The sample analyzed by Fletcher
was resampled and reanalyzed by Acme Analytical Laboratories; the
values obtained were 43 mg/kg for Cu and 1 mg/kg for Mo as compared
with 4150 mg/kg Cu and 21.2 mg/kg Me in the Fletcher study. These
results indicate that the sample from the Fletcher study ~as centami-
nated and the results from that sample should be disregarded.

TRACE ELEMENTS IN HAT CREEK WASTE ROCK AND QVERBURDEN

An experimental program at Aleece Lake was designed to evalu-
ate, on a large scale, the revegetation potential of various waste
matarials from the proposed coal rm'ne.21 Many of these was:a materials
contain concentrations of trace elements different from those found in
surface soils. -As part of the experimental. revegetation program,
therefore, total and leachable tracs element levels in the various
waste materials were determined.

Twenty-three elements were studied including some wmacro-
nutrient elements as wall as trace elements. Their selection was based
upon many factors including: potential environmental affects, levels
known to be present in similar wastas, ability of plants to concentrate
certain alements, mobility in the environment and toxicity to plants
and animals.

The results of the anaiyses for total trace elements are
presented in Table 2-7. Laachable trace alements are described in
Section 4.9. Each vilue in Table 2-7 is the average of duplicate
analyses. Only about 10 percant of the more than 300 pairs of anaiysas
for rock and soil differed oy more than 10 percent. The resuyits for a
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TABLE 2-7 _
VOTAL TRACE ELEMENTS IN WASTE ROCKS!

geel 38

(ug/kg)
Recent
Carbonaceous Fluvial Houth
Shale . Gilacio- Gravels Meadows
Sand- Coal (Carbonaceous Baked Beatonitic  fluvial from Parent
Element stone ' Waste Claystone) Clay Colluvium Llay Gravels Till Trench B Material
Sh N.D.2 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
As 6 5 8 9 10 9 6 6 4 5
Be 2.0 1.5 2.0 2.5 2.0 2.0 2.0 1.5 1.8 1.0
B 8.8 17 12 13 11 24 15 <20 <20 <20
cd <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.?2 0.2 <0.2 0.2
Cr 133 105 110 135 125 123 140 155 157 120
Co 18 il 16 14 15 16 14 14 12 1
Cu 46 55 69 - 61 39 40 44 11 29 23
F 200 133 198 123 203 265 160 218 173 260
Pb 6 6 6 3 4 1 . 3 1.5 1.5 1.3
Mn 310 140 200 453 533 313 668 625 643 393
Hgfdried) .095 . 080 .012 .45 .090 .017 .065 .050 .040 .058
Hg(wet ) . 094 .013 .016 .052 .011 .025 .081 . 065 .047 1049
Mo 2 4 3 k1 2 2 2 2.5 1.5 3
Ni 51 45 5% 60 45 ‘ 52 59 61 °0 - 24
Se <1 a <} 4 | <1 <1 <1 <1 <1 <l
Ag N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Sr 205 80 110 300 275 255 205 220 290 390
T N.D. N.O. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.0.
Th 20 10 20 10 20 30 10 10 10 10
Sn N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
W N.D. N.D. N.D. N.D. N.D. H.0. N.D. N.D. N.D. N.D.
U 0.5 <0.5% <0.5 - <0.5 <0.5 0.5 <0.5 <0.5 <0.5 <0.5
" 145 150 190 245 135 130 160 130 1356 9

n 82 51 57 51 15 68 15 1 59 2

! Analyses by Chemex Lahs Lid., samples collected April 1978.

2 H.D. is an abbreviation for not determined.
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TRACE ELEMENTS IN HAT CREEK WASTE ROCK AND CVEREURDEN - (Cort'd)

divided sampie, which was anmalysed as two unralatad samples, show an
average difference of 9.2 percent for the 23 elaments analysed. Six
results differed by more than 20 percent, mainiy when the results were
close to the detection limits of the tests. No apalyses of tatal trace
elements in mine waste products were conducted for the ERT study. Al
trace element data are within the range of values normally found in
natural 5011529 as is sevident by comparing colluvium, glaciefluvial
gravals, till, Recent fluvial gravels and Houth Meadows parent material
from Tabie 2-7 with s¢ils from Table 2-8.

Mercury levals for the Hat Creek nroject were cetermined on
hoth air/oven-dried samples and on undried, as-collectad samples. The
mercury cencentration measured in the updried samples averaged 25 per-
cent higher than the concentration measured in those samples dried
overnight at 50°c. 2L

Ranges of total trace elements and some major elemknts in
sedimentary rocks are summarized in Table 2-8. It is evident in com-
paring these ranges with analyses of similar waste rocks associated
with Hat Creek coal from Table 2-7 that most Hat Creek waste rock trace
element concentrations are comparabie to those cf similar rock types.
Hat Creek sandstone is however much lower in boron, slightly Tower in
iron and lead and slightiy higher in chromium, cobalt, copper, molyb-
denum, nickel, vanadium and zinc. Hat Creek bentonitic clay resambles
typical shale in a ceologic sense therefore these rock types are com-
parable. The bentonitic clay is higher ia arsenic, lower in fluorine,
iron and lead and much lower in boron and mercuyry. Thase rocks contain
similar concantrations of the other elements. Carbonacsous shale and
claystcne have been comparsed. These Hat Creek waste materials are in
the range of cancentration of similar rocks for all but lead, moly-
bdenum and zinc. For each of these elements Hat Creek carbonacegus
sedimentary rocks are fower than the ranges for typical carbonaceous
shaies.
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TABLE 2-8

RANGES OF TOTAL TRACE ELEMENTS AND SOME MAJOR SLEMENTS
IN SEDIMENTARY ROCKS AND SQILS:

ament Sandstsne

1
N. Q.

<l
1553 1
M0

(dried) .03

1

S8 73833

(mg/kg)
Carbonacaous

Shale Shale 301

3 N.0.2 8. 0.

4 75=225 1-30
1-6 1 g

13032 N.Q. 10
3.3 N.O. Q.3
100-430 10-300 5-1000
10-50 5~3Q 1-40
30-154 20-300 2-144
55030 N.D. 200

20 20-400 2=200
N. 0. N.O. 200~30040
8. 44 N.O. 3.03-49.30
1.Q 10-300 3.2-5.4
20-1300 20-300 5~-5430
0.5~1 N.D. 8.1-2.0
N.O. 5-5Q ¢.1

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

N. 0. N.D. N.C.
N.O. N.O. N. 0.

40 N. 0. 10

N. 0. LR N.O.
4,134 . 2-30032 1
30-300 50-2000 20-50Q
50-30Q 100-1009 10-340Q

Data from Krauskopf39 in Geochemistry of Mineral Exploration by
Hawkas and Webp33 axcapt wiers astad.

No valuas were found in the references usad.

2-18
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ENRICHMENT QF TRACE ELEMENTS IN COALS

Some trace elements are enriched in c¢2alis during three stages
of coal formaticn and during subsequent groundwater movement:

1. During their life some plants extract elements preferentially.

2. During partial decay of the vegetal material and leaching af the
peat there is differentiaiion of traca elements.

3. During cocalification as oxygen, nitrogen, hydrogen ard water are
requced other elements are concentrated.

4. During movement of groundwater through the coal and the resultant
filtration of these waters, trace zlements are concentrated in the
coal.

Recently interest has been directad toward identification of
organically versus inorganically bound trace elements in coals.. A
paper by Smith et al (1979)34 summarized the work of five groups of
researchers on the relative grganic affinity of a number of trace
elements from various coals. The results for the 24 elements of
interest are summarized in Table 2-9 in addition to results determined
by Schultz et al (1973)35 Gluskoter et al (1977)37 and those determined
for Hat Creek coal. '

The method of assassing organic affinity relies on cemparing
trace element concentrations between raw and washed coals. The method
is not very accurate Ddecause it does not examine whether or not the
trace element is actually bound to an organic molecule. Thers is
¢considerahle variation among laboratories which is pessibly due to the
variations in the washapility of the coals and analytical technique.
Despite these inadequacies a number of trends ara evident.® Schultz et

* The Hat (reek analysis is for a single sample and is based on the

ERT report.’

2 - 27



TABLE 2-9
ORGANIC AFFINITY OF TRACE ELEMENTS IN CTALS

Smith ~ Zubovic  Filby Horton Ruch ~ Schultz  Glusketer
at 2134 ot 3739 af 3138 at a1%0  of 3138  at 3133 et 2137 Hat Creek
Ni(4032 3e(82) Hg(53) ¥(190) 8 £d(%e6} da Sr(100)3
PR{IS)  3(77) As(48} 32(79-120) Be F(25-47) ol Cu(98)
Mn(33)  Y¥(78) Sr{23) 3(75-180) ! Ni{Zd) U Tn(32)
Sn(29)  Ni(89) Se{21} Mc(30-75) Y Hg(10-32)  Sr dg(72)
Mo(28)  Cr(5%) Ca(17) Cr{0-100) ) Cr(14-20) W T1(83)
Sr(22)  Co(S3) Th{3) In{50} e Cu(13-20)  Ni 8e(30Q)
Y(21) Ma{4Q) trid) Ni{0-78) Ni Ph(14) Ye! 3(50)
Sae(14) Cu(ls) Ni(D) Cu{25-5G) Cu Mn(3-11) ) Cd(3Q}
Cu{i0) sSn(27) Cs(25-580) Cr g Cr(3Q)
As{%) () sn(d) Mn Cu Co(50)
n{7) ‘ Mo Se PB(50)
Bb Cr Mo(3Q)
Cd Th $2(30}
in s Ag(5Q)
Hg Sn - $n(50Q)
As Hg W(50)
Mn U(s0)
Mo Ni(40)
In V(39)
As n(34)
Cd Sb(22)
Mn(1l7)
- As(16)
F(3)

! Numbers represent the percentage of the trace slement associated with the
organic compenent. 'where no numbers are given only & ranking was iistad in
the referenca.

2 . These numbers are approximate values of organic affinity as detsrmined from
Fig. X1 of Smith et al. (Ref. 34).

3 The value for organically-bound Sr exceeds 100 percent of the fotal Sr due
to the semi-quantitative nature of the analysas.

SE 7933 2~ 28
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ENRICHMENT OF TRACE ELEMENTS IN COALS - (Cont'd)

al. determined that tluorine is generally associated with the mineral
mattar in coal; fluorine had the lowest organic affinity of the Hat
Creek analyses. Smith at a1,34 Ruch st a]36 and Gluskoter et a137
found that As had a low grganic affinity which compares favorably with
results from Hat Creek; Filby et a138 determined that As was approxi-
mately evenly divided between organic and inorganic constituents. Zinc
has a low organic affinity in most coals that have baen axamined.
Vanadium, boron and beryllium commonly have prongunced organic
affinity.36’37’39'40 Other elements have variable affinity. Addi-
tional analyses would be required to verify the trends in organic
affinity of Hat Creek coals.

Any method of upgrading coal quality i.e. selective mining or
beneficiation would improve the emissions of volatile trace elements.
Elements with an inarganic affinity (i.e. <50 percent organic affinity)
would 2e preferentially removed. A1l trace element amissions are
impraved by improviag the quality of coal going to the powerplant.
Upgrading the heating value of the coal alse has the effect of
decreasing traca element emissions by decreasing the quantity of coal
consumed.

The minerzl matier in Hat Creek run-of-mine coal is largaly
contained in partings of claystone and siltstone, the precursor of
shale. The concentrations of trace eiements in typical shale, in the
farth's crust and in Hat Creek coal are jisted in Table 2-10 for com-
parison. It is evident from the high concentrations of As, Be, 8, Co,
F, Pb, Mn, Hg, Sr, Th, U and In in shaies that these alements are more
concentrated in shales than in Hat Creek or U.S. coals. This relation-
ship “urther illustrates the inorganic affinity of many elements.

2-29



TABLE 2-10

COMPARISON OF HAT CREEK COAL WITH CRUSTAL ROCKS
(mg/kg)

Hat Creek Coal” Crustal Average4! Tynical Shale*?

Sb Q.5 9.2 1.5
As 9 1.8 13.¢
8e 3.7 2.8 3.9
g8 <17 10 100
Cd <0.3 0.2 0.3
Cr 74 100 3q
Cs 5.8 29 18
Cu 18 535 45

£ 121 825 744
Ph ] 12.5 20
“n 213 350 850
Hg 0.13 0.48 3.40
Ma 2.3 1.5 2.8
N§ 24 73 88
Se <0.8 0.45. 0.80
Ag <0.4 07 .07
Sr 89 37% 300
T <0.5 - -
h €5.3 9.8 12.0
$n g.83 - -

W <10 - -

U 2.4 2.7 3.7
v 110 1358 130
in 38 70 35

SE 7933 2-.30



Sh
As
Be
8
td
Cr
Co
Cu
£
Ph
Mn
Hg
Mo
N{
ie
g
Sr
T
Th
Sn
W
U

¥
In

TABLE 2-11

COMPARISON OF TRACE ELEMENTS AMONG HAT CREEK CCAL
AND AVERAGE COALS FROM FIVE COAL PRQVINCES QF THE UNITED STATES

(mg/kg)
Average of
Samples of U.S.
1 2 3 4 5 8 Coals Analysed
0.5 1.7 0.9 0.6 0.4 1.2 Ll
9 21 5 3 2 27 15
0.7 3.0 2.0 0.5 2.7 2.0 2
<17 100 100 70 70 39 30
<0.3 7.1 1.3 0.2 0.5 0.7 1.3
74 15 20 5 5 20 15
5.8 7 7 2 2 7 7
38 20.2 28.0 8.3 9.1 24.0 15
121 71 124 45 70 80 74
B 55 20 5.3 5.5 15.3 16
213 133 249 51 36 620 100
0.13 .14 g.18 0.09 0.06 0.24 0.18
2.3 5.0 3.0 2.0 1.5 3.0 3
24 30 20 3 3 15 15
<0.8 4.5 7.0 1.0 1.6 4.7 4.1
<0.4 - - - - - -
Sg : ) 30 200 150 190 100 100
( . - - - - - -
<5.3 5.2 8.3 2.7 3.6 4.9 4.7
0.83 - - - - - -
<1.0 - - - - - -
2.4 3.3 1.2 0.9 1.6 1.4 1.8
110 20 30 10 is 20 2Q
33 373! 40 25.6 3.9 20.0 39

Columr 1 Weighted mean of 22 samples of coal from the Hat Creek No. 1 deposit

Column 2
Column 3

Colump 4

SE 7933

that were analysed at Commercial Testing and E£ngineering Laboratories,
Golden, Colorado and Chemex Labs Ltd., Nerth Yancouver, B.C. The
analysas represent a revisad mine mean coal.

Mean of coal samples from the Interior Coal Province, U.S.A.%3

Mean of coal samples from the Gulf Provinca, U.S.A.43

Megn o:acoai samples from the Northern Great Plains Coal Province,
J.S.A.

2-131



Table 2~11 - (Cent'd)

Column 3 Mean of c¢oal samples from the Rock Mountain Csal Provincas, U.S.A. 48

Column 6 Mean of samoles of nonanthracitic ceal from the Eastarn Pravincs
Appalachian Coal Regian, U.5.A.43

! The geometric mean is 8 mg/kg.

- SE 7933 2 - 32



2.10 HAT CREEK COAL COMPARED TQ QTHER COALS

2.11
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Hat Creek coal has not been burned over aextended perjeds. To
assess the implications of trace elements from Hat Creek coal it is
useful to compare it with average values of 799 sampies from five coal
provinces of the United States (Table 2-11). Most of the samples are
from some 150 mines producing coals that have been utilized over
extanded periocds of time.

The mean values for most trace elements in Ha: Creek coals
fall within the rarge of regional averages for these Unitad States
coals, Hat Creek coal tends to be high in Cr, Cu, F and V and Tow or
average in the remainder of the 24 elements listed. The significance
of these elements is; 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 "Air Quality and
Climatic Effects of the Proposad Hat Creek Prmject“.7
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SECTICN 3.0 - REDISTRIBUTION QF TRACE ELEMENTS
BY ATMQSPHERIC PROCESSES

In the previocus sections an analysis has been made of trace
element content in Hat Creek coal. The purpose of this chapter is to
relate those mass fragtions to increases which are anticipatad to occur
in atmospheric concent-~ations and surface deposition rates.

8oth the mining of coal an¢ the burning of coal to generate
eleetricity will result in some release of trace elements to the
atmosphare.  An assessment of such effects has been previously
conducted by ERT. It is necessary, however, to revise this assessment
for several reasons:

1. The trace element contents in the coal have been revisad since the
ERT work.

2. Only nine elements were extensively analysed in the ERT work. To
further define potential impacts, it {s now deemed necassary to
evaluate 24 elements.

3. New information is available on the combustion properties of some
trace elements.

4. New information is5 available on deposition properties of emissions
from the Hat Creek project.

5.  In the original work only powerplant emissions ware considered.
[t is now considered important to include mine dust
redistribution.
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POWERPLANT

The methed usad tg astimata affacts of <race 2lements
reledsed to the itmosphere by the paowerplant stack in the original ERT
study (ERT, 1978) was to mulziply medel predicticns for SOZ by ths
ratic of the trace element emissien rate to that of 502. The use of
such ratias in this analysis has not changed, but it has been necassary
to ravisa the emission ratas and the 302 medel pradictions as discussed
praviously.

The trace alement feed ratas to- the boiler can be calculatad
from the peak c¢oal consumption rate of about 40 Q00 £/d and the traca
element congantration in the coal, as shown in Table 2-8. (The traca
element concantrations are exprassad on a dry basis so c¢nly the dry
fraction of the coal consumpticn rate, about 78 percent, should he
used.) QOf this feed rate a cartain percentage js emittad to the
atmesphere. This percantage differs for each elsment bHased on its own
chemical and physical properties and has been estimatad in Table 3-1.
In this way emission rates for each of the trace sisments have Raen
¢alculated and compared to the amission ratas used in the original ERT
analysis in Table 3-2.

(a) Concantrations

The astimata of ground-leve] traca slement concentra-
tions in the tracs slement appendix to the ariginal EZRT work was
done only for the lacal-scale modsiling and only for the case of 3
368 m stack nheight. In this reassessment, trace slement concan-
trations have also btean rastrictad ta the lecai-scale, because
highest concentrations ars expectad within this radius. The casa
treatad, fowever, is for a3 24 m stack with a Metaorological
Cantrol Systam (MCS). In addition the eariier tracs alement
appendix did not addrass 3-hour and 24-hour maximum comcantra-
tions, which have been addressed here.



TABLE 3-1
A COMPARISON QF THE FRACTIONS QF TOTAL TRACE ELEMENTS CONTAINED IN

Previous Work
Assumed Percent

Emitted (%)

Element Symbo}
Antimony - 5b
Arsenic As
Beryilium Be
Soron 8
Cadmium cd
Chromium Cr
Cobalt Co
Copper Cu
Fluorine F
Lead Ph
Manganese Mn
Mercury Hg
Molybdenum Mo
Nickal Ni
Selenium " Se
Silver A
Thallium T
Tharium Th
Tin Sn
Tungsten W
Uranium U
Vanadium v
linc in

SE 7933

0.572
5.4
0.082
1.22
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THE COAL WHICH WERE ASSUMED TO 8t EMITTED IN THE PREVIOUZ WORK
AND THE FRACTICNS CURRENTLY ASSUMED

Current Value!
Assumed Percent

Emitted (%)

1.0
Not changed
1.5

5
Not changed
Not changed
Not ghanged

83

3

L1

100

5

1.0

25
Not changed
Not c¢hanged
Not changed
Not changed
Not ghanged
Not changed
Not changed

Selected as representative of literature values (Curtis, 1977,
Lim, 1979; Mesarole at al., 1978; Ldvblad, 1977; Ondov et al.,
1979; Gladney et al., 1978; Kaakinen et 3l., 1975) and Hat Creek

¢nal characteristics.

For these elements emissions were not apalysed in the original
work. The values shown above are those which would result from

analysis of test burns.



TABLE 3-2

TRACE CLEMENT EMISSION RATES FROM THE POWERPLANT
AS USED IN THE JRIGINAL ERT WORK ANG AS CURRENTLY ESTIMATED

Emission Rats (kg/d)}

Element Symbal Praviaus Wark Curraat Cstimatal
Antimony Se Not analysed g.18
Arsanicg As 17.2 18
Seryllifum Se Not analysed 0.32
doren g Not analysed 26
Cadmium Cd 0.3% 0.19
Chromium Cr 3.2 3.4
Cobalt Co Not analysad 0.33
Caopar Cu 3.93 23
Fluerine £ 281 2300
L2ad £h 4. 38 _ 3.8
Manganesa Mn Not analysed 71.0
Mercury Mg 7.07 4.¢ -
Molyodenum Mo Not 2nalysed 3.5
Nigkael Ni Nat analysed 7.3
Selenium Se Not analysad 6.1
Silver %% Nat analysed 8.02
Thallium Not analysad 0.32
Therium Th Not analysad g.18
Tin Sn ‘ Net analysad 0.13
Tungstan W Not analysed 3.403
Uranium U Net analysed 0.73
Yanadium y 18.1 10
line In 12.9 16

1 Caicuiated by mu]tip!yfng coal consumptian rate (40 Q00 t/d) by the dry
fraction of the coal (0.78), and by the tracs slament cangsntratians
(Table 2-6) and finally By the fraction of the tracs elaments which are
smitted (Tabla 3-1). It should be ngtad that these amissions corres-
pond to 3 2000 MW powerplant cperating at fuil lead continuously.

SE 7933 ’ 34
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{b)

Although model predicticns for an MCS may not show the
same property for 502 as for trace elaement concentrations, an
analysis of the relative effects on trace element emissions of MCS
control actions has been conducted. The methods used to effect
this control by an MCS are switching to low sulphur coal and
reduction of Joad. While the load reduction actions will clearly
result in reduced trace element emissions, the effect of fuel
switching on trace element emissions varies from element to
elament. A comparison of the change in emissicn rate during 2
fuel switching action for 502 and various trace elements is shown
in Table 3-3. While there 1is consideratie varfability, the
general nature 1s a reduction for most elements.

Trace element concentrations have thus been caiculated
using 502‘ model predictions and the ratio of emission rates
between each trace element and 502. The maximum impacts ara
presented in Table 3-4. Annual-average concentrations are calcu-
lated for the {sopleths shown in Fig. 3-1 and presented in
Table 3-5.

Jeposition

In tne previous work (ERT Appendix F) deposition of
trace elements was calculated for the lacal-scale anly and was
hased on ground-level concentrations and an assumed deposition
valocity. However, since this time, an improved metnod has becaome
available with the publication of the report on lorg range trans-
part and the implications of acid precipitation (ERT Appendix I).
It became apparent from this report that areas rec2iving largest
values of depnsition ratas for major contaminants were outside
this local-scale. Since this analysis of major component deposi-
tion (ERT Appendix I) was a more theorstical treatment of this
procass, it was decided to use the deposition patterns in the
Appendix I renort to calculate deposition patterns for trace
elements in this reassessment. ‘Within the acid precipitation

3-5



Figure 3-1 Coded Isopieths of Annual Average Concantrations
resylting from Power Plant Imissions



TABLE 3-3

CHANGE [N EMISSION RATE FOR VARIOUS CONTAMINANTS
OURING FUEL SWITCHING

Percent of Normal

Contaminant Symbo Emissions During Fuel Switching

Sulphur cioxide 50, 33
Antimony b NQL
Arsenic As 48
Beryliium Be 92

! Baren 8 137
Cadmium Cd 75
Chramium Cr 65

- Cobalt Co 685
Copper Cu 58
Fluorine F 50
Lead Ph 57 .

» Manganese Mn 74
Mercury Hg 77
Molybdenum Mo 83

- Nickel N{ . 38
Selenium Se 65
Silver A NQ
Thallium T NG

- Thorium Th 110
Tin Sn 85
Tungsten W NG

. Uranium U 75
Vanadium ) 61

‘ Zine In 63

..

.- ! NQ - not quantifiable due to inadequate data.

.

_]

’
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TABLE 3-4

MAXIMUM TRACT ELZMENT CONCENTRATIONS IN pg/m3
RESULTING 7ROM POWERPLANT EMISSIONS

Elemant Symboi 3-hour 24-hour Annual

Antimeny St 0.00029 3.00012 §.0000043

Arsenic As 0.034 3.014 0.000s2

Beryliuim 8e 0.430061 0.Q0028 0.9000092

Soren 3 0.98Q 0.4321 0.20074

Cadmium Cd 0.00038 0.3001s 0.0000084

Chremium Cr 0. 00063 0.4027 0.0000s7

Cebalt Ca 0.001 0.490042 0.00001s

Copper Cu 0.042 0.018 d.000¢es

Fluorine F 4.4 1.8 + 0.085

Lead Py 0.010s 0.0044 3.00018 '
Manganese Mn 0.136 0.Q57 0.002 -
Mercury Hg 0.0977 0.0032 0.00011

Molybdanum Mo 0.0087 0.0028 0.3001 -
Nickel Ni 0.014 4.00s8 g.490021

Selenium Se 0.012 0.0043 Q.0Q0017

Silvar A 0.000038 0.000018 0.00000057

Thallium T 0.000028 0.00001s 0. 00000087

Thorium Th 0.00034 0.00014 Q.00080Qs

Tin Sn 0.00025 0.49001 0.0000037

Tungstan W 0. 000087 0.400024 Q.0000q088

Uranium U 0.0014 0.400538 0.000021

Yanadium y 0.019 0.4c8 0.00029

Zine in 0.031 0.013 0.00048

1 No comparison is given hers bhetween previcus wark and thesa ssti-
mates are for the current work becausa the original ERT studies
did not address these impacts. The concantrations are dasad on a
2000 MW pewerplant operatiag at full load continuously.

W
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TABLE 3-8

ANNUAL-AVERAGE TRACEZ ELIMENT QEPOSITION RATES IN u fm'/a
CORED [SQPLETHS: QE ULTING FROM PQWERPLANT EMISSLONS

FOR

Coded [sonlath

Element Symbo] A 8 ¢ 0
Antimony So Q.58 0.4 Q.29 2.15
Arsenic As 70 52 35 17
Zeryllium e - 1.2 0.93 0.682 9.31
Saron 3 101 76 50 25
Cadmium Cd Q.74 .35 3.37 0.18
Chramium Cr 13 9.9 5.8 3.3
{obalt Co 2.1 1.3 1.0 9.51
Ccpper Cy 89 &7 43 22
Fluarine F 3800 8700 4520 2200
Lead Ph 21 18 A 5.3
Manganasa Mn 280 210 140 83
Mercury Hg 18 12 7.8 3.9
Mo lybdenum Mo 14 10 5.3 3.4
Nicke! Mi B8 - L 14 7.1
Selanium Se 24 18 12 5.9
Silver A$ 0.078 0.088 0.033 0.419
Thallium T 0.073 9.058 0.038 0.019
Ther{ium 0.70 9.32 .35 0.17
Tin $n .5 g.38 Q.23 Q.13
Tungstan W 0.12 0.087 0.058 0.029
Uranium ) 2.8 2.1 1.4 0.71
Yanadium vV 39 29 13 3.7
line in 82 47 1 16

1 See Fig. 3-2.
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scientists. In order %o develop trace element concentrations and
deposition rates from these estimates it fs necessary to assume that
trace eiement concentrations in the particulate emissions are the same
as those in the coal. This may not be the case since much of the dust
is generated Dy exposed rock and soil areas as well as the handling of
materiais other than coal. However, a consideranle amount will be coal
dust, and thus the assumption has been adoptad.

{a) Concentrations

Concantrations of trace elements in the ambient air at
ground Tevel around the mine resulting from mine dust are calcu-
lated by multiplying the ambient air-particulate concentration by
the fraction of each trace element in the coal. C(oncentrations of
total suspended particulates will be mainzained within 60 pg/m3 on
an annual average basis and 150 yg/m3 on a maximum 24-hour basis
by a dust control program. These values have been used in the
caleulation of trace element concentrations which follows.
Table 3-7 shows annual-average concantrations and maximum 24-hour
concentrations for trace slements.

{b) Deposition

Deposition of mine dust has been presentad for annual
average rates only. These results are calculated ty multiplying
the ambient concentration of 60 pg/m3 by an assumed deposition
valocity of 1.0 e¢m/s and then multiplying by the &Lrace element
content of the coal. The rasults of this calcuiation are pre-
santed in Table 3-8.

It i3 important to reajize that trace elements in mine
dust are still bonded in their original state. Unlike the trace
elements from the powerpiant, they have not undergone the pro-
cesses of compustion. It is necassary for the mine dust related
trace elements to be leached from the material they are bonded to
in order to be released to the environment,

3-1



TABLE 3-~7

AMBIENT TRACE SLEMENT CONCENTRATIONS RESULTING
FROM MINE OUST EMISSIONS IN ug/m°

£lement Symiol Maximum 24-hour Highest Annual Averagel

Antimony Y| 2.42009s7 d.7200423
Arsenic AS 0.9018 3.00041
geryilium 3e 3.300084 3.400032
Saron 3 0.Q013 0.0¢078
Cadmium cd 0.000034 3.000014
Chromium Cr 0.0084 0.0034
Cobalt Co 0.00068 3.00026
Coppar tu 0.3043 Q.0017

© Fluorine F 0.014 0.00%3
Laad b 0.00088 0.00027
Manganess Mn 0.024 0.0097 .
Mercury Hg 0.000013 . 0000059
Malybdenum Mo 0.00028 Q. 000010
Nickal N1 0.4Q27 9.0011
Selenium Je 0.4009a91 0.400Q34
Silver A 0.000048 3.000Q13
Thallium T 0. 000057 0.000023
Thorium Th ] - Q.00060 - .00024
Tin Sn {.000095 0.300038
Tungstan W 0.00011 0.900048
Uranium U 0.00027 9.00011
Vanadium y 0.013 2.90%
Zine In- 0.004 9.0018

i Annual averages are arithmetic averages.
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TABLE 3-8

ANNUAL-AVERAGE DEPOSITION RATES FOR TRACE
ELEMENTS RESULTING FROM MINE DUST IN ug/n/a

Element Symbgl Hichest Oeposition Rate
Antimeny Sh 7.3
Arsenic As 129
Beryllium Be 10.1
Boron ) 246
Cadmium Cd 4.4
Chromium Cr 1072
Cobalt Co 82
Copper Cu 536
Fluorine - F 1734
Lead Pb 85
Manganese Mn 3053

© Mercury Hg 1.9
Molybdenum Mo 3.2
Nickel Ni 347
Selenium Se 11
Silver A 5.7
Thallium T : 7.3
Thorium TH 78
Tin Sn 12
Tungsten W 15
Uranium U a5
Yanadium v 1877

linc in 505

SE 7933 : 3-13
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SECTION 4.0 = ENVIRONMENTAL IMPACT OF TRACE ELEMENTS

TRACE ELEMENTS OF CONCIERN

(a)

Introduction

Coal contains at least some oFf every element in the
periodic table and hence is similar in geochemical charactaristics
to the earth's crust (Ruch et al,, 1973). During the combustien
of coal the chémistry of the numerous trace elements varies widely
and, in turn, reflects upon both the amounts emittad and the
chemical species of the element. When coal is combusted, all
elenents are either volatile or non-volatile with some showing
intermediate chqracteristics. {Ray and Parker, 1978; Curtis,
1977; Lim 1979). Basically, there are four types af behaviour
exhibited by the elements:

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

2. Group 2 - preferential concentration on smalier particles and
relative depletion in bottom ash.

3. Group 3 - volatilized and emitted in the vapour phasa.

4, Group 4 - tehavioural characteristics between Groups 1 and 2.
Fig. 4-1 summarizes the behaviour of socme af the trace
elements and shows their position in the Periodic Table.

Many trace elements pose a degres of potential hazard to
the enviranment. The amounts and forms of these elements that are
emittad from coal~fired powerplants are largsly unknown and likely
vary between facilitfes (Van Hook and Shultz, 1976). Information
ori these physical and chemical characteristics of materials
released to the environment is a prerequisite to the study of
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thair movement in the biota (Torrey, 1378). Hence it is necessary
to estimate the transport and transformation machanisms of these
elaments as they are emittad from the powerplant to the receptor.

A more thorough understanding of the environmental fata
of trace elements {is necessary for the total assassment of asso-
ciated pollution problems. The less volatile trace e¢lements are
largaly concentrated in the slag and bottom ash while some
condense on fly ash and are removed by electrostatic precipita-
tion. These  fractions have been previously  described
(Section 3.0). As they may not enter the atmosphere <o any large
degree they are associated with ash pond or other disposal areas.
They may subsequently undergo transformations which allow them to
enter biological systems. Airborne trace elements may enter the
ecosystem by direct fallout and precipitation scavenging. The
amounts entering the environment are a function of the variability
in trace element concentrations of coals and the afficiency of
flyash removal systams (Jones, 1978), as well as the conditions of
combustion and the type of fly ash removal system.

Emittacd traca elements from the coal-fired powerplant
will ultfmateiy return to the soil or sediment systems from where
they originally came. The ratas of entry of these elements into
the envircmment and their transfer through various trophic levels
are infiuenced bty complex interactions of chemical, physical and
biological factors (Crawford, 1973).

Not a’ll trace elements pose potential environmental
hazards in view of the fact that various organisms display toler-
ance or a metabolic need for some elements. The selsgtion of
various trace elements for detajled assessment as theay relate to
the Hat Creek Project depends on the elements' demonstrated
toxicity and their ability to move and bioaccumulate throughout
the various trophic Tevels of both the aquatic and terrestrial

4 -2
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(®)

bieta. UTtimataly, an assassment of iraca eiement impacts ts the
Hat Cresk biocta were made on the basis of projact traca element
quantities arising from stack emissions and the Jleaching of
oversurdan and wasta dumps as well as coal stockpilas.

Tha remaining sactions have been organized to address
tha following: '

1. Selection of the traca elements "that are to be addrassad as
thay ralata ta tha Hat Creek Praject.

2., Ta prepare a critical raviaw of tracs alement {mpacts speci-
fically, to the aquatic and tarrestrial anvirenments arising
~  from the burning of coal.

3. To assass the impacts of projectad traca element emissions
from the Hat Craek Prsject in relation to the natural envi-
ronment at Hat Creek and pertinent information available from
the Titaraturse.

Trace Elaments of [ntarest

The tarminoleqy "Traca E£lements" originatad frem the
fact that many stable alements occcur in the anvironment and Tiving
organisms in such small quantitias that detarmination of thair
preciss concantrations was very dJdifficult with the anmalytical
mathiods Tormearly available (Clemente, 1576). Most of the tracs

.elmnt.s, Nowavar, that ars present in biglegical and environ=

mental matarials <an now De measured accurataly and reiiaply to a
degree with much lowar deatection levels than Bdefore (Clementa,
1976; La Gayt, 1979). The adjective “traca’ nevertheless,
continuas to De used in the descripticn af thasa alements.
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According to Thrush (1968) most inorganic elements are
referrad to as trace elements with the exceptfon of the eight
abundant rock-forming elements: oxygen, silicon, aluminum, iren,
calcium, sodium, potassium and magnesium. These e’ements, in
addition to chlorine and titanium are major components 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, 1977). Hydrogen, phosphorus, sulphur and nitrogen
have alsc been considered major elements of the earth's crust
(Heinrichs and Mayer, 1977).

On the basis of elemental concentration in biological
matarials no clear division can be drawn between the trace
elements and those classified as "major" (Clemente, 1976). Those
elements that occur at micrograms/gram (ug/g) or micrograms/litre
{Hg/L) quantities in biological material are, in practice however,
referred to as trace elements.

The octurrence and distribution of traca elements in the
environment have been raceiving increased attantion in recent
years due to the potential toxigity of many of these elements
{Heinrichs and Mayer, 18977)}. Increases in coal combustion for the
production of electricity have led to concern aver the possibly
hazardous effects of an attendant release of trace slements Lo the
environment. 1< has been suggested that environmental mobili-
zation of certain trace elements resulting from coal combustion
may be approaching or even sxceeding that due to natural causas
(Bertine and (oidberg, 1971; Andren et al., 1975%; Kiein and
Andren, 1975).

The potential toxicity of tha trace elements in coal
varies. The constant adaptation of organisms to their environ=-
ments makes it impossible to easily ar absolutely describe the
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taxicity aof given %raca aelaments. Clamente (1375) generally
agraes with this statement and <laims that the classification aof
traca alemants intag diffarent groups accarding to their toxicity
is inaccurata and misleading. EZven essantial 2leaments can Qe
considered toxic at sufficiently high intaka and the margin
batween Igvels that are beneficial, and those that are harmful may
ba very small. Neverthelass, some ompirical catagorization of
traca aolement toxicities s possible as demonstrated 1in
Section 1.0. This approach fs useful when addressing the reiative
toxicities of traca alemants to organisms.

QOstansibly, at the present time there are 13 tracas
elements which are baelieved to be assantial ta human and animal
life: copper, iren, fodine, zinc, manganesa, c<obait, molybdanum,
salenfum, chromium, nickal, tin, fluorine and vanadium (World
Health Qrganization, 1973; Underwgod, 1575). Tha roles of thaese
elemants are summarized in Tabie 4=1. Boron is alse an asssantial
traca elamant being required by plants at Jow concantrations
(Schwarz, 1974). Acrording tas Schwarz (1972) the other tracs
elements which can normally be found in diclegfcal matarials c<an
ba classifiad ints two other groups:

1. Lfkaiy to be assantial ¢r under special consideration.
2. Very uniikely to be essential.

Consaquentiy, through eiimination, the majority of tracas
;iemcnts ars‘assumsd o belong to the secsnd catagory and arse,
therefore, not considarad %o bé assantial to human, animal or
plant life. The traca elements found in csal have been sagregated
ints various catagories on tha basis of the above informaticn in
Tabla 4=2. Many of the tracs elements listed in this table have
Deen shown to be toxic ta srganisms.



Trace Element

TABLE 4-1
TRACE ELEMENTS ESSENTIAL TO ANIMALS!

Known Function

Chrom-' um Involved in lipid, protein, and glucose metabolism.

Cobal~ A component ¢f Vitamin B,,.

Copper A component of cytochrome axidase and other enzymes.

Fluorine Reduces incidence of dental caries and partially prevents
osteoporasis.

lodine A componant of thyroxine and triiodothyronine, hormones of
the thyroid gland.

Iron A component af cytochromes, succinate dehydrogenase, and
catalase; functions in electren transfer, aerghic oxidation
of carbohydrates, and protection against H,0,.

Mangz.nesa A companent of enzymes involved in urea formation and
pyruvate metabolism.

Molybdenum A component of enzymes {nvelved in purine metabolism and
sulfite oxidation.

Nickel Precise role unknown.

Selenium A component of glutathione peroxidase; protects zagainst
hemogiobin ¢xidation.

5ilizon Initiates mineralization process in bone, and may function as
a biglogical c¢ress~linking agent in connective tissue.

Tin Precise roie unknown,

Vanadium Precise role unknown.

Zing A component of carbonic anhydrase and other enzymes; functions
in CO, formation, reguiation of acidity, protein metabolism,
alcohol metabolism, and superoxide dismutation.

i Compiled from information in Underwood (1975).

SE& 7933



TABLE 4-2

CATEGORIZATION AND ESSENTIALITY OF ESLEMENTS FQUND
IN COAL TO SICLOGICAL MATERIALS

MAJOR TRACE
Essantial to Very Unlikealy to be £ssential
Living Qrganisas to Living Organisms

aluminum (A1) baren (B) antimony {5b) marcury (Hg)
calcium (Ca) shramium {(Cr) arsanic {As) plutonium (Pu)
chlaorine (C1) cobalt {Ca} barium {Ba) Palonium  (Pg)
hydrogen () copper (Cu) paryilium (Be) radium {Ra)
iran (Fa) fluerine (F) carium {Ca) rubtidium  (Rb)
magnasium  (Mg) jedine (I cadmium {cd) scandfum - (S¢)
nitrogen M) manganese {Mn) - casfum (Cs) samarium  (Sa)
exygen (@) molybdenum (Mo) dysprasium (Dy) 3ilver {Ag)
phospnorus  (P) nickal {(ND) aurapium {En) strontium (Sr)
sotassium  (K) selenfum {Sa) gallium {Ga) tantalum (Ta)
silicon {51) in (sn) germanfum  (Ge) thallfum (77)
sodium {Na) vanad{um {v) gold (Au) tardium {To)
sulphur ($) "2ine {Zn) hatnium {HT) thorfum {Th)
titanium (T1) indium {In) yranium (W

Tanthanum (La) tungstan (W)

Tutatium (La) yttarsium (YW)

1ead (Ph) Zireonium (Zr)
$E 7933 4 -7
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The manifestation of trace element affects in the bicta
can be assumed to be a function of tolerance. Talerance of
individual species may be ralated to tha adjustive capacity of the
organism as well as the fact that many trace elements are essen-
tial at Tow concentrations which may facilitatas their metabolism
and excretion {Schwarz, 1972, 1974; Prosser, 1973). As the essen-
tial trace elements have a natural affinfty for biological
materials, they must be considered as obviocus inclusions into the
discussion of which trace elements are important when considering
the ippacts of trace element emissians from the Hat Creek Project.

Clearly, the selection of specific Lrace elements which
may be of concern at Hat Creek is a complex and difficult task.
Many factors must be considered including a trace element's
inherent toxicity and essentiality to biological materials as well
as thesir redistribuytion from the burning of Hat Creek cnal. This
task was first addressed by Environmental Research and Technology
(ERT). Environmental Research and Taechnolegy, Appendix F (1978)
developed a rationale for selectfon of trace elements to be
analyzed in Hat Creek receptors (environmental samples).
Initially, receptor samples from the Hat Creek area wera examined
to include ail of the elements analyzed by the methodologies aof
spark souyrce mass spectroscopy and piasma emission spectroscopy.
In all, concentrat’ons for more than 60 elements were obtained.
This list was shortanad by £RT (1978, Appendix F) to 21 2lements
that were selected for detailed environmental review. Remgved
from the original list were elements normaily found in ralatively
high concentrations in biotic materials that are comparatively
non-toxic and those alements in minute to non-detactabls guanti-
ties. This rationale appears reasonable, however it should be
noted that many elements, although quite Tow in biotic samples,
may be significantly increased in the ecosystem due to powerplant
emissions and depositions (Crawford, 1978).
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The Z1 elements chosen by ERT also have the ollewing
charactaristics in <ommon

1. relatively high concentrations in Hat Creek coal or ash,
2. voilatilized during <gal combustion,
3. potentially most tax{c o Hat Creek racaptars,

4, present 1n relatively high concentrations in Hat Creek
sources or recaptor matarials as compared with valuas
reportad by others in similar 2cosystam matarials or

5. regulated by governmental zgencias.

Tabie 4-3 shows the 21 tracs elements salectad for study by ERT
and the parametars uysad to assass their importanca. This 1ist of
21 elements was reduced to nine elements of most environmental
concarn. Genarally, if an element had checks in at Teast three of
the five categories T{stad in Table 4-1, the alement was selectad
as baing of envirernmantal concarn. Using ERT's salection critaria
nine elements including arsenic, gcadmium, chremium, copper,
fluorine, lead, mercury, vanadium and 2inc were salected as being
of most anvirenmental concsrn.

The logic of ERT's (Appendix F, 1378) salection process
wauld appear to be adequata in cheesing cartain traca slements for
datailad environmental review., A1l of ERT's critaria have some
marit although the third criterion m'igh*;. Da subject tg comment
primarily bacausa emitiad Strace elements would ' have %o be
depositad Targely within tha vicinity of Hat Creek. The nature of
stack emissions Trom a coal-firsd powerplant weuld be limiting to
thesa depositions as such emissfons are known to Se carriad many
kiTometras from the plant sits (Ovorak and Lewis at al., 1373;
Heit, 1373; wangen and Will{ams, 1973).

4 -3



TABLE 4-3

CHARACTERISTICS OF TRACE ELEMENTS SELECTED FOR DETAILED
ENVIRONMENTAL REVIEW BY ERT

High Volatilized High High
Concentration Ouring Potential Cancentration Regulated

Element Symbol  in Coal or Ash Combustion Toxicity 1in Receptars Guidelinel
Antimony Sb X
Arsenic As X X X
Beryl"ium Ba X X
Boron B X X
Cadmium Cd X X X
Chrom” um Cr X X X
Cobalt. Co X X
Copper Cu X X
Fluorine F X X X X
Gallium Ga X ‘
Lead Pt X X X
Lithium L3 X X
Mercury Hg X X X
Nicke” Ni X
Selen<um Se X X X
Strontium Sr X
Thallium T
Tin Sn X X
Vanadium v X X X
Zing n X X
Zirconium ir X X
1 “aken from Environmental Research and Technology, 1978, Air Quality and

1imatic Effects of the Proposed Hat Creek Project, Appendix F.

SE 79143
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ERT's fifth critarfon is a logical fnclusion as regula-
tion By a govarnment agency for a spacific trace element implies
that sufficient reasons hava bdasen {dentified to distinguish the
aTement as onea of environmental concearn and one that shQuld De
addressed. On the gther hand, the larga number of %traca slaments
has precluded dovernmanta] screening for all of them and the fact
that no guideiines exist for many elements should not be taken
that they posa ne potantial threat to the anvirenment. Consa-
quantly, the salecticn procass employad herein has considered most
elements regardless of tha status of governmental jurisdiction.

Hat Creek coal <antains a similar spectrum of trace
elements ts other coals (MeCullough, 1978; Section 2.Q). Many of
the triace elements are of {nsufficfent toxicity to posa any potan-~
tial threat ts the Hat Creek anvironment. Qf major concern are
thosa tracs eiements that ars volatilized during coal combustien
and are preferentially absorbed or condensad onto the small fly
ash particlas, Thase traca elements subsaquently entar the
environment and are dispersaed in gaseacus and fine particulats form
both locally and regionally. In fact the anthropagenic contribu-
tign of trace elaments to the environmant from the combusiion of
cnal s significant for many trace slemants {(Allaway, 1963;
S8ertine and Goldbarg, 1971; Klein and Andren, 1875; Klain et al.,
197%; Newkirk, 1978). Haeit (1978) has raported that some volati-
1{zation studies Jindicata a prefarsntial release of arsanic,
cadmium, mercury, lead and thallium ta the envirgonment out the
stack of csal-fired powarplants.

Qther mass balance and particulata studies have shown
that many of the elements as expectad are predominantly
concentrated in the ash (Ag, Al, Ba, 2e, Ca, Ca, Cr, Co, Cu, Ov,
Eu, Fe, Ge, Hf, X, La, Lu, Mg, Mn, Na, Ni, Rb, 3¢, Sm, Sn, Sr, Ta,
To, Th, Ti, U, V, W) while a4 faew are released inta tha anvironment
as particulatas or gasas in varying degraas (Au, As, 8, C4, Ga,

411
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Hg, Mo, Ni, Pb, Sb, Se, Te, Ti, V, Zn) (Ruch et al., 1873;
Davidson et al., 1374; Kiein et al., 1%7%; Radian Corporation,
1975; Lindberg et al., 1975; Curtis, 1977; Meserole et al.,, 1879).
Same discrepancies exist among different investigatars on the
partitioning of traca elements in the slag, fly ash and gaseous
phases. The above discussion, however, does provide a general

overview of the sizuation in spite of these diffarences.

The trace element content and species in vapours and
particulate matter produced by the combustion of fossil fuels is
targely unknown (3olton et al., 1975; Lee et al., 1975; Heit,
1978). It is known, howaver, that mercury, sealenium and arsenic
are emitted as gases in significant quantities. The metals As,
T, Cd, Se, Pb and Sb are enriched in fly ash particles of
respirvable size. These elements are concentrated sn the surface
of the fly ash due to their vaporization and recondensation on the
particle surface (Natusch and Wallace, 1974; Davidson. et al.,
1974). Although many trace elements are largeiy collected in the
boiler bottom ash and fly ash, they must be considerad in the
ultimate selection for study as certain quantities will be
released to the environment.

Newkirk's (1976) estimation of trace element ameunts

released into the global environment in 1970 is reproduced in

Table 4-4 to provicde an appraciation for the significance of trace
alement emissions. Even though the trace alements are praesent in
very small quantities in coal, Newkirk's (1976) data show that the
large amount of Foa? burned each year can result in significant
emissions of trace elements.

Answering the question as to which trace elements found
in ¢opal and their subsequent emissions are significant to the
general well-~being of the environment s difficult in view of the
large number of elements contained in ¢oal (Tabls 4-2). As
pointad out earlier, not all of the trace elements are recessarily
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TABLE 4-4

ROUGH ESTIMATE QF AIRBORNE TRACE ELEMENTS
RELEASED FROM COAL-FIRED PQWERPLANTS IN 1370%

Stack Emission

Concan. in Total, Coal- Per 10% Per o

Coal Used Fired Plants, 3tu in of Flue

for Estimate ETemant Basis Coal Gas (sTP)

£]ement {(ug/q) {tons/year) (9 (mg)

As 5 | 200 2.3x10"" 5.2
g 55 1 600 4.4x10"" 0.53
Ba 64- 1 900 sx10” 0.5
Ba 2 - 100 x10”’ 0.04
Ca 12 ' - 380 10”" 0.12
cr 20 . 600 1.6x107" 0.2
Cu 12 360 10‘: 0.12
Ga 3 150 4x10‘3 0.0%
Ga 8 240 §.4x10 g.08
Hg 2 500 1.6x10 . 0.2
Mn - 10 300 2.ax10"" 0.3
Mo 5 180 sx10”" 0.08
N 20 500 1.6x10"" 0.2
Pb 3 270 7x10” 0.09
Rb 25 750 210" 0.25
Se 8 240 5.4x10"" g9.08
Se 3 90 w0 0.03
Sa 2 50 1.6x10"" 0.02
s as 2 500 7x10'; 0.8
T4 400 12 000 x10 4
v 33 1 000 2.6x10™" 0.33
Zn 40 1 200 0™ 0.4
2 76 2 300 6x1a™" 0.77

vy

Compilad from Heit, 1978.
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toxic nor are some of envircnmental concarn since they are not
emittad in large quantities from coal-fired powerplants. The
legic in selactirg the various trace elements should te reflective
of the elements' toxicity, essentiality to biological materials
and the amounts emitted to the envircnment.

No distinct causal relationships Hhave been shown to
exist between a pathological entity and trace element contamin-
ation resuliting from the burning of coal {Klein and Russell, 1973;
Cannon and Swanson, 1975; Horton and Dorsett, 1976). The poten-
tial hazards have been Jlogically deduced from relationships
exhiibited between meortality and/or reduction in the quality of
life processes in organisms during exposures to trace element
emissions arising from coal combustion (Piperno, 1575). The major
bodies of toxicnlogical data are quite heterogeneous including
both the aquati:z and terrestrial environments and are Jargaly
derived from actte and subacute experimentation (Pipernoc, 1575).
Application of these results to the problems associated with trace
element emissions from coal-fired powerplants is, therefore,
difficuit,

Dosa-response relationships for trace elements are not
well defined and even less so for those organisms comprising
natural ecosystems. Jones (1978) has classified the potential
toxicity of some significant traca elemants in coal into three
bread categories - high potential, medium potential, and low
potential for both terrestrial and aguatic organisms. Table 4-5
summarizes the classifications, but Jonas points cut that the
scheme can only be considered a "best estimata" based on the
experience, knowledge, and Iintuition of these judging. The
generalizations above have been made despite the fact that trace
elemant impacts on the biota are also a function of the chemical
state of the element and its intaraction with receptors. Such

4 - 14



TABLE 4-3

POTENTTIAL TOXICITY QF TRACE ELEMENTS IN COAL!

Terrestrial
Element Plant Animal
As Low Low
8 High Medium
8e Medium High
o] High High
Co High Medium
Cr High Medium
Cu High.  Medium
F Migh High
Hg Medium Highi
Mn Low Low
Mo Low Mad{un
Ni High High
Py Low Medium
b Medium Highi
Se Madium High
n Low Law
Ti High High
¥ High Lowd
W Medium  Medium2
in Low Med{um

1

2

Modified from Jenes (1578).

Uncartain.

SE 7933

Agquatic

Low
Lows

High2
High
High
Medium
High

Low
High

Low
Low

Medium
Medium
Law2
Low

Medium?
Madium?
Low2
Medium

Comments

Know enough in toxicity for tarrastrial
ecosystams, in some instancas may be
beneficial.

Spaciation impertant.

crt very toxic-need to know speciation.

Complexing in soil reduc=s toxicity, in
some instances may be beneficial.

Enriched in plants, foxicity in feod
cycla, :

Patantial for net benaficfal affacts.

High earichment in plants-beneticial or
adversa affacts,

Very mobila in plants.

Intaractis with other traca matals,
4.g. Ni, Hg.

Vary mebile in plants.
Potantial for net benericial affact.
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interactions influence trace element availability anc hence the

relative amounts that may affect organismic 1ife processas.

The general significanca of 12 traca elements arising
from emissions dus to coal combustion in the tarrastrial environ-
ment is summarized 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 other coals are difficult
since the conditions of runoff, weathering patterns, mineralogy
and land~use pattarns may differ. The pollution in a given region
will, therefaore, be a function of both the coal's characteristics
and the environmant within which the contaminants ars deposited.

Qf the 13 trace elements essential to animals, twelve
are included witnhin Tables 4-5 and 4-6, the notable exception is
iodine. Iodfne is essential to the function of the thyroid gland
and its homologuas in animals (Prosser, 1873). The element has a
rapid passage through biclagical systems and concentrates in a
small mass of tissue (Garner, 1972). In spite of fodine's ability
to enter and acggumuylate in various trophic¢ levels of the biota it
has not been identified as an environmental contamirant in emis-
sions arising froem the burning of coal. Conseqﬁent1y, gt will be
deleted from further discussion. The remaining essential elements
can exhibit toxic effects in sufficiently high concentrations.
These will be addressed in this report in view of their essen-
tiality, potential toxicity and the fact that they will be in
emissions from the combustion of Hat Creek coal.

Bromine belongs to the same group of alements as fodine
and fluorine, ramely the halogens. It c¢an sometimes be substi-
tuted for chlorine, but s not a normal constituent of animals
(Prossar, 1973). In certain environments, bromine is much more
abundant than fodine yet the latter is used more by animals. The
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TABLE 4-6

SIGNIFICANCE GF TRACEZ ELEMENT EMISSIONS IN

ank? Element
1 ¢d
2 Nt
3 ™
4 Cu
5 F

8 v

7 in
3 Ca
9 Mo
10 W
il Hg
12 Se3

TERRESTRIAL ECOQSYSTEMS®

Comments
Very high toxicity to hoth plants and animals
Very mebile in plants
Very mebile in plants

Can be very 2axic but Tormaticn of camplaxaes
reducas toxigity

Gaseous Torms highly toxic to plants, accumu-
Tative toxicity in plants and animatis

High enrichment factor
Effects probably positive
Reasonacly high enr{chment factar

High enrichmant factor, pgsitive effacts for
plants or negative for animals, depending cn

ragion

Very mobile fn plants
High enrichment factior, toxicity in food chain

intaracis with Ni, Hg, ate.

Compiled from Jonas (1978).

Rankad fn descending ordar of bdiclegical impact and need for
resaarch, and basad on consideration af toxicity, atmospheric
depasition, avaiilability, and uptake.

5a - Not syre where L5 rank, Huti nesds %3 be considered in tarms

. af intaractiaons.
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element is relatively non toxic and will not be cansidared a
contaminant in Hau: Creek cpal-combustion emissfons in view of its

relative innocuous nature to plants and animais.

According to Heit's (1978) literature review, the trace
alements releasad from coal which are of greatest environmental
concern in at least one of their chemical forms are: arsenic,
beryllium, cadmium, copper, chromium, fluorine, lead, marcury,
nickel, selenium, silver, thallium, tin and zinc, Heit's sources
considered the ‘information available on these elements' toxicity
to humans, released amounts, and ecological affacts.

Consideration of the data presented in Hejt's (1378)
report and Tables 4-3 and 4~6, reveals there are 21 trace elements
that have been identified as being of environmental concern due to
redistribution from burning coal. These elements are represented
by those Tisted in Table 4-5 (Jones, 1978). Comparison with
Table 4-2 shows that there are many trace alements remaining whase
potential impacts wo the environment are not well understood with
respect to distribution arising from the combustion of coal.

Generally, thesa remaining aelements have not bean
considerad threats to the environment although the natural radio-
nucTides uranium=-23S (U-235) and thorium=238 (Th-238) along with
their daughter products have ealicitad some concern (Wilson and
Jones, 1974; McBride et al., 1977; Lim, 1879; Christiansen, 1979).
The majority of radionuciides in coal consist of U-238, Th-232,
Ra-226, Pe-210 and Pb-210 (Zimmermeyer, 1978; Dvorak anc Lewis et
al., 1978).

Thorium and uranium are the parent products that decay
into various daughter products. The daughters can be assumed to
be in secular equilibrium with the parent. 1In secular eguilibrium
the activity of the daughters is roughily equal to that of the
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parent. In many 1nstanca§, however, uranium and/or thorium can be
out of aequilibrium with their daughtars due tc the differant
chemical proparties ©Detween the elements that arffect their
geochemical partitioning (Peyton, 1377).

The potential environmental impact of thasa elements is
usually addressad on the Ddasis of their ragdiotoxicity rather than
their chemical toxicity (Welferd and 3aird, 19567). Uraniua,
thorfum and their daughters are emitiad in relatively low guanti-
ties from coal-fired powarplants although watar percolatisn
through ash disposal ar=sas leaches out quantitias of thase
alements (Payton, 1977}. The congantrations of these radie-
nuclides antaring tha enviromment from ¢sal-fired powerplants have
not been reportad o De hazZardous to the Biota on the basis of
their chemical toxicity. The movements of these radionuclidas
through the environment, however, daepend on their chemical forms
and the charactaristics of th-e receiving ecosystsm (Dvorak and
Lewis ot al., 1978). Acsumulaticn of radicactivity in kiological
recaptors is therefore, dJdependent on the alements' chamistry and
the recaptars' physfolegy. Consequently, the chemical nature and
ogcurrenca af, at least, the parent elements (uranium and therium)
should & considered in the assessment of traca element impacts to
the snvironment. associated with the combustien of coal. Thesa two
alements are added %o the list (Tabla 4=§) of trace elements for
discussicn as bdeing of potantial eavirenmental concern from the
combustion of csal.

For the remaining elements: Au, 3a, Cs, Dv, £u, Ga, Ge,
Mf, In, La, Lu, Pu, Ru, Ab, S¢, Sm, Sr, Ta, Tb, and ¥b no data was
uncovered ts indicata any ware of concarn with respagt to environ~
mental contamination as 3 resyll of burning coal for alectricity.
There ware, however, many litarature refersncas ta the toxicity
for many of thesa elements under controlled laboratory gonditioas.
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- These studies, although providing valuable toxicity information,

are not pertinent to the effects of thesa elements in the biota
within the c¢ontext of coal-fired powerplants. At any rate, the
environmental redistribution from coal combustion for most of
these atements is undoubtedly limited as they are reported to
remain in the collectible ash of combusted coal, thus minimizing
their attendant stack emissions (Curtis, 1977). The general
dearth of informaticn in the literature for these elements is the
rationale which has precluded their inclusion with the tracs
elements which are recognized as being of potential hairard to the
environment associated with coal-fired powerplants.

‘ From the above discussion the following trace alements
have been identified as warranting concern in regards to contam-
ination of the Hat Creek environment from the proposed project:

Ag Mo
As Ni
8 . Pb
Be Sb
Cd Se
Co Sn
Cr . Th
Cu n
F
Hg
Mn W
Zn

The general iJmpacts of these trace elements to the
bicta, namely the elements' movement and/or accumulation in both

~ abiotic (so0il, sediment and water) as well as biotic receptors

(animal and plants), are alaborated upon in Appendix C.
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The combustion of <oal in conventisnal powerplants produces
particulates fn the sfzz ranges of 0.01 ts 100 um. Evectrostatic
precipitators will remove up %o 39 percant or more of the particulata
mattar, Larger particles are more afficiently removed (Las at al.,
1979). '

Particulata mattar released from the stacks of coal-fired
powerplants can potantially affesct vegetation and wildlife. Particu-
lata matter from an industrial sourca has Dbeen shown 0 pravent
stomatal pore closures which interferes with plant respiratien (Richis
and Williams, 1974). The authors also postulatad that the bufld~up of

particulates on Jeaf surfacas could affect the photosynthetic capacity
of the plant.

The particulata emissians hay affact tarrestrial vertebratas
by direct inhalation or through ingestion of contaminated vegetation
(Dvorak and Lewis et al., 1978). Of concarn are the smallest particu-
latas {S71 um) that can bypass respiratory filters and can be daposited
deep inta the pulmenary ragions of the lung (Natusch et al., 1974;
Davidson et al., 1574; Fannelly, 137%).

The chemical composition of imhaled particuiatas detarmines
their toxieity (ODvorak and Lawis =t al.,, 1378). Cartain potantiaily
toxic trace slements presant in coal are preferentially concentrated an
the smaller particuiatas (Natusch et al,, 1374; Davidson and lLawis at
al., 1973). Linton et al., (1378} have indicatad that, in the smaller
particulatas, a greatar fraction of the traca 4lement's surfacs area is
more readily availabis for intaraction than in the larger particulatas.

Trace elements absorbed to particulates emitiad from coal-
fired powarplants reach the sail by direct dapositicn, tha washing of
plant or other particulats—intarcepting surfaces and the decomposition
of plant littar. These alaments may be retained in the surfacs or
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leached tg Jlower so0il horizons perhaps reaching groundwater and
affecting aguatic systems. Weathering of trace elements by wind and
watar erosion will also occur. The ultimate toxicity of tracs elements
to plants remaining in the rooting zcone is dependent on a number of
complex factors including the physico-chemical proparties of the trace
elements, the soil, plant roots, hiological characteristics of the soil
and climatic factors such as temperature and precipitation (Vaughan et
al., 1875; Dvorak and Lewis et al., 1978).

The cation exchange capacity (CEC) of the soii {(sum total of
the exchangeable cations that a soil c¢an ahsoerb) controls the availa-
bility of trace alements. Generally the heavier clay soils have higher
CEC's than light, sandy soils low in organic matter, Cations will,
therefore, be less available in the former soil type and are bound more
tightly in neutral or 3l1ightly alkaline soils while in acidic soils
they are mora available due to increased solubility (Brady, 1974).
According to Lagerwerff (1972) soil pH affects the oxidation-reduction
conditions of the so0il so that in acidic soils the more mobile, lower
valeancy trace elements predominate over the less mobile highar valency
forms. Soils with a pH 26.5, therefore, have less potential cation

toxicity problems.

Precipitation of other ions, organic matter reactions, soil
drainage, soil microbioza and plant roots also affect the benaviour of
trace elements in soils. Generally a significant amount of <trace
element deposition, especially the cationic forms, is retained in the
surface soil layers and is not readily leached to lower horizsns except
in very acid or sandy soils (Little and Martin, 1872). B

The impact of soil-deposited trace elements is also depen—
dent, to a certain degree, on endogenous levels. For example, trace
alements added to sgils as a result of ceal combustign are Tikely to
have a greater impact to terrestrial systams if the facility is Tocated
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fn an area where endogencus soi} concantraticns ars hRigher than
avarage.

Trace elements emitted as vapours may directly affact the
above-~ground portions aof plants. It is not fully understood whether
those alements deposited as particulates on Tear syrfaces can enter the
cuticle and be subsaquently translocatad (Zindahl and Arvik, 1873).
These depesited traca elaements may, howaver, be washed off plant

"surfacas By precipitation thereby entaring the soil.

The uptake and aczumulation of trace elements by plants alse
depends on soil fartility and the nutritive status of the plants.
Phosphata, an aessantial nutrient for example, has been shown Lo .affect
traca alement uptake (Mfiler and Koeppe, 1371). In neutral or alkaline
soils plants with shallow, sprsading root systams may be aexposed o
more traca alemants than plants with desper roots as trace elements are
reatained in the uypper soil herizan, Species specifi¢ profiles of traca
element uptake and accumulation can ilsa be fdantified.

The impacts of tracas elaments on plants is alsc daterminad by
the specias’' =oleranca to various elements (Bradshaw, 1375). Soma
plants can aczumulats Targe quantitias of harticu1ér traca elemants
without any apparent toxicity. Thesa species are genarally tarmed
accumulator or indicator species (Dvorak et ai., 1378). Tolerance may
be realatad to aexciusion of the trace element from metabolic sites
within the plant.

Tha genaral toxic mechanism of trace alements c¢n pilants is
pertyrbanca of scme metabslie function (namely photasythesis and

respiration) often manifestad by growth reductieon and visual symptoms
af chioresis, necrosis and disceiorations.
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The presence of trace elements in adibla p]aﬁt parts f{s
significant for the passage of these elements to herbivargus wildlife
and other grazing animals. The extant that certain trace elements are
translocated within the plant is dependent on many complex interacting
factors as previously discussed.

Vegetative community type also affects trace element impacts.
The constant cropping of high value crops, for example, slowiy removes
trace elements from the soils on which they are grown (Kubota and
Allaway, 1372). Accumulated trace elements in forage crops can be
passed on to man via Tivestock. A portion of thess will ocbviously be
returned to the soils through defecation. In natural areas where a
lower percentage of the vegetation is consumed a more rapid accumula-

tion of trace elements with time may occur.

Trace elements emitted from a coal-fired powerpiant may enter
animals {wildlife and iivestock) in thrae ways

1. vapor and particulates can be inhaled,
2. deposited on the soil and vegetation and

3. saepage from ash dispesal and mine sites can introduce trace
elements into ground and surface waters.

Dvorak and Lewis et al. (1978) state that the effects of trace elements
on wildlifa i.e,

1. inhalation and
2. ingestion

are difficult to determine due to a general lack of informatfon.
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Much intermation has been gathered through Taboratary studias with
domestic animals which may not raflsct the situatien in the natural
anvirenment.

Orinking water may be contaminatad b§ lTeachatas from ash
disposal and c¢pal mining areas as well as particulate emission fallout.
Trace alements may ba introducad to wildiifa through drinking such
watars., Assuming wildlife have similar physieiscgical tandencies and
talerancas, drinking watar stiandards aestablished for livestock can be
applied to wildlifa.

Knowladge of the traca alement contant of Toraga plants for
hardivercus animal diets is required to galgulats the 2Zrace element
comm{tment from dietary intaka. Some apgpreciation of digestion rates
and ac:umulati&n ef trace elements on vegetation would alss be
required.

Feod habits of tha recaptor wildlife species should alse be
appreciatad. Wildlffe typically display variations fn home range
sizes. Traca element doses via dfatary intakes ar: therefors increased
for browse species, with small home rangas within the heaviest zone of
traces 2lement deposition and cancentration.

Cartain species of wildlife inhabit the tarrestrial-agquatic
intarfaca. Watarfow! and shorefirds for exampla, will raceive traca
slamant dosas from doth environments.

Trica slements from the combustion of <pal can be axpectad to
augment thosa entsring the aguatic environmant from natural sourcas.
Thasa sources include: precipftation, rune?f, groundwatar, the
atmosphare and the system’'s ssediments (Ovorak and Lawis et al., 1978).
Tracs ealements released through c¢oal combustion entar aguatic systams
ejther by direct discharga or indirect input from groundwater, tarras-
trial 1iiter, runotf! and atmespheric fallout.
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The behaviour af tracas elements in aquatic systams depends on
a4 number of physical and chemical parameters {Stumm and Morgan, 1970).
The elements form associations with water molecules (hydration) or with
organic moiecules (chelation). Acidity, or pH of the water ias well as
the aoxidation-reduction (redox) potential alse influences the activity
of trace elements. In aguatic systems the trace element concentration
is divided among various inorganic and organic complexes as well as
binlogical materials. The ultimate concantration of these forms is a
function of temperature, salinity, solubility, water hardness, chemigal
speciation, biological activity, and other envirommental factors
(Kinkade and Endman, 197%).

In sediment systems trace elements, especially heavy metals,

are associated with organic compounds or clay particles. The major

method of metal transport is through organometallic particulates, the
dissolved fraction being a relatively minor contribution (Gibbs, 1973;
Trefry and Presley, 1976). Precipitation and adsorption-desorption
reactions, in part, determine the Jonic forms of trace elements in
water (Dvorak et al,, 1978).

Microorganisms 1in aquatié systems affect +trace element
concentrations. A number of heavy metals are raquired as assential
nutrients and catalysts in biochemical reactions (Karisor, 1870).
These organisms are alsc active in the processing and conversion of
trace elements in the aguatic bfota. They affect the biogenchemical
cycles of some elements and are capable of processing others to
methylated compounds (Kuznetsov, 1970; McEntire and Neufslid, 1375; Chau
et al., 1976).

Traca element concantrations are also affected by aquatic
plants. Thase plants have the capacity to sequester and accumulats
various trace aelements (Leland et al., 1978; Eriksson and Martimer,
1975). Some species of aquatic plants concentrate trace elements far
above the background conzentration. The ratio of the amount in the
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plant to that of the ambient watar concentration is raferred to as a
"concantration factor. Thesa high concantration facters are signifi-

- cant for aquatic plant specias that are browsad upon by fish and other

aguatic spacies as well as wildlife such as waterfowl and cartain
spacias of ungulates,

Aquatic invertatratas take up trace elements in varying
degreas depanding upen thair metabolism, their faeding behavigur and
the chemical form of the alements in the environment. Fluctuaticns in
trace alement congcentrations in  thesa animals are reflective of
¢hanging anvironmental conditions or altarations in contaminent
concantrations (Dvorak and Lawis et al., 1378).

Invertebratas oftan accumulate irace elements o much greatar
lavels compared with thosa concentrations in the ambient envi rcn;nent.
Concantration factors amay ranga Trom values of Jess than 10 to
100 Q00 times (Yaughan at al., 1$75).

Talerance of fndividual specias alse arfects the impact of
trace elements in the aquatic bfota. Many of thesa arganisms have
adaptad tolerancs mechanisms to trace elements. In highly contaminated
areas the structures and function of the {nvertedbrats community are
altered to the point whers the numbars of talerant spacies increase
whila the averall population diversity decreasas (Gaufin, 1373). The
responsas of some aguatic invertabratas can be sa speci?ic that they
can he used as monitors of traca element contaminatien (Nehring, 1575).

Fish occupy the tzp trophic lavel in the aguatic 5feta and,
in many ways, rsflect tha conditicns of subordinate food=chain lavels.
Trace elaements enter fish through two routas: one, by active or
passive absorptien through the ¢ills, and secondly, By ingastion.
Either routa nay assume a prominent role but this depands on the
¢hemical form of the iracs element in the bicta, indigencus fish
specias, matabolig patierns and foraga bases as weli as Tood habits.
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The chemical form of the trace elaments can vary with pH, a?kaiiﬁity,
hardness and temperature which will also affect uptake rates. Temper-
ature can also alter the metabolic rates of fish (Hochachka ard Somero,
1973) which will affect the uptake of trace elements. Fluctuatiens in
pH alters the amount of dissolved frace elements in the aquatic
environment. When the solution is acidic, many heavy metals and other
trace elements are liberatad from sediments and related complexes which
makes them available for bronchial uptake. Various other factors that
affect trace element uptake include dissolved oxygen anmd carbon dioxide
concantrations and the presence of organic tigands as well as other
trace alements.

Retention and elimination of trace elements appears to be
related to the source of uptake. Losses of some heavy metals in fish
were slower when the ariginal scurce of the elsment was the foed rather
than water (Pentreath, 1976; Rvohtula and Mjettinen, 1975). Retention
of trace elements is finfluenced by various factors including: age,
size, metabolic rate and feeding habits.

Tracs e]ement§ in the water column can affect fish in two
general ways: 1) direct lethal effaects when concaentrations are high,
and 2) indirect sublethal effects when concentrations or exposures are
chronic (Sprague, 1973). In the ecological context the overail effects
of sublethal exposures to trace elements are mere significant. These
are the concantrations that are mors likely to persist in regeiving
bodies of water. The potential trace element impacts on the aquatic
biota associated with coal combustion powerplants should be assessed
individually for each facility. Generalizatiecns of impacts are too
difficult to make in view of the many mixed and complex factors
contributing to tracs element toxicity.

Bicaccumulat-on and biomagnification of trace elements in the

aquatic environment have heen observed. A number of factors influence
these processes including the physicochemical form of the trace
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alemant, the natuyre of the organisms and their habitat, substrata-
sadiment associations, and food habits (Dverak, A.J. and 8.G. Lawis et
al., 1978). Sediments act as both a sink and a rasarvoir for trace
etaments while attendant concantrations {in the watar column  ara
comparatively lowar. Senthic organisms absord tracs alements from tha
sadiments, grazers and lgwer-crdar consumers sasm tq concentrata the
alamants %o the highast dagrea. Tha greatast bisaczumulatien or
concantration factors have bDeen obsarved in sadiment or detrital

faaders.

Membars of higher tropic levels seem to discriminata as traca
alement concentrations are usually lower in predatars than in their
prey, Tracs qlements will aventually raturn ta the sadiments or move
downstiream unless some factors are accounting for irace element removal
from the aguatic system.

The atove discussign has bBean presantad ts providea an appre-
clation of the phanomena affaciing trace alament mavements through the
aquatic and tsrrestrial biota aftar their raleass from coal cocmbustion.
Rafarence to0 specific fLtracs eslemsnts nas not basn made but each of the
23 salacted elements are reviewed individually in Appendix C (C1-C23).

ASSESSMENT OF BACKGROUND TRACE ELEMENTS FOR HAT CREEXK 3I0TA

{(a) Introduction

Concarn has been expressad that the taéhniques used }or
analyses of cartain trace elaments for Hat (reek recaptort may ot
be adequata o charactariza actual levaels. La Geyt (1973) has
reviewed the sampiing program as well as sample praparation and
subsampling techniques for tracs elements associataed with the Hat
Creek project. Although Le Geyt was unabie to comment on the
mathod of plasma emission spactiroscopy, the semi-guantitative
analyt{cal tachniqua of spark sourca mass spectiromety was
addressad. Gaenarally, {f sne reczgnizes the cganstraints of the
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(b)

fatter method, and rejects tin resuits as well as makes an
allewance for the uncertainties associated with the method, the
data are reasonable. Le Geyt als¢ points out that spectral
analyses for a particular element may be significantiy in error.
It was also apparent that some discrepancies existed with the
analyses for boron, vanadium, ziné, chromium and molybdenum.

Trace 2lement data have been collected for water for
19758, 1977, 1978, 1979 and 1980. The dates of coilection are
summarized in Table 4-7. Generally, for 1976 the semi-
quantitative tecaniques of spark source mass spectrometry (SSMS)
and plasma emission spectroscopy (PES) were usad for all elements
except for fluorine which was analyzed by specific ion electrode
(SIE) and mercury and Tlead which were quantified by atemic
absorption spectrophotometry (AAS). In 1977 analyses on biota
were obtajned by AAS. In 1877, 1978 and 1979, receptor samples
were analyzed exclusively by guantitative technigues including
cold vapour ultra violet absorption for mercury, specific ion
electrade for fluoride, inductively coupled plasma torch for boron
and variations of atomic absorption spectrophotometry for the
remainder. Samples from 1980 were collectad only for water in Hat
Creek and the Bonaparte River and were analysed by AAS (B.C.
Ministry of the Environment, 1980; Appendix D).

In ¢rder to place the trace element data collected for
Hat Creek receptors in their proper perspective the measurements
have been assassed with respect to Le Geyt's {1379) report. Each
receptor {s issessed in the following discussion with an
avajuation of the trace element data included.

Water

Water samples were collected by ERT (Appendix F, 1978)
in 1976 and 1877 and analyzed for trace elements by Commercial
Testing and Engineering Co. Ltd. (CTE) in Golden, Colorado. Some
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TABLE 4-7
HAT CREEK RECZSPTORS ANALYZED FOR TRACE ELZMENTS

SPECIMEN YEAR
1976 1377 1978 1879 1sag
Qctober January May Qetobpar May -
Aguatic
wWatar X X X - - A
Sediment X X X - - -
Fish A - X - - -
Tarrastrial
Sails X X X X X -
Lichans X X X X X -
Grasses b ¢ - X X X -
Shrubs X - X X ' X -
Small Mammals X - X - - -

Year of <ollections shewn - recsptor sampling fndicated by an XK.
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additional data wera obtained in the hydrology study conducted by
Beak Consultants L:d. (1978) for the same years., The sampling
schemes and details of the analytical techniques are summarized in
the hydrology study prepared by Beak (1978) and Appendix F of the
ERT (1978) report. C(TE used the quantitative methods of atomic
absorption for mercury and lead and the specific fon electrode for
fluoride in the sampling periods. All remaining elements in the
18976 program were analyzed by plasma emission spectroscopy. The
January 1977 water samplés were analyzed by SSMS while May 1977
samples were analyzed by atomic absorption spectrophotometry.
Plasma emission spectroscopy 1s a semi-quantitative method,
Le Geyt (1979) did not evaluate the technique used by ERT
(Appendix F, 1978) but presented a discussion of the method’'s
precision and accuracy. The data collected with this method can
be considered representative if one keeps in mind the concentra-
tions of the trace elements that can be effectively quantified.
Data collected by spark source mass spectrophotometry are
representative if gne fol]ows the conclusions of Le Geyt's (1979)
assessment summarized in the introduction of this section. Trace
alement concentrations detarmined by atomic absorption spectro-
phatometry (AAS) are quantitative and can be considered valid
within the 1imits of precision for the technique.

Assessment of the SSMS technique has revealed that
variations exist with the measurements for boron, chromium,
molybdenum, tin, varadium and zinc. Le Geyt (1979) has presaented
evidence to show that all tin data analyzed by SSMS should be
rejected and that the other elements should be critically
assessad. The levels of {r, V and In c¢ollectad in 1977 should be
used to represent background water concentrations since they were
all analyzed by quantitative methods.
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Beak's (1978) data wers all analyzed using quantitative
techniquas. The data are considerad to be representative of watar

borne trace element concsntraticas. The program included both

ground and surfaca watars, the major watar coursas of the latter
group included Hat Creak, Banaparte River, and the Thompson River.
The data presentad by 8eak (Hydroicgy, 1978) have been considered
in the impact assassment for trace elements generatad from the
burning of coal at Hat Creek. ' '

Sediments

Trace element data for sediments have only been analyzed
for 1976 and 1977. Details of the sampling program are presented
in, ERT's report (Appendix F, 1978). Mercury and lead determin-
ations were made by atomic absorption spectrophotometry, and
fluaride by specific jon electrode, both of which are quantitative
tachniques. The validity of results cbtained with these tach-
niques has been addressed by La Geyt (1979). The data can Ye
considersd accurata within the cantext of Le Gayt's (1379) evalu-
ation. Thea remaining elements for 1976 weres analyzed by spark
source mass spectrophotometry. The data ars reasonably acseptable
if one recognizes the scope of the technique as Le Geyt (1879) has
indicatad. Sadiment samples coliectad in January and May 1977
were anaiyzed for tracea elements by atomic absorption spectro-
photometry which provided 3 semi-guantitative astimata of trace
elements in the sediments.

Tracs lelmnt data for stiream sadiments are probably
more accurataly represantad by those shown for January and May
1977 becauss quantitative tachnfqu.cs ware usad. The trace alement
data collectad bSv S5MS inm 1976 {s suspect because of varfaticns
obsarved in a numbar of the alemental analyses for vegetaﬁan and
soils. Comparisens for traca element lavals detarmined by S3SMS
with thosa by more guantitative methoeds showed that boron,
molybdenum, chromium, zine, vanadium and tin yialded varfable and
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questionable results. If the tin data are incorrect for
sediments, as Le Geyt (1979) has indicated they are for soils and
vegetation due to contamination, there are no data for this
element in fish at Hat Creek. The other trace element data must
be critically assessed in view of Le Geyt's (1979) evaluation of
the analytical techniques used.

No data are available for B in 1977 as the sampling
program was discontinued for the element. Consequently there are
no reliable background data for Boron in sediments. Measurements
for Cr, V, and Zn were made in 1977 by quantitative methods, these
data can, therefore, be used to represent sacdiment concentrations.
Molybdenum data were not collected for stream sediments, hence no
background information is available for the element. Absence of
Mo data from this receptor {s of importance since the element has
been identified as being of environmental significance with
regards to a coal-fired powerplant.

Fish

Fish samples collected in QOctober 1976 were analyzed by
specific jon eTectrnde for fluoride and spark source mass spectro-
metry for all other elements. Samples obtaired in January and May
1977 were again determined by specific ion electrode for F but the
remaining elements were analyzed by atomic absorption
spectrophotometry.

The reliability, precision and accuracy of these methods
have been reviewed by Le Geyt (1979). The techniques, specific
fon electrode and atomic absorption spectrophotometry, more
accurately represent trace element concentrations for fish in Hat
Creek as the methods are qguantitative compared with the semi-

_quantitative technique of spark source mass spectrophotometry.

Consequently, the data from January and May 1977 can be considerad

4- 134



4.3

SE 7933

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

(d)

relatively reliable and accurate determinations of trace elements
in fish,

Analyses for tin in fish were only made in 1976 by 3SMS.
These data appear to be incorrect as evidence of 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 ware not analyzed past 1976. It is not possible, there-
fore, to characterize background Sn levels in ¥ish which may be
important for the develcpment of an adequate monitoring scheme.
The variability of the chromium, zinc, boron, vanadium and molyb-
denum results by S5SMS throws some doubt upon the reijability of
these analyses for the same period. Evaluation of the reliability
for data for 1976 is subject to the criticisms put forward by
Le Geyt (1379).

Boron data were not collected in 1377 for fish which
essentially results in a lack of background information for this
element in fish as the 1976 data are suspect. Analyses for Cr, V
and Zn were, fortunately, continued in 1877 by gquantitative analy-
tical techniques. These data should be used in reference %o
background levels in fish.

Sail

Samples of soil were collectad by ERT (Appendix F, 1978)
in October 1976 and January and May, 1977. B.C. Hydro in its
Environmental Studies Programme (1378) collected soil data for
QOctober 1978 and May and Septamber 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 of the methods. Soil data coliected 1in
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1978 and 1979 were analyzed by Chemex Labs employing the following
quantitative techniques for the trace elements:

mercury - ¢old vapour uyltra viclet absorption;

fluoride - specific ion electrode;

boron - inductively coupled plasma torch;

all remaining elements - variations of atomic absorption
spectrophotometry.

Comparison of the data obtained from CTE and Chemex Labs
indicates that most of the analyses are comparable, with the
exception of those for tin which are many times higher in the CTE
results than those presented by Chemex. A similar observation can
be made for tin in vegetation, according to Le Geyt (1979) the
data are unreliable and reprssent some contamination during
analysis. Recent analyses have shown that 5n levels are within a
“normal' range thus verifying that some Sn contamination of the
eariier samples have taken place. Variable results were also
observed for boron, molybdenum, chromium, zinc and vanadium in
1976. These discrepancies were apparently due to significant
interferences for these elements associated with the SSMS
technique (Le Geyt, 1979). With the exception of these data, the
trace element content of scils at Hat Creek can be most accurataly
represented by the values reported in B.C. Hydro's Environmental
Studies Programme (1978) as analyzed by Chemex Labs. The data
obtained from 1976 and 1977 can also be used if one does not
include the results for tin and if one keeps in mind the
reliability and precision of SSMS used for the 1976 samples.

Boron anialyses were not continued past 1976 in the ERT
(Appendix F, 1978) program so no reliable data exist for this
element in that particular study. The data for Cr, V and In
collected in 1977 by ERT (Appendix F, 1978) are reasonably valid
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as analysas were performed by gquantitative techniques and compare
favqurably te thaose ocbserved in the B8.C. Hydre Envirenmental
Studies programs (19738, 1979).

Vegetation

Samplas of vegaetation were collectad by ERT (Appendix F,
1978) in Qctober, 1376 and January and May 1977 for traca element
analysas. An additional series of samples wers collectad in
October 1978 and May and September 1979 by B.C. Hydro as part ¢f

- their Environmental Studies Praogram (1378). Thesa samples werse

analyzed by Chemex Labs.

_ The  analytical tachnigques used for the vegatation
collectad by ERT (Appendix F, 1978) and analyzed by CTE fn Golden,
Colorado are similar ta those employed for tha fish and sofl
samples. BSriefly, in 1976 fluoride was analyzed by specific fon
electrode (SIE), mercury and lead by AAS with the excaption of F
which was again determined by SIE. Tho-'analytical methods
ampicyed by Chemex Labs were all gquantitative and are summarized
in the sofls section. The accuracy, precision and retfability of
thesa methods have been previcusly discussed by La Geyt (1379) and
are briefly refarred to in the Iintroduction of this saction.

A compariscn of the 1978 $SSMS data with the quantitative
1978 data {Chemax Labs) revealed a number aof discrepancias. B8aren
and molybdenum denarally were lower and higher respectively while
tin values ware axtramely high in the 1976 data and aczcording to
Ls Gayt (1979) are incorrect and show evidence of gross contamina-
tion. Chromium, vanadium and 2inc alsec showed some varfation.

The remaining data seem %o be in reasonable agreement
with the exception of fluoride. The 1978 ERT report (Appendix F)
statss that F was analyzed by specific ion elecirode but Le Gayt
{1979) has indicatad the samples ware analyzed by spark sourca
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mass spectrophotometry (S55MS). Fluoride analyses by SSMS are not
reliable although CTE personnel consider the values determined by
SSMS to be approximate (Le Geyt, 1979).

The data which can most accurately be used to represent
trace element levals in vegetation at Hat Creek are those
collected by Chemex Labs in 1978 and 1979. The SSMS and atomic
absorption (AA) data collected in Qctober 1976 and January and May
1977 can also be used if one does not include the apalyses of
boren ar tin for 1976.

The data for Cr, V and Zn in the 1977 ERT program were
analyzed by quantitative methods and are reasonably represen-
tative. Information provided from B.L. Hydro's environmental
studias (1978, 1979) most accurately represented trace element

“concentrations for vegetation.

Small Mammals

Trace element data for small mammals have only been
collected in October, 1976 and January and May 1977 by ERT
(Appendix F, 1978). The data were analyzed by SIE for fluorine,

AAS for mercury ancd lead and SSMS for the remaining trace elements
in 1976. The 1977 samples were all analyzed for trace elements by

AAS except for F which was determined by the SIE technique.

Trace element analyses conducted under ERT's program
(Appendix F, 1978) have been shown to be in error for tin with
varigble results reported for boron, melybdenum, chromium, zZinc,
vanadium as well as fluoride. These discrepancies were largely
associated with interferences in the SSMS technique. Review of
ERT's (Appendix F, 1978) tin data show that the small mammals at
Hat Creek had tin concentrations roughly an order of magnitude
higher compared with those reportad elsewhere. Assuming the same
contamination existed in tin S5MS analyses for small mammals as
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for soils and vegetation it {is 1{ikaly thase data are unrsliablae.
Data weare rnot collectad for the alemsant past 1576, consaquently no
reliable data for tin exist for small mammals. No information is
available for Mo in small mammals as data for the element were
never collectad.

Analyses for 8 were not continued past 1376, thus no
reliable bhackground information exists for this element in smal)l
mammals.

{g) Conclusions

0f the 23 elements salectad for discussion in this
report (see Section 4,1(b)), reliable background data for Hat
Creek receptors are available for only the following 14 alements:
antimony, arsanic, berylliium, cadmium, chromium, cobalt, copper,
fluorine, lead, manganese, mercury, nickal, vanadium and zine,
Cartain of thesa data, howaver, mare accurataly reprasent back-

ground lavels in Hat Craek recaptor§ depending on the assay

tachnique.

TRACE ELEMENT SOURCES FROM THE PROJECT

The principal sourcas of tracs elements associfated with tha
¢oal oine are coai, overburdan, wasta rock and mine dust. The coal
burned in the plant will raesyit in various forms of gasaous and ash
emissions. The leachings of disposal areas for slag and pracipitatad
fly ash are also tracs alement contributors. Alse a cartain amount of
traca elemants will entar the local Hat Creek envireonment as a rasult
of coaling tower drif,

{(a) OQverduyrden and Wasta Rock

Quarburden and wasts rock matarifals will ba plaged in
atove ground storagse piles or basins where waathering and chemical
reactions can dissolve varigus trace elements. Detafils of the
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overburden dump construction and location have been given in the
report prepared by Beak (Volume 3A, 1979).

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

Projected leachate charactaristics {(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 regicnal groundwater from the Houth Meadows Dump range
from 0.86 m3/d to 86.0 m3/d. Roughly 58 percent or 50 ms/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 will be directed_through
sedimentation ponds prior to entering Hat Creek. The quality of
the dump runoff depends on the contact time of precipitation but
the least estimate would approximate that shown in Table 4-8.
Runoff from the Medicine Creek reclaimed dump should be similar to
natural Medicine (reek water (Tahle 4~9).

Coal and Low Grade Waste Stockpiles '

Runoff and leachates from these stockpiles will be
collacted 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. Thae Jaw grade
waste dump is anticipated to be roughly 128 ha (317 acres)} con-
taining 46 x 10s t of low grade waste-coal during plant operation.
The proposed drainage control for these areas will consist of
callection of runoff by ditching and diverting the water to the
closest Tageon. A relatively impermeable base will line the Tow
grade waste stockpile to prevent groundwater contaminatien.
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TABLE 4-8
PROJECTED WASTE DUMP LEACHATE CHARACTERISTICS! FOR TRACE ELEMENTS

Tracs Concentration -
Element (ma/L)
Arsenic ' 0.07 -
Soren | 0.04
Cadm{um < 0.002 T
Chromium 0.13 '
Cappar 1.3
Fluoride 0.06 .
Lead ' 0.02
Marzury 8.0015 “ -
Vanadium - 0.01 |
Zine | 0.15

Raw data froem Acres Consulting Services Limited leachates tests on
Qverburden and wasta rogck.

Notae: Estimatad by Beak from Total Extractable Tests and
muitiplying by ration of filtarable residue aextractad
in 24 hours to Total Extractabie Filtarable Residue,

1 At low pors volume displacement (see example calculation).
Laachata charactaristic in mg/L =

3

(Extractabla comoonent at Day 1 in mg/kg) x (weight of samole {n kg) —
(Volume of axtract at Day 1 in 1itres)

From 2eak (Volume 3A, 13979).
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TABLE 4-9

PROJECTED QUALITY OF INTERCEPTED SURFACE WATER
FOR TRACE ELEMENTS?! MEDICINE CREEK AREA

Trace Vaiue

Element {mg/L)
Arsenic < 0.005
Boren ' < 0.1
Cadmium < 0.00%
Chromium < 0.01
Copper < 0.005
Fluoride 0.12
Lead < 0.01
Mercury < 0.0005
Vanadium < 0.00%
Zinc 0.009

1 Basad on average of available Medicine Creek water gquality

data 21/5/77.

From Beak {Volume 3A, 1979).
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Estimatas of the runoff and laachats watar quality for
the coal and Tow grade wasta stock piles are shown in Table 4-10.
The results are Dbased on actual samplas collectad from B8.C.
Hydro's bulk sample program ca sfts stockpiles. Thesa watars will
he contained througheut tha canstruction and aperation phasas of
the Hat Creek Project.

Undar normal conditions it {is 1ikaly that runeff and
leachatas from the cpoal stockpile would Be non—existant as the
avarage shcort duration rainfall would Tikaly be totz2ily infil-
tratad into the stockpile and would subsaguantly evaporata (Beak,
Volume 3, 1878). The pile will be designed to handle runoff which
will be collected in ditches and dirscted to the nearast lagoon.
Due to the dry ciimata the low grade wasts stockpile will probably
be unsaturated and henca not JTikaly preduca any coantinuous
Teachate seepage. The leachatas expeacted would originata during
spring snowmeit runoff and during rainstorms. These watars will,
howaver, be coilectad and stored in a leachata storage pond and
not discharged. )

Ash Disposal

Disposed ash w'iﬂ_ ba a mixture of condi{tioned fly ash
and damp bottom ash. It s projectad some seaepage will coma rum
the dump (Seak, Volume 3A, 13979). Surfacs runoff from tha ash
disposal area in mid-Medicine Creek will be contained during the
first 15 years by an embankment acruss the valley belaw the fi11.
Runoff and dump seepage that {s collectad will be raturned via the
pump statian and piseline to the powarnlant wasta watar retantion
pond. In subsequant years, ash pond runcff and runoff from the
Tower Medicine Creek mine wasta dump will be prevented from mixing
by maintaining a till bDerm across the lower perimetar of the ash
disposal 111 (Beak, Volume 3A, 1979). Ash runoff will then be
pumped back to the powerplant wasts water retantion pend. QOn the
bdasis of the current plan there will bs no direct discharge of
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TABLE 4-10

PROJECTED LOW GRADE COAL AND COAL LEACHATE CHARACTERISTICS
FOR TRACE ELEMENTS

Trace Low Grade Coall Coal?
Element (mg/L) {mg/L)
Arsenic 0.005 0.005
Boron 0.7 0.31
Cadmium N.D. N.D.
Chromium 0.010 0.01 )
Copper D, 007 0.04
Fluoride N.D. 0.10
Lead N.D. N.D.
Mercury 0.0003 0.0003
Vanadium i 0.006 ' 0.04
Zinc 0.18 0.11

N.D. Not determined .

1 ‘Based on one sampling of leachate collected from storage pile
constructed as part of the bulk sample program. Data sunplied
by B.C. Hydro. Sampling data 28/4/78.

2 Based on three (3) samplings of leachate collected from coal
storage pile constructed as part of the bulk sample program.
Raw data supplied by B.C. Hydro.

From Beak (Volume 3A, 1979).
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TRACE ELEMENT SQURCES FROM THE PRQJECT - (Qant'q)

runoff from the ash area %o surfaca watars or cresks. Seepage %o
substratas will enter the Medicine Creek regfonal groundwatar
regime. The maximum seepage ts groundwater is estimated at being
from 7.0 to 15 m°/d. The projectad guality of this saspage 1s
shown in Table 4-11. It has been suggestad that the most imperme-
able ash should be plaged next ta the base {11 to minimize
sespage from the ash dump.

Mine Dust

Fugitiva dust resuiting from csal mining and transport
activities will comprise natural soil, overburden, wasta rock

matarials and cnal. The trace elemant content in the c¢oal and

overburden matarials is not signiffcantly different from that in
the surrounding soil materfals. In fact, ERT (Appendix F, 1978)
has pointad out that soil concentraticns of traca elements nay
sven be higher, '

Ambiant concentrations of trace alements associated with
fugitive dust from the plant havea been astimated in Sactfion 2.
Cancentrations were detarmined by nmultiplying the ambient air
particulatae concantrations by the various elemants. Annual
average and maximum 24-hour concantrations are given {n Table 3-~7
of this report.

Coaling Tower Drift

Thompson River watar will be the saurcs of cagling watar
which will be concantratad by a fagtor of 14 as it is recycled
through the cooling systam (B.C. Hydro, 1978). A pertion of the
concantrated circulating watar (approximataly 0.008 percant) will
be carried to areas near the cooling tower as winds dispersa some
of the watasr away from the tower (ERT, Appendix F, 1878). The
predictad concentrations of salectaed trace elements fn cooling
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TABLE 4-11
PROJECTED COMBINED ASH LEACHATE QUALITY FOR TRACE ELEMENTS!

Traca Concentration

Element {mg/L)
Arsenic < 0.6-2.4
Boron < 3.0-3.6
Cadmium < 0.10
Chromium < 0.12-0.20
Copper < 0.23-0.33
Fluoride 3.3-4.9
Lead < 0.05
.Mercury < 0,0013-0.0023
Vanadium < 0.18-0.22
Zinc 0.82-2.5

1 Based on fly ash to bottom ash ratio of 75/2%5, conditioned and
wetted with recycled powerplant waste waters to 20 percent and
40 percent moisture respectively.
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("

towar drift are shown in Table 4-12 which also describes Thompson
River water quality and the predictad total amount of trace
elemant drift associated with the cosiing towers. Althcugh thers
are no estimatas of ambient concantrations arising from cocling
tower drift, it {s possible to predict soil depositional zones.
The depcsiticon of tracs elements in these Zones has baen predictad
for the data shown in Table 4-12 along with the predictad salt
depositicn due to drift from varicus c¢coling tower dasigns. These
salt dapositicnal zones are shown in Fig. F7-2 of the ERT report
(Appendix F, 1978).

Tha ratic of trace element concentraticns ts TDS (total
dissolved solids or salt) concantration in drift is usad to detar—
mine traca element depesition rates in vaéious depositiona]nzones.
Projectad incrsases in s¢i] traca element concentrations can then
be calculatad for the salt depositicnmal zones. Traca alement
depositions from cocoling tower drift will augment those daepesiting
from stack emissions. Estimatas of these amounts are_provided in
Section 4.4.

Powarplant Stack Emissions

These emissions have racently been re-evaluated
(Section 3.0). The sources of changes to the emission assaessment
are due 0 revised amounts of trace element contant in coal as
wall as an improvemant in the methods usad to estimata concantra-
tion and deaposition pattarns.

Section 2 gives estimatas of local ground Tevel tracs
dlemant concantraticns on tha basis of a 244 m stack with metaoro-
lagical contral s&sten (MCS). Maximum traca element concantra-
ticns have been <calculatad for 3=hour, 24~hcour 4and annual
{Tabie 3-4). Local annua] average ambfent concentrations of traca
alements are calculatad for the isopleths shown in Fig. 3-1,
presantad in Table 3-5.
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TABLE 4-12

CHEMICAL CHARACTERISTICS OF COOLING WATER
AND COOLING TOWER DRIFT

Thompsen Cooling Predicted Amount
Element River? Tower Drifg2 in Drift
(mg/L) (mg/L) (kg/a)?
Total dissolved solids (TDS) 109 1526 155 652
Arsenic (As) 0.05 0.7 71
Cadmium (Cd) 0.005 0.007 7.1
Chromium {(Cr) 0.002 0.028 2.9
Copper (Cu) 0.01 .14 14
Fluoride (F) 0.1 1.4 142
Lead (Pb) ] 0.05 0.7 71
Mercury (Hg) 0.001 G.014 1.4
Vanadium (V) 0.006 0.084 - 9
Zine (In) 0.031 0.43 44

1 Thompson River will be source of cooling water; TDS value from a 1975 study;
trace element values from samples collected in May 1977.

2 Cooling water recirculation buildup Tactor assumed to be 14 (8.C. Mydro,
14978). .

3 Estimated drift is 194 L/min; see ERT Appendix D - Assessment of Atmespheric
Ef'fects and Drift Deposition due to Alternate Cooling Tower Designs.

From ERT (Appendix F, 1978).
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TRACE ELEMENT SOURCES FROM THE PROJECT - (Cont'd)

It became apparent (Section 3.0) that the most signifi-

cant areas of depasition would occur outside of the local scale

due tg Tong range transport (ERT, Appendix I, 1979). The deposi-~
tion of trace elemants has been dona on the basis aof annual
average 502 depositien ratas. Thea depositicn pattaerns corra2spond
to the coded iscplaths of Fig. 2-2, while dapositicn rates are
shown in Table 3-5.

ASSESSMENT OF AMBIENT TRACE ELEMENT CONCENTRATIONS FROM THE PRQJECT QN
THE BIOTA

The mafin intarest in gasacus and particulats traca alement
amissions from coal-fired powerplants has been directed Targely toward
the impacts on human heaith, economically important crops and ornamen—
tal plants as well as the health of livestock {Uverak and Lawis et al.,
1978). Tha effacts of thasa fraca element emissions on the natural
environment namaly wildiife, vagatation, soils and the aquatic biota,
have receaived a comparatively small amcunt of attantion.

Onca the traca alements are in the atmosphears thers aire
numersus convarsions and reactions that can take pilaca to altar the
chemical forms of thesa alemants. Tha airberne tracs alements will
have variable reaction times, hencs their impacts must be considersd
not only locally (plant sits-specific) but also regicnally. A number
of trace qelemeants are known, Tor example, to be deposited relatively
close to the plant sita while others can be carried many xilometres
away from the point-sourcs emissicn (Section 4.2).

The potential impacts of airborne tracs slements are greatar
fn the terrestrial Dbiota due to their aerfal distribution. Under
fumfgation conditions, for example, 2ll trophic lavels of the terres-
trial aecosystem would be exposed to airborne traca elaments. The
aquatic ecosystam, on the other hand, is little affected by ambient
trace slement concantrations. ESlaments depesitad in the tarrestrial
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ASSESSMENT OF AMBIENT TRACE ELEMENT CONCENTRATIONS FROM THE PROJECT ON

_THE BIOTA - (Cont'd) .

environment, however, may ultimately impact upon aguatic receptors via
leachate and surface water dissolution of trace elements.

The effects of airborne trace elements on the tarrestrial
biota have been largely determined under laboratory conditions using
acute levels in fumigation chambers (Dvorak and Lewis et ail., 1978).
Data for chronic exposure under natural conditions are Jess available
even though such data would be more reflective of the operating coal-
fired electrical facility. Vegetation would be the first major biotic
component to be affected by afrborne trace elements. It is likely that
annuat and perennial plant species would be affected differently. A
population of annual plants, for example, would be affected sconer and
perhaps more severely by factors impairing sexual reproduction and/or
seed germination than would a population of peresnnial plants. Such
changes {chronic or acute) could lead to alterations in community
structure, productivity, stability and a number of other factors. The
animal component would be impacted by secendary effects due to habitat
changes or food species changes caused by pollutant effects an vegeta-
tion. Herbivores would 1likely be the first animal trophic level
affected since they are dependent on vegetation for both food and
habitat. The effects of airborne trace elements on wildlife are
expected to he more variable than those on livestock because of the

general migratory nature of the former group.

It has been proposed that there are three general levels of
effects of air pollution on ecosystems (Dvorak and Lewis et al., 1978).
Under conditions of Tow dosage (first level) the vegetation and soils
function as an important sink for air contaminants. When exposed to
the secondary or intermedfate doses, individuals of the various biotic
components may be adversely and subtly affected while exposure to high
pollutant doses, the third level, may induce mortaiity.
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THE BIOTA - (Cont'd)

The impacts of airborne tracs elements an the bicta arising

from the combustion of Hat (Creak coal, both locally (Hat Creek) and
regionally are assessad below.

(a)

Aguatic 3iota

As discussed previcusly, the affects of ambient con-
cantrations of airborne pollutants generally do not impact upon
aquatic systams. The maximum ambient trace alement Concentratiens
(pg/ms) resulting from powerplant emissions have been given in
Section 3.0, Table 2-5 whila Table 3-6 and Fig. 3-1 provide the
annual average c¢oncantrations and the coded isoplaths corres-
ponding %o these conditions. )

Cartain organisms which inhabit the terrestrial aquatic
intarface such is amphibians and various forms of aquatic vegeta~
tion (macrophytes) that have aerial plant parts couid be affected.
Comparison of the concantrations shown in Tables 3-5 and 3-6 with
the ambient air quality chjectives for trace elements (Table 4-13)
indicatas that ambient concantrations are below thosa of the

guideiines. The 24-hour averaga for {fluorine (F), howaver, of

1.9 ug/m3 is very closa %o the guideline level of 2.0 pg/m3 for
the same averaging time. There are a dearth cof data describing
the effects of F on amphibians and aquatic macrophytés. Weinstain
(1977) reports, however, that selectad macrophytas (Impatiens sp.
and Plantago sp.) dispiay diffaring tolerancas to F.

The abundancs of aquatic macrophytas in the Hat Creek
viginity is Jow dus to the rocky substrata of the strzams and

" intermittant nature of soma of the watarcourses (Jeak, Fisheries

and Banthos Study, 1977). The effects of 1.9 pg/m° of F aver a
24~hour peried are projacted to be insignificant on thesa
vegatative forms. The maximum sverage ambient concentratieons of F
and thosa codad to the isopleths of Fig. 3=1 will not affect
macrophytic vegetation.
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TABLE 4-13

AMBIENT AIR QUALITY STAMGARDS FOR TRACE ELEMENTS

8.C. Pollution Cantrol
Branch {Average Con~
centration Ranges

Provinca of Ontarig Ambient

USEPA ipansored Panel

Eliment Without Tiea Afr Quality Objective 24-n Safe 24+h Ambient Alr
Specitication? Averajes except as Noted? U.5. Ambient Standards? Quality Lavels+
(bg/et) (ug/nt) {ug/m) (ng/ed}

Anttisany 0.10 to 0. 50 - - -
Arsaric 0.10 to 1.0 Fal . 5.9
Baryiliua - - 0.01 (30~day average) 0.008
Cadnium 0.0% ta 0.10 .0 - L2
Chronium 0.50 w0 0.10 - - 4.5
Coppar 0.28 ta 2.0 - - 10.0
Fluarine 0.10 to 2.0 Expressed as HF April 15 - - 47

October 15 0.86 for 24 h

(gasequs) 1.72 for 24 h

(gasecus plus particulate)

rl6 -~ April 14 1.28 .

for 24 h (gaseous plus

particulate 47
Lead 1.§ tals 5.0 - 4.7
Manganesa - - - 11.4
Marcury 0.10 to 1.0 2.9 1.0 (24 h aversge) 0.8
Molybdenus 0.10 to 2.5 - -
Micisl 0.01 to 0.10 2.9 - 1.7
Selenium 0.10 to 0.50 - - 5.4
Uranium 0.01 ta 6.0 - . 0.4 -

(1 x 10 '3 peuries/al)?

Vaniium 0.05 te 1.0 2.0 - 8.3
IAE'H 1.0 to 2.5 2.0 - K’ |

P N T

(U.5. Government, 1377).

SE 7931

8.L. Pollution Cantrol Board (1979).
Minfstry of the Environment, Ontarie (1976).
USEPA, 1973; U.5. Government, 1977.
Wileax (1973). -
Conversions based on the specific activity of naturally occurring uranium being 6.77 x 10 ! pcurfas/qm
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&)

The remaining traca eiements’' average ambient concentra-
tions are roughly an order of magnitude below any guideline laevel.
Further, data available from the litaratura survey indicata there
will not bae any adversa effects to the biocta at any of tha
sxpected concantrations. Consequently, their impacts as gasacus
poliutants to amphibians and aquatic vegetation in the Hat Creek
area are projectad to he_ negligibla.

Regional ambient concantrations of trace elements are
much Jlower - than thosa described far the Jocal Hat (reek arsa
(Section 3.0, Table 3-8 and Fig. 3=1). The deposition of traca
elements in the regional area is, however, greater than in the
local area as dascribed in the ERT (Appendix I, 1979) acid rain
report. These deposition patterns are based upen the annual
average dry and wet SIJ2 depositions. Thesa deposft.ad tracs
elaments will subsequantly enter surface and groundwaters. The
impacts of depositad traca elements to the aquatiz biota are
discussaed 1n.5ect1cns 4.8(d) and (e) below.

Terrestrial Biota

As it has besn pointed out above, tarrestrial vegetation
would be the first btiotic compenent that could be affected by
ambient trace aiament concantrations. The impact assassment for
ambient <trace aelemeant concantrations fs limited to the Tocal
snvironment (Hat Creek) sinca these concantraticns are much highar
in this area than the regicnal or offsites zones (Secticn 3.0).
Those alemants of greatast potantial toxiecity are those that
display phytotoxicity to vegetation or are readily accumulated
through Tleafy tissuss. The principal elements of this group
include boren, fluorine, lead and mercury. These e¢lemants may
antear plants through the Teaves and c¢an be translocatad within the
plant. Of the above alements, F is the most significant in tarms
of impact to the vagetative spacies as a rasyit of the Hat Cresk
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Project. The fluorine concentration of Hat Creek coal fIs
relatively high (Section 2.0) and hence will result in significant
gaseous emissions of the element from the combustion of Hat Creek
coal (Section 3.0).

Resulting maximum average ambient concentrations for F
have been given (Tables 3-5 and 3-6), these levels are in compli-
ance with the guideline concentrations shown in Table 4-13. On
this basis, vegetation will 1ikely be protected from acute injury
although they will probably accumulate the element in their
tissues proportionately to the increase in ambient concernitraticns.
This relationship holds true for F concentraticns over the range
0.6 to 40 pg/m3 in grasses (Weinstein, 1877). It is presumed a
similar response will be elicited by the plants at the F concen-
trations projected for Hat Creek. The resultant accumuIatiéns
should not, however, be of sufficient magnitude to significantly
affect the growth or reproduction of indigenous vegetation at Hat
Creek. The projected maximum 24-hour concentration of 1.9 yg/m3
is of the same order of magnitude which has demonstrated toxicity
to beans. A concentration of 2.1 pg/m3 was shown to inhibit the
growth of beans but the exposure was continuous over the first
generation of the plants. It is unlikely that the 24-hour pro-
jected maximum F c¢oncentration of 1.9 ug/m3 will produce any
tong-lasting or deleterious affects to the vegetation in the
vieinity of Hat Creek in view of the intermittent nature of
exposure. Fig. 4=2 shows the dose-response relationships for
foliar dinjury to different plant species (McCune, 1969).
Comparison of projected amhient F concentrations with this figure
reveals that the astimated levels should not affect Hat Creek
vegetation even during long-term exposure. If sufficient data
were available a series of different curves could be drawn for
criteria based on photosynthetic carbon dioxide assimilation,
growth, fruiting, quality or F content. It s obvious from
Fig. 4-2 that coniferous trees are more sensitive to F than most
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plants. These trees contribute significantly to the forest
industry of British Columbia and the impacts of the projected
ambient F concentrations on these sensitive and ecunomically

‘valuable species has been assessed (TERA Appendix A3, prepared by

Reid Collins Ltd., 15978).

The projected ambient concentrations of B, Hg and Pb are
quite Tow (Tables 3-5 and 3-6). These elements are phytotoxic to
plants but at much higher concentrations than those projected from
the combustion of coal at Hat Creek. Even though the estimated
ambient levels are quite low, some accumulation of these elements
by local vegetation is expected to occur. Boron concentrations in
plants of 300 mg/kg or greater can produce injury (Temple et al.,
1978). The background B levels for vegetation at Hat Creek ranges
only from 2.01 to 39.33 mg/kg (Section B-3 of Appendix B). It is
unlikely that significant accumulations could occur by the plants
from the ambient concentrations projected to produce injury.
Simiiarly, the project ambient concentrations of lead and mercury
are 50 low that it is improbabie Tocal plants will accumulate the
elements to toxic levels.

The afrtorne toxicity of the remaining trace elements to

" vegetation has been discussed in Section 4.2. No evidence exists

which indicates that the maximum ambient concentrations of these
trace elements cculd adversaly affect the vegetation in the Hat
Creek area.

Gaseous trace elements may also be inhaled hy livestock
and wfldife that are near the plant site. Although the major
routes of trace element entry into these animals is by ingestien
some will undoubtedly enter via inhalation. The trace elements
that entar the lungs are primarily those that are gassous or
volatilized and adsorbed to particulates of submicron size. Such
elements include Hg, Se, Be, Pb, As, F, B and Ni. The submicron
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particulatas bearing these trace elements can deposit into the
desp alveolar portions of the lung where they have access to the
bioodstream and subsequant <transport to the intarnal organs
(Natusch and Wallace et al., 1874). The ambient guideline concan-
trations of traca elements are designed to protact humans
respiring similar concantrations for the time periods {ndicatad.
If we assume that thesa guideliines are adaquata to protact other
mammals such as livestack and wildlifa spacies, the estimatad
maximum concentrations of ambient trace elements will not impact
upan thesa animals,

There are not sufficient data for avian spacias ts
adequataly detsrmine whether the projectad ambient Tavels are
hazardous. It 1s expected those levels that are safe for mammals
would alsa protact birds.

The maximum 24-hour and annual average ambiaent concan-
trations resulting from mine dust have been estimatad. Thesa
concantrations have been given in Section 3.0 (Table 3-7). The
ambient Tavels projectad are below all guideline valuss and hence,
are not anticipated to have any adversa affect on the local hiota.

Generally, thare is a lack of information addressing the
affects of airborne traca elements to animals, whether they bae
domestic or wild. This should be c¢onsidarad in the davealcpment of
monitering programs to assass airborne trace alament impacts
during the operation of the Hat Creek Project.

RECEPTOR ACCUMULATION OF TRACE ELEMENTS AND IMPACTS FROM THE PROJECT

ON THE BIOTA
{a) Soiils

There will be minor increases of trace elements in the
local and regional soils dus to powerplant and c¢ooling tower
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emissions and subsequent deposition. The deposition rates for
emitted trace elements have been discussed previousiy
(Section 3.0, Table 3~68). The more recent deposition rates have
been calculated on an improved method from earlier studies on the
basis of information that has come available with the publication
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 of trace elements occurred cutside the
local area while ¢round-level ambient concentrations ware higher
in the local area. For the purposes of this impact analysis the
isopleths of regional-annual 502 deposition (Fig. 3-2) have been
extended to include the plant site. This approach provides a much
more conservative estimate of 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 soifl enrichment of trace
elements due to stack emissions after 35 years of powerplant
operation, assuming an overall capacity of &5 percent. Table 4-14
provides the projected soil enrichment within the isopleths shown
in Fig. 3-2.

Several assumptions were emplioyed to facilitate the
cajculatfon of these predictions:

1. Soils 1in the Hat Creek and regional areas are of a sandy
Toamy texture whose bulk density is approximately 1.7% g/cm3
{Dvorak and Lewis et al., 1978). '

2. All deposited trace elements will rematn in residence in the

top 3 cm of soil which approximates the most biolagically
active area.
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TABLE 4-14

21 SOIL AC TIOoNS
A ki ] AS OPERATTON (ASSUMING 48% CAPACITY

SLEMENT [scoigth Code - Comcantraition ssv Code

ug* Wd
A ) g 9
ANTTMONY {$d) g.23 0.14 g.14 Q.07
ARSENIC {As} 28.57 21.a 14.33 7.28
SERYLLIUM {2a} 0.523 4.287 Q.28 .M
3QRCN {8) 43.58 32.99 21.43 10.82
canMuM (cd) 0.32 . 0.2% a.18 0.07
CHROMIUM (cs) 5.28 $.03 2.63 1.34
COBALT (Ca} 9.51 0.48 0.48 0.20
COPPER {cu) 18.48 29.12 19.57 9.58
FLUGRINE (F} 4079.94 2033.25 2038.58 598,48
LEAD (™) 8.4% - 8.53 4,32 .2
MANGANESZ {Mn) 116.93 28,58 §0.73 29.2%
MERCURY (¥g) £33 .21 1.4 1.59
WLYS0EM (o) 5.14 4,22 2.9 1.37
i (w2 R {1} 12.08 9.1 8.14 219
SR (Se) 10.00 7.28 5,23 2.5
SILVER {Aq) .03 0.02% 9.018 0.009
THALLIUM m Q.34 g.028 4.01% 8.009
THORILM {Th) 0296 0.208 0.148 0.073
T™ ($n) 0.21 0.18 a.1n 0.08
TUNGSTEN {) g.08 0.04 6.02 .01
URANTUM {n 1.208 8.5 2.514 0.32
VANADTIM " 18.38 12.58 3.24 .18
ime . () 26,58 2.9 14.33 7.28

lscpleth Codes snowe in Fig. -2

Yalues represent trica oiemen? sccumalations aftar 3% years assuming a 43% plant capacity.

Assumes that all depositad elements will remafn in residencs.in %op 3 < of soil and that
neither yptike by vegetation mor sresion of @il t3 watershed draiinages will ogour. Assumes
1 soil Bulk demsity of 1,73 ¢/omd,

Anrual soil ccumpiations calculatad by the formuia: (s _R P R |
e ¢ B

a "ﬂ!l!'lt X = conemtration of trice siemene in og/%g
R * deposition rate in‘ug/md / uni% time
4 « degth of penetration n o=
0b « bulk density of s0i1 in g/cod

:er:é! ya.?sn S5Z plant capacity values multiply the results of tha ibave calculagieng
y x 0.55.
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3. Neither trace element uptake by vegetation nor erosion of

$0i1 to watershed drainages will occur,

The deposition of nine trace elements (arsenic, cadmium,
chromium, copper, fluorine, lead, mercury, vanadium and zinc) onto
sofls has been estimated from cooling tower drift characteristics.
The deposition zones of these trace elements followed thase of the
salt deposition zones illustrated in Fig. F7-2 of the ERT report
(Appendix F, 1978). A1l of these zones were found to be located
within the B 1isopleth of trace element deposition (Fig. 3-2).
Trace element s50i1 accumulations from this source annually and
after 35 years operation at 65 percent capacity are shown fn
Table 4-15. The assumptions contributing to these calculations
are similar to thosa described for soil accumulations arising from
stack emissions. Consequently, trace element contributions from
¢ooling tower drift have been added to those in the B isopieth to
provide the total trace element soil accumuiation given in
Table 4-16. Generally, trace element enrichments in Hat Creek
soi{ls represent less than 1 percent of background trace element
Tevels even after the 35-year lifetime of the powerplant. The one
exception was mercury which may be enriched by as much as
11.4 percent, Expressed as a percentage this increase appears to
be quifte Targe. The quantities of Hg, howevar, accumulated in the
sofls range only from 1.59 to 6.83 mg/kg x 10-3 (Table 4-14)).
Such concentrations of Hg are within the normal ranges reported
for natural soil cecmponents (Appendix B.12).

The trac: elament contents of soils in offsite areas,
nameI} Pavilion Mountain, Cornwall Mountain, Lower FHat Cregek,
Arrowstone Creek and Ashcroft are simiTar to those Tevels cbserved
in Hat Creek scils. Trace element soil-enrichment in these areas
due to stack emissfons c¢an, therefore, be approximated to those
described for Hat Creek.
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TABLE 4-15

[ 7]
[ ]
o PROJECTED ANNUAL AND 35 YEAR (ASSUMING 65% CAPACITY) INCREASE OF SELECTED TRACE ELEMENTS
& IN SOIL DUE YO COOLING YOWER DRIFT (mg/kg)
ELEMENY - ANNUAL ' , AFTER 35 YEARS - ASSUMING 65% CAPACITY
SALT DEPOSITIONAL ZONES (kg-km 2.a™'y*
4700 2240 560 n2 4700 2240 560 ne
ARSENIC  (As)  0.040  0.019  0.0049 0.0009 - 0.94 0.446 0.112 0.022
CADMIUM  (Cd)  0.0003  0.0019  0.000049 0.000009 0.009  0.0043  0.001 0.0002
CHROMIUW  (Cr)  0.0016  0.00076 0.00019 0.000038 0.037  0.017 0.0043 0.0008
~COPPER " (Cu)  0.008  0.0039 0.0009 0.00019 0.186  0.088 0.022 0.0043
' FLUORINE  (F) 0.08 0.039  0.009 0.0019 1.86 0.88 0.22 0.043
3 LEAD (Pb)  ©0.041  0.019  0.0049 0.0009 0.94 0.446 0.112 0.022
HERCURY  (Nig)  0.0008  0.0003 0.00009 0.000019 0.0184  0.0088  0.002 0.00043
VANADIUM (V) 0.004  0.0023  £.00059 0.0001 0.112  0.053 0.013 0.0026
2INC (zn)  0.025  0.003 0.0029 0.00057 0.57 0.291 0.068 0.013

See Flg. F7-2 for areal extension of these zones - ERT {Appendix F, 1978).
Trace element deposition flux (kg- k2 a7y = salt deposition rate x element to salt concentration ratio in drift
(see table F4-3 of ERT Report Appendix F, 1978}.

Assumes that all desposited elements will remain In residence in top 3 cm of soll and that neither uptake by vegetation

nor erosion of soil to watershed drainages will occur. Assumes a soil bulk density of 1.76 g/cmd.
Then, soil concentration increase ter year = deqositiona] flux x 1 km? § (0.03 x 10° m3 x 1.75 g/cm? x 10° cm3/m3)=

kg/62.5 x 10% kg = mg/52.5 kg.

Therefore, sol) iIncrease (hg/kg/a ) = deposition flux for 35 year buildup with .65%...

capacity multiply projected annual values by (35 x 0.65).

Calculations for annual values based on cooling towers operating at design capacity for 365 days/year {worst case

ses

).
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TABLE 4-16

TRACE FLEMENT ACCUMULATION AFTER 35 YEARS OPERATION (ASSUMING 65% CAPACITY)

FROM STACK EMISSIONS AND COOLING TOWER DRIFT

ELEMEN™

TRACE ELEMENT
ACCUMULATIONS
IN 8 ISOPLETH
(mg/kg)

TRACE ELEMENT ACCUMULATIonsm(mgékg) IN
SALT DEPOSITIOMAL ZONES (kg.km-2.2-1)
FROM COOLING TOWER DRIFT

*

4700 2240 560 112

ARSENI:  (As)
CADMIUM  (Cd)
CHROMIUM  (Cr)
COPPER (Cu)
FLUORINE (F)

LEAD (Pb)
MERCURY  (Hg)
VANADIUM (V)

ZINC (Zn)

0.0216
0.0002
0.0040
0.0291
3.033

0.0066
0.0052
0.0126
0.0216

0.9616 0.4676 0.1336 0.0436
0.0092 0.0045 0.0013 0.00c04
0.0410 0.0210 0.0083 0.0048
0.2561 0.1I7N 0.0511 0.0334
4.8930 3.9130 3.2530 3.0760
0.9466 0.4526 0.1186 0.0286
0.1902 0.0140 0.0072 0.0056
0.1246 0.0656 0.0256 0.0152
G.5916 0.3126 0.0896 0.0346

*Assumed that all salt deposition zones 1ie completely within the B

isopleth of annual 802 deposition.

Attendant trace element accumulations (mg/kg) are given for the B 1sopleth
(taken from Table 4-15}.

Values of trace element accumulatfons shown for salt deposition zones are
derived by adding the concentratinns in the B isopleth to those for the
salt deposition zones from Table 4-15.

SE 793:
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RECEPTOR ACCUMULATION OF TRACE ELEMENTS AND IMPACTS FROM THE PROJECT
QN _THE BIQTA - (Cont'd)

The soils in tha Hat Creek area are charactarized by
baing alkaline and of 3 sandy/loamy tax:ture. Soil types such as
these readily bind trace elements that oczgur mast oftan as catfons
(e, Cd, Cr, Co, Cu, Pb, Mn, Ni, Sn, V and In) (Berry and Wallacs,
1574). Arsenic, molybdenum and selenfum, on the other hand, cczur
as divalent anions in the sofl solutien. These slements can be
sxpactied to be more mebile in Hat Cresk soils as they are more
soluble in neutral to alkaline soils (Allaway, 1968). Ceuel and
Swaobada (1972), however, have estimatad that anly about 1 percent
of applied As was recovered in the saluble water phase with the
remainder tied down by the seil. The remaining alements, Sb, 8,
F, Hg, Ag, Ti, Th, W and U, according to the litaraturs
(Section 4.2) will be relatively Immecbile in alkaline soils
approximating those of Hat Cresek., Uranium, as the uranyl fon
(U022+), however, is soluble 1q watar and hence may be available
in soils.

During the 3S-year operation of the powerplant it is
beiieved the soils in the Hat Creek area and offsite Tocations
will ba able to absord and #ix a large portion of the traces
elements that are depositad on them. As they are alkaline with an
assumed high cation exghange capacity and rainfall fs relatively
low thesa soils will have a protective effact on the contamination
of groundwatsr and will also protagt plants frem exposurs ta
levels of available trdce eléments. The soils in the study areas
will, therefore, act as a "sink" for most of the trace alemants.
Even thosa elemants that will display some mobility and avail-
ability (As, Mo and Sa) are anticipatad to have ; siight impact
due to the extremely small percentage of their enrichment. The
attandant percentages are (.30 for As, 0.46 for Mo and 1.0 for Se.
The cantribution of tracs elemeants to soils as a result of mine
dust depesition are expectad tz ba negligible. There is no real
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(b)

difference in trace element content between the coal-dust parti-
cles and soils near the mine. Therefore no trace element
enrichment of soils can occur via this source.

It is reiterated that the above calculations are fairly
conservative and that the actual enrichment of the soils 1s
probably less than the values shown above. The ultimate enrich-
ment of soils resulting from the project co not alter the soil
content beyond those reported as “natural" (Tab]es B.1 to B.23).

Terrestrial Vegetation

The uptake and accumulation of trace elements from soils
and nutrient solutions by plants has been reviewed in Section 4.2.

The vegetation at Hat Creek wil))l likely accumulate the
essential micronutrient trace elements such as B, Ca, Mn, Mo and
Zn in amounts proportional to those added to the soitis. These
enrichments have been assassed in Section 4.6(a) and were shown to
be generally less than 1 percent af the background concentration.
The accumulation of these elements by indigenous plant species
should, therefore, not exceed this percentage. By similar

mechanjsms the piants could accumulate unessential trace elements

such as Cd, Ni, Be, CF, Pb, Mg, Se, Ag, T1, Sn, U as U0,>" and V.
IT soil concentrations are sufficiently increased, plants will
continue to accumulate the elements and concentrations toxic to
the plant or its consumers may be reached. There is 1ittle or no

accumulation of Co, F, Sb, Th, Tl or W by plants from soils.

The conservative enrichment of soils (about 1 percant
after 35 years) as a result of the Hat Creek Project will preclude
the accumulation of trace elements to toxic proportions in the
plants.
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()

Arsenic, saienium and molybdenum are expectad to have
the greatast availability in sofls of ail the traces elements,
Thesa elaments are anianic in soils and henca are more soluble in
the soiutions of such soils. In the semi-arid region of Hat Creek
where soil moisture is low the migration of As, Mo and Se through
sails and diffusion into plants of even these soluble trace
elaments wil]l be limited. If cne again assumes that all of the
depositad trace element amounts ars available to the plants, the
resulting change in plant tissue levels is expectad to Be negli-
gible becausa of the limited enrichment in scil quantities.

Some discrimination of trace eiements uptake is dis-
played by plants. Many tracas elements such as As, Be, Cr, Ni, Pb
and V are accumulatad by the roots, but are not readily transio-
cated to the above ground plant parts. Othar elements such as Cd,
Cu and Zn are more freely translocatad. The movement of these
elements from Hat Creek sofls to vegetation is expected ts occur
in 2 sim{lar fashian but {t {s not known 1f tha transiacation
charactaristics of these alements reduces or increases their
toxicity %o plants. The movamants are, however, significant when
considering which trace a'lemeht.s are transportsd to the aerial
porticns of plants which then become available to herbivorous
animals. It is unliikely that significant impacts will oczur in
view of the relatively small amounts of iraca elements that ars
anticipatad to reach diolegical reacaptors.

Wildlife

Wildi1fa could be axposed to traca elements through the
ingestion of contaminatad piant material. In the previous saction
it was shown, however, that accumulations of traces elements by
plants from the s¢ils and from the atmosphers are anticipatad to
be relatively miner. Consaquently, it is unlikely that
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herbivorous animal species would in turn accumulate traée elaments
in their tissues to a significant level. The pessible movements
of a number of selected trace elements in wildlife are ciscussed
below with respect to the project. From the literature review
(Appendix C) it became apparent that not all of the 23 trace
elements originally listed are of environmental concern, due to
cartain elements' immobility in the bfota and the projected low
emission rates of others.

The elements B, Mn and Mo can accumulate in plant
tissues but they are relatively innocuous when ingested by
browsers. Increases in the concentration of these elements in
plants as a result of the project are expected to be negligible.
Hence, the ingestion of these plants by herbivorous wildlife or
the consumption of forage craops grown in the zones of highest
deposition (Fig. 3-2) are not expected to result in significant
accumulations by consumers. Antimony, thorifum and tungsten are
bound relatively tightly to seils and uptake of them by plants in
all areas is not expected to occur. These elements are poorly
absorbed from the castrointestinal tract and are not expected to
be of concern to wi“dlife or domestic animals during the operation
of the plant,

The volatile trace elements, As, Ee, Cd, F, Hg, Ni, Pb,
Se, T1 and V may be inhaled by wildlife and domestic animals but
the ambient concantrations are projected to be below PCB* guide-
lines. Animals will not be endangered from exposure to the
ambient concentratfons projected. As gases ar very fine
particulates these alements wil] enter the gas exchange systems of
plants and become accumulated in the tissues. Plant accumulations
via this route are not expected to be significant.

Pallution Control Board, Ministry of Environment, B.C. Government.
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F‘luor:lnc will prebably accumulate in Drowss vegetation
in‘ proportion to the ambient air concantration but much of the F
will be absorbed by soil and watar. Increasad F leavels in plant
tissues will not be sufricfant to significantly altar background
lavels. Fluorine compounds diffuse easily dcross gut walls of
animals and are readily incorporatad into growing bcnes. Most of
tha F that {s not incorporatad ints hard body tissues is excratad
by animals. The projectad low concentrations of F in plants grown
within the greatast depositional zonas (Fig. 3-2) should not cause
fluorine toxicosis in animais. The remaining veiatile elements,
As, Be, Cd, Ni, Pb, Se, T1 and V are accumulated by plants from
the air but display varying movements in plant tissues
{Section 4,2).

) Cadmium {s considered potantially dangerocus because of
the {nabilfty of animals to excrets {it. The elemant has a rela-
tively long biological half«1ife and can be an accumulative poison
in animals (Dvorak et al., 1978). It has besn estimatad that only
7 percant of Cd fallout will be {incorporatad ints living

-vegetation while a majority of the remainder fs bound to dead

vegetation. Thus, contamination of plants ingestad by animals
during the project will be nagligible and should not be high
enough to be a potential health concern. Cadmium will be most
available to animals whosa food base is 1itter or detritus as a
large amount of the daposiujd Cd remains in these recaptors.

Lead f{s highly absorbed by soil but some of the airberne
Ph arising from stack emissions can be absorted by plant laaves.
Lead in the sofls at Hat Crsek will be unavailable to plants as
they are alkaline and bind the metal. The main routs of entry
into animals will be from the ingestion of vegetation that has
accumuiated Pb from the atmosphere., Lazad ingested by animals is
not readily transported across gut walls, and only a small frac-
tion of the Pb taken in by animals is stored in bones. Thesa -
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observations suggest that Pb will not be accumulated by animals to
significant proportions as a result of powerplant emissions. Lead
is not methylated in the terrestrial systam, a fact that will
1imit the element's movement in this system.

Vanadium is more soluble in alkaline media, hence many
plants including grazing crops such as clover and aifaifa may
accumulate the V deposited on the hasic soils in the Mat Creek
area. Some of the element is taken up by plants from the airborne
route. Vanadium will be widely distributed in Hat Creek and other
environs but at Jow levels. The amount of V in plants, however,
is not axpected to be harmful to wildlife or domestic animals
ingesting the vegetation.

Nickel is accumulated by plants from the atmosphera but
is relatively immobile in alkaline soils, although plants have
been shown to accumulate the metal under certain conditions.
Nickel that is ingested is poorly absorbed and excreted mostly in
the feces. The movement of Ni through the terrestrial acosystem
to animals will be Timited at Hat Creek due to the basic nature of
the soils and the animals' capability to excrete the element.

Setenium is accumulated by plants and is more available
in neutral or alkaline soils. It is essential to animals and is
readily absorbed but s eliminated in the feces and urine.
Animals can be poisoned through the ingestion of contaminated
vegetation. The consumption of vegetation containing 5 mg/kg or
greater of Se has been shown to be toxi¢c to browsers., Levels
below 1 mg/kg appear to provide an adequate margin of safety
agafnst adverse effects. The element will be widely distributed
to the Hat Creek area and will be relatively mobile. The Tow
levels emitted, however, should preglude {ts accumulation to toxic
levels in plants and animals.
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Thallium is not accumulated by plants to any great
axtant esgpecially in alkaline sails. It is relatively toxic ta
both plants and animals. The projectad ambient concentraticns and
biotic accumulations are not axpactad to adversely affect animal
life at Hat Creek.

The alements Ca, Cr, Gu, Sn, Th, U, W and Zn are con-
cantratad in the ash and are not emitied to the same exiant as the
velatile elements. The ma,jorilty of their potential impacts result
from leachates of ash disposal ponds not stack emissions.

Cdbalt is not accumulated by plants to any great extent
so its movement through the tarrestrial foecd chain is limitad.
The movement of Cr in the environment as 3 function of the praoject
fs difficult to predict becausa of the element's ubiquitous
nature. Oncs depositad the element may be avajlabla for biotie
uptake aspeacially {7 oxidation to hexavalent Cr occurs. This form
can readily penetrata biglogical membranes so it would Tikely be
accumulated by plants. Animals can, however, eliminate the
alement from their systams, and it is usually not considered to de
an snvironmental hazard., Copper will De largeiy urnavailable tg
plants at Hat Creek becausa 1t s highly absorbed by seils; a
pertion will become accumulatad in plants via the airborne routa.
It can be takan up by animals but it is also eliminatad. Copper
is not anticipatad to ba a problem to the health of wildlifa or
dosmistic animals as a result of the project.

The methyiated form of. tin {s toxic to animals and most
af the inorganic tin s not absorted. Most of what is accumulatad
is in the kidneys and liver. Scme accmnu]latfon of Sn by plants
can occur Trom soils in contaminated areas. The projectad Tevels
of sofl enrichment as a result of tha Hat Crsek Project should not
ba sufficient ta significantly altar thae lavels aof background Sn
in plants. Tin {s methylatad in aquatic sediments which is
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volatilized and can enter the terrestrial ecesysfem. This process
is anticipated to provide very little Sn. The element should be
monitored in view of the discrepancies observed in the apalytical
data for plants and animals.

The general concern for Th as an environmental contami-
nant has been due to its natural radicactivity. Its occurrance in
the terrestrial ecosystem 1is expected %o be limited since
accumulation in plants does not occur and it is bound to alkaline
soils. Some leaching may occur from ash disposal areas. Uranium
is a member of the naturally radioactive elements. Unlike Th it
can be readily accumulated by plants as the uranyl fon (U022+).
The amounts of UO2 ultimately becoming available to wildlife and
domestic animals is considered to be negligible.

Tungsten will be limited in its movement through the

terrestrial ecosystem. It is bound by soils and is virtually

excluded by plants. Stack emissions are estimated tc be very low
as the majority of the W remains within the plant and ash. These
charactaristics preclude the element from being an environmental
concern for animals due to the project.

Zinc shauld be relatively immobile and unavailable to
plants in the Hat Creek area as the element is bound by alkaline
soils. Zfnc may be accumulated from the atmosphere by plants,
many piants have a high affinity for In and accumulate the element
in concentrations much higher than those of other traca elements.
Zinc will be widely distributed in the HAt Creek ars=a but its
mobility through the food chain will be Timited because it is
bound by alkaline soils. ATthough Zn is required by anfmals it is
poorly absorbed across gut walis and can be eliminated. In view
of the above, {t is unlikely Zn will be a problem for animals in
the Hat Creek area although potential changes in plant concentra-
tions should be monitored.
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(d) Wataer Quality

Trace elemants naturally sxisting in coal, overburden
and wasta rock will be releasad to the enviranment during coal
mining and power gaeneration (Fig. 3-2). The principal source of
trace element additions to the aquatic environment is from the
depesition of tracs elements arising from the stack as airborne
amissions. Minor additions will resuit from surface watar runoff
and leachates originating from <oal stockpiles, overburdan and
wasta rock pifleas as well as ash disposal sites.

A woarst-casa axample was examined in order to cbtain
some astimata of tha fmpact of traca elements from stack emissions
on the aquatic system. The following conservative assumptions
ware made to simplify the calculations:

1. AN 'cf the tracs elements that fall on the Bonaparta River
watarshed maks their way into the aquatic systam.

2. ATl fraca alements that antar tha watar dissclve compliataly.

Traca e¢lement depositions followed the {soplath codes
shewn in Fig. 3-2, attendant depositad amounts <orrasponded %o
thosa occurring 1in a l-year period with the powerplant operating
at full capacity. These total depositions wers then divided by
the total amount of surfacs watar runoff in the Bonaparts River
watarshed (Beak, 1979; Volumm 2) ta provide an estimata of tracs
element concantration for any given time during the plant's
cperation, considering that theare is no accumulation. These
concantrations are shown in Table 4-17. The levels ware then
addad onto those cbserved for Hat Creek and the BSonaparte River tg
cbtain prejectad watar concantrations of the 23 trace elements
during plant operation. Thesa data are summarized in Table 4-13,
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TABLE 4-17
ROJECTED TRACE ELEMENT ADDITIONS TO THE BONAPARTE RIVER

FROM THE HAT CREEK POWER PLANT

ELEMENT CONCENTRATION ELEMENT CONCENTRATION

wg/L ug/L
ANTIMONY  (Sb) 0.013 j MOLYBDENUM  (Mo) 0.437
ARSENIC  (As) 1.426 NICKEL (N1) 0.5
BERYLLIUM (Be) 0.025 SELENIUM  (Se) 0.489
BORON (8) 2.15 SILVER (Ag) 0.002
CADMIUM  (Cd) 0.016 THALLIUM  (T1) 0.002
CHROMIUM  (Cr) 0.263 THORIULM  (Th) 0.025
COBALT  ({Co) 0.043 TIN {Sn) 0.04
COPPER (Cu) 1.89 TUNGSTEN (W) 0.002
FLUORINE  (F) 198,51 ~ URANIUM  (U) 0.089
LEAD (Pb) 0.437 VANADIUM (V) . 0.702
MANGANESE  (Mn) 6.16 ZINN {zn) 1412
MERCURY  (Hg) 0.42

Calculated from total amount of trace elements deposited within the Bonaparte
River Watershed (Fig. 3-2).

Total amounts deposited (mg/a ) were then divided by the total amount of surface
water runoff {120 x 106m3 X 103L) for the watershed to derive concentrations (ug/L).

Assumes that all elements falling within the Bonaparte River Watershed make their
way into the surface water and are completely dissolved.
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Existing concéntrations of mercury in the two water coursaes have
recently been reevaluated (B.C. Ministry of the Environment, 1980)
in view of earlier Hg measurements which were considered to be
erroneously high representations of Hg concentration in the
streams. These Jlatter values ranged from <0.29 to <0.40 ug/L
{Beak, Volume 2, 1978; ERT, Appendix F, 1978) and wer# obtained
with an analytical method employing a detection 1imit of
0.25 ug/L. This 1limit is higher than the recommended guideline
1imit of 0.20 pg/L fTor the protection of fish and other aquatic
1ife (Table 4-23). Consequently, it was not possible tc 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 of indigenous fish species (Appendix B-12) were
within "normal” ranges and are not indicative of a mercury pollu-
tion problem.

The data provided by the British Celumbia Ministry of
the Environment (1980, Appendix 0; Tabie 4-18) using a much lowar
Hg detection Yimit 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 respeclively. These values have been usad in this
assessment to provide an estimation of projected Hg concentrations
in Hat Creek and the Bopaparte River arising from the Hat Creek
Project.

Regular measurements of the Hg concentration in Hat
Creek and the Bonaparte River are continuing using the Ministry of
the Environment's methods in order to eventually provide a data
base which more accurately represents existing concenurations of
the alement.
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The contributions of traca alemants arising from coal
stockpiles, overburden and wasta rock piles as well as ash dis-
posal sitas have besn assassad by Beak (Voluma 3A, 1579). The
projectad water quality of the Teachatas and runoff ?from these
arsas was given in Sactians 4.4{a) to 4.4(d). With the adoption
of the zers discharge approach for all Tow gquality watars
(Teachatas, seepages, mine watar and coal pile runoff) many. ¢f the
previous concarns and potantial impact socurcas are now non=
exfstant. In order to project the probable change in the gquality
¢f Hat Creek watar during the operation phase a water gualiity
balances was performed by Beak {as previcusly in Volume 3, 1978).
Beak (Voluma 3A, 1579) investigated three case situatiens.

Case 1 - Ory weather condition when the predominant sedi-
mentation lagoon infTow and outflow will be watar
from dewatering wells. Hat Creek will be at low
flow.

Casa 2 - Spring runoff condition when the predominant lagaon
fnflow and outflow will be surfaca runoff and
dewataring activitias., Hat Cresk flows will Be
alevatad,

Casas 3 - Summer rainstorm condition (a 1l0-year, 24-hour
rainfall) when surface runeff to lageons wiil be
large. Hat Creek flows will be @levatad.

. The basis of the above watar balancas have baeen
described in Tabla 314 of Beak (Volume 3A, 1379). The resulting
watar guality from these balances is given in TabTes 4-19 to 4-21.

The praojections of watar gquality for the Bonaparta River
and Hat Cresk from the various sources has Dbeen compared with a
number of regulatory agency Juidelines for agricultural uses
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' TABLE 4-19

TRACE ELEMENT WATER QUALITY PROJECTIONS - CASE 1%

Projected Average
North Existing Projected

Paramete~ (ma/L) Lagoon Effluent Hat Creek Hat Creek
Arsenic ’<0.005 <0.005 <0.005
Boron <0.10 <0,10 <0,10
Cadmium <0.005 <(,005 <0, 005

- Chromium <0.01 <0.01 <0.01
Copper ‘ <0.005 <0.005 <(.005
Fluoride 0.2 g.16 0.17
Lead <0.01 <0.01 <0,01
Mercury <0.0003 <0.0004 <0.0004
Vanadium - <0.006 <(.005 <(1.006
Zinc <0.04 <0.007 <0.01

*Dry Weather Condition (Year 35). The only discharge to Hat Creek via the
sedimentation lagoon is the dewatering flows from the pit surficials and from
the slide area. Hat Creek discharge assumed to be 0.12 m /s.

From Beak {Volume 3A, 1979).
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TABLE 4-20

TRACE ELEMENT WATER QUALITY PROJECTIONS - CASE 2*

Projectad
Effluent
Med. CKk. . )
Projacted Lagaen Average Prajectad
Effluent and Rim Existing Hat Crsek
Parameter (mo/L) North Lagogn Reservoir Hat Creek  After Mixing
Arsenic <G.007 <0.017 <0.00% <Q.006
Sqron Q.10 <0.09 <q.10 <Q.10
Cadmium <0.005 <0.005 <Q.005 <0.00%
Chromrium - <0.013 <0.04 - <0.01 <0.011
Capper <0.04 <0.28 <0.005 <0.016
Fluoride 0.17 0.11 0.16 0.16
Lead . <0,01 <0.012 <0.01 <0.01
Mercury <g.0004 <0.0007 <0,0004 <0, 0004
Yanadium <0.008 <0,006 <0.00% <0,006
<Q,035 <0,007 <Q,009

Zinc <0.017

*Spring Runcff Condition (Year 35). Oischarges to Hat Creek via the

sedimentation lagoon include proratad mean surfacs runoffs and the -
dewatering flows from the pit surf;cials and from the slide area. Hat Cresk
discharge was assumed to be 0.48 m /sec. Surface runoff and dawatering rates
are from (MJV estimatas. Flow attanuation {n the lagoons has been assumed as

negliigible,

From Beak (Volume 3A, 1979)
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Projectad Projected

Projected Effluent Pit Rim Projected

Effluent Med. Ck. Dam Existing Hat Creek
Parameter (mg/ .) ‘North Lagoon Lagoon Discharge Hat Creek  After Mixing
Arsenic <0.008 <0.03 <0.019 <0.105 <0.007
Baron <0.10 <0,08 <0.09 <0.10 <0.10
Cadmium <0.005 <0.004 <0,005 <0,005 <0.005
Chrom{um <0.015 <0.05 <«0.03 <0.010 <0.013
Copper <0.07 <0.47 <0.26 <0,005 <0.035
Fluoride 0.16 0.10 0.13 0.16 0.16
Lead <0.01 <0.014 <0.012 <0.010 <0.012
Mercury <0.0004 <0.0008 <0.0006 <0,0004 <0,0005
Yanadium <0,005 <0,007 <0,006 <0.005 <0,006
Zinc <0,014 <0.082 <0.03 <0.007 <0.01

TABLE 4-21

TRACE ELEMENT WATER QUALITY PROJECTIONS - CASE 3*

*Summer Rai{nstorm Condition (Year 35}, Discharges to Hat Creek via sedimentation ponds

include surface runoff caused by a 10 year 24 hour rainfall, dewatering flows from pit
surficials and from the s1ide area. Hat Creek discharge was assumed to be 1.68 mals-
Surface runoff and dewatering rates are from CMJV estimates. Flow attenuation has been
assumed to occur in the lagoons. Oischarge from Pit Rim Dam, into which the Medicine
Creek sedimentation lagoon overflows, i{s assumed to be 0.12 msls (pump capacity) into
Hat Creek Canal.

From Beak (Volume 3A, 1979].
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VABLE 4-22

HATER QUALITY CRITERIA FOR AGRICULTURAL USES {IRRIGATIDH AND LIVESTOCK WATERING)

ELEHENT
B.c.Pollution .S E.P.A. 1972 Hater U.S.E.P.A. 1976 Hater | Hin. of Environment Environment Canada
Control Branch Qun“ty Criteria Quality Criteria Ontario, 1974 Inland Waters
ng/) (€€fluent . Divecterate 1979
Quality) » Livastock Irrigation|] Livestock trrigation|] Livestock Irrigatton]] Livestock Irrigation
e == ——== Ii"—'—'——w'_
AT IHONY l ¢.25-1.00
ASENIC I - < 0.2 Mg/ < 0.10 wg/1 for ©.10 mg/) ¢ bsent - Q.0-10 - :
1c 0.05- =2 < < ng, or absen . .0 mg/i 1.5 m9/)  pensitive crop:
tribasic 3.26 cont Inuons use crops 10.05 =g/} As 0.2 m/1 forpsandy
< 2 my/) for use . foam; <1.0 mg/)
tota) 0.1-1.0 up to 20 years. for clay.
Joderant crop:
| <1.0 mg/) for
sandy Joam;< 2.0
mg/Y for clay.
BERYLL HH ddressed 0.0 mg/l for <0.10 wg/1 for <0,6-1.0 mg/}
wit no Timit | continuous use continuous use
ecompended | 0.50 wg/\ for <0.50 mg/! on
use up to 20 yrs. neutral-zikal fne
solls
BORON <6.0 mg/1 | 1-2 mo/t for <0.76 g/} for | 0.3-0.5 mg/\
tolerant and l ong term use
intolerant specie on sensitive
2.0 mg/Y in craps.
alkaline solls
up te 20 years, J
CADHTIM 0.01-8.1 <0.05 /¥ § <0.0) wg/} for absent -0.05 | <0.005-0.05 mg/1 |{<0.02 wma/1 [<0.01 my/)
fontinuous use mg/) total cd total Cd
x0.05 mo/1 for
use up to 20 yrs.
CHRONTUN 0.05-0.30 <1.0 mg/Y | <0.10 wg/) for absent-0.05 ]<5.0 - 2.0 ma/) || V.0 mgN | 0.1 mg)
continuous use ma/l {lexa- fotal Cr Tatal Cr
1.0 mg/\ for valent)

use up to 20 yrs.
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HATER GUALIIY CRIIEKIA FUOR AGKICUR TURAL

e LYY

TABLE 4-22 -~ (Cont'd)

asm L YUESTARY LIATORTUAL
[TTHY ‘IMIMIIUI! AU LTI IVLA RANLREN

ELEWENT.
8.C.Pollution U.S.E.P.A. 1972 MHater U.S.E.P.A, 1976 Mater FI ¥in. of Environment Environment Canada
Control Branch Quality Criteria Qua} ity Criteria Ontarfo, 1974 Intand Haters
mg/t (Effluent . Directorate 1979
Quality} Livestock Irrigation Livestock Irrigation J Livestack Irrigation Livestack Irrigation
u i <l .0 mg/1 | <0.05 mg/¥ for <0.2-10.0 mgN r
COBALT 0.5-1.00 continuous use
<5.0 mg/} for
use up to 20 yrs.
COPPER 6.05-0.3 | 0.5 g/t 1:8.20 2g/Y for <0-2 mg/1 !
continuous use
<5.0 mg/1 for
use up to 20 yrs.
FUORIDE | 2.50-10.0 <2.0 wg/1 |<).0 mg/1 for rh 1.2 - 2.4
continuous use ng/1
<1.5 my/1 for
use up to 20 yrs.
LEAD 0.05-0.2 <0.1 mg/1  |<5.0 mg/1 for absent- 0.05] 5.0 - 20 mg/1
] contipuous use ng/1
<10 mg/1 for
use up to 20 yrs
MANGANE SE 0.1-1.0 Huit of <0.20 mg/) for i <2.0 - 20.0 my/)
acceptabilitfy continuous use ‘
not necessary <10 mg/1 for it
use up to 20 yrs
MERCURY N11-0.005 <0.0) mo/) <0.003 ma/1 | no timit
| I total g reconmended
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TABLE 4-22 - (Cont'd)
MATER QUALTTY CRITERIA FOR AGRFCULTURAL USES (IRRIGATION AND LIVESYOCK MATERING)

ELEHENT
B8.C.Pollutlon U.S.E.P.A. 1972 Mater U.S.E.P.A. 1976 atar Hin. of Environment I Environment Canada
Contral Bramch Quality Eriteria Qua)ity Criterta Ontario, 134 Tnland Waters
mg/l {EffVueat ) Birectorats 1979
Quality) Livastack Irrigation Livestock Irrigation Livestock Irvigation]] Livestock Irrigation
=== T’ ' ] —
;|
HOLYBDENUHE  o.50-5.0 ° addrassed 14,0} mg/) for 4,005 - 0,08
wt no Yeit|Continuous use . . wg/l
commended | 0,05 mg/) for }
short Lerm use r
NICKEL 0.2-1.00 0.20 »g/Y for ! 4.5 - 2.0 ma/}
coatlnuous use )
2.0 mg1 for .
o~ use up to 20 yrs.
'
o SELENIUH 0.05-0.8 .05 wg/)  [saxisum concen- absent ~ 0.0V ]40.05 - 0.05 mg/)
o : tratlons = 0.02 no/)
lwa/Y tor contin-
uoud use,
STLVER 0.05-4.5
THALE FUM4 .
LI
TN oaxcluded by plant4
no uatl provided
! { bee f t T [ b - T —_ -
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Page 4 TABLE 4-22 - (Cont'd)

MATER QUALLYY CRIVEKIA TOR AGRICULTURAL G3E3 (IRRIGATION Ane LIVESTOCK t'.'.'.'E!i!!!‘i!

ELEMENT
B.C.Follution U.S.E.P.A. 1972 Mater U.5.E.P.A. 1976 Mater MHin, of Environment Environment Canada
Control Branch Quality Criteria Qua) ity Criteria Ontarfo, 1974 Inland Maters
ng/1 (Effluent Directorate 1979
Quality) Livestock irrigation}] 1ivestock Irrigation]] Livestock Irrigation)] Livestock Irrigation

) . txcluded by plantd| '

TUNGSTEN a {imit provided

i

URANIUM Ias vo, 2.00-5.0

VANABTUH < 0.% mg/} | <010 mg/) for <200 - 500 mg/1
continuous use
<V 0 antl for
usa up to 20 yrs.

TINC 0.2-1.0 <25 mo/1 <2.0 m9/1 for <10.0 - 10.0
continuous use ma/l

<10.0 mg/1 for

use up to 20 yrs.

sGuidelines taken from PCB Guidelines!
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(irrigation and livestack). The agenciaes and guidaline concentra-
tions are shown in Table 4-22. The livestock guidalines have been
appliied for thosa which are presumed %3 be accaptable by wildlife.
Projactad receiving watar guality in the Bonaparts River as a
result of stack emissions meets all regulatory agency criteria for
use in crop irrigation and livastock wataring.

The results of Beak's (Velume 3A, 1979) thres case
assassments of watar guality from cocal and wasia disposal areas
have also been compared with the guidelines shown in Table 4-22.
The lagoon affluent quality in Casa 1 meets the lowest Pollution
Contrsl Branch cbjectives, for Case 2 elavated laevels of Cu from
the Medicine Creek sadimentation lagoon effluent may be possible.
Predictions indicate somewnat elevatad levels ¢f copper could be
expectad from the Medicine Creek sedimentation lagoon discharge in
Case 3. Oncs diTuted with other runoff entering the pit rim
reservoir, the Cu levels 1n the discharge to Hat (Creek would be
reducad., The Cu concentration may, however, still axceed the
lowar range of (C.05 mg/L) suggestad By the Pollutien Cantral
8ranch. '

In all threa cases there are predicticns of marginal
increases in tracs element concantrations for Hat Creek., Compari-
sen of thesa projecticons with the levels suggestad for irrigation
and Tivestock wataring (Table 4-22) shows that all predictad
concantraticns meet the respective guideline levels.

Livestock and most wild .animals will pe restrictad from
drinking lagocn and resarvoir wasts watars., 8irds, aespecially
waterfowi, have been cbserved using such areas for wataring and
staging sitas (Dvorak and Lewis et al., 1878). Besides drinking
the watar, watarfowl at Hat Creek could be axpactad to ingest
traca aslements through the consumption of sediments. Geese and
ducks for axample, sat sadiment matarfals becausa of the detritic
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(e

organics and certain types of aquatic macrophytes that are concen-
trated in the sediments. The sedfments 1in the reservoir and
Jagoons are expected to contain high levels of trace elements
which could contribute significantly to the total body burdens of
waterfowl using these areas. It is anticipated, however, that
periodic measurements of selected trace elements in lagoon
sediments will be performed to monitar any changes.

Fish and Qther Aquatic Life

Projectad trace element concentrations for the Bonaparte
River and Hat Creek have been given in Tables 4-18 to 4-22 in the
previous section. These predictions have been compared with the
recommended criteria for the protection of fish and other aquatic
1ife shown in Tablae 4-23. The effiuent guidelines of the Polluy-
tion Control Branch do not apply as the concerns for aquatic life
are for receiving water quality and not effluent water gquality.
The guideline criteria are expressed as either ahsolute recom-
mended ﬁuantities or as an application factor value. The latter
factor is to be used in the ﬁu]tiplication of the S96-hour LCS50*
for the most sensitive species in the reéeiving water system of
the fish species described 1in the Hat Creek studies (Beak,_

Fisherfes and B8enthos Study, 1977). Rainbow trout were the
dominant species. This species is a member of the salmonid family

and has been found to be one of the most sensitive to toxic trace
elenents (Secticn 4.2). Consequently, {f the predicted trace
element concentrations are suitable for habitation by rainbow
trout the remainder of the aquatic organisms in Hat Creek and the
Bonaparte River should be protected.

'LC50 means concentration that is lethal to 50 percent of the test

organisms in 96 hours.
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Pfage |
WA CRITER ) AND OTHER AQUAYIC LIFE TABLE 4-23 .
ELEMENY AGENCY
8.C. Pollution Control Branch W.S.E, P.A. 1972 SSLELPLA, 1976 Quality Hin. of the Eavirenment Eaviropment Canada
{E6ruent Quality) 1979, Hater Quality Critaria Criteria for tater Oatarie 1974 1adand Mater
Diractorate 1979
Antimony WA 0.02x96.k LLED Jor mast
seasitive speclas and > 0.2/}
haxard i saring envirbnments
Arsenic NA *#0,0% 96-h LLBD for most 0.06 w3/} for domestic water [ 0.01x 96-h LCEO; < 0.0) < 0.056 ma/}
seasitive specles; » 0.056 mg/V  Jshould ba safe for aquatic } undar any
hazardous; < 0.0) 3/) accept- [life. circmstances.
able 1a mirfne environsents.
Beryl ) ium NA <0.1mg/t minimal sisk; 01 mg/) In soft wuater;
. ¥).6 s/} hazardous 1.1 2/l s bavd water.
Boron NA x0.1 96-h LESO for most in the order of naturally
sensitive species and > §.0 ccuring concentrations are
mg/1 hazardous; <5.0mg/T u:upt- lcc table.
able 1n marine eovironments .00 wg/)
Caimium NA hard water {100 my/), Call ] 0.03 [for salmon: O MMI% in 0,002 x 86-h LCGO 0,002 m/) as
-0.003 mg!l soft water { <40 w9/} ksafe #;0; 0.001280/1 {n hard tata) £d
CaCiy) a.m -0.0004 mg/ i20 for others: 0.004w3/) In
soft ;05 0.012 ag/) in bhavd
iz
Chromium NA <0.05 mg/ Al any time or place | 0.1 my/) 0.01 x 96-b 1.C50 l‘!‘-’ltl:l-gil as
Cobali HA
Copper - NA 0.1 x 96-n LS5O ja.) x 96 n 1L #0.083496-k LCBD; for
continuous sxpasure,
3-72 of 96-h LCEO
Fluorine HA 0. 0296-h LESD for most

sensftive speclas; >1.5 mg/)
lu}urdous. <0.5 wa/Y mlalnal
risk

F0.5x96-h LEHD b any
time or placa

s 2l
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TABLE 4 - 23 - {Cont'd)

WATER QUALITY CRITERIA FOR FISH AND OTHER AQUATIC LIFE

ELEMENT

AGENCY

B.C. Pollution Contral Branch
{Effluent Quality) 1979,

U.5.E. P.A. 1972 Hater
Quality Criteria

U.S.E.P.A. 1976 Quality

Criteria for Water

Hin. of the Enviromment
Ontario 1974

favironoent Canada
Inland Mater
Directorate 1979

LEAD

NA

<0.03 my/1 at any time or place

0.01 x 96-h LC50

24-h average 0.0l x
96-h LCSO

MANGANESE

0.02x96-h LC50 for wost sensitive
species; >0.1 mg/1 hazardous,
<0.02 my/) minimal risk in
marine enviroments.

MERCURY

<0.5 ma/4g body burden; <0.2
/1 at any time or place,
average <0.05 /1

x 0.00006 wg/l

discharges should be
aveided

0.000) mg/) for
protection of fish
consumers 0.0002
»mg/1 to protect
aquatic 1ife

MOLYBDENUM

0.05x96-h LC50 for most
sensitive specles; 24 hour
average <0.02x96-h LC5Q in
marine environments.

g

D A2x86.h 1050 for most
sensitive species

0.01x96-h LC50

#0.02x96-h LC50 at any
time or place,

|5

0.01 x 96-h L.C50 for most
sensitive spacles; » 0.01 mg/1
hazardous, <0.605 mg/1 accept-
able 1n Marlne environments.

0.01 x 96-h L.C50

5

F0.05x96-4 1 CR0 for most
sensitive species;>D.005 xg/)
hazardous, <0.001 wmg/1 accept-
able in marfne environments.
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TABLE 4-23 - {Cont'd)

WATER QUALTTY CRITERIA FOR FISH AHD OTUER AQUATIC LIFE

ELEHENY AGENCY
B.C. Pollution Controd Branch W.5.E. P.A. 1972 Mater U.S.E.P.A. 1976 Quality Hin. of the Envirommont | Favironsent Canada
{(EfF1uent Quality) 1979. Quality Criteria Criteria for Matdr Critarin for Matar Inland Mater
; . Directorate 1979
TIALL I 0.1 mg/) hatardous; <0.05 )
g/} acceptable in marine
onvironments.
THORIUN -
Tis
JUHGSTEN
URAHELM KA 0.9} n 96-k LLED for most
sensitive species; >0.5 mg/)
hazardous, <0.1 wa/¥ accept-
. able 1n marTne eaviransents,
YAHAD UM 1 0.06 x 96-h LLSD in
sarine environments
214C HA 5 0.005 x 96-h LCEO <0.00 x 96-h LCSO for 7 0.01 x 96-h LL50 at

seasitive resldeat
specles

any time ar place.
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The hardness of the receiving waters in the Hat Creek
and the Bonaparte River is relatively high. On the basis of
absolute amounts all of the predicted trace element concentrations
in the Bonaparte River (Table 4-18) with the excepticn of mercury
are below the guideline criteria shown in Table 4-23. Mercury
levels, for example, are approximately an order of magnitude
higher than those recommended.

The criteria for certain elements, however, are also
expressed as application factors to be used in multiplying the
96-hour LC50. These elements include: antimony, arsenic,
cadmium, chromium, copper, fluerine, Tead, manganese, molybdenum,
nickel, selenium, silver, uranium, vanadium and zinc. The appii-
cation factors for these elements are given in Table 4-23.
Applying these factors to the 96-hour LCS50 data for rainbow trout
and "other species of comparable sensitivity, as discussed in
Section 4.2, yielded "acceptable" concentration ranges shown in
Table 4-24. Comparison of these 1imits with the attendant
estimations of trace element content in the Bonaparte River shows
that these latter values are lower than the calculated acceptable
ranges presented in Table 4-24. Many trace elements were at Jeast
an order of magnitude below the calculated safe levels including
As, Sb, 8, Cd, Cr, Cu, Mn, Mo, Ni, Sc, Ag, U and V. Some
projected trace e’lement Jevels were in the same range as the
calculated acceptable values including F, Pb and Zn. This
information suggests that F, Pb and Zn may pose potential toxicity
problems tc indigencus fish life as a result o¢f trace element
emissions from all sources.

It must be kept in mind that the above calculations of
projected trace element concentrations in the Bonaparte River
resulting from powerplant stack emissions arising from the Hat
Creek Project are conservative estimates in view of the
assumptions made (Section 4.6(d)). Projected Hg concentrations
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TABLE 4-24

TRACE ELEMENT SAFT CONCENTRATIONS DERIVED FROM 96-HOUR
LCS0 DATA AND GUIDELINE APPLICATION FACTORS.

96-Hour LCSO Accaptable
Guideline data for Concantration

Application Factars fish in Harcwater Range
Element (Table 4.5.5.1) (ma/L) Specias* {ma/1)
Antimony (Sb)} 0.02 17.0 fathead minnow 0.34
Arsenic (As) g.01 11.0 fathead minnaw 0.11
Soron (B) 0.1 36Q00-5600 mosquits fish 350-560
Cadmium (Cd) 0.002 7.2 fathead minnow 0.01
Chromium (Cr) 0.01- 27.3 fathead minnow 2.73
Copper (Cu) 0.083-0.10 0.33 rainbow trout 0.03-9.033
Flucrine (F) 0.1-0.5 »5.0 . rainbew trout 0.5-2.5
Laad (Ph} 0.01 0.14-4.1 rainbow and broek trout 0.014-0.41
Manganese (Mn) 0.02 »>10.0 rainbow trout. 0.20
Molytdenum (Mo) 0.08 37. fathead minnow 18.5¢
Nickel (N1) 0.01-0.02 24-44.5 fathead minnow 0.24-0.89
Salanium {Se) 8.01 NAQ*» - -
Silver (Ag) 0.0% 0.1-1.0 rainbow trout 0.006-0.08
Uranium (U) 0.01
{as U0,) 138 fathead minnow 1.35
Vanadium (V) 0.05 NAD - -
Zine (In) 0.005-0.01 4,21-7.21 rainbow trout 0.021-0.072

*fathead minnows and brook trout are included as they have shown similar sensitivities

as rainbow trout %o trace elements.

*NAD - no applicable data.

. SE 7933 4 - 38
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are, therefore, actually higher in the Bonaparte River than cne
would reasonably anticipate resulting from stack emissions. It is
not logical to assume, for example, that all of the deposited Hg
would eventually find its way into the aquatic ecosystem. Mercury
will be accumulated in various environmental receptors which will
affect the ultimate amounts of the element entering the aquatic
environment (Appendix, B-12).

Few data are available alluding to the complex behaviour
of Hg in the natural environment. Huckabee and B8layleck (1974)
have, however, attempted to describe the redistribution of the
element resulting from coal combustion.

According to Huckabee and Blaylock (1974) as much as
50 percent of the Hg emitted from coal combustion may find its way
into agquatic systems where 99 paercent of this value accumulates in
sediments. Huckabee and Blaylock's (1974) figures have béén used
in the further analysis of projecting more realistic impressions
of Hg concentrations in the Bonaparte River resulting from stack
emissions of the Hat Creek Project. By using Huckabee and
Biaylock's (1974) factors the final projected concentration of Hg
in the Bonaparte River is £0.0521 ug/L (Table 4-25), This level
compares favourably with the EPA's recommended average gquideline
value of 0.05 pg/L (Table 4-23). The projected concentration is
also below the 0.10 to 0.20 yug/L range recommended for the protec-
tion of fish consumers and aquatic 1ife respectively (Environment
Canada, 1979, Table 4-23). The projected increase in Hg concen-
tration is minor being 4.2 percent.
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TABLE 4-25

CALCULATION OF FINAL MERCURY CONCENTRATIONS (ug/L)
IN THE BONAPARTE RIVER RESULTING FROM POWERPLANT
EMISSIONS FROM THE HAT CREEK PROJECT

1Contributions Amount (ug/L) Amount (pg/L) Final Amount (ug/L) Existing Hg Projected
From Stack Reaching Water Entering Sediments Remaining in Water Concentration (pg/L) Concentration (pg/L)
Emissions Column From Water Column Column in the Bonaparte in the Bonaparte
(pg/L) {50X) (99%) (0.21-0. 2079) River River
0.42 0.21 , 0.2079 0.0021 <D.05 20.0521
Note: Percentage factors taken from Huckabee and Blaylock (1974).

1 Table 4-17
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SELECTION OF TRACE ELEMENTS FOR CONTINUING DETAILED
ENVIRONMENTAL STUDIES

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
terrastrial biota including c¢rops and livestack. Certain elements have
been identified that are readily mobile in ecosystems or are widely
distributed or that cisplay relatively high toxicity to biotic
receptors. Other elements are, conversely, relatively immeobile and
have low toxicity or may be emitted in low quantities.

The following section Jdentifies those elements of concern
with respect to the Hat Creek Project. It s implicit that the
elements dJdentified will be included in any monitoring schemes
suggested.

{a) Rationale

The parameters that have determined a specific element's
significance to the bictic receptors of Hat Creek and other envi-
ronments are listed below, as well as the eiement's volatility,
ambient concentration, mobility, methylation potential, toxicity
and bioaccumulation. Each element is assessaed individually on the
basis of these parametars and a recommendation with regards to

monitoring is made.

Antimony - volatilized during coal combustion, will be
widely distributed in the environment
- projected receptor concentrations are low, it
i{s moderately toxic to all organisms but not
at the concentrations projectad. It is rela-
tively immobile, in food chains. Monitoring
should not be required

Arsenic - volatilized during coal combustion, will be
widely distributed
- mobile in alkaline soils, methylated by soils
and sediments, mobility through faod chains
- severely toxic to plants, moderately toxic to
animals

4 - 91
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SELECTION OF TRACE ELEMENTS FOR CONTINUING DETAILED

ENVIRONMENTAL STUDIES - (Cant'd)

Baryilium

Boron

Cacmium

Chromium

Cobalt

water is most common transfer routa to wild-
1ife

should be monitored in both the aquatic and
terrestrial anvironments

volatilized during ccal combustion

widely distributed

relatively immobile in alkaline soils

not readi{ly translocatad in plants

moderataly toxic to plants and animals but not
at levels projected

monitoring should not be required

only a& small parcentage is emittad from the
stack

not widely distributad

accumulated by plants

relatively immobile in soils

Tow taxicity to animals

intsracts with fTuorine in plants

should be monitored in terrastrial plants due
to its potantial interaction with F

volatilized during coal cambustion

widaly distributed

accumulated by animals

relatively toxic to mammals, more toxic to
fish

mederataly toxic to plants

accumulatad by plants

should be monitored in both the aquatic and
tarrestrial environments

small amount emittad upon <oal combustion
widely distributed

plants can accumulata Jarge amounts without
injury

hexavalent Cr accumylatad by animals

can be mobile fn soils in the hexavalent form
relatively foxic to animals

should be monitored in both the aquatic and
tarrestrial envircnments

small amount enmittad during czal combustion
not widaly distributed

immobile in alkaline soils

not readily accumulatad fn plants

can accumulats in animals
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SELECTION OF TRACE ELEMENTS FOR CONTINUING DETAILED
ENVIRONMENTAL STUDIES

- (Cont'd)

Copper

Fluorine

Lead

Manganese

Mercury

moderately toxi¢c to fish, can be severely
toxic to animals but not at projected levels
monitoring should not be required

smail percentage emitted during coal com-
bustion

widely distributed

readily accumulated by plants and animals
relatively toxic to plants and animals
especfally fish

relatively immobile in alkaline soils

should be monitored ina both the aquatic and
terrestrial environments

volatilized during coal combustion and emitted
in relatively large quantities, high in con-
centration for Hat Creek coal

widely distributed

readily taken up by aerial portion of plants
toxic to herbivarous species if they ingest
highly contaminated vegetation, tcan cause
flucrosis

much less toxic to fish than heavy metals
relatively immobile in alkaline scils

should be monitored -but only in the terres-
trial environment, especially plants

volatilized during coal combustion

widely distributad

can be taken up by plants from the atmosphere
accumylated by animais

methylated in aquatic sediments

relatively toxfc to fish

relatively immobile in soil

should be monitored in both the aguatic and
terrestrial environments

small amount emitted from ccal combustion
not widely distributed

relatively immobile in soils

readily absorbed by plarts

Tess toxic to fish and animals than heavy
metals

monitoring should not be required

valatilized during coal combustion

widely distributed
methylated in sails, plants and sediments
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ENVIRONMENTAL STUOIES

= {Cont'd)

Molybdenum

Niekel

Selenium

${lver

Thallium

[ N I R )

| I

relatively immobile as inerganic form in soils
methyimercury Dbiomagnifies in food chains
very toxic to piants and animals

should be monitored in both the adquatic and
tgrrestrial environments

volatilized during coal combustien

widaly distributad

mobile in alkaline soils

aczumulatad by plants and animals but net in
edible tissues

low toxicity to plants and animals

monitoring should not be required

volatilized during coal combustion

widely distributed

relatively immabile in sails

not readily acgumulatad by animals but plants
accumylats the metal

reiatively toxic to plants and animals
especially fish

should be monitoread in Bboth the aguatic and
tarrestrial environments although projectad
concantrations are low

volatiifzed during ccal combustion

widely distributed

mobile fn alkaline soils

readily accumulated by plants and is texic to
them

accumuiatad by animals

rejatively nontoxic to animals

monitoring should not be required aithough the
slement's <tendancy to be mobile in alkaline
sails should be remembered

small amount emittad during coal combustien
not widely distributad ’

not readily accumylatad by plants or animals
very toxic ta fish But not at projectad levels
{mmobile in alkaline sails and net readily
accumylated by plants

menitoring should not be required

volatilized during csal combustion

widely distributaed

accumuiatas in animals and {s quitsa toxic
toxic to plants
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SELECTION OF TRACE ELEMENTS FOR CONTINUING OETAILED

ENVIRONMENTAL STUDIES

= {Cont'd)

Thorium

Tin

Tungsten

Uranium

Vanadium

-

presumed to be as toxfc as Cu to fish
relatively immobile in alkaline soils

amounts of T1 emitted and projected in
receptors are so low monitoring should not be
required

small percentage emitted from coal combustion
immobile in alkaline soils

not readily accumulated by plants or animals
moderately toxic to plants and animals
monitoring should not be required

small percentage emitted from coal combustion
relatively immobile in alkaline soils
methylated in sediments

accumulated by plants and animals

moderately toxic to animals

may enter food chains in the methylated form
but 1{ts fate is not completely understood
should be monitored in both the aquatic and
terrestrial enviranments due to its potential
for movement in the food chain and because of
discrepancies in Sn measurements from inven-
tory studies

small amount emitted from coal combustion
not widely distributed

relatively immobile in soils and virtually
excluded by plants

not usually found in animal tissues

moderately toxic to animals

monftoring should not be required

small amount emitted from coal combustion and
from mine dust

widely distributed -

soluble in water as U0,2)
mobiie fn alkaline soils as uranyl jon - UD2
accumulated by plants and arimals as U0,
moderately toxic to animals as UQ,

should be monitored in both the aquatic and
terrestrial environments in view of its
mobility and radio activity

volatilized during cocal combustion

widely distributed

accumulated by plants but mostly in roots
relatively mobile in alkaline soils
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ENVIRONMENTAL STUDIES - (Cont'd) -

()

- readily absorbed by animals from the gut
- should be monitored but only fin the tarras-
trial environment in view of 1ts mobility
Zfnc small amount emitted during ccal combustion
widely distributed
relatively immobile in alkaline soils
readily accumulatad by plants and animals
relatively non-toxic %o bdirds and mammals but
may ba very toxic to fish
- should be monitored in both the aguatic and
tarrestrial eavironments

L}

Monitoring

The previous section prssentad a short précis of the
individual zrace elements and a recommendation regarding moni-
toring. The following 13 elements are suggasted for monitoring in
biotic receptors during plant operaticn: arsanic, Boron, cadmium,
chromium, copper, fluorine, lead, mercury, nickal, tin, uranium,
vanadium and zine.

Recaptor manitoring has baeen previcusly addressed by ERT
(Appendix F, 1978). Their report described suggessted recaptor
locations as well as the trophic levels to be monitored. It was
peintad out that:

"By focusing monitoring efforts on vegetatiorn and major
ahiotic recaptors such as water, s¢il and stream sediment, a
sufficient data basa can be obtained to. evaluata effects of
mining and paowerplant activities in the Hat Creak area,
Furthermore, since the primary intake of traca elements Ddy
animals {s via the foad chain- {Init{ating, of course, with

preducers), traca element fnvestigations on vegetation wi 1

provide a Dbasis for postulating Impacts o animals.
Accordingly, the following recaptors that were sampled in the
init{al hasaline pregram should Be considered for use in the
menitering program:
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SELECTION OF TRACE ELEMENTS FOR CONTINUING DETAILED .
ENVIRONMENTAL STUDIES - (Cont'd)

Jerrestrial Aquatic
Soil Water
Grass Stream sediment
Shrubs
Lichens "

ERT's (Appendix F, 1978) perception of what a monitoring
program should investigate appears to be adequately defined
although there are some additions suggested. There is no proposed
monitoring of any animals in the terrestrial ecosystem. In view
of the potential for trace element entry into waterfowl and
herbivorous species monitoring of wildlife and perhaps domestic
animals is also recommended. Carnivorous animals should also be
considered as they reside at the top of the terrestrial food
chain. For the aguatic system, notable trophic levels absent in
the proposed ERT monitoring scheme are primary producers (algae,
macrophytes, etc.) and fish, both carnivorous and herbivaorous
forms. To provide a complete monitoring program the above
efements are recognized essentfals. Consideration should be given
to the above for constructing a monitoring program with regards to
trace etement emissions arising from the Hat Creek Project.
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Introdyction

Twenty~four coal samples from diamond drill hole 74-025, together with
flve composites from the same hole, have been analyzed for cd, Co, Cu, Fe, Mn,
Ni, Pb and Za by atomic absorption spectrophotometry and for Mo by colorimetry.

X-r;y fluorescence was used tc provide a semi-quantitative check for the

prasence of As and Se.
Analytical methods

Powdered coal samples, received from Commercial Testing and Engineering

Co. Ltd., werg analyzed by the following methods.

1) Atomic absq;péian:

2.000 g samples were weighed 4into porcelain crucibles, ignited for 3
hours at 550°C in a muffle furnace, and then allowed to cool and reweighed
to determine the ash_content. 0.500 g of the resulting ash was transferred
to a teflon dish and évaporated to dryness with 5 ml HF and 2.5 ul of 4;1
HNC3~HC104 acids mixture. _fhe residue was dissolved by warming with 6 wl ofi
6 M HC1l, transferred to a 25 ml volumetric flask and diluted to volume with
distilled water. Solutions were then aﬁalyzed by atomic absorption, against
standards prepared in 1.5 M ECl,for Cd, Co, Cu, Fe, Y¥n, Ni, Pb and Zn.

To provide an est;mate ¢f the accuracy of the method, Naticnal Bursau
of Standards Coal 1532 was also analyzed. Results, summaékzéd in Tablé 1,
are judged to be'satisfactory. Duplicate a;alyses of Hat Creek coals (Table 2)

su;zgest that analytical precisibn is probably generally better than * 10Z% of

.tha amount presant.



Z) Detarmination of molvbdenum:

A number of probless ware sncounterad in ‘the determination of wolybdenum
and saveral differant methods wers tried. The following procedure, given in
detail after Table 8, was finally chosen. 1.000 g coal séuples were woiéhcd

" {nta a Ni crueible and ignited in a wmuffle fuTnacs at 600°c for 3 hours, Tha
ash was then mixed with a NapCO3-N¥aCl-Na202 fluf and fused at 900°C for 30
minutas. Aftar cooling the malt was lesached overnight with water, filtersd into
a volumetric £lask and Mo determined spectropho:onatricilly as its thiocyanate
complax.

‘ No standard cecal is available fn? Mo: results of duplicata analyses are

supmarized in Table 3.

3) X-ray fluorescenc;= S : ' ,
| To check for tha presenca of abuormal concencracions of As or Se the
powdared coal samples vwere loaded direccly iﬁén sauple holders for the
Phillips PW1S4Q Z-ray spectromater., Secondary flucrascencs was excited wizh a
Mo sourcae tube and scanued, using a LiF analyzing crystal, between 25° and
26°20. The As and Se. F? lines are at 34.04° and 31.96° 29 Tespectively.

4) Estizmation of "sulphide” metals:
As a guide to the proportions of Cu, Ni, Pb, Zun and Fe presant as

sulphides (or carbonates and any ech¢£ readily leachibls forms) coals vere
leached using a sulphida selective mathed. 0.2 g of Kh103_c:ystals ate nixed

| wich 0.200 g of powdered coal, and 2 al of ECL (concentrated) added. The
nascent chlorine generated oxidises sulphides to sulphates. Aftar 30 minutas
the solution is diluted to 10 ol with discilled wataer aud analyzed by atomic |

absorption.



Results

Se and Cd were not detected in any of the samples and concentrations are
probably less than 5 and 0.2 ppm respectively. Semi-quanéi:ative estimates of
As content range from <5 to 25 ppm and Br, altﬁough not: deliberately sought
for, ﬁppears to r#nge from <10 ppm up to at least 130 ppm (Table 4).

Results for the remaining elements are listed individually in Tables 5,

6 ani 8, and are summarised in Table 7. In general trace metal concentrations
are rtelatively uniform and are well witﬁin the range of values to be expected
.in geolﬁgital materi;ls of this type. A relatively high proéortion of all the
elem@qté investigated with the sulphide selective leach_appear to be present
as sulphides or some o;her relatively labile form. |

The oge very striking exception to the general uniformity of che data
is the abnormally high Cu (4700 ppm) and Mo (20.0 ppm) conmtent of sample -
#25-24, Similar concentrations were also- found in the composite s#mple #25-404
- whieh represents 95 feet of core and includes the footage of sample #25—2@.

All the Cu 1s extracted from these two samples with the sulphide selective
leach (Table 8) and a.heavy mineral separata, prepared from #25-404 with bromo-

form (SG 2.9), was found to corsist mainly of tarnished chalcopyrite (CuFeSj).

Discussion
- On the basis of results obtained for hole 74-25 the trace elements most
likely to present environmental problems are Cu and Mo. Cu concentrations in
samples 25-24 and 25-404 are comparable to those in many porphyry copper

deposits! 1In the corresponding ash, concentrations are between 0.8 and 17 Cu.

-



Eavironmencsl problems could arise iz a number of ways:

1) oxidation of the chalecopyrits causing acidizy and the ralease of
Cu into surface or gzroundwatars;

2} 1leaching of Cu from ash wasce dumps;
3) Cu=toxicity to vegetation growing ca waste dumps preventing or
kindering re-vegatarion;

4) thigh uptaka of Cu by vegetation (from either coal or ash) resulting 4s

a potantial toxicity hazazd to wildlife or livestock;

5) sattling of Cu-rich fly ash or blown dcst onto vegstation rasulting
ia a potential toxlicity hazard to wildlife or livestock,

Turtherzors, assuming tha ¢oal contains 0.5 Cu all of which is present as

chalcopyrite, it saems likaly that the analysis of 0.142 for “pyrizdic" sulphur

is sample 25-404 i3 too low. $§ contants may therafore be higher in some
coals than ch¢~availab1. data indicate . . _
Iz view of the rémarkably high Cu content of the 95 ft.composica 25-@0&,

considerably more work is needed to determine the full extent, mineralogy and
 _chemistry of the Cu-rich zone. The effects of combustion on the distribustion
e e e

of Cu and its availability to plants shoyld be examined, The possibility of

economically separating and recovering the cooper may hava to be cousidered

i1f the Cu-rich zone is sufficiently extensiva.

Mo also preseats a petential envircumene hazard in that coucentzations
ia the ash (Tabla 6) and £o a lessar extsnt the coal, aza within the rTange
asscciated with molybdenosis ia cactla. A problem could arise in two ways:

1) uptake of abuormally high Mo values O3 ppm dry weight) by
forage growvm oo ash dumps

2) direct ingestion of Mo-rich dust from the surface of vegetation.

Further studies should therefore be made of distribution of Mo and of factors

likely to influenca its uptaks by plancs grown on waste materials.

0f the remaining elements i sasms unlikaly that conceuntracions of Cd, -



Co, Fe, Ni, Pbrand Zn would present any particular environmental hazard unless
they wers greatly‘cuncentfated at some stage during combustion. The same is

probably true of As and Se. However because of their volatile character, and

in the case of S& some uncertaiaty as te the amount preseunt, both thesa

elements warrant further study. Data is also required for Hg and F.

K. Fletcher



Table 1. Comparison of recommended values and results
obtained in this szudy for NBS Coal - 1632
{all values iz ppam unless ocherwisa indicaced)

Element Recommended value This study
cd 0.1% * 0.3 nd
Cu ' 18 = 2 15
¥a 40 £ 3 | 3
S §L 15=z1 15
Pb .  30=z59 35
Za - 37 4 33

~ Fe (%) ' 0.87 £ 0.03 0.63




Table 2. Duplicate analyses of coal samples {values in ppm unless
) otherwise indicated) '

. Sample #

‘Flenent 25-3 75-5 75-39 25-402

Cu 43 42 50 50 49 48 50 52

' Ma 680 673 179 175 206 209 210 238

' N - 3 83 46 45 53 os3 53 55

Pb 3 7 7 7 6 9 4 6

. & 53 53 75 .70 60 61 55 55
2.71 . 1.75 1.90  -2.32 2.2 1.86 1.93

Fe (2) -2.77




TABLE 3: Duyplicate Mo amalyses

Sample Mo conteat (ppm)
’ -
25«11 2.6 3.0
25-33 2.6 2.5
25~53 2.3 2.6
15278 . 1.9 1.8




Table 4. Semi-quantitative estimates of As and Br by
X-ray fluorescence
!
Sample # As (ppm) Br (ppm)
' .
25-1
-3 nd 85
[ o -5 nd 55
=7 10 Y130
-9 15 105
| .11 nd 85
13 10 85
- 15 nd nd
. - 17 15 2115
r : 19 10 130
24 5 60
27 . nd 65
) 30 Y20 90
33 25 7120
.36 15 130
' 39 nd 65
' 42 15 80
- ‘ : 45 10 55
} 48 20 ~2110
P 51 25 7110
. 54 10 20
57 10 25
60 15 15
10 50

'. ‘ 63




Tabla 5. Trace element and ash content of Hac Creak coals (all values

in ppo unlass ocherwise indicated)

Samplas ¢ Cu Mn N4 b Zn Fa(Z) Ash (T)
25=1 18 24 12 nd 8 .22 14.9
25=3 43 630 53 3 3 2.77 45.1
25=5" 50 179 46 7 75 1.75 52.68
25-7 29 585 23 2 30 2.43 3L.4
25-9 41 206 45 9 43 1.79 41.7
25-11 (3 8§60 51 8 33 2.55% 45.0
25-13 48 218 48 12 52 2.11 5.3
15=1% L1 370 | 48 7 a8l 2.42 55.4
25-17 40 184 44 4 ko] 1.27 22.8
25-19 62 410 41 9 65 2.07 43.9
25=24 4782 380 50 ad 77 3.51 54.3
25=27 52 152 L ¥ 10 80 2.27 58.9
25-30 28 13 30 4 21 0.42 21.2
25-33 51 134 29 5 a3 .11 30.7
25=36 54 403 40 7 63 2.06 43.8
25=39 49 206 53 5 gl 2.32 59.3
25=42 57 64 §4 11 43 Q.99 54.56
25=45 33 202 28 4 28 1.06 27.5

- 25=48 4Q .45 10 3 21 g.49 25.2
25=51 33 44 - 29 4 21 0.49 25.4%
25=54 21 213 15 ud 15 0.59 20.0
25-57 15 . 320 13 nd 12 0.50 15.0
25-60 . ) 120 20 nd 17 Q.47 18.7
25=43 30 21 24 § 28 1.186 23.0
25=401 52 73 43 6 35 1.17 36.6
25-=402 50 210 53 4 55 1.86 33.3
25=404 4150 407 50 od 83 3.86 58.1
25406 54 218 42 4 49 1.93 44.7

~ 25=411 35 328 11 3 13 0.39 19.1




Table 6.

Mo conteat (ppm) of Hat Creek coals.

Dry coal Coal ash#*

Sample #

nnnnnnnnnnnnnn

0655655&.2864188449222320
— ~ ~ L I I NN I

.4179867685065555!47124335
1.1;9.1a9a9.9.9.9u14nu9.9.9.1;0.9.9.1.1.9.&.7.7.

36280
32122

401
402
404
406
411

* Calculated from ash contents in Table 5.



Table 7. Summary of trace element content of 24 Has

Creek coal samplas from hole 74-25 (all values

iz ppm unlass otherwise ;f.ndicatad).

Eleaant Avarage Rangs
Ca 39 (4782)* 15 - 62
Mn . 248 13 - 880
Ni 36 12 - 53
Ph. o 6 od - 12
Za - 40 ' 8 - 77
%o " 2.7 (20.0) L4 = 4.3
e (D) o 1.54 - 0.22 --3.51

® Values in parentheses excluded,



Table 8. 'Sulphide' trace elements leached from whole coal
with potassium=-chlorate + hydrochloric acid (all
values in ppu unless otherwise indicated)

Sample # Cu Ni Pb Zn Fe (R)
25-1 18 11 - 10 0.11
25-3 40 39 8 34 2.33
25-5 48 26 7 45 1.08
25-7 - 25 21 - 25 2.81-
25-9 41 33 - 29 1.49
25-11 40 37 - 28 2.34
25-13 43 37 6 33 1.77
25-15 54 25 - 36 2.05
25-17 33 31 - 19 0.87
25-19 61 . 32 - 48 2.01
25-24 5667 42 - 49 3.25
25-27 50 1 - 38 2.05
25-30 25 21 - 13 0.22
25-33 - 40 21 - 26 1.06
25-36 55 25 - 50 1.97
25-3% 50 30 - 42 2.05
25=42 85 37 - 36 1.61
25=45" 67 34 - 28 0.72
2548 38 19 - 15 0.35
25-51 37 19 - 15 0.35
25-54 22 7 - g 0.41
25-57 13 9 - 8 0.42

- 25~60 23 i3 - 11 0.3%

. 25-63 25 18 - 21 1.08
25-401 - 52 29 - 19 0.59
25-402 - 48 37 9 Ky 1.32
25-404 4383 39 - 55 3.81
25-406 43 34 - as 1.65
25-411 6 - 15 0.92




Determination of Mo in coals

Reagents
1) Fusion =ixtura: grind aad mix 100 g NasC03 (AR) and 80 g NaCl (AR}
2) Sodiu=m zaroxide: ]
3) 937 attazel: _
4) . BCl: - concentratad
S) . Thiccyanate solutiom: dissolve 5 g sodium thiocyanate in water
(32} ‘ - .
8) Stannous chloride (10Z): dissolve 10 g stannous chlofide in 100 =l 2M EBCl
. - ~ prepare fresh each day .
7) Irom solution: dissclve 1 g hydrated iron ammonium sulpha:e with
o 0.5 ml E2S04 in 190 al watar
'8) TIsopropyl ether: .
Hethod _
1) Whigy 1 g povderad coal sample into a‘Ni-cruciblc and ash in a muffla
furnace it 600°C for 3 hours .
+2), Mix ash with 2.0 g of fusion mixture: add 0.25 g sodium peroxide (usa
scoop), aix rapidly and fuse at $009C for 30 minuzas
3) Cool and add 10 =l water and a ftw drops of ethancl. Leave o stand
ovarnight .
4) 3Braak up tha residue wi:h a :-flou rad heat oa a sandbath and filter .
iato a 100 ml volymerzic flask calibrated ac SO ml.
5) Wash the residue with hot water and add washings to filtrate
6) Bring voluzma up to 50 ml wizh vatar: add 10 ol HCL shaking ts liberaca o2
7) Add 1l irom selutiom and mix ' ‘
8) Add 3 =1 chiccyazmate solutica and mix
‘9) Add 2 =21 stannous chloride solutiom and mix ) .
10) zar-30 seconds add 4 ml iscpropyl ether, stopper and shaka for 30 secocds
11) Allow che organic phase to separats and then carefully add water zo hring
the organic phase into the neck of the volumetric £lask
12) Compars visually against scandards or measure absordance at éos = on a
spectrophotonater
Standards Transfer 0, 1, 2, 3, 4 5 7.5 and 10 ug Mo to 100 =l voluan:-in

flasks: procaed from 6) abovae.

K. Flezcher

L
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B.1 ANTIMONY (Sb)

RECEPTOR

CONCENTRATIONS

Receptor Hat Creek References Natural Components References

Water <0.0022 mg/1 ERT ,Appendix F,1978, | <0.00033 mg/} Bowen, 1966

Sotls <0.57 mg/kg ERT ,Appendix F,1978. | <0.43 mg/kg Ecalogy Consultants 1975.

Vegetation <0.29-0.57 mg/kg ERT,appendix F,1978 0.06 mg/kg Bowen, 1966
<0.22 mg/kg Ecology Consultants,1975.

Aquatic 2.0-6.0 mg/kg Rehwoldt et al., 1975.

Yegetation

(algae)

Animals <0.33 ma/ka ERT.Appendix F,1978 0.14 mo/kg Bowen, 1966.

{excluding :

fish)

Fish <0.10 mg/kg ERT,Appendix F,1978 0.005-0.10 mg/kg Lucas, et al,, 1970
0,001 mg/kg RancitelTi et al. 1967
0.002-0.004 mg/kg Rancitellf et al., 1968

!
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8.2 ARSERIC (As)

RECEPTOR COMNCENTRATIONS

Receptor Hat Creek References Natural Components References
Nater <0.0022-0.05 wmg/1 ERT, Appendix F,1979 0.001 - 0.05 m /1, rivers Demayo et al., 1979
<0.005 my/t Beak, Volume 2, 1978 90% <0,008 mg/
0.0005-0.02 mg/1, lakes "
<0.00001-0.0012, Great
Lakes
! 0.0004 mg/1 Bowen, 1966.
Sediment 6.5-34.5 mg/kyg ERT, Appendix F,1978 0.5-14 mg/kg Demayo et al., 1979
Y sof1s 4.87-93.4 mg/kg ERT, Appendix F,1978 | 1.1-16.7 mg/kg "
‘ 5.8-8.3 mg/kg 8.C.Hydro Env.S5tudies 0.2-40 mg/kg Halsh and Keeney, 1975
8.92 mg/kg 1978, 1979.
Yegetation 0.6-7.0 mg/kg ERT,Appendix F, 1978 0.2 mg/kg Bowen, 1966
0.5-1.57 my/ky B.C.Hydro Env.Studies 0 - 10 mg/kg Chapman, 1966,
0.55-8.92 mg/kg 1978, 1979, 0.5 mg/kg Underwood, 197}
0.1-1.0 mg/kg Ecology Consultants,1975.
Animals 1.85-2.66 mg/kg ERT, Appendix F,1978 0.2 mg/kg Bowen, 1966.
gigcguding <0.4% mg/kg, deer mice Ecology Consultants,1975.
sh ‘
Fish 0.43-1.95 mg/kg ERT, Appendix F,1978. < 3 mg/kg Undeywood, 1971
0.03-0.12 mg/kg Demayo et al., 1979
0.2-0.5 mg/kg Hunro, Y976,
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B.3 BERYLLIUM (Be}

RECEPTOR CONCENTRATIONS

Receptor Hat Creek References Natural Components References
Water 0.0009 mg/1 ERT,AppendixF, 1978 <0.001 mg/1 Bowen, 1966.
<0.001 mg/1 : Drury et al., 1979
Sediment <0.23 mg/kg %g;, Appendix F, 2.0-3.0 mg/kg Drury et al., 1979
8
" Soils ‘ <0.47 mg/kg ' ERT.'Append1x F, 0.1-40 mg/kg Bowen, 1966.
: 1978.
0.43 ~ 1.9 my/kg 8.C. Hydro Env. 6.0 mg/kg Vinogradov, 1959,
Studies
8.9Z my/ky 1578, 1979, 0,34-31 mafkg Ecology Consultants, 1975.
Vegetation 0.13-0.21 mg/kg ERT, Appendix F, 1978 <0.1 mg/kg Bowen, 1966.
0.01-0.23 mg/kg B.C.Hydro Env. Study :
0.02-0.22 mg/kg 1978, 1979
Animals 0.19 mg/kg ERT, Appendix F, 0.0003-0.002 mg/kg Bowen, 1966.
~ {excluding : 1978. in soft tissues.
fish) ‘
Fish <0.18 mg/kg ERT, Appendix F,
1978.
| I
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B.4 BORON (B)

RECEPTOR CONCENTRATIONS
Receptor Hat Creek References Natural Components References
Hater 0.031 my/1) ERT,Appendix F,1978 0.013 mg/1 Bowen, 1966.
0.01 mg/1 Yalkovic, 1975,
Sediment 4,92 mg/kg ERT ,Appendix F,1978
Soils 8.93 mg/kg ERT,Appendix F,1978 | 0.5 mg/kg Temple et al., 1970
15.0-18.71 mg/kg B.C. Hydro Env.Study | 10 mg/kg, range 2-100 Bowen, 1965.
5.4 wg/kg 1978, 1979 mg/kg highest levels
1.8-20.4 mg/kg B.C.Hydro Env.Studies| found in saline and alkaline soils
_ 6.75-21.95 mg/kg 1978, 1979 20-35 my/kg Ecology Consultants,1975.
Yegetation 2.01-39,33 mg/ky ERT, Appendix F,1978 | 50 mg/kg Bowen, 1966.
1%0 mg/kg, fruits of different Yaltkovic, 1975
plants
2550 mg/kg, legumes Underwood, 1971
1.5 wmg/kg, cereal and hay Underwood, 1971
Antmals 0.77 mg/kg ERT, Appendix F,1978 | 0.5 mg/kg Bowen, 1966
iexcluding 0.51-1.0 mg/1 cow milk Underwood, 1971
Fish)}
Fish 1.30 mg/kg ERT, Appendix F,1978

SE 7913




B.5 CADMIUM (Cd)

RECEPTOR CONCENTRATIONS
Receptor Hat'Creek References Natural Components Refarences
Hater <(.0013-0.005 mg/1 ERT,Appendix F,1978 0.08 mg/1 Bowen, 1966
<0.005 mg/1 Beak, Yol. 2, 1978 0.0006 mg/1 Mathis & Cummings 1973
- <0.02 mg/1 Enk and Mathis, 1977
Sediment 0.38-2.83 mg/kg ERT,Appendix F,1978.1 0.08-0.23 my/ky Enk and Mathis, 1977
0.1-2.0 ma/kg Peyton and McIntosh 1974
2.0 mg/kg Mathis & Cummings,1973
Soils 0.58-6.18 mg/kg ERT,Appendix F,1978 0.06 mg/kg Bowen, 1966
0.10-0.43 mg/kg B.C.Hydro Env. 0.15-0.20 mg/kg Fleischer, et al., 1974
Studies 1978, 1970 1.5 mg/kg tcoiogy Consultants,1975
0.55 mg/kg Helt, 1977
1.0 mg/kg Mills & Zwarich,1975.
Vegetation 0.2-0.56 mg/kg ERT,Appendix F,1978 0.60 mg/kg Bowen, 1966.
0.1-1.0 mg/kg, food plants Gough & Shacklette,1976.
0.16-1.9 mg. kg Ecology Consultants, 1975.
Invertebrates 0.22-1.98 mg/kq Mathis & Cummings, 1973
Animals 0.27-0.46 mg/kg ERT,Appendix F,1978 0.5 mg/kg Bowen, 1966
{excluding 0.04-0.14 mg/kg Ecology Consultants,1975.
fish) deer mice
Fish 0.10 - 0.26 ma/kg ERT Appendix F, 1578  §.0i-0.142 mg/kg Lovett et al., 1972
0.05-0.32 mg/kg Enk and Mathis, 1977
0.6 - 1.1 mg/kg Mathis and Cummings,1973
SE 7933 8-5




B.6 CHROMIUM (Cr)

CONCENTRATIONS

RECEPTOR
Receptor Hat Creek References Natural Components - References
Hater <0.002-0.012 mo/1 ERT,Appendix F,1978 0.08 mg/1 Bowen, 1966
<0.01 mg/1 Beak, Vol. 2, 1978 <0.0002 - 0.3% my/1 WQp, 1978
: 0.001-0.01 mg/1 NAS, 1974
Sediment 77.38 - 285.75 mg/1 | ERT,Appendix F,1978 18-140 mu/kg Leland et al., 1978
Solls 46.2-247.07 mg/kg ERT,Appendix F,1978 12.6-20.3 mg/kg Singh and Steinnes,1976.
16-46 mg/kg Ecology Consultants 1975
250 mg/kg as Cr(, higher NAS, 1974,
in tgneus rocks, shales and
clays and phosphorites
Yegetation 1.53-5.50 my/kg ERT ,Appendix F,1978 0.02-?.08 mg/kg for food con- NAS, 1974,
. sumption
1.0-9.67 mg/kg 8.C. Hydro Env. Studies 0.59, hay
0.73-3.95 mg,ﬂg 39-48 mg/kg, Vichens Vinogradov, 1959
and grasses
4.9-7.6 mg/kg, higher plants, " "
trees, shrubs
6.5 - 180 mg/kg Ecology Consultants,1975
0.03-1.0 mg/1yg Pratt, 1966
0.31-0.65 mg/kyg Singh and Steinnes, 1976.
Animals 3.6-4.92 my/kg ERT ,Appendix F,1978 0.075 mg/kg Bowen, 1966.
g:xﬁ}uding : 0.02-0.33 mg/ky Ecology, Consultants,1975.
s
Fish 2.710-5.34 mg/kg ERT,Appendix F,1978 | <0.02 mg/kg Rancitellt et al., 1967
0.48-0,50 mg/kg ' Rehwoldt et al., 1975
0.21 my/kg Retwoldt et al., 1976
SE 7933 B-6




B.7 COBALT (Co)

Hat Creek

CONCENTRATIONS

Receptor References Natural Components References
Water 0.004 mg/1 ERT, Appendix F,1978 0.0009 mg/1 Bowen, 1966.
0.0058 mg/1 Valkovic , 1975.
Sediment 12.67 mg/kg ERT, Appendix F,1978 5.0-35 ma/kyg Leland et al., 1978,
Soils 12.93 mg/kg ERT, Appendix F, 1978 1-40 mg/kg Allaway, 1968.
12.0 - 18.0 mg/kg B.C. Hydro Env, 13 mg/kg Horton et al., 1977
25.67 mg/kg Studies, 1978,1979 2.3 mg/kyg Klein and Russell, 1973.
Yegetation 0.31 - 2.15 mg/kg ERT, Appendix F, 1978 0.5 mg/kg Bowen, 1966,
¢.04 ~ 3.93 mg/kg B.C. Hydro Env. <1.0 mo/kg Chapman, 1966
0.08-0.56 mg/kg Studies. 1978, 1979 0.26 - 2.6 mg/kg Ecology Consiittants, 1975
. 0.2-1.1 mg/kg Horton et al., 1977
Animals 0.96 mg/kg ERT, Appendix F, 1978 0.03 ma/kg Bowen, 1966
(excluding 0.02-0.22 mg/kg Underwood, 1971
fish) 0.02-0.33 mg/kg, deer mice Ecology Consultants, 1975,
Fish 0.34 mg/kg ERT, Appendix F, 1978| 0.006-0.014 mg/kg Rancitelli et al., 1968
<0.02 mg/kg in salmon 1iver Rancitell{ et al., 1967
0.03 - 0.21 mg/kg Rehwoldt et al., 1976
SE 7933 B-~-7




) RECEPTOR CONCENTRATIONS
¥
Receptor Hat Creek References Natural Components References
Hater 0.0008-0.01 mg/1 ERT, APPENDIX F, 1978 0.01 mg/1 Bowen, 1966.
<0.005 mg/1 Beak, Volume 2, 1978 0.00083-0.00105 mg/1 Valkovic, 1975
0.015 wg/1, average USEPA, 1976
Sediment 25.20-33.67 mg/kg ERT, Appendix F,1978 1-476 mg/kq teland et a)., 1978
100-200 mg/kg Wisseman and Cook, 1978
Solls 28.20 - 47,13 mg/kg ERT, Appendix F, 1978] 2-100 ma/kg Alaway, 1968.
50-58.3 my/kg B.C.Nydro Env. 7-61 mg/kg Mills and Zwarich, 1975.
50.67 mg/kg - |Studies, 1978, 1979 2.15 mg/kg Chapman, 1966.
4,0-300 mg/kg Gough and Shacklette, 1976
6 33 mg/kg Ecology Consultants,1975
Yegetation 7.33-35.53 my/kg ERT,Appendix F,1978 5-20 ma/kg Chapman, 1966
5.5 -~ 31.33 mo/kg 8.C. Hydro Env. 14 my/kg Bowen, 1966
5-16.67 wmg/kg Studies, 1978, 1979 1.3-20 mg/kg Ecology Consultants, 1975,
Animals 42.54 - 58.20 mg/kg ERT, Appendix F,1978 2.4 my/ky Bowen, 1966.
(excluding - 1.9 - 7.5 mg/kg tcology Consultants, 1975.
fish) .
Fish 3.10-4.33 mo/kyg 0.27-21.84 mg/kg kidney and 1iver]{ Brown and Chow 1977.

SE 7933

ERT Appendix F, 1978

0.12 - 1.14 mg/kg muscle
0.77-1.56 mg/kg

Kelso and Frank, 1974,



B.9 FLUQRINE (F)

¢ RECEPTOR CONCENTRATIONS
Receptor Hat Creek‘ References ‘Natural Components References
Water 0.10-0.545 mg/1 ERT,Appendix F, 1978 0.01 - 0.02 mg/1 Carpenter, 1969
1.0 mg/1 Bowen, 1966
0.14-1.12 mg/1 Harbo et al., 1974
Sediment 194.5-461.25 mg/kg ERT, Appendix F,1978. 540-620 mg/kg, marine environment] Acres, 1978
Satls 186.0-528.4 mg/kg ERT, Appendix F,1978 0.3-2.25 mg/ky Temple et al., 1978
273-470 mg/kg B.C. Hydro Env. 20 - 500 mg/kg Weinsten, 1977
287.5 mg/kg Studies, 1972, 1979 30-300 mg/kg Allaway, 1968
200 mg/kg Bowen, 1966
Venotation 20.47 - 1428.25 mg/kg }ERT,Appendix ¥, 1978 3-12 mg/kg Temple et al., 1978
10-157 mg/kg B.C. Hydro Env. 0.5-40 mg/kg Bowen, 1966
1.77-10.63 mg/kg Studies, 1978, 1979 20-700 mg/kg Ecology Consultants, 1975.
Animals 51.0-118.0 mg/kg ERT, Appendix F, 1978 5-70 mg/kg, herbivores Kay et al., 1975
(excluding fishP ' 5 mg/kg carnivores "
1-16 mg/kg, birds Stewart et al., 1974
150 - 500 mg/kg, soft tissues Bowen, 1966
1500 mg/kg, bone "
Fish 17.0 - 94.22 mg/kg ERT, Appendix F,1978
I,
SE 7933




B.10 LEAD (Pb)

RECEPTOR CONCENTRATIONS
Receptor Hat Creek References Hatural Components References
Water <0.05 - 0.064 mg/} ERT,Appendix F.1978 0.001-0.01 my/1 USEPA, 1976
<0.01 mg/) feak, Volume 2,1978 | <0.02 mg/} Enk and Mathis 1977
0.005 my/1 Bowen, 1966
0.006-0.095 mg/} Atchison et al., 1977
Sediment 3.0 -4.4 mg/k ERT,Appendix F,1978 | 5-3,423 mg/kg, all sources,
"i/kg PP ’ ra"’e. ]:?;‘Ry_ Leland et al., 1977
5-810 mg/k
200_90394ggkg Atchison et al., 1977
Sells 2.0 -~ 7.73 mg/ky ERT,Appendix F,1978 | 1-356 mg/kg Witking, 1978
7.7 - 9.5 my/ky B.C. Hydro Env. 2200 mg/kg USEPA, 1976
12.67 mg/kg Studies, 1978,1979 5-50 mg/kg Yan llook et al., 1977
Vegetatton 4.04 - 30.33 mg/ky ERT,Appendix F,1978 | 1-9 mg/kg ¥ilkings, 1978
3-53.33 mg/kg B.C. Hydro Env. 10-40 mg7kg Underwood, 1971
1-31.67 my/kg Studles, 1978,1979 14-160 mg/kg Ecology Consultants, 1975
0.4 mg/kg Haldron and Stofen, 1974
Animals 3.46-5.2 mg/k ERT,Appendix F,1978 | 2 mg/k Bowen, 1966
(excluding mo/ky Ppen ’ o,gg/mg/kg Heldron and Stofen, 1974
fish) 0.2-0.4 mg/kg Underwood, 1971
Fish 2.22-3.10 wg/kyg ERT ,Appendix F,1978 | 1.25-4.81 my/kg Pagenkopf and Newman, 1974

St 7933
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0.1-1.3 mg/kg
l.a-‘-z m/kg

0.05-6.76 mg/kyg
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Gajan and Larry, 1972
Atchison et al., 1977
Brown and Chow, 1977



B.11 MANGANESE (Mn)

t

' RECEPTOQR CONCENTRATIONS

Receptor Hat Creek References Natural Components References

Water 0.012 mg/1} ERT,Appendix F, 1978 <1.0 mg/1 McKee and Wolf, 1963
<1.0 mg/1 USEPA, 1973

Sediment 847.50 mg/kg ERT,Appendix F, 1978 20-220 ma/kg Leland et al., 1978

Soils 945.33 mg/kg ERT,Appendix F, 1978 100-4000 mg/kg Allaway, 1968
200-3000 mg/kg Horton et al., 1977

Yegetation 150,33 - 222.67 mg/kg [ERT,Appendix F, 1978

Animals

(excluding fish} 4.0 mg/kg ERT, Appendix F,1978 50-100 mg/kg Prosser, 1973

Fish 17.56 mg/kg ERT, Appendix F, 1978 0.32 -~ 1.0 mg/kg Brooks et al., 1976
10.02-0.25 mg/kg Koli et al., 1978

SE 7933 f | 8- 11



B.12 MERCURY (iig)

. RECEPTOR CONCENTRATIONS
Receptor Hat Creek References Natural Components References
Hater 0.001-0.0001 mg/1 ERT  Appendix F,1978 0.0008 my/1 Bowen, 1966
<0.0004 mg/} Geak, Volume 2, 1978 0.00004 wmg/1 Kothny, 1973.
0.00005-0. 00007 mg/1 B.C. Ministry of the Euvironment (1980)
Sediment 0.10-0.14 mg/kg ERT, Appendix F, 1978 0.07-0.10 mg/kg p*Itri, 1972
0.001 mg/kg Reeder et al., 1979
0.01-1.78 mg/ky Leland et al., 1978
0.025-1.0 mgiky Norstrom et al., 1973
9.8 - 208.mg/kg, industria} areas | Batti et al., 1975
Solls 0.09 - 0.18 mg/ky ERT, Appendix F, 1978 0.02 - 1.0 mg/kg Kothny, 1973
: 0.055-0.07 mg/kg 8.C. Hydro Env. 0.2-5.0 mg/kg Allaway, 1960
0.057 mg/kg Studies, 1978, 1979 0.01-0.06 wg/ky Warrow and Delavault, 1967
. 0.03-0.8 mg/kg Chapman, 1966
Yegetation 0.07-1.32 mg/kg ERT, Appendix ¥, 1978 0.1-0.7 mg/kg Kothny, 1973
0.055-0.90 mg/kg 8.C. Hydro Env, 0.09-0.15 mg/k Wallin, 1976 ;
0.039-0.45 mg/ky Studies, 1978, 1979 0.5-3.5 mg/kg 1n high Hg aveas U.5. Geological Survey,1970 .
0.015 mg/kg Bowen, 1966
Animals 0.03 - 0.33 mg/kg ERT, Appendix F, 1978] 0.5 wo/ky Paimer et al., 1973
(excluding fish) ' , 0.045 mg/kg Bowen, V966 -
0.05 - 0.07 mg/kg, deer mice Ecolagy Consultants, 1975,
Fish 0.05-0.39 mg/kg ERT, Appendix,F, 19785 0.03-0.15 mg/kg muscle Brovwn and Chow, 1977
| 0.06-0.54 mg/kg, Viver
kidney
0.11-1.13 mg/ky Summer et a)., 1972
0.02-0.63 mg/kg Koli et al., 1977
0.1-0.2% mg/kg Avonson el al., 1976
I .0.02-0.18 mg.kg Underwood, Y971
SE 79313
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B.13 MOLYBDENUM (Mo)

. RECEPTOR CONCENTRATIONS
Receptor Hat Creek References Natural Components References
Water <0.0011 mg/1 ERT, Appendix F, 1978] 0.03 - 0,13 mg/} Dvorak et al., 1978
<0.02 Beak, Volume 2, 1978
Sediment 1.64 mg/kg ERT, Appendix F, 1978
Soils 2.87 wmg/kg ERT Appendix F, 1978 0.2-5.0 mg/kg Allaway, 1968
1-3 mg/kyg B.C. Hydro Env. 2.9-141.2 mg/kg Sharma and Shupe, 1977
1.33 mg/kg Studies, 1978, 1979 0.6-3.5 mg/kg Horton et al., 1977
Vegetation 0.14 - 6.13 mg/kg ERT, Appendix F, 1978 0.2-5.0 mg/kyg Allaway, 1058
. Y - B.7 wmg/kg 8.C. Hydro Env. 2.9 - 141.2 mg/ky Sharma and Shupe, 1977
1 - 1.67 mg/kg Studies, 1978, 1979 0.6 - 3.5 ma/kg Horton et al., 1977
Animals 4.27 mg/kg ERT,Appendix F, 1978 9.9-17.5 mg/kg, bones Sharma and Shupe, 1977
(excluding fishp 3.9-9.6 mg/kg,soft tissues
Fish 4.22 my/ky ERT, Appendix F, 1978

SE 7933

B - 13




B.1% NICKEL (M)

B-14

RECEPTOR CONCENTRATIONS
Receptor Hat Creek References Natural Components References
Hater <0,0092 mg/1 ERT,Appendix F,1978 0.01 mg/1 Bowen, 1966
Sediment 84,0 mg/kg ERT,Appendix F, 1978 40 - 200 mg/kg ‘Wisseman and Cook, 1978
1 - 135 mg/kg Leland et al., 1978
Soils 45,53 mg/kg ERT, Appendix F, 1978 10 - 1000 mg/kg Allaway, 1968
: 18-145 mg/kg Mills & Zwarich, 1975
5 - 500 my/kg Bowen, 1966
16 - 6,000 mg/kg - Chapman, 1966,
Yegetation 4.02-B.13 mg/kg ERT,Appendix F, 1978 |  0.05-5 mg/kg NAS, 1975
' 3 mg/ky Chapman, 1966
4-134 my/ky NAS, 1975
250 ~ 6000 mg/kg plants
on serpentine solls
0.15 - 0.35 mg/kg, tubers, Underwood, 1971
fruits, grains
fnimals 4.8 mg/ky ERT, Appendix F, 1978 0.8 mg/kg Bawen, 19266
(excluding fish {1 0,02 - 4,5 mg/kg Schroeder et al., 1962
Fish 2.07 mg/kg ERT, Appendix F, 1978 <0,20 my/ky Uthe and Bifgh, 1971
SE 7933



B.15 SELENIUM (Se)

i
b

RECEPTOR CONCENTRATIOQONS
Receptor Hat Creek References Natural Components References
Water <0.0023 mg/1 ERT, Appendix F,1978 0.001 - 0.006 mg/1 Adams and Johnson, 1977
<0.003 mg/1 Beak, Volume 2,1978 0.001 - 0.40 mg/] Lakin, 1973
0.05 -0.30 mg/] USEPA, 1976
Sediment 2.04 mg/kg FRT, Appendix F, 1978 0.1-1,0 mg/1 Adams and Johnson, 1977
Soils 2.18 mg/kg FRT, Appendix F, 1978 0 - 2.3 mg/kg Sharma and Shupe, 1973
1.0 - 2.0 wg/kg B.C. Hydro Env. 0.2 mg/kg Chapman, 1966
<1.0 mg/kg Ktudies, 1978, 1979 0.0 - 80 mg/1 Trelease, 1945
0.1 - 1200 mg/1 Lakin, 1973
Vegetation 0.3%9 - 3.09 ma/kq ERT, Appendix F, 1978 1.4 - 3.3 mg/kg Sharma and Shupe, 1977
0.2 - 2.3 mo/kg E.C. Hydro Env.
0.23-0.37 mg/kg tudies, 1978, 1979
Animals 0.69 mg/kg FRT, Appendix F, 1978 8.9 - 53.0 mg/kg Sharma and Shupe, 1977
(excluding fish)
Fish 0.69 mg/kg ERT, Appendix f, 1978 0.33 - 2.66 mg/kg Pratt et al., 1972
0.04 - 2,0 mg/kg Beal, 1974
0.95 - 4.6 mg/kg, fish meat Lakin, 1973
0.32 - 1.85 mg/kg, wet weight Adams and Johnson, 1977
1.52 - 9.95 mg/kg, dry weight
\‘
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B.16 SILVER (Ag)

RECEPTOR CONCENTRATIONS
Receptor Hat Creek References Hatural Components References

Water <0.0011 mg/1 ERT, Appendix F, 1978 rarely detected above 1 g/1 USEPA, 1973
Sediment 4.28 mg/kg ERT, Appendix F, 1978 <0.5 ng/ky teland et al., 1978
Solls <0,60 mg/kg FRT, Appendix F, 1978 2.8-31 mg/kg Ragaini et al., 1977
Vegetation 0.19 - 0.21 my/kg ERT, Appendix F, 1978 | 0.8 - 1.02 mg/kg tn Ragaint et al., 1977

uncontaminated areas

contaminated areas
Animals <0.25 mg/kg ERT, Appendix F, 1978
(excluding fish) :
Fish 1.96 mg/kg ERT, Appendix F, 1978 <0.001 my/kg Rancitell! et al., 1968

SE 7903
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| .
B.17 THALLIUM (T1)
f

RECEPTOR EONCENTRATIONS
Receptor : Hat Creek References Natural Components References
Water <0.0011 mg/l ERY, Appendix F,1978 0,00001 mg/1 Bowen, 1966
Sediment <0.27 mg/kg ERT, Appendix F, 1978 .
Soils 0.31 mg/kg ERT, Appendix F, 1978 0.1 mg/kg Bowen, 1966
Vegetation 0.13 - 0.21 mg/kg ERT, Appendix F, 1978] 2 - 100 mg/kg, trees and shrubs Gough and Shackiette, 1976
. 1 mg/kg spinach and rye .
Animals 0.19 mg/kg ERT, Appendix F, 1978 20.4 mg/kg | Bowen, 1966
{excluding fich) ~
~ Fish 0.18 mg/kg ERT, Appendix F, 1978
]
| o
SE 7933 : ‘ . B - 17



p.18- THORIM (Th)

RECEPTOR CONCENTRATIONS
Receptor Hat Creek References Natura) Components References
Water <0.0065 mg/) ERT, Appendix F, 1978 wusually not detected Russell and Smith, 1966
Sediment <0.27 mg/kg ERT, Appendix F, 1978
Soils <0.31 my/kg ERT, Appendix F, 1978
“VYegetation 0.13 - 0.21 mg/kg ERT, Appendix F, 1978
Animals <0.19 mg/kg ERT, Appendix F, 1978
(excluding fish)
Fish <0.18 my/kg ERT, Appendix F, 1978 0.2 wo/ky Lucas et al., 1970
St 7933 B-18
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B.19 TIN (Sn)
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References

Receptor Hat Creek Katural Components References
Water <{.0616 mg/1 EPT, Appendix F, 1978 0.007 - 0.017 mg/] Peterson et al., 1976
0.04 mg/1 Bowen, 1966
Sediement data not reliable B.C. Hydro Trace
Element Report 1979
Soils data not reliable B.C. Hydro Trace 2-200 mg/kg, strongly absorbed | Bowen, 1966
Element Report 1979 by humus
<}.0 mg/ky B.C. Hydro Env. 0.4 - 1.5 mg/kg Ecology Consultants,1975
1.0 mg/kg Studies, 1978, 1979
Yegetation * | data not reliable IR.C. Hydro Trace 0.3 mg/ka. higher in Vichens Bowen, 1966
Element Report, 1979
<1.0 my/kg B.C. Hydro Env. 1.4 - 2.4 mg/kg, mangroves Peterson et al., 1976
<1.0 mg/tg Studies, 1978, 1979 (uncontaminateds
9.4 - 15.0 mg/kg, mangroves
contaminated
32 mg/kg, 1ichen
Animals data not reliable B.C. Hydro Trace 0.15 mg/kg Bowen, 1966
{excluding fish) Element Report, 1979 0.16 mg/kg Ecology Consultants, 1975

Fish

SE 7933

data not reliable

B.C. Hydro Trace
Element Report, 1979

0.55 - 5.43 mg/kg wet weight
(industrialized area)
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Uthe and Blight, 1971



8.20 TUNGSTEN (W)

RECEPTOR CONCENTRATIONS

Receptor Hat Creek References Natural Components References
Hater <0.0014 mg/1 ERT, Appendix F, 1978
Sediment <0.27 mg/kg ERT, Appendix F, 1978
Solls <0.27 my/kg ERT, Appendix F, 1978 | 9.0 mg/kg, enriched soils Ragaini et al., 1977

' 1.3 wg/kg, crustal rock Wedepohl’, 1968
Yegetation <0.13 - 0.2} my/ky ERT, Appendix F, 1978 not detectable Ragaini et al., 1977
Animals <0.19 mg/kg ERT, Appendix F, 1978
{excluding
fish)
Aquatic
invertebrates <0.005 mg/kg ash Fukal and Meinke, 1959
Fish <0.18 mg/kg ERT. Appendix F, 1978 <0,008 mg/kg ash Fukat and Meinke, 1959
0.029 - 0.042 mg/ky Fukai and Meinke, 1962
SE 7903 8- 20




SR
B.21 URANIUM (V)

RECEPTOR

CONCENTRATIONS

Receptor Hat Creek References Natural Components References
Water <0.0055 mg/1 ERT, Appendix F, 1978
Sediment <3.50 mg/kg ERT, Appendix F, 1978
Soils <3,60 mg/kg ERY, Appendix F, 1978
<(,50 mg/kg B.C. Hydro Env.
0.83 mg/kg Studies, 1978, 1979
Yegetation 0.73 -~ 1.20 mg/kg ERT, Appendix F, 19781 100 mg/kg Cannon, 1950
<0.10 mg/kg B.C. Hydro Env.
<1.0 mag/kg Studies, 1978, 1979
Animals <0.30 mg/kg ERT, Appendix F, 1978
(excluding fish
Fish <0.18 mg/kg ERT, Appendix F, 1978 1.0 - 3.0 my/kg, wet welght Uthe and Blight, 1971
industrialized area
3.0 uo/kg Lucas et al., 1970
, {
SE 7933 ; ;B - 21
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B.22  yANADIUM (V)

RECEPTOR CONCEHWRTRATIONS
Receptor Hat Creek . References Hatural Components References
Water 0.0002 - 0,0059 mg/1 ERT, Appendix F, 1978
<0.005 my/} Beak, Yolume 2, 1978
Sediment 61.75-154.0 mg/ky FRT, Appendix F, 1978
Sofls 59,20-297.60 mg/kyg FRT, Appendix F, 1978 | 100 mg/kg, tn humus elkaline Bowen, 1966
173-195 mg/ky .C. Hydro Env. solls .
195.8 my/kg tudies, 1978, 1979 16 - 59 mg/k Ecology Consultants, 1975,
20 ~ 500 wg/kg Allaway, 1968
62 ma/kg Horton et al., 1977
Yegetation 0.30 - 3.47 mg/kg ERT, Appendix F, 1978 | - 0.16-8.90 mg/kg Ecology Consultants, 1975
0.40 - 6.8 mg/kg B.C. Hydro Env. Studie} 1.60 my/kg Bowen, 1966
0.80 - 38.5 mg/kg j978, 1979 0.27 - 4.2 mg/kg Chaqman. 1966
<1.0 mg/ky Ruhiing and Tyler, 1973
2.4 my/kyg Horton et al., 1977
Animals <0.25 my/kg ERT, Appendix F, 1978 0.1 mg/kg Prosser, 1973
{excluding fish) . 0.15 my/ Bowen, Y966

Fish

SE 7933

0.35 - 0.82 mg/kyg

RT, Appendix F, 1978

0.01-0.59 mg/kg
<0.5 mg/kg ash
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Ecology Consultants, 1975
Fukai and Meinko, 1959
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B.23 ZINC (Zn)
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CEPTYOR

CONCENTRATIONS

Receptor Hat Creek References Natural Components References
Nater 0.0162 - 0.05 mg/1 ERT, Appendix F, 19781 o 0009 - 0.293 mg/1 Atchison et al., 1977
<0.007 mg/1 Beak, Volume 2, 1978 | 0,01 mg/1 Bowen, 1966
Sediment 29.08 - 94.75 mg/kg ERT, Appendix F, 1978 10 - 3500 mg/kg Leland et al., 1978
300 - 102 mg/kg Wisseman a'H'Cook 1978
Soils 99,20 - 147.13 mg/kg ERT, Appendix F, 1978 54.4 - 666.7 my/ky Sharma and Shupe, 1977
139-148 mg/kg {B.C. Hydro Env. 10 - 300 mg/kg Allaway, 1968
139.67 mg/kg Studies, 1978,1979 31 - 350 ma/kg Mills and Zwarich, 1975
260 mg/kg Strojan, 1978
Veaetation 22.07-223.21 mg/kg ERT, Appendix F,1978 20.2 - 141.4 mg/kg Sharma and Shupe, 1977
18 - 60 mg/kog B.C. Hydro Env. Studigs 0.2 - 26 m"’?ﬂ VanHook et al., 1977
24.83 - 38.5 mg/kg 1978, 1979 53 1 - 66 mg/kg Barclay-Estrup and
Rinne, 1978
30 -~ 102 mg/kg Jackson et al., 1978
Animals 81.84 - 124,67 mg/kg ERT, Appendix F, 1978 106.8 - 384.3 mg/kg, soft tissues} Sharma and Shupe, 1977

{excluding fish)

Fish

SE 79313

ERT, Appendix F, 1978

134-364.5 my/kg, bone
95.8 - 191.6 mg/kg

86-480 mg/kg
2.85 - 9.20 mg/kg, wet weight
{muscle)

6.51 - 54,46 mg/kg, liver, kidney

0.02 - 0.59 mg/kg
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Johnson et al., 1978
Atchison =t al., 1977
Brown and Chow, 1977

Kol1 et al., 1978
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APPENDIX C

LITERATURE REVIEW QF THE ENVIRONMENTAL CONSEQUENCES
OF TRACE ELEMENT REDISTRIBUTION

A genaral introduction to the caonsequences of traca elements
entaring the anvirsnment has bean given in Section 4.2. This Appendix
is 1intended to provide the most recent assassment of itraca <¢lement
toxicity in the environment based upon an extensive 1{terature survey
as well as the reports previousiy prepared by ERT.

Each of tha 23 elements selectad for detailed sti:dy is
addressed in this Appendix. (Cited articles may be Jocated fn
Section 4.8, Refarencss.

ANTIMONY (Sb)

There is 1ittle knecwn of the ‘ecological effects of Sb.
Antimony has Been shown to be enriched in sofls near {ndustrial
smelting oparations (Ragaini et al., 1977). Aniimony in these soils was
not aevenly distributad as concentrations of the element showed ausharp
decrease with depth (Ragaini et al., 1977). This suggests that Sb
movement in soils is Timited. The consequences of soil aenriched in
antimony are unknown although quantities of it may be found in various
species of vegatation (Ecology Consultants, Ine., 1975). Concentra-
tions of 5b in mammals, deer, mice and others, are reported to be in
the range of 0.03 to 0.14 mg/kg (Ecslogy Consultants Inc., 1975; Bowen,
1966).

Bowen (1966) reports that the lethal dasa of various chemical
forms of Sb ts ki1l 20 pearcant of the tast paopulation (LDzo) of a
varfety of mammalian species ranges from about 20 to 4000 mg/kg. In
mammals, Antimony fs slowly absorbed from the gastrointestinal tract,
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ANTIMONY - (Cont'd)

trivalent forms concentrate in the red blood ceils and the liver, and
are slowly excreted in the feces. Pantavalent 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 an antimetabolite. It is also generally con-
sidered 2s 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 Sb in fresh water are
quite Tow (Bowen, 1966).

Few studies of Sb toxicity in aquatic organisms have been
conducted. Tarzwell and Henderson (1956, 196Q), however, observed that
the 96-hour LCSQ (concenuration that kills S0 percent of the tast
animals within 96 hours) of Sb for fathead minnows (Pimephales
promelas) in soft water was 9 mg/L and 17 mg/L in hardwater. Cellular
division of green algae was hindered at 3.5 mg/L and § mg/L retarded
the movement of Daphnia (Eiringmann and Kuhn, 1959). Concentrations of
5 mg/L Sbc13 or SbC]5 in soft water, however, did npt affect rainbow
trout (Salmo gairdneri), Bluegiil (Lepomis macrochirus) or sea lamprey
{Petromyzon marinus) {Applegate et al., 1957). Projecti1e_vomiting in
large mouth bass (Micropterus salmoides) was caused by 1.0 mg/L Sb in
the form of tartar emetic (Jernejcic, 1963).

ARSENIC (As)

Arsenic s one of the more volatile trace elements and fis
distributed from coal combustion in the vapour phase as well as
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absorbed onts particulatas of submicren size. Such particles ars
inhaled to the alveolar portions of the Tung whers the As may enter the
hicodstream (Natusch and Wallace et al., 1974). Arseni¢ dust inhala~
tion or As ingestien may inducs gastrointestinal and respiratery tract
inflammation, skin lesions, degeneration of body organs, hemorrhage and
lung congestion {Masek and Hais, 1963).

Arsenic s ubiquitous in the envirenment ocurring in various

- forms. Generally, trivalent arsanic compounds (arsenite) are more

toxic than the pentavalent compounds (arsenate). The lattar compounds,
in nature, are more commcn than the former (Heit, 1977).

Water appears to be the most commen transfer routs of As to
wildlife (ERT, Appaendix F, 1978). Scme may be transmitted from soils
{nto certain species of plants that are known to accumulate the element

(Portar and Peterson, 1975). The lethal dose for animals is belfeved

to be approximataly 44 mg/kg body weight (Luh et al., 1973). The
following arsenic doses have been listad for farm animals: poultry,
0.05 to 0.1 ¢ per bird; dogs, 0.ft0 0.2 g per aniﬁaI; pigs, 0.5 to
1.0 g per animal; sheep, goats and haorses, 10 to 15 g per animal; and
cattle, 15 to 30 g per animal (Wadsworth, 1952). Calvert (197%) found
that accumulation of As fin various organs was proportional to the
amount ingestad.

Arsenic has besn shown to have a taratogenic effect in chick
embrycs at an As concentration in the egg yolk of 0.001 mg/kg, as
arsenita (Birga and Roberts, 1976). Rabbits with an As intake of
2.5 mg/kg showed disturbance in their muscuiar co-ordination, morphe-
logical changes in the red bicod calls, and kidney {mpairment (Akulou
et 2l., 1959). In a study by Peoplas (1964) it was found that very
1ittle or no As fed as arsenic acid was stored in the tissue of cows or
in thair milk, although reductions of milk production has been
reportad due to As poisaning (Lillie, 1370). Most of tha'ingested As
was aliminated fn tha urine. The chemical signs of As poisgning are
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vomiting, diarrhea, thirst, emaciation and unco-ordination (Dickinson,
1972; Lillie, 1970). Toxic doses for a variety of As compounds to
selected mammals under laberatory conditions range from an LD10 of
4 mg/kg for oral doses of arsenic trioxide LA5203) to an LD50 of
1100 mg/kg for oral doses of lead orthoarsenate (Pb As 04) Christensen
and Luginbyhl, 1975). :

Whare As compounds have been used for pesticide control the
concentration of As in both surface and subsurface soils increased
exponentially with the age of the orchard or with the period of time
arsenic pesticides had been applied to the soil (Frank et al., 1976a,
1976b). Herbivorous insects (katydids) have demonstrated an increase
in mortality rates and tissue accumulations where the insects had fed
on dosed crop areas (Watson et al.,- 1976).

The amount of As accumulated in soils varies with soil type
and depth (Johnson and Hiltbold, 1969; Frank et al., 19768). Concen~
trations decreased with depth, the majority being in the upper 30 cm of
sail. An approximata calculation using the formuia of Oeuel and
Swoboda (1972) showed that rbugh]y one percent or less of the applied
As could be recovered as the water soluble form and the remainder was
probably tied down by the so0il, the element usually occurs as a diva-
lentranion in soils (Berry and Wallace, 1974).

The signs of As toxicity in plants is wilting of new cycle
leaves followed by retardation of root and tep growth of the plant
(Liebig, 1966). As concentrates in or on the roots, the tips of new,
fine roots being affected first. Seed germination can also he arrested
by toxic amounts of As. Liebig (1966) has summarized the toxicity of
As to various crop species (Table C-1). Very little or no As was found
in the edible parts of plants such as snap beans, sweet corn, peas or
potatoes.
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TABLE C-1
THE TOLERANCE OF CROP SPECIES TQ ARSENIC

Vary Tolerant Fairly Tolerant Lew or No Tolerance
Asparagus Strawberry on heavy and Snap bean

Potato Sweet corn } medium soils Lima bean

Tomato Beet Onion

Carrot Squash Pea

Tobacco Cucumber

Strawberry ) Alfalfa

Grape Sweet corn : on 1ﬁ;ht and
Red raspberry Strawhberry sandy soils
Note: Same af the talerant crops - potatees, corn, rye, wheat, lemon

plants - exhibit small yield in¢reases at low levels of arsenic.

Source: Liebig, 1966.

Arsenic can occur in a number of forms in the aguatic envi-
ronment (Penrose, 1974). 1In water, arsenite is far more poisonocus than
arsenate, under aerobic conditions arsenite is quickly convertsd to
arsenata (Dabrowski, 1976). Arsenic compounds are reduced and methy-
lated by anaerobes to faorm highly toxic methylarsenic or dimethyl-
arsenic but these forms are readily oxidized to give products which are
less toxic like cacodylic acid (Wooad, 1974; Braman and Faorsback, 1973}.

As is accumulated by fish from both watar and food. Fats
contain more As compared with cother tissyes as the slement has a lipid
affinity (lipopnilic) (Pnillips and Russo, 1378). The half-1ife of As
in the musclie of green sunfish {Lepomis cyanelius) was anly seven days
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(Sorenson, 1976). As uptake by liver, gut and muscle of green sunfish
increasad with As concentration in water, temperature and exposure

interval (Sorenson, 197&).

Gilderhus (1956) investigated the effects of As on bluegilis
{Lepomis macrochirus) and other aquatic organisms in concrete ponds

which received dosas of As. Fish survival was reduced at concentra-
tiens as Tow as 0.69 to 2.76 mg/L. Only 18 percent of immature fish
survived in the pool receiving 11.07 mg/L As (in doses of 0.63 mg/L
once weekly far 16 weeks) compared with 90 percent survival in the
contrals. Of the adult hluegills, 31 percent of those receiving As
survived whereas 60 percent survived im the control group. Tissue
residues of 1.3 and 5.0 mg/g As were associated with reducad growth
rates and increased mortality in immature and adulit bluegills respec-
tively. Macroinvertebrate densities and diversities were also reduced
when the As treatmeni. over a year equalled or exceeded 4.0 mg/L
{Gilderhus, 1968).

The 96-h LCSC‘ of sodium arsenite varies .between species. The
valyes for brook trout, Salvelinus fontinalis and bluegills, for

example, were 25.8 mg/L and 72 mg/L respectively (Cardwell et al.,
1976). The eyed stage of rainbow trout eggs could withstand 50 mg/L of
either arsenate or arsenite while the same concentrations were reported
lethal to the swimming stages (Dabrowski, 1976).

Temperature also affects As toxicity., The LTSO {lethal
temperature at which 50 percent of the test organisms die) decreased
from 678 h at 10°C to 124 h at 309C when the fish were exposed ta
60 mg/L arsenic as sodium arsenate. The LTSO at 30°C for 30 mg/L
arsenic was 209 h (Sorenson, 1976).

Daphnia were immobilized after exposure to As concentrations
ranging from 18 to 31 mg/L sodium arsenate, or 4.3 to 7.5 mg/L as
arsenic in Lake Erie water (Anderson, 1944, 1946). A 16 percent
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reduction in Daphnia magna reproduction occurred at 0.52 mg/L As (as
NaZHAsO4) aver a period of three weeks (Biegsinger and Christensen,
1972).

Although As 1s accumulated from water by agquatic organisms
there does not appear to he biomagnification through the facd web
{Lunde, 1970; Seydel, 1972; Isensee at al., 1973). Bicaccumuiation
ratios for As in selecteqd fish and invertebrates ranged from 110 to
14 500, the emergent parts containing less than the submerged parts.
The levels of As in algae ranged fram three to 7000 times the concen~
tration in water (Demayo et al., 1979).

In summary, Arsenic is a cumulative peison and 15 potentialiy
toxic to plants and animals. Its toxicity depends en the chemical form
and mode of {ntake.

BERYLLIUM (Be)

Beryllfum ranks 44th in abundance among the elements, consti-
tuting about 0.0006 percent of the earth’s crust. Beryilium enters the
environment principally from coal combustien (Drury et al., 1578). The
chemical species of Be emitted through ccal combustien are not known
although investigators recognize that the element is partially volati-
lized and occurs in airborne particuiate form as well as in the vapour
phase (Klein et al,, 1975; Lindberg et al., 1975).

Beryliium compounds in airborne particulate form are of
toxicalogical interest. 1Inhalation is the chief form of entry into
animals as Tittle acdumulatien or toxicity results from oral exposures
because ingested forms of Be are poorly absorbed through the intestinal
wall (Stokinger, 1972). Inhaled soluble saits of Be hydrolyze fto a
colloidal form on the mucous surfaces of the brenchopulmonary tract.
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Some Be is retained in the lung for long periods but portions
are transported to and stored in the major tissues of the body. The
manner of this redistribution seems to depend more on the extent of
exposure and the physicochemical state of the Be than on metabolic
differences of animal species (Browning, 1969; Stckinger, 1972).

The adverse health effects caused hy Be are well known and
have been described quite thoroughly from data on occupaticnal expo-
sures. The purpose of this discussion is to address the impacts of Be
on the natural envirenment (exclusive of man). Consequently, the
reader is referred to th2 review by Drury et al., 1978, for information
pertaining to the effects of Be on human health.

Beryllium suiphate has been shown to inhibit the embryonic
development of chicks, Gallus gallus (Palmer, 1972). Beryllium admini-
stered as a profusion was lethal to pigeons and chickens; it was found
(Chanh and Maciotte - Lapoujade, 1966) that chickens were about three
times as sensitive as pigecns, with the Jethal dose averaging 0.56 %
0.15 g/kg and 1.49 + 0.16 g/kg respectively.

There are few data which describe the effects of Be toxicity
to mammals. In a review of Be toxicity presented by Drury et al.
{1978), it would appear that many of the biochemical and physiclegical
mechanisms that are affected by Be in humans are also influenced by the
element in similar fashion in other mammals. For example, experimental
findings show that some beryllium compounds are carcinogenic in test
animals (Vorwald et al., 1966). Pulmonary cancer has been produced. in
rats and monkeys by inhalation exposure (Vorwald et al., 1966).
Sarcomas have also been induced in rabbits by injection (Tapp, 1966).
No data were uncovered concerning the teratogenic or mutageric effegts
or lack of these effects by Be in mammals. Lethal oral doses in
several laboratory animals range from 80 to 146 mg/kg for different Be
compounds (Christensen and Luginbyhl, 1975).
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Seryllium chemistry fn the soil has not been- thoroughly
{nvestigated byt it is thought to be similar to that of aluminum or
zine (Bahn, 1872; Romney and Childress, 1965). The 8a fon participatas
in cation exhange reactions and undergoes {somorphic substitutien in
sacondary clay minerals. It is fixed in many soils and will displace
divalent cations which share common sorption sitas.

Uptake of Be by plants from both soils and nutriant solutions
does occur {Romney and Childress, 1965). Increasing the Be concentra-
tion in the nutrient solution increases the Be content of the plant
material. High concentrations of {nsoiuble aac03 and Bed d*id‘ net
influenca bean growth but ae(m3)2 and 80504 at 10 mg/L inhibited plant
growth (Romney and Childress, 1965). The binding of Be by go0ils alse
affects uptaka by plants. Beryllium (40 mg/L added in soluble form) is
more available in acid soils, pH = 5.8, than in slightly alkaline
solls, pH = 7.5 %o 8.0 (Willfams and LeRiche, 1368). Beryllium is not
readily transioccatad from roots to shoots. Some plants, however, as in
the case of maize, concentrated Bi in the reproductive apparatus
(Oustrin et al., 1967). Bingham and Steucek (1972) reportaed that
roughly 46 percent of radicactive Be applied to plants was absarbed
while four percent of that was transportad out of the Teaves.

Generaily, Be inhibits plant growth, but fn some cases may be
stimulatory. Growth inhibitfon {s more frequently observed in
experimants with Be. Amounts of Ba greatar than 4 percant of the
cation exchange capacity of sofl reduced the yield of beans, wheat, and
clover (Romney and Childress, 1963). In nutrient solutions Be toxicity
gccurs. at apout one mg/L. \

In fresh watar B8e is primarily in dissclved form averaging
less than 0.001 mg/L. Sediments generally contain about 2 to 3 mg/L Be
{(Drury et al., 1978). The small amounts of Be in natural waters s dus
to the Tow solupility of its oxide and hydrexide at the common pH of
such waters (Xopp and Krsner, 1363).
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Guppies (Poecilia reticulata) accumulated radicactive Be and

uptake was directly related to the Be concentration in the water
(Slonim and Slonim, 1973). Levels were highest in the viscera and
intestinal tract followed by the kidney and ovary.

The development of eggs and tadpoles of the common rog (Rana
temporaria) was retarced by treatment with Be (Needham, 18941).
Beryllium sulphate acts as a mitotic suppressor in snails (Lymnaea sp.)
(Bose, 1973).

The toxicity of Be compounds to fish has been studied.
According to Tarzwell and Henderson (1960) Be was the most toxic of the
less common metals tested. They reported a 96-h LC50 of 11 mg/L Be for
fathead minnows (Pimephales promelas) in a water hardness of 400 mg/L

and 0.2 mg/L (as CaCOB) in soft water, They suggested a safe concen-
tration of 1.1 mg/L for fathead minnows in a water of hardness 400 mg/L
but indicated the corresponding safe level for soft water would be
Tower. Slonim and Slonim (1973), for examplie, report the safe concen-
tration of Be to be between 0.011 mg/L (100 mg/L hardness) and 1.1 mg/L
(400 mg/L hardness) for the common guppy.

The protective effect of water hardness on Be toxicity to
fish is believed to be due to the antagonism between calcjum and Be
(Slonim and Slonim, 1973). Beryllium may penetrate vital organs more
readily in soft water of Tow Ca content and its toxicity may be
100 times greater in soft watar compared with hardwater (3lonim and
Slonim, 1973).

Beryllium does not magnify in food chains as Be ingested by
higher animals is not absorbed through the digestive tract but is
readily excreted. The results of Jlaboratory experimentation have
generally shown that Be is toxic to plants and animals but under normal
circumstances should present no environmental health hazard.
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Baron ogcurs enriched in solid chemical specias in the par-
ticles of fly ash upon the combustion of coal. Much of the B8 remains
in the ash within the plant, byt a few percent are released into the
environment (Ruch et al,, 1974; Klefn et al,, 1973).

Data describing the effects of inhalation of 8 and its com=
pounds by animails are limited. In experiments where animals inhaled
borax and beron oxide particles for varying lengths af time no damage
to lungs was reported. The most serious damage {incurred was a mild
nasal irritation at concantrations 47 timas the ccgupational thresheld
1imit value (Lavinskas, 1964; Duyrocher, 1969). On the basis of expari-
mental evidenca B fs not recognized as a problematic air pollutant
{Schroeder, 1971; Weir and Fischer, 1972).

Boron would appear to havae a relatively low toxicity to
mammals since catile have consumed nearly 20 g aof borax per day and
humans 3 ¢ boric acid per day with no adverse symptoms (McKee and
Wolf, 1963). Boron apparently does not accumulate in mamaiian tissues
(USEPA Water Quality Criteria, 1972). Gastrointestinal and pulmenary
disorders have been resported in lambs however, due to grazing on vege-
tation growing in areas of high bBoron soil content (Baliles, 1975).

Boron levels of 0.2 te 2.2 mg/L in drinking water or
5300 mg/%g of B per day dry weight of dist are alse reportad toxic %o
Tambs {Gough and Shackletta, 1976). The Lnso for B in mice is reportad
to ba 2000 mg/kg and an oral dose of 0.15 mg/day is toxic to rats
{Bawen, 1366).

. Boron {s an assential nutrient <lement for higher green
plants (Bingham, 1973). In relatively low substrats concantrations,
however, B is phytotoxic te many plants. The range between baneticial
and toxic congantrations {s narrow with levels frocm 0.05 to 0.10 mg/mi
2 being safe while concentrations from 0.5 - 1.0 mg/ml B being excas-
sively high for B - sensitive plants. Toxig beron concentrations of
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saturation extracts for a number of plant species are given in
Table C-2. Boron plays an important role in organic translocatiocn 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 toxfcity to vegetation is generally associated with B
levels in acid soils and soils weathered from marine sediments or high
8 levels in firrigation waters and over-application of B containing
fertilizers (Temple et al., 1878). Much of the B in soils is
associated with minerals resistant to weathering, although B is also
contained in the organic fraction of soils (Bingham, 1973). It appears
that this B is small in quantity and primarily restricted to the
surface horizon of soils. As this fraction mineralizes the B redistri-
butes in the soil-water system becoming available in part for plants.
A Targe portion of B added to soils is absorbed by certain soil
materials, the balance remaining in solution, This solution is
important to plant nutrit.ion because of B availability.

Increases in pH result in increased soil adsorption of B with
maximum adsorption occurring at pH 9.0. Boron adsorption takes place
independently of other anions. - Although B 1leaches it does not
ordinarily leach out of the profile as readily as chloride, nitrate and
sulphate salts. Varijations in soil properties such as pH, organic
matter content and clay content may influence the availability of a
given amount of B. )

Early stages ¢f B excess in vegetation are characterized by
leaf-tip yellowing. In the later more acute stages, a progressive
necrosis of the Teaf cccurs, beginning at the tip and/or margins as a
chloratic yellowing eventually spreading between the lateral veins
between the midrib (Underwood, 1975). Feliar concentrations in excess
of 300 mg/kg accumulated by plants exposed to atmospheric emissions
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TABLE C-2

TOXIC BORON CONCENTRATIONS QF SATURATION
EXTRACTS FOR SENSITIVE, SEMITOLERANT
ANQ TOLERANT CROP SPECIES

Saturation-Extract Boron
{ug of B/mL)

¢.5-1.0 1.0 -5.0 §.0-10.¢
Sgnsitive Semitglerant Tolerant
Citrus Lima bean Carrot
Avocado Sweet potota Lettuce
Apricot B8e)] pepper Cabbage
Peach Oat Turnip
Cherry Milo Onion
Persimmon Carn 8road bean
Fig Wheat Alfalfa
Grape Barley Garden heat
Apply 0liva Mangal
Pear Field pea Sugar beet
Plum Radish Palq
Navy bean Tomata Asparagus
Jarusalem artichoka Cottan
Walnut Potato
Nota: Listad in each categery according to susceptibility to boron
injury (viz., citrus is more sensitive than walnuyt, lima beam
more than potato, ete.).
Source: Bingham, 1973.
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have been shown to produce injury (Temple et al., 1978). The symptoms
of injury were similar to those produced by toxic concentrations of B
absorbed through the roots. There is some evidence to suggest that an
interaction may exist between F and B in plants (Temple et al., 1978).

There are limited data on the toxicity of B to aquatic
organisms. It occurs raegularly, however, in natural water supplies
(Heit, 1377). The minimum Tethal dose for minnows eaxposed to boric
acid at 20°C for 6 hours was repoerted to be 18,000 to 19,000 mg/L in
distilled water and 19,000 to 19,500 mg/L in hard water (lLeClerc and
Deviaminck, 1955; LeClerc, 1960). At a concentration of 2000 mg/L
borfc acid showed no effect on trout and rudd (Scardinius
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 Lng's for 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 data clearly indicate
that B is relatively non-toxic to fresh water fish.

Generally, B has a low aorder of toxicity to both plants and
animals in the biota.

CAOMIUM (Cd)

Cadmium ranks 64th in order of elemental abundance in the
earth's crust (Taylor, 19€4). It is not an essential trace element for
aither plants or animals.

The amount of Cd entering the enviromment from <¢oal combus-
tien is significant (Friderg, 1974) although it is not the major
source (Bertine and Goldberg, 1371). Cadmium is partially concentrated
on smaller particulates and s also volatilized and emitted in the
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vapour phase upon coal combustion (Lim, 1979). Consegquantly, afrborne
Cd 1s available via the i{nhalation route to air breathing animals.

In humans approximataly 60 to §5 percent of the Cd depositad
ifn the Tungs s absarbed but only 1 to 7 parcant from the normal dafly
diet is retained. The remainder is excratad via the urine and feces
(Friberg et al., 1975). In mammals, approximateiy 6 to 10 percent of
ingestad Cd {s absorhed and transportad through the body by red blood
cells. Few data are available which dascribe the affects of inhaled Cd
on wildiife. Inhaled {d caused pulmonary damage especially emphysema
in both humans and cther mammals (Dugdale, 1978; Miller, 1371). Once
absorbed from tha Tungs the transport of Cd basically follows that of
ingestad Cd. Once ingested and absorbed, Cd is stored largely in the
kidneys and Tiver and s excreatad at an extremely sTow rata (USEPA,
1975; Resder et al., 1979). The biclogical half-life has Dbeen
estimated at 10 to 30 years (Friberg et al., 1974).

The symptoms of acuts Cd toxicity following a high dosage are
nausea, saiivation, vomiting, diarrhea, abdcminal pafns, myalgfa and
weakness (Reeder et al., 1979). The lethal dosea for man has heen
estimated to be batween 5 and 50 mg/kg body weight for a single inges-
tion. The 14 day LDSO values for rats ranged between 130 and 180 mg/Kg
of Body weight. An {ntake of 1600 mg/kg for rats is Tethal (Bowen,
19686). '

The chronig toxicity associated with long-tarm effects of Tow
levels aof Cd intake results in a total or partial loss of smell,
coughing, difficulty in breathing, weight Joss, yellowing of teeth,
carias, irritab{lity, gastrointestinal upset and protsinuria. There is
evideance to suggest that Cd a2lso has carcincgenic, genatic, tearats-
genic, tasticular and cardiovascular effects (Reedar et al., 1979).
Chronic Cd concentrations may impair the reproductive potsntial of
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mammalian populations through an increase in embryonic mortality and/or
decrease in sperm viability (Birge et al., 1974a and 1S74b),

Taratogenic effects were observed in mice after long-term
exposure to 10 mg/L Cd in water (Friberg, 1978). A level of 5 mg/L Cd
in the drinking water c¢f rats given over a period of 180 to 240 days
produced systolic hypertension {Gough and Shacklette, 1976). Only
slight toxic effacts were obsarved in a 2-year study with rats fed a
diet containing 50 mg/kg Cd (Lorke, 1978). A dose level of & mg/kg Cd
over 10 days reduced we“ght gain and changed the behaviour of pregnant
rats. Cadmium alse {inhibits hemogliebin production, the symptoms are
the same as iron deficient anemia (Wagner, 1972). The element may alse
produce hemolysis, abnarmal liver, kidney damage and osteomalasia in
rats similar to Cd - induced Itai-Itai disease (Friberg, 1978).

The uptake of Cd by plants varfed over a wide range,
depending on the plant species, type of soil, acidity of the soil,
cation exchange capacity, organic matter and zinc content of the soil
(Reeder et al., 1979). In sandy soils uptake is greater than in soils
high in c¢lay or organic matter (Friberg et al., 1974). Scil pH is the
greatest single factor affacting Co uptake. Generally, Cd uptake by
plants increases with an increase iﬁ soil acidity which is probably
related to the greater fraction of saoluble Cd in the soils due to
increased leaching from a decreased pH.

Cadmium can arfect several plant processas such as CO2 fixa-
tion, gas transpiration through stomata mitochondiral respiration and
coupling in addition to interfering with normal metabelism of zinc and

iron (Chaney, 1978).
Yisual symptoms of Cd toxicity in wheat were observed at

2.5 mg/kg Cd in seil while red mapie grown on soils containing
1.0 mg/kg Cd showed symptoms of Cd poisoning (Mitchell and Fratz, 1977;
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Haghiri, 1973). The primary symptoms of (d toxicity on vegetation
includa folfar necresfis and chlorosis. Food c<rops have displayed
redyced yields at sail Cd concentraticns {n the range of 4 to 20 mg/kg
although rice was not affectad by soil containing 640 mg/kg Cd (Reeder
et al., 1979). The general toxicity of Cd is moderata to vegetation
being normally toxic at 1 mg/kg to plants in sofls. The average back-
ground sofl concentration of Cd is reported to be about 0.55 mg/kg with
plants growing in this soil containing 0.12 mg/kg Cd (Heit, 1977).
Simitar sofils present around a c<oal-fired powerplant were found to have
1.46 mg/kg Cd and the plants growing aon this soil had an average of
0.35 mg/kg Cd (Xiein and Russell, 1973).

Harbivorous animals may be affected with Cd through ingestion
of contaminated vegetation. Cadmium, for example, is suspected in the
death of a horsa which contained 410 mg/kg Cd in {ts kidney and
80 mg/kg in the Tiver (Allaway, 1968).

Cartain plants display such a toleranca to Cd that they ars
usad as indicators of Cd contamination (Simola, 1977). Species of moss
and 1ichens are known, for example, to accumylate Cd to 10 times back-
ground cancantrations (Fleischer et al., 1974).

Cadmium in natural waters and sadiments i{s found in rela-
tively Tow concentrations (Enk and Mathis, 1977). Airborne Cd as a
result of emissions from coal combustion may ultimataly find its way to
aguatic sedimants. Peyton and Mclntosh (1574)  hava obsarved that
airberne Cd may be contrfbuting significantly ta the Cd concantration
of stream sediments. The distribution of the metal in the systam was a
function of basin depth and slope, point sgurcas and watar currents.
The element {s taken up in large amounts by aquatic orgarnisms and
causes progressive chronic poeisoning in fish similar to mammals because
the metal {s excrated at an extremely slow rate (USEPA, Watar Quality
Criteria, 1973). Macrophytic vegetaticn takes up Targe ameunts of Cd
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from both sediments and water, concentration factors for the roots of
shoots of pondweed (Elodea), for example, were 20 000 and 21 000
respectivaly (Ravera et al., 1973). Concentration factors for other
species of aquatic vegetation range from 100 te 9500 times.
(Ladner and Jernelov, 1969; Hutchinson and Czryska, 1972). Some of
these plants are ingestec by waterfowl and may represent a significant
route of uptake for these birds. Benthic macroinvertebrates have been
shown to accumulate Cd by concentration factors ranging from 300 to
30 000 times the level of Cd in the water (Whitton and Say, 1975;
Spehar, et al., 1978).

Cadmium is taken up and accumulated by fresh water fish, A
good review of these phenomena is provided by Phillips and Russo
(1978). The Cd present in fish appears to be associated with a Cd -
binding protein metallothionein (Marafante, 1976). In hluegills
exposed to Cd for 30, 60 and 90 days, Mount and Stephan (1967) showed
that substantial Cd accumulation had occurred in the kidney, liver,
gill and gut but there was no significant accumulation in the muscle
and bone. The same authors were able to correlate Cd mortaiities in
bluegill to the amount of Cd éc:cumuiated in the gill tissue. 1In
shorter more acute studies it was observed that very little Cd had
accumulated in the liver. Cadmium~contaminated fish placed in fresh
water lost Cd from the ¢gills but not from the liver and kidney where
the element was bound (Kumada et al., 1973).

Very little evidence of accumulation through the food web was
found. Concentrations of Cd in bottom sediments, worms, clams omni-
vorous fish, carnivorous fish, and water were about 2.0, 1.1, 0.8,
0.003, 0.03 mg/kg and 0.0006 mg/L respectively (Mathis and Cummings,
1973).

Cadmium {is toxic to aguatic organisms at low concantrations.
Phytoplankton has displayed reductions in photosynthetic activity and
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regenerative changes at concentrations as low as 0.03 to 0.05 ag/L Cd
{Burnison et al., 1975). Growth inhibition of algas was cobserved at
similar concantrations (Burnison at al., 1875). Chlorophyll levels
ware reduced in macrophytes and turgor prassure as well as stolon
davelopment were affectad by 0.007 mg/L Cd (Cearley and Colemman,
1973).

Acutaly toxic concentrations for varicus species of Zoo-
plankton (48-h LCSO) ranged from 0.085 to 3.8 mg/L Cd (8iesinger and
Christansen, 1972: Bandouin and Scoppa, 1974). Aquati¢ insects are
Tesas sensitive <than zocplankton, the Lcso‘s ranging from 1.2 %
28.0 mg/L (Warnick and Bell, 1969; Rehwoidt at al., 1972).

Sediments contaminated with Cd have bBesn observed to retard
the development of midge larvae (Wentsel et al., 1977). <Concentrations
of Cd in the control sediment was 0.6 mg/kg (dry weight) and in thae
contaminated sediments, 1030 mg/kg (dry weight).

Fish vary in their sansitivity to Cd, the most sensitive
baing the salmonid. Some af the more tolerant spacies include gold-
fish, catfish (Ictalurus sp.) and fathead minnows. Acute toxicity
varies with the fish species tastad, time exposure, temperaturs and
watar chemistry. The 96-h Lcso for fathead minnows in water hardness
of 200 mg/L as Ca 803 was 7.2 mg/L Cd (Pickering and Gast, 1372). The
7=day LCSO for rainbow trout was 0.008 to 0.01 mg/L Cd and the 10-day
Lcso was 0.005 ta 0.007 mg/L (Ball, 1267). Caho salmon (Qngorhvnchus
kisytch) exposed ta 0.008 and 0.012 mg/L Cd for § days exhibited a
14,3 parcent and 53.1 parcant mortality respectively (Kumada et al.,
1972).

The toxfeity of Cd dacreases with Tncreasing water hardness.
The differences are thought to be due to an antagenistic effect of
caleium and maybe magnesium (Hutchinsen and Csyrska, 1972; Davias,
1976). A tamperatura increass from 5°C to 20°C increased the 96-hn LCED
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of Cd for Fundulus heteroclitus in sea water by two to three times

(Eisler, 1971). Dissolved oxygen alsc protects against the toxic
affects of Cd on fish.

The chronic or sublethal effects of Cd on fish affect growth,
reproduction, behaviour, survival and osmoregulation (Reeder et al.,
1979). Growth of brook trout was reduced at a Cd conhcentration of
0.0038 mg/L at a hardness of 45 mg/L as CaCO3 (Eaton et al., 1978). In
waters of greater hardness (200 mg/L as Caco3). at similar concentra-
tions of Cd there were no adverse effects on the survival, growth or
reproduction of fathead minnows (Pickering and Gast, 15972). The MATC
(maximum acceptable toxicant concentration) for brook trout in soft
water (37 mg/L as CaCOB) was between 0.001 and 0.003 mg/L 2d and in
hard water (188 mg/L as CaCOB) between 0.007 and 0.012 mg/L Cd (Sauter
et al., 1976). This is similar to the MATC of between 0.0017 and
0.0034 mg/L Cd suggested for brook trout in Lake Superior water (hard-
ness 44 mg/L as CaCOa) by Benoit et al. (1976).

Histopathalogical changes have resulted in mature male brook
trout exposed for 24 hours to 0.025 mg/L Cd (Sangalang and 0'Halloran,
1872). Similar observations have been made for brook trout exposed
to water containing 0.01 and 0,025 mg/L Cd for 24 h. If Cd is present
under natural conditions for a short time at a critical period in the

life ¢ycie, breeding may be affected.

Cadmium has also caused teratogenic effects in trout embryos,
28 percent of exposed fish had abnormalities after exposure to 0.5 mg/L
Cd, 9 percent after expcsure to 0.05 mg/L Cd and 7 percent after expo~
sure to 0.005 mg/L Cd (Birge et al., 1974a“and 1974hb).

Other metals, lead, zinc and selenium also influence the
toxicity of Cd to aquatic organisms. These range from Zn enhancement
of Cd toxicity, antagonism of Cd toxicity by Se and both synergism and
antageonism of Cd effects by lead (Reeder at al., 1379).

c-20



c.5

C.§

SE 7933

CAOMIUM - (Cont'd)

In summary Cd is a highly toxic traca element to ai:l Tavels
of the biota. I% 1s also 2 cumylative poison although diract evidenca
of biomagnification through the food chain is lacking.

CHROMIUM (Cr)

Chromium s the 2lst most abundant element in the earth's
crust (Taylar, 1964; Bowen, 1966). A small portion of the Cr presant
in ccal 1s releassd, concentratad on small particulates, while thes
majority is coilectad on ash particles and retained within the plant
(Ruch et al., 1973; Klein et al., 1375; Lim, 1979).

Chromium 1s an essential elament for humans and animals; some
different apinions exist, howevar, whether it is essential to vegeta-
tion (Chapman, 1966; NRC, NAS, 1974)., Chromium s essential for
maintenance of glucase tolaranca in mammals., As part of an organic
complex it is probably active during the first staps of glucose
metabolism (Vokal et al., 1975). 1t has alsc been shown that Cr f{s
essantial to the metabolifsm of cholestarol (Schroeder, 1968).
Deficiency impairs glucose and cholestarol metabelism leading to higher
blood levels of bath substances. [ts deficiency has also been impli-
cated to be a basic factor in altherosclerosis (Schroedar, 1974).

There ars faw data which address the taxicfty of Cr taken
into animals via inhalation. The major routs of antry appears to be
through ingesticn although adverse effects %o human health have been
obsarved due te inhalatien of excassiva amounts of Cr under occupa-
tional settings (Cassarett and Doull, 1975). Harmful effects have not
beaen notad from ambient exposure {NRC, NAS, 1874).

Chromium can antar the body af an animal via the repiratory
and digestive systams and the skin with the lattar two being the most
significant routes. The different valences statas of Cr exhibit varying
toxicities. Hexavalent Cr (chromats ion)} is the most toxic farm being
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a potent oxidizing agent and penetrating biological membranes.
Trivalent Cr (chromic ion) Tforms complexes with biological macro-
molecules restricting {ts movement across biclogical membranes. It
binds strongly to proteins and in sufficient congcentration forms cross
linkages betwesen carboxyl groups of different protein molecules.
Chromates and dichromates can readily penetrate cell membranes to a
greater extent than trivalent Cr compounds accounting for one of the
reasons why hexavalent Cr is more toxic than the trivalent species
{Taylor et al., 1979).

The Cr content. in the diet ranges from 10 to 400 mg/d. Of
this amount about 95 percent originates 1in the food, the rest from
drinking water and a negligibie ‘amount from air (NRC, NAS, 1974;
Clemente, 1876). The element js poorly absorbec by the gastrointes-
tinal tract of mammals. Only 2 to 6 percent of an oral dose was
absorbed by rats (National Research Council, 1976).

Trivalent Cr has a Tow toxicity to animals if ingested as it
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 of biological molecules. Low
levels of Cr (II1) can 'Inhibit respiratory chain activity and energy
production from food by inactivating certain enzynes.

According to the National Rasearch Council and National
Academy of Science (1974) concentrations of Cr in drinking water that
alicit sublethal toxic effects appear to be greater "than 25 mg/L.
Chrenic toxicity, however, has been observed in several mammalian
species at concentrations of Cr (VI) greater than 5 mg/L. At a level
of 5 mg/L of Cr (VI) in drinking water the element was found to accumu-
tate in rats but did not affect growth rate, food intake or blood
chemistry (NRC, NAS, 1974). The same study also reported that mixed
dust containing 7 mg/rrl3 of Cr03 was fatal t¢ laboratory mice over a
10-day exposure period and was poorly tolerated by rats.
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The symptoms of Cr pofscning in animals inglude necplasms,
irritation of the gastrointastinal tract, vomiting, diarrhea, gastric
and 1intestinal hemorrhage and Kkidney Tesicns (NRC, NAS 1974;
Christensen and Luginbyhl, 1975). Different types of cancer have been
produced by implantation of varfous Cr (VI) compounds in tast aminais
(Naticnal Research Council, 19768). An increasad cancer risk in the
respiratory tract has been linked to Cr (VI) compounds (Smith, 19872).
Lead chromata was shown to be carcinogenic when adminfstared fntramu-
scularly to rats (Furst et al., 1975). Hexavalent Cr compounds also
produced mutagenesis in the bactarium Escherichia coli whereas Cr (III)
compounds had no effact (Venitt and Levy, 1974).

The coancantration of Cr in soils varifes greatly but its sofil
chemistry 1s relatively unknewn (Barry and Wallace, 1974). Chromium
(VI) 1s anfonic in nature and fs not strangly ahsorbed by soil or
particulata mattar. It {s more moti{le than Cr (III) and henca is not
subject to sedimentation. Chromium (VI) reacts strongly with oxidizable
substances, generally organic moleculas fom1n§ Cr (II1). 1If the water
cantains little organic material, however, Cr (VI) can remain in tha
hexavalent form for long periocds. When Cr (VI) contacts ssil it 1is
convertad to Cr (III) which is rapidly immobilized by the formaticn of
insoluble hydroxides and axides, sorption phancmena or by complexing
thus becoming Tess availabie for plant uptake (National Research
Council, 1376; CAST, 1976). The concentration of Cr shows a positive
correlation with the clay and aluminum contant of solls (Mills and
iwarich, 1975; Whitby et al., 1978). Liang and Tabatabai (15877) have
shewn that Cr (II1) applications to soils can fnhibit nitrogen mineral-
{zation. The degree of inhibition varied among the four scils studied.
Chromium (III) imhibition was evident in the two acid seils (pH, 5.8
and 5.58) studied but not in the calcarecus types that had pH values of
7.4 and 7.8,
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The toxicity of Cr to vegetation depends on fts chemical
form, solubility, concentration and type of soil. The element may act
synergistically with Ni, Co, and Mg in soil in exerting its foxicity.
Chromium {VI) is more toxic than the trivalent form due to its greater
mebility 1in soils (Taylor et al., 1979). Chromium is considered to
interfere with the root uptake of some essential elements namely
calcium, potassium, phosphorus and their subsequent transport to the
aerial poftions of plants (National Research Council, 1976). Water-
culture yields of soybeans werae reduced by 0.5 mg/L Cr in the solution
(Turner and Rust, 1971). Chapman (1966) has reported that 8 to 16 mg/L
Cr as chromic or chromate ion produces chlorosis on sugar beets in sand
culture, In sdme agricultural crops, high levels of Cr can cause
reduced growth or death, whereas adverse effects of Tow concentrations
of Cr on corn, tobacco and sugar beets have also been raported
(Krickenbeyer, 1974). Additions of Cr to Cr deficient soils on
the other hand, stimulate the growth of lettuce and corn seedlings at
concentrations of 0.1 and 0.5 mg/L Cr (Chapman, 1966).

Chromium occurs in natural waters at average concentrations

" less than 0.0002 and 0.34 mg/L (WQB, 1978). Chromfum (III) is a posi-

tively charged ion that has a tendency to form stable complexes with
negatively charged inorganic and organic species (Taylor et al., 1979).

In the absence of anionic species, Cr (III) in neutral solu-
tions can react with water to form c¢olloidal hydrous oxides. It is
unlikely, therefore, that much Cr will be present in aqueous solution.
In fact, Cr (I11) is least soluble in the pH range covered by natural
waters {National Research Council, 1976). There is some avidenca to
suggest that enrichment of the hypolimnion in lakes with Cr i{s a result
of interactions with bottom sediments (Funk et al., 1969).
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Chromium is modearatsaly accumulatad by aquatic organisms
(Phillips and Russo, 13978). The Cr content in lake trout (Salvelinus
namaycush) increased with ages collectad in a New York Stata lake (Tong
et al,, 1974). Rainbow trout exposaed to 2.5 mg/L Cr (VI) for 24 days
showed the hfighest accumulatien in pyloric caeca followed by gut,
kidney and liver. Transference to fresh water resulted in a rapid lToss
of Cr from the tissues with the exception of the spleen and kidney
{Knall and Fromm, 1960). The gf1l was indicated as the major route of
Cr accumulation with 1ittle accumuiating in edible tissues. In another
study, trout exposad to 2.5 mg/L Cr (VI) accumulated Cr rapidly during
the first day but aftar this the fish did not accumulata appreciablae
amounts of Cr up to 22 days (Buhler et ai.,, 1977). Accumulations were
greatest 1in the spleen, kidnay, gastrefntestinal tract, gall Dbladder
and opercular hene. Fish should not experience a cumulative Cr uptake
from intermittent exposurss due to the fact that Cr {s rapidly lost
upan return ts freshwatar,

Hexavalent chromium {s the principal toxic form to fish and
other aquatic orgénisuls (Taylor et al., 1975). Invertebrates and
phytoplankton have been rtpt:!rted to be mo}'e sensitive than fish (Strik
et al., 1378). Macroinvertabratas display a wide rang}e of sansitivi=
tias, S6-h LCSO ranges in soft watar for varfaus specias of macroin-
vertabratas ranged from 2.0 to 64 mg/L. Similar values were reported
by Rehwoldt et al. (1972).

Chromium (VI) in relatively lew concentration can inhibit
photosynthasis. Wium~Anderson (1974) found that photosynthesis in scme
species of dfatoms (Baci{llaricohyceae) was {nhibitad by as much as
50 percant upon exposyre of 0.85 mg/L Cr (VI).

The acuta toxieity of Cr to aquatic organism varies among
specias and chemical form of the alament. A higher mortality rate has
been cbserved for chingek salmen fingerlings (Oncorhvnchus tshawvtscha)
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in 0.2 mg/L Cr (VI) after 12 weeks exposure than in 0.3 mg/L Cr (III)
{(Q1son, 1958). Trivalent and hexavalent Cr were more toxic in soft
water {20 mg/L as Caco3) for fathead minnows; the 96-h LC50 in soft
water for Cr (III) was 5.07 mg/L compared with 67.4 mg/L Cr (III) in
hard water, and for Cr (VI) in soft water the LC50 was 17.6 mg/L com=
pared with 27.3 mg/L in hard water (Pickaring and Henderson, 1966).
Tabata (1969) showed that hardness affected the toxicity of Cr (VI) for
Daphnia sp. but not for carp (Cyprinius carpin) which is a fairly

tolerant species. Pickering and Henderson (1966), on the other hand,
conducted bicassay tests with four species of fish and found that
hardness had l1ittle effect on Cr toxicity. Reported 96-h Lcsu's ranged
from 17 to 118 mg/L.

It is obvious that the sensitivity to Cr of various species
of aguatic organisms is wide. Those lethal levels reported are 5.07 to
118 mg/L for fish, 0.0%5 mg/L for invertebrates and 0.032 to 6.4 mg/L
for algae, the highest value being 3200 times the Towest one (USEPA,
Water Quality Criteria, 1973).

At low concentraticons Cr exhibits sublethal toxicity te fish.
Growth was retarded in rainbow trout exposed to 0.35 mg/L in soft water
for 12 months (Benait, 1976). The MATC was detarmined to be betweean
0.2 and 0.35 mg/L Cr. The lower wvalue corresponds to the results
reported by 0T1son and Foster, (1956). The survival, egg preduction and
hatchability of fathead minnows, however, was not affected by 1.0 mg/L
Cr (VI) in hard water (209 mg/L as Cacoa); although early growth was
affected, the final lengths and weight did not differ from contrels
{(Taylor et al., 1979). The activities of gill and kidney adenosive
triphosphatase enzymes in°rainbow trout exposad to a sublethal level of
2.5 mg/L Cr (VI) were altered (Kuhnert et al., 1976)}. The biochemical
mechanism of the alterations is not known. Some implications of chro-
mium's toxic mechanism may be derived from the observation that these
enzymes are invelved in ion and osmoregulation.
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Based on the information in the literature, Cr appears to be
moderataly toxic ta poth plants and animals. It is 3jecumylated by
varfous plant and animal species but {ts bicTagical half 1ife {s short
and it is rapidiy eliminatad. There are no data to suggest it is
biomagnified through tha food chain.

COBALT (Ca)

Cobalt 1s amitted from coal-fired power plants partifally in
fly ash while the rast remains in the plant as slag (Heit, 1978;
Lim, 1979).

Colbalt is an essantial element for both plants and animals.
In animals it is a constituant of vitamin 312 and migro~organisms use
Co 1n the synthesis of this vitamin (Prosser, 1973; 8eliles, 1975).
Ruminants require Cg for the rumen organisms; in sheep this requirement
is about 0.05 mg/d (Prosser, 1973). The daily intake for sheep and
cattle (as distinct from that required for ruminants) is about 200 mg/d
(Underwoad, 1371). Cobalt is essential to blue green algae and some
bacteria seed plants. Grean algae use 1%t to catalyze enzyme activation
for nitrogen (Bowen, 1966). According %o Valkoviec {(1975) and Horton et
al (1977) no evidenca has been presentad that indfcates it is essential
to higher plants.

Few data are available which address the toxicity of airborme
Co ta animals. Human poiscning, however, has been reportad from the
inhalation of Co dust from refinery and alloy plants. The symptoms of
the poisoning were; dermatitis, gastrointastinal pain, vemiting and Tow
bloed pressure (Barry et al., 1973).

In Tabgratory organisms it has been shown that the slow
accumulation of Co at a concantration of 1 pg/g over a perioed of a
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month caused cardiomyopathy (Beliles, 1975). The symptoms were similar
to congestive heart failure. Cobalt salts are readily absorbed by the
small intestine but significant retention of Co in the human does not
occur. Approximately 80 percent of the ingested o is excretad in the
urine and 15 percent ijs removed in the feces {Beliles, 1575). The
element may be accumulated in the liver, kidney and bones of animals
(Bowen, 1966; Underwood, 1971; Valkovic, 1975; Gough and Shacklatte,
1978).

The concentrations of Co in body tissues that are non-toxic
are 2.4 mg/kg for rats, 10 mg/kg for dogs, and 3 mg/kg for sheep (Gough
and Shacklette, 1976). Underwood (1971) indicated that sheep couid
tolerate an intake of 150 mg/kg/d up to 8 weeks while Gough and
Shacklette (1976) found they could tolerate 350 mg/kg/d in their diet
with no 111 effects.

The symptoms of Co poisoning in animals includes loss of
appetite, weight Voss and anemia in sheep. It has also resulted in
paolythemia, reticulocytosis and increased bloocd volume in mice,
rabbits, guinea pigs, dogs, pigs, ducks and chickens (Underwcod, 1971).
Becker and Smith (195%1) also observed petechial and ecchymotic hemorr-
hage in the small intestine, fatty infiltration of the 1liver, slight

pulmonary edema and congestion in sheep.

Cobalt in soils apears most often as a cation, the avajlabi-
ity being controlled ir part by the cation exchange capacity (CEC) of
the soil (Romney and Childress, 1965; Pratt, 1966; 8rady, 1974). Being
a cation, it will be bound tightly in neutral or alkaline soils but may
become more available in acidic soils. The content of Co in most soils
is between 1 and 40 mg/kg (Allaway, 1968; Horton et al., 1977). Cobalt
has been reported to increase in concentration in the soil around a
coal-fired powerplant from 2.3 mg/kg in background soil to 4.6 mg/kg in
enriched soils near the plant (Klein and Russell, 1973).
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Caobalt is not acgumulated in plahts L8 any great extant. The
abf1ity of plants to accumulats Co was approximatad using Hodgson's
{1579) methpdoIgy. The calculated concentration factor was 0.11.
Accerding to Wallace and Romney (1977) Co is distributad more in rocts
than in shoots but {s oftan found in moderata to large quantitias in
shoots.

Bowen {1966) raports that Co is toxic %o p!an?;. Concantra-
tfons as low as 0.1 mg/L in solution culturas produced toxic effects in
many c<rop species (Chapman, 1968). According to Kubota et al., (1963)

. & concantration of 0.1 mg/L Co in nutrient solutfens is near the

threshold toxicity of most plants, whereas a concentration of 0.05 mg/L
appears to De satisfactory for continuous applicatien con all seils.
Carn has exhibited tha symptoms of Ca toxicity at concantrations
between 4 and 8 mg/kg in tha laeaves (Vansalow, 1577). Horton at al.
(1977) indicata that a concentration of one to 8 mg/kg 1n the leaves of
dax fennel was aon-taxie. The symptams of Co toxfeity 1include
depressad growth, chlorosis, nacrosis and even death of plants
(Chapman, 1966).

Cobalt is found in natural waters at relatively lew concen-
trations of 0.009 to 0.0058 mg/L (Bowen, 1966; Valkovic, 1975). 1In
sedimants the concentratign rangea is from 3 ta 35 mg/kg {Laeland et
at., 1978). Upan entaring water, (s apparently tends to assceciata
quickly with particulats matter and sediments becoming unavailable for
accumulation bHy most arganisms (Phillips and Russq, 1978).

Littla information is available on the taxicity of Co to
aquatic grganisms. Thomas ?1915) found that 1§ mg/Lsaf cobalt chlaride
was lethal to Fundulus heteroclitus within 5§ days. Tha 96-h LC50 for
rotifers exposad to Co cobalt sulphate was found to be $9 mg/L (Buikema
at al., 1974). Enlarged livers ware reported in rainbew trout fnhabi-
ting waters with high Co caoncentraticns (QOguri, 1378).
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The introducticn of radioactive Co to a pond containing warm
water fauna resulted in Co accumulations in the soft tissues of
organisms (Brungs, 1967). The eggs of pike (Esox lucius) when exposed
to radioactive Co accumdylated the element but rapidly eliminated it
upon transfer to fresh water (Kulikov and Ozhegov, 1975). Rainbow
trout eggs accumulated (o to levels directly proportional to the Co
level in the water. Cobalt uptake decreased with increasing calcium in
concentration in the water suggesting that Co may be antagonistic to Co
(Kunze et al., 1978).

Cobalt appears to be moderately toxic to piants and animals.
The concentration factor for Co in plants is low and herbivorous
animals do not concentrate the element as it is readily excreted.
Cobalt is accumulated by fish but is eliminated upon transfar to fresh
water, Intarmittent increases in the Co concentration of water should
not adversely affect aquatic organisms.

COPPER (Cu)

Copper 1s emitted in the vapour phase but is alse found in
the mechanically collectad fly ash or bottom ash from coal-fired power-
plants (Klein et al., 1975; Horton et al., 1977; Lim, 1979). The
chemical species of coprer emitted through coal combusticn are postu-
tated as being elemental copper and copper II oxide (CuQ} (Davidson et
al., 1974)

Coppér is essential to the physiological functioning of man
as wall as plants andranimaTs. In plants it is a constituent of many
essential enzymes and proteins one of which s cytochrome oxidase
(Bowen, 1966; Valkovic, 1975; Gough and Shacklette, 1976). In anfmals
copper is necessary for the manufacturs of some of the ferroproteins.
Ceruloplasmin, for example, is a copper containing protein in blood
plasma that has ferroxidative capacity and is essential to the transfer
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of iron Detween plasma and ca2lls (Roeser et al., 1970). Various
molluses and arthropods concantrata copper to 1 mg/100 amL of blood when
it functions in -the oxygen-carrying pigment, hemocyanin (Prosser,
1973). Coppper is also a constituent of c¢ytochrome oxidase in animals,
the tarminal enzyme in the enerqgy transport system of anfmals (Maniloff
et al., 1970). Copper is alse essential for polyphenol oxidase, cyte-
chrome oxidase, uricase, laccasa, ascorbic acid oxidasa and tyrosinasa
{Prosser, 1973). The alement {s integral {or the bicsynthesis of
protains Javeived in the structure of the connective, dermal and
elastic tissues (Maniloff et al., 1970). Underwood (1975) indicatas
that Cu {s also required for red blcod cell formation as well as normal
growth and reproduction.

Plants grown on scils deficient in Cu may become chiorotic
charactarized by leaf-tip yellowing. It can be added to Cu-deficient
soils as a trace nutriant supplement to other fertilizers. The minimum
reportad concentration of Cu that begins to exhibit toxicity to some
agricultural plants is 0.10 mg/L (USEPA, 1976). Chickens with Cu
deficiency die frem rupturs of the aortic blood vessel associated with
increased mucopolysaccharides {n the aorta and reduced cytochrome
oxidasa in tﬁe Tiver and heart (Hunt et al., 1570). Man requires about
2 mg Cu/d, more while growing with Dblood cancentratiens ranging from
0.05 %o 1.0 mg/L (Prosser, 1973). Sheep require 1 mg Cu/d, pigs about
& mg/L and most laboratory animals require about 50 mg/L/d (Underwoed,
1971). Copper concantrations found in natural waters are net known to
have any adverse effect on humans. Concantrations greater than 1 ag/L
may impart an undesirable tasta to drinking watar.

In most mammals Cu is poorly absorbed from the small intes-
tine. A small fraction, roughly 5 percant, is bound to aTbumin but the
majority is associatad with caruleplasmin. Copper has the capacity to
readily penetrata red blced calls and in the liver it {s released for
incarporation fnte variocus enzymes requiring copper. Accumulations of
the metal have alsc been notad in the brain, adrenal gland, heart,
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intestine, kidney and stomach (Bowen, 1966; Underwood, 1971; Valkovic,
1975).

Some information is available on the toxicity of airborne Cu
te animals. Bischeff and Haun (1939) reported that animals were
affected as far away as 5 km from a Cu smelter with flydust containing
25 mg/kg Cu. Sheep grazing within 20 m of high tension copper tLower
lines became i11 and died after ingesting forage that had grown on soil
cataining Cu axcesses (Hemkes and Hartman, 1973). Moilybdenum antagon-
izes the toxi¢ effects ¢f Cu as sheep that grazed on pastures of normal
Cu content but Tow in Mo resulted in Tiver accumulations (Gough and
Shacklette, 1976). This accumulation can often result in Cu poisoning
followed by death. The symptoms of Cu poisoning include conjunctiv=
jtis, stomach and intestinail catarrh, salivary secretion, miscarriage,
emphysematose factf, afterbirth retention and reduction or complete
stoppage of milk production (Maniloff et al., 1970).

Copper occurs most often as a cation.in soils, its avaitabi-
1ity depending partially on the CEC of the soil and relevant interphase
equilibria {(Brady, 197¢4; Payne and Pickering, 1975). Leepar (1952)
indicates that Cu is held more strongly than mest cations by the cation
axchange complex ‘and are, therefore, Tlass mobile in soil soelution.
Copper will be more available in acid soils than those that are neutral
or slightly alkaline. The concentration of copper in soils generally
ranges from 2 to 100 mg/kg although this range is narrower {1 to 30
mg/kg) in sandy soils (Horten et al., 1977).

The uptake of Cu by plants is dependent upon its availabli-
lity in sofls. Availability is influenced, partially, by pH as more
acidic soils wiil leach Cu from bound sites placing it in solution.
Although Cu is held more strongly in soils than many cations, plants
possess the abhility to take up sufficient quantities of Cu even in very
low concentration. Increases in soil concentrations of Cu will result

in a further accumulation of plants perhaps to the point that toxic
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concentraticns to the plant or {ts consumer may be reached {Overak and
Lewis et al., 1378). There appears to Je mora Cu in the roots than
shoots, but oftan moderats with scmetimes Targe quantities being
observed in shoots (Wallaca and Romney, 1377).

Concantrations of 20 mg/kg in plant tissues have elicited
symptoms of Cu toxicity (Chapman, 1966, Valkovie, 1975). Grafin, on the
other hand, can apparently accumulate Cu to 15 mg/kg without 11
effacts but thess levels may be harmful to sheep (Hemkas and Hartman,
1973). Grass saedlings (Agrostis sp.) have been shown ts develop a
tolerance to Cu aver a 10-week period (Wu and Bradshaw, 1972). Spinach
and gladfolus also exhibit some apparent tolerancs as neither spacies
was affected by Cu at relatively high soil concentrations (93 to
130 mg/kg) at acidic pH values, 4.5 to 4.7 (Chapman, 1965).

Snapbeans weres adversely affectad by tissue concentratioans of
40 mg/kg or greater and reduced yields were observed at Cu tissue
Tevels of between 20 and 30 mg/kg (Walsh et al., 1972) Concentraticns
of 0.5 to 50 mg/kg of copper acstata in the tissues of caulificwer,
Tettuce, potats and carrot inhibited growth (Bell and Rickard, 1974).
Excessive Cu can-intarfere with iron metabolism in plants, the symptoms
usually appear as necrosis in foliar regfons (Gough and Shacklette,
1976). Another mechanism of Cu toxicity may be relatad to effects of
Cu on nitrogen mineralisation in seils. Liang and Tabatabai (1877)
obsarved that tha Cu divalant cation fnhibitad the nitrogen metabol{sm
in various soils.

Copper is found in most natural waters at an avarage concan-
tration of 0.015 mg/L (USEPA, 1976). The concentration of Cu in sedi-
ments ranges from 1 to 476 mg/kg with the majority being between 1 and
110 mng/kg {Laland at al., 1978). Copper enrichment in the sadiments of
an aquatic ecosystem has heaen reportad from urban-industrial squrces of
air pellution. Aaerial fallout Jncreased Cu sediment levels abova a
control system, the distribution of the metal in the ecosystam was a
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function of basin depth and slope, point sources and water currents
(Payton et al., 1974). The chemistry of Cu in water is quite complex.
When soluticns of inorganic copper salts are added to natural fresh
watars, particularly alkaline ones, basic copper carbonate
(CUZCOH)ZCO3) is precipitated. In the presence of organic substances
copper can be complexad and held in solution in hard waters {Brown et
al., 1974). At pH and bicarbonate (COS) levels typical of most surface
fresh waters and at Cu concentrations of 1 mg/L or less most of the Cu
in a soluble state is present as CuCO3 and only a small fraction as
cu?*,
soluble forms such as complexes with humic or amino acids or assogiated
with suspended materials (Stiff, 1971).

In natural surface watars, Cu can occur in a number of other

Many studies have been conducted which have investigated the
acuyte and chronic toxicity of copper to aquatic organisms. The prin-
cipal test organisms in these experiments were fish. Copper toxicity
is dependent on alkalinity, pH, organic compounds and hardness. At
lower alkalinity copper 1{s generally more toxic so there are fewer
unions with which to complex (USEPA, 1976). Decreases in pH and hard-
ness increase the toxicity of Cu to aquatic organism. In most natural
fresh waters a!ka]inify paralleis hardness. The saimonids appear to be
the most sensitivé fish species to Cu and, hence, are commonly employed

in bicassays to determine Cu toxicity under variable conditions.

Copper 1is known te¢ be particularly toxic to algae and
molluscs. Solutions of Cu, for example, are commonly emmployed as
algicides. The acute toxicity of Cu to fish varies with species and
water quality. Reportad 96-h acute toxicity studies with Cu are
summarized in Table C-3. Perusal of the table indicates that toxicity
also varied with temperature, 1increasing as the thermal regime
increased and with hardness.
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Species

Bluegill
Atlantic salmon
Atlantic salmon
Fathead minnow
Fathead minnow
Bluegily
Goldfish
Fathead minnow
Fathead minnow
Fathead minnow
Fathead minnow
fivook trout
firown bullhead
Mugin

Rainbow trout
Rainbow trout
Rainbow trout
Rainbow trout
Rainbow trout
Rainbow trout

Guppy

Note: a -~ above 90 percent air saturation.

Temp
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TABLE C-3

Hardness
mg/L-CaCO,

20
14
20
360
20
20
198
198
i
k[1]
42
202

48+0.9

360
100
30
360
100
3o
20

cCoocoooCo W

96-1I0UR LC,, OF COPPER FOR VARTOUS FISH SPECIES

96-hour
LCgn

0.74
0.048
0.032

0.022 t0 O
1.14, 1.

0.66
0.036
0.47
0.43
0.075
0. 084
0.09

.17, 0.19

.100
.33
. 066
.034
125
.042
.032
.036
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The 96-h LC50 concentrations for Cu have been found to range
from 0.022 to 0.66 ug/L in soft water and 0.066 to 1.76 pg/L in hard
water. Of the species tested, Atlantic salmon (3almo salar) were the
most sensitive to copper. At similar test temperatures the warm water
species can be expected to display a greater tolerance. At a pH of 6
the 96-h LC50 concentrations of Cu for rainbow trout were 0.042 and
0.125 pg/l. at hardnesses of 100 and 360 mg/L (as CaCO3) respectively.
At comparable levels of hardness and a pH range of 7.7% to 8.0 the 96-h
LC50 range increased to 1.066 to 0.33 ug/L in the same species.

In chronic or sublethal tests, 33 pg/L Cu did not affect the
survival or physical ‘appearance of fathead minnows 1in hardwater
(200 mg/L as CaC03); in soft water the no-effect concentration was
about 10.6 pg/L Cu. The concentrations of Cu having no effect on
catfish (Ictalurus nebulosus) expcsed for 600 days to the metal were
frem 16 to 27 pg/L in hard water (202 mg/L as‘CaC03) (Brungs et al.,
1973). Similarly, the 1level for bluegills in soft water over a
22-month exposure was 21 ug/L Cu (Benoit, 197%).

A copper concentration of 17.5 pg/L did not adversaly affect
the survival, growth or spawning of adult brook trout or the hatchabi-
lity of eggs when chronically expesed to Cu in water with a mean
a]kaiinit& of 41.6 mg/L as CaCO3 (McKim and Benoit, 1871). For young
brook trout the no effact level is roughly 9.5 pg/L Cu. The authors
found that in a second generation experiment exposurs to sublethal
concentrations of Cu for yearling through spawning to 3-month juveniles
was sufficient to establish no-effect concentrations which were factors
(application factor) of 0.17 and 0.10 of the 95-h LC50 value. Davies
and Goettl (1976) report that Cu concentrations of 0.012 to 0.019 and
0.00%85 to 0.0175 mg/L have no effect on rainbow trout and brook trout
respectively. These concentrations are similar to those derived from
the use of the applicatifon factors listed above. The maximum accept-
able copper concentrations, based on a conservative applicatiaen factor
of 0.05 x, range from 0.003 to 0.088 mg/L in hard water and from
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0.001 %o §.033 mg/L in soft watar, over 3 pH rangs of 7.0 to 8.4. At 2
pH of §, the range for hard watar is decreasad to §.002 to 0.006 mg/L
for rainbow trout.

For zooplankton (Daphnia magna) a 16 percant reproductive
impairment was noted at a Cu concantration of 22 pg/L in a chronic
3-waek exposure %o soft water (45.3 mg/L as CaCD3). The 3-week I..t‘:50
was 44 ug/L Cu (Biesingar and Christensen, 1972). Thae total Cu concen-
tration having no effect on Campaloma decisim, Physa integra and

Gammarus pseudolimnaeus 1in 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). N

The concentrations o¢f Cu that have been associated experimen-
tally with no harmful effect for serveral water species are approxi-
mately from 5§ to 15 pg/L (USEPA, 1876). Watsr with high alkalinity and
hardness may be able to tolerate higher ambient levels. Generally, the
concentration of Cyu should not exceed 0.1C times the 96-h LCSO far
continuous exposure as detarmined with the most sensitive resident
species.

Copper is accumulated by freshwater fishes and aquatic
insects. Thers appears tc be a goed corralation between the onset of
Cu accumulation above bacgkground levels and the davelopment of chronic
symptoms in fish (Phil1ips and Russo, 1973). Benaft (1975) found that
bluegi]l expcsed for up to 22 months accumulatad Cu at all concantra-
tfons 40 yg/L and above. This Tsvel was tha lowest concantration
having an adverse effect on the fish suggesting that fish may be
adversaly affected by Cu if they are accumulating Cu tissue levels
above natural backgound lavels. Measured Cu concentrations in the
9i11s of catfish accurately reflected the Cu exposure conditions.
Equilibrium concantrations ware reached in these tissues afier 30 days
exposure (8rungs et al., 1973). Rainbow trout, on the other hand,
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continued to accumuiate Cu in the liver up to 107 weeks and accumulated
Cu in this organ after exposure to only 3 pg/L Cu (Goettl et al.,h1974).

Mayflies (Ephemerella grandis) and stoneflies (Pteronarcys

californica) accumulate Cu in their tissues to levels that reflect the
insects' copper exposure history. Nehring (1976) has suggested that
such forms may be possibly used to detect instances of intarmittently
acute copper pollution in streams by monitoring Cu levels inm aquatic
insects. The isopod, Assellus meridifanus, accumulated Cu from both the

food and water, particularly in the hepatopancresas (Brown 1977). The
histopathological and physiological effects of Cu peisoning in aquatic
organisms include: renal and Jlateral bone lesions, increased corrti-
costaroid tevels, increased red blood cell production and hematacrit,
reduced natality and increased blood pH (Grande, 1967; McKim et al.,
1970; Eisler and Gardrer, 1973; Donaldson and Dye, 1975; 35eilers et
al., 1975).

Copper is concentrated by duckweed (lLemna minor) by a factor
of roughly 1000 times the water concentration (Hutchinson and Czyrska,
1972). Aquatic {nsects accumulate the metal by roughiy the same factor
(VYaughan et al., 1975). Bryophytes concentrated Cu almost 4000 times
that of background levels (Dietz, 1973). '

In conclusion, Cu is an essential trace element to both
plants and animals. It may be accumulated by these organisms to levels
that are toxic to a consumer or the organism itself. It does not,
however, tend to accumulate in the edible tissues of fish,

FLUQRINE (F)

The element fluorine in coal is usually chemically bound in
the fluoride form. Upon the combustion of coal the majority (in excess
of 50 percent) of this F is released in the vapour phase of the stack
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emissfons (Heit, 1977; Lim, 197%). There is some discussion as to what
a reascnable percentage F emittad in this fashion is. Most {nvestiga-
tors do agree, however, that F is volatilised when coal is burned and
that the smallear percentage of it is collected and retainad within the
powerplant. The chemical specfes of F emittead are baelieved to be
gaseous hydrogen fluoride (MF), silicon teirafluoride (51F4) and selid
inorganic fluoride compounds (NRC, MNAS, 1871).

Fluorine is am essantial trace elament to animals but not
plants (Muhler, 1939; Bowen, 1966; Prassar, 1973; Underwocod, 1975).
Fluorine {s found in tracas of vertgbrats bone and aids in the
hardening of dental enamel. It is also known ta partially prevent
ostagporosis (Chapman, 1966; Prosser, 1973; Underwood, 1975). Geodman
and Gilman (1970) state, however, that it has bean dirficult to datar-
mine whether F serveas a specific physiolegical role. Tha problam is
complicated by the universality of F which makas it difficult to pro~
duce F=free diets with which to study. the element's assantiality.
Messer ot al., (1972) reported, however, that mice with Tow fluoride
intake demonstrated fertility impairment.

There are not many studies which address the toxicity of F to
wildlife via inhalatifon relative to theose conducted for humans and
livestock. Extrapolaticns of F effe;ts in man and livestock ¢an intu-
itively be made on the basis of similarities in biochemical and physic-
logical mechanisms among the three mammalian groups. The effects of
airborne fluorides in man will be discussed glsewhere. The rsadar {s,
however, referred to the reviews by Hodge and Smith, (1977) and Rosa and
Marjer, (1877) feor specific information concsrning the subject.

It fs usually assumed that the direct inhalation of F from
the atmosphers constitutes a small amount of the total F fntake of
animals in an area of industrial pollution (Suttie, 1877). The major
source fs that ingested, primarily in the vegetation. Thers are few
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data in the available 1-terature, even for domestic animals let alone
wildlife, that deal with the question of the F hazard due to inhala-
tion. Fluorine is emitted on particles of submicron in size. These
particles can deposit in the alveolar regions of the lung providing
access to the bloodstream and subsequent transport to internal organs
(Natusch et al., 1974). The well-being of wildlife surrounding
fluoride-emitting facilities is of concern. A few studies have
reportad increases in the skeletal fluoride concantrations of deer and
elk in these areas (Kay, 1975; Kay et al., 1975). According to Rose
and Marier (1977) wild animals are more susceptible to the effects of F
than domestic cattle. Their nutritional status (especially in winter)
and physical exertion may be particularly significant factors which
under conditions of strass can make the wild animal more susceptible %o
the effects of F (Rose and Marier, 1977). In a predator-prey situation
even a minor loss of mobility can lead to rapid elimination of the
individual affected. Kay (1975) has also reported an apparent age
shift due to flucrosis that was so extreme that older deer and more
susceptibie deer were removed from the herd. Suttie's (1977) sugges-
tion that wildiife may be protected by employing similar F guideline
values as for the most sensitive domestic speciaes, cattle, therefore,

does not apply. In certain instances wildlife could be conceivably

less susceptible to F as they are more mobile than the cattle which
would be contained near the F source. The current information
available, however, is not adequate to produce separate guicdelines far
wildlife nor t¢ indicate the environmental significance of fiuoride
pollution for these species.

The metabolism of F in animals follows typical patterns
regardless of whether the F entered the organism via inhalation or
fngestion through fooc and water. -Fluorine is rapidly and almost
compietaely absorbed from the gastro-intestinal tract; it is distributed
throughout the body and the F jon is retained by the bones or teeth
where it accumulates. Many of the studies have been done with domestic
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runens. There i3 no reason ts believe they would metabolize the
elament giffarently than other mammals. Ofrect cbmparisons to ruminant
wildiifea species can cartainly be made. In rumens F 1is rapidly
absorbed through the rumen wall (Bell et al., 1961). A single oral
dose of F in shaep {is rapidly absorbed into the blcodstream and the
plasma. F concantration reaches a maximum after about 3 hours (Simon
and Suttfe, 1968). About three guartars of the F in blood is contained
in the plasma, the remainder in the red blood cells. The plasma F
leve! responds rapidly and systematically to varying F ingestion and
varigus physiological factors (Taves, 1370). Rats given a single dose
af F (50 mg/kg, body weight) raised plasma F levels about 2.0 mg/L in
1 hour. (Suketa, et al., 1976). .

The contant of F in uyrine has been suggested as an index of
animal exposures (Burns, 1970). Some relation has been reportad betwesen

- yrinary F and the F concentration in samples from pasturs vegetation.

The main fata of ingested F in animals 1s the bone. Accumulation of F
in the mammaiian skeleton begins during gestation. The F content in
the offspring of mica and piglets appears to be a function of the F fed
ts the mothers {Forsyth et al., 1972; Messer et al., 1974). The
accumuiation of F in the skeleton is controlled by three factars: the
amount of F apsorbed via the digestive systam and Tungs; the recap-
tivity of the skaletal surfaces; angd the efficiency of F axcration by
the kidneys. 0On the basis of background levels, bone fluoride concan~
trations ranging up to and above 5000 mg/kg, dry fat-Trea basis, are
indicative of envircnmental contamination by F and its {ingestion by
wild animals (Rosa and Marier, 1977). .

The inhalation and ingestion of F by animals may Tead to
fluorosis. Symptoms of <this disorder are characterized'by dental
Tesicns and mottling of the taeth, skeletal lesfons and deformities,
Tameness and stiffness, appetita impairment, cachexia and diminished
milk yield (Suttie, 1977). Fluorine toxfecity mechanisms also include
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interference with calcium metabolism, enzymatic processes, normal
cellular respiration and reduction of the immune biological response of
the animal to certain diseases (Lillie, 1970).

Fluoride has caused chromoscmal 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 fliies (Gerdes et al., 1971). Chromosomal aberations
have been observed (Jagrillo and Lin, 1974) in mammalian oocytes during
meiosis in the following concentrations in:

Mouse oocytes: 91 and 181 mg/L;
Ewe ococytes: 11, 23 and 91 mg/L;
Cow cocytes: 4, 5, 11, 23 and 91 mg/L.

The major source of F contributing to fluorosis in animails is
through the ingestion of contaminated vegetation and other foods.
There is a diversity 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 40Q mg/kg dry weight basis, as a yearly average;
Not over &0 mg/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 of cattle and
the development of flusrosis is summarized in Table C-4, The table
shows that if the F level is maintained under 40 mg/kg only a sTight
periosteal hypertosis and some incisor mottling will occur. Histolo-
gical changes in bone and tooth structure which have no known effect on
the well being of the animal may also be seen at ingestion levels below
40 mg/kg. The ralative talerance of other domestic animals to F in
their diets is presanted in Tabla C~5. The stated tolarance levels
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TABLE C-4

RELATIONSHIP BETWEEN FLUORINE CONTENT OF THE OIET
AND THE OEVELOPMENT OF VARIOUS SYMPTOMS IN CATTLE

Total Fluorine in Diet {(ppm)

Symptom 20-30 30-40 40-S50 >80
Discarnible dental mettling? yes yes yes yes
Enamel hypoplasia (score number (4))! no no no ne
Slight gross pariosteal hyperostosis no yes ves yves
Mcderata gross pericstaal hypearostosis no no yes yes
Significant incidenca of lameness no no no yas
Decreased milk production ne no no yes
Skeletal F equivalent to 5000 ppm ne no no vas
at 5 yeari -

Urine F of 25 ppmd no no yes fes
Nota: Based upon data discussed in detafl in referencas (11, 31),

the statements "yes" or "no" indicate if the symptcm would

be reproducibly seen at this level.

1 Only if fluoride is presant during formative period of the

toath,

2 Matacarpal or metatarsal bone, dry, fat-free basis.

3 Based on valuss takan aftar 2 to 3 years of exposure; specific

gravity = 1.04.

Source: Suttie, 1977.
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TABLE C-5

DIETARY FLUORIDE TOLERANCE FOR DQMESTIC ANIMALS

Animal _(pom F) _
Beef or dairy heifers 40
Mature beef or diary cattle 50
Finfshing cattle 100
Feeder lambs 150
Breeding ewes 60
Horses 60
Finishing pigs 150
Breeding sows 150
Growing or broiler chickens 300
Laying or breeding hens 4G0
Turkeys 400
Growing dogs 100
Note: The values are presented as ppm F in dietary dry matter and

assume the ingestion of a soluble fluoride, such as NaF.

These tolerances are Tevels that, on the basis of published
data for that species, could be fed without clinical inter-
ference with normal performance.

Performance

At lower levels of intake,

some pathological changes may occur, but these changes
have not been shown to influence performance.

Source: Suttie, 1577.
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indicate a level of F ingestion that on the basis of published data for
that species could be fad without clinical intarfarence with its normal
performances. The table indicatas that cattis are the most sensitive
domestic speciaes.

Fluorine may be taken up by plants from the air, the soil ar
water, The F accumulatad in plants enters the food chain through
herbiveres and passes into the soil in animal wastes. The uptake of F
in the soil by plant roots {s dependent upon the alement's avaflabi-
Tity. Plants in acid soils far sexample, tand to have a higher F
content,

Fluorides are bound to soils fn different ways; they may be
chemically combined inside the clay lattice, absorbed on c¢slleidal
surfaces or mechanically retained in the soil solution within seil
micropores (Ares, 1578). Under relatively stable environmental con~
ditions, adsorbed or lcosaly retainad F can be exchanged in aqueous
salution. Sefl organic colloid may be important in F adsorption

. increasing the capacity of the soil clays. Tha amount ef F normally

accumulated by plants from tha soil {is, howaver, small and thers fis
Tittle relationship betwean the concentration of F in the soil and that
of the plant (Weinstain, 1877). '

The major mode of entry of F inte plants is via uptaka from
airborne gasas. The mechanisms and ultimate fate and effects of
gaseous fluorides entaring plants have besn the topic of reviaw
articles {(Rosa and Marier, 1977; w-in;uin, 1377). The effects and
impacts of fluorine compounds on vegetation arising from F emissions
associatad with the Hat Creek project have baen previcusly discussad
{Tera, 1978). The purpose of the following discussion is to briefly
review the aeffects of F on tarrestrial vegatation as taken from the
reviews listsd zbovae.
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Fluorine compounds, notably HF are three orders of magnitude
more lethally toxic than 502. Fluoride affects cellular metabolism
which in turn influences COZ assimilation or oxygen uptake. The
visible symptoms of F damage in plants include folian necrosis and
¢hlorosis. Effects at the organism level can fnclude altered growth,
reduced reproduction, increased susceptibility and decreased resistance
to environmental stresses and perhaps death (Tera, 1978).

Gaseous HF enters the plant through the leaf stomata and the
plant cuticle. Fluoride salts will also be absorbed but in proportion
to their solubility {MAS, 1971). Due to the high sglubility of the HF
gas inm water it is readily taken intoc the trapspirational stream and
transported to the leaf tips and margins where it is known to accumu-
late (Woltz, 1964; Ziegler, 1973). It appears that little or no move-
ment occurs between leaves and other organs.

Studies performed in vitro with F salts have revealed that
many enzymes are F sensitive (Slater and Bonner, 1952; Melchior and
Melchior, 1956; MiTller, 1958). The effect of F on plant enzymes has
ranged Trom stimu1at{on to inhibition (Weinstein, 1977).

There are Tikely many different possibilities as to the locus
of F action. Respiratory activity and CO2 assimilation are likely the
primary sites but the steps in vitro are not well understood
(Weinstein, 1977). Bush beans fumigated for 20 days at a H4F concen-
tration of 1.8 pug/L increased their rate of respiration (Applegate and
Adams, 1960).

It a threshold of HF is exceeded by acute fumigation, carbon
dioxide assimilation is decreased in a number of plants (Thomas, 1958).
Below threshold levels the rates of CO2 assimilation are normal. The
threshold for gladiolus was observed to be about § to 7 ug/L following
exposure at the rate of 35 hours a week for several weeks (Thomas,
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1858). Photasynthetic rates weare raducad in oats, barley and alfalfa
when fumigated with 10 mg/L HF (Bennett and Hill, 1974).

Plants axposed to F may display reduced chlorophyll content
of the foliage and F accumulation 1n chlorcplasts (Neuman and McNulty,
1959; Chang and Thempscon, 1966). Other sffacts includa the occuranca
of visible symptoms at the organ level, foliar chlorosis or 2 manifaes-
tation of altarsd structure and functicn of chloroplasts.

Pendercsa pine needles fnjured by F display histopatholegical
alterations {ncluding hypertrophy of resin duct epithelial cells and
hypertrophy of transfusion parenchysma and phloem and xylem parsnchyma
{Solberg and Adams, 19568). Changes in bread-leaved plants are charac-
terizad by collapse of mesophyll and distortion and collapse aof
spidermal leaf cells (Solberg and Adams, 1956; Treshow, 1957).

Fluoride effacts on growth, yleld and reproduction in plants
depend on deficiencies in specias and varieties, flucride concentra-
tion, Tength of exposure -and climatic factors. Fluoride caused a
25 percent net growth reduction in Douglas fir without visible needla
necresis (Treshow et al., 1967). An  accumulatsd concantration of
100 mg/%g fn the needlas was suggestad as the threshold for growth
reduction in the species. It appears that the threshold for injury of
plants classified as‘ susceptible {s less than 150 mg/kg and for mest
plants may be less than 100 mg/kg. Plants classified as intsrmediata
or resistant can probably tolerata concantraticns in excess of
200 mg/kg without expressing folfar symptoms.

Exposurs of bean seedlings to 2.1 pg/rn3 F caused the develop-
nent of lass vigorous sscond-genaration sewdlings (Pack, 1971a and
1971b). A 30 to 70 parcant reduction in diameter growth of pine trees
was raported at F - pollution lavels that otherwisa caused no visidle
injury. The growth of pollen tubes in the styles of charry blosscms

¢ - 47



SE 7933

FLUSRINE -~ (Cont'd)

was decreased by fﬁmigation with HF either before or aftar poliination
(Facteau et al,, 1973). Fluoride-induced reduction in polilen germina-
tion and tube growth has also.been observed in tomate and cucumber
plants (Pack and Sulzbach, 1976} while inhibited seed producticn of
fruiting has been reported, with soybean, bell-pepper, sweet corn, and
cucumber befng more susceptible than peas, grain sorghum, or wheat
(Pack and Sulzbach, 19786). Beans and oranges experfenced decreased
crop yields with increasing F levels, i.e. approximately 19 percent per
0.1 pg/m3 for oranges, and 3 percent per pg/m3 (approximately 1.2 pg/L)
for beans (Leonard and Graves, 1970; Pack, 1972). A 5 percent loss in
the weight of individual strawberries occurred per pg/m3 increase in
airborne F, fruit quality also declined (Pack, 1972); McCune et al.,
(1974) established acceptable limits of F in the air as 0.005 to
0.01 mg/L for a two to four hour peak concentration and 0.003 to
0.006 mg/L for 30 to 60 day periods.

forage species grown with irrigation water containing F had
an elevated F content. (Rand and Schmidt, 1952). Fluoride in solution
is readily absorbed by plants (Adams and Sulzbach, 1961). Baby doll, a
horticultural foliage plant, suffered serious (50 percent) leaf
necrosis when set for rooting in water containing 0.5 mg/L # (Canover
and Poole, 1971). As fluoride salts can be dirsctly absorbed through
the leaves, F in irrigation water sprayed directly on crops could also
result in higher F content (Weinstein, 1977). 1In cultures media defi-
cient in calcium and magnesium, added fluoride markedly reduced oxygen
absorption in the tissues of Rubus hispidus (Pilet and_Bejaouf, 1975).

Increased levels of Ca and Mg had a protective action.

The site of F accumL]ation in plants is the leaf. Although
ft is assumed little translocation to other plant tissues takes place,
Benedict et al., (1964) reported translccation of F from leaves to the
roots. Keller (1974) has suggested a similar movement of the element.
Qther plant tissues may contain measurable amounts of F, especially the
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roots (Laeone et al., 1856). Fruyits are usually low in F but Targe
amounts can accumuiate after F exposure (Weinstein, 1377). Plants
become the vehicle for the concantration and transfer of F to
herbivores and the potential problems associfated with F ingestion,
Three types of procssses appear to mediate the concentration of F in
plants: accumulation, distribution and sTiminatjcn.

Fluoride is a natural constituant of watar and sediments.
The average concentration imn watsr is about Q.01 %o 0.02 mg/L
(Carpentar, 1363). Almost no data are available on the toxicity of F
to aquatic organisms. A number of fish species have exhibfted fnjury
from F exposure, the response being influenced by a number of factors
such as species and strain, concentration of Ca and chloride {n the
watar, temperatu;e and fish size (Sigler and Neuhold, 1972; Groth;
197%). Ceoncentrations as Tow as 1.5 mg/L of F have affactad the
hatching of fish eggs (E11is et al., 1946) and 2.3 mg/L introduced as
sodium flucride was lathal to rainbow trout at 18 °C (Angelovic et al.,
1961). |

Aquatic animals tand %o accumylata environmental F, primarily
in the skeleton as well as in the gills and exoskaleton. Brown trout
{Salme trutta) axposed to 5.0 mg/L F for 200 hours in tap water dfs-
played a whola=bedy fluorida concentration of 10 mg/kg net weight
(Wright, 1977).

Groth (1$75) has reviewad the data on the effects of F 1o
aquatie vegetationl The datay indicated that levals as Tow as 2 mg/L
can decreaasa tha growth of cne species of Chlorella, an algas. In
addftion, many aguatic plants accumulata F to concentrations that may
be many timas that of background leveis. The aczumulation of F by
aquatic plants is of interest bacausa of the element's potantial impact
on animals that cocnsume this vegetation. Steawart et al.,{137%) report
that the apparent food-chain cgoncentration factor in an unpellutad
marine ecosystam is 10.
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There is virtually no information available on the long-term
chroni¢c effects of F ir the aguatic biota. The potential accumulation
of F in the aquatic environment i{s, however, more ecologically
important.

Fiuorine in the gaseous form, particularly as HF is very
toxic to vegetation. Plants have the capacity to accumulate F from the
ambient environment where herbiverous animals may be potentially
affected through the consumption of contaminated forage. Fluorine is
an essential element for animals but is also toxic in high concentra- .
tions causing fluorosis. Some evidence is available that suggests F is
concentrated in aquatic food chains.

LEAD (Pb)

When coal is combusted, some lead is absorbed onto fIy ash
particles of the order of 1 um or less in size and a portion is emitted
in the vapour phase {(Natusch et al., 1974; Klein et al,, 1975; Lim,
1979).

Lead: is presant in all soils and plants but it is not known
to be an essential for vegetation nor is it reguired for animals. As a
result of coal combustion, airborne Pb in the form of particulates and
gas can enter organisms respiring air. The major routes of Pb uptake
in man and presumably animals are through the lungs and gastrointes-
tinal tract. Particulates of less than 1 pm in size bearing adsorbted
1éad can be deposited in the alveolar regiong of the lung where the
@lement has access to the bloodstream and ultimate transport to
internal organs (Natusch et al., 1974). As particle size decreases,
the so1ubiTity of Pb adsorbed onto them will dincrease. . (Underwood,
1871). These particles upon entering the lungs are usuvally absorbed or
transported to the Ddase of the ciliated bronchiolar epithelium
{Piperno, 1975). Lead that is absorbed enters the blood bound to
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erythrocytes and piasma protains and reaches the bones and soft
tissues, Some elimfration occurs via bile excreted inte the small
intastine. Approximately 32 percant of the Pb that {s inhaled is
absorbed from the Tungs (Waldron and Stofen, 1974). Lead taken in via
inhalation producaes higher blood and tissue concantrations more rapidly
than higher amounts obtained by ingestion (Egan and Q'Cufll, 13870).
The attandant amount of Pb absorbed from the amount ingested is about §
to 10 percent. Lead accumulates primarily in thae bones, with Tessar
amounts in the Tiver, kidney, muscle and hair (Sowen, 1965; Beliles,
1975; Underwood, 1575). Onca takan in and absorbed, Pb may accumulate
to toxi¢c proportions. The symptoms of Tead peoisoning include:
derangement of the central nervous systam, gastrnintestinal trace,
musculature and the mematopeietic systam (Aronson, 1971).

Lead has been shown to be taratogenic in laboratory animals
but no such effects have been chsarved in cattle or sheep (Maticnal
Academy of Sciences, 1972; Christensen and Luginbyhl, 1875). It has
also been found to be a renal carcinogen ang a poison in animals and is
correlatad with mortality from kidney cancer, leukemia, lymphomas and
stomach as well as fintestinal and ovarfan cancers (Valkovic, 197S).
Lead has also been implicated in the reduction of resistance g
bacterial infections in mice, rats and chicks by decreasing tha numbers
of antibody forming calls (Hemphill et al., 1571; Killer and Kavaeic,
1974; Waldran and Stafen, 1974).

Lead occcurs most often as a catien in soil, its availability
baing controlied by tha CEC of the soil (Remney and Childrass, 1965).
Lead markedly accumulatas in so0ils but it 15 not easily leached ocut by
rainfall. In neutral or slightly alkalina soils Pb is bound realatively
tight while in acidic sofls the element is more mobile. The general
range of Pb concentrations is between 2 and 200 mg/kg (USEPA, 1978).
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The uptake of Pb by plants depends on the metal's availa-
bility in s¢ils and a number of other facteors including soil fertility
and the general nutritional status of the plant. An increase in the
soil cation exchange capacity and organic matter decreases the uptake
of Pb by plants (Haghiri, 1973). Corn plants grown with insufficient
amounts of phosphate, for example, accumulated 5 to 10 times more added
lead than plants provided with sufficient phosphate (Miller and Koeppe,
1971). Lead taken up by corn plants in solution culture is concen-
trated in dyctosome vesicles {normally invaived in compound secretion
and cell wall deposition). Eventually, Pb deposits were concentrated
in the cell wall ocutside the plasmalemma (Malone et al., 1974). Lead
is accumulated by the roots of plants and is not readily accumulated to
the above ground parts of plants. This occurs sven when the soil lead
is soluble and available in the soil (John, 1372). In radishes, a
ten-fold increase in sofl Pb content increases the Pb concentration by
a factor of less than two (Ratsch, 1974). It would appear then, that
soil lead may not be readfly incorporated into the food chain via the
soil plant pathway.

The major route of 'Pb entry into plants is through 1leaf
surfaces (Holl and Hampp, 1975; Ward et al., 1977; Belal and Saleh,
1978). Leaf surfaces that are rougher or more hairy apparently accumu=
late more Pb (Holl and Hampp, 1975). There is 1ittle translocation of
Pb in plants, most of the metal appears to be bound to poly-manic acids
of the cell wall (Waldron and Stofen, 1974). Those plant organs which
exhibit a gas exchange capacity with the atmosphere contain the largest
amount of lead (Holl and Hampp, 1975). This observation is indicative
of the metal's uptake behaviour in plants.

There are few data which describe the toxigcity of Pb taken up
from culture solutions or soils, This is primarily due to the fact
that Pb s poorly transiocated in plant tissues. Many plants, however,
will tolerate high Pb levels but some show retarded growth of 10 mg/L
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insolutfon cultures (Valkoevig, 1975%). The growth of grape, 3pplie or
orange saedlings was not affectad by sofl concentrations of 130 ¢o
200 mg/kg {(Chapman, 19€6). A Tew plants can accumulata Pb with ne
visfble effects. Caertain shrubs, for example, have accumuylated Pb to
350 mg/kg and Teaves of corn 75 yards from a smeitar contained
3200 mg/kg (Waldron and 3tofen, 1974; Gough and Shacklette, 1976). A
concantration of 30 mg/kg in French beans, however, damaged the plants
(Gough and Shackletts, 1976). Lead can alsa inhibit nitrogen minerali-
zatfon in soifls which may adversaly affect the nutritional status of
plants (Liang and Tabatabai, 1977).

The primary effect of Pb on plants is the metal's phyto-

-toxieity arising from intaractions of airborne lead and the aaerial

portions of plants. Transpiraticn and photosynthasis was decreased in
sunflowars exposad to Pb (Bazzaz et al., 1974). Lead ions also affect
photosynthasis by reducing COZ fixation of fsolated chloraplasts and
inhibit the election transport of photosystam I] between the site of

the primary electron donor and water oxidation. The metal can also

apparsntly block the sulfhydryl groups of plant enzyme proteins
effecting an alteration in phosphata levels (Holl and Hampp, 1875).

Laad may entar animals through the ingestion of contaminated
forage or prey. Horses grazing on contaminated hay ware affected by a
consumption rate of 214 mg/kg par day while cattle were affected by &
to 7 mg/kg per day (Arcnson, 1971). Lead at an intake rate of 1 mg/ky
per day in cattle will produces affects in fetuses prior to the recog-
nition of physielaogical effacts in adults. Lead has been shown to De
fatal to domestic animals at the following Blood Tevels: horse,
0.38 mg/L; cattle, 0.4 mg/L; dogs, 0.8 mg/L; and, pigs, 1.2 mg/L (Egan
and @'Cuill, 1970). Diagnosis of lead poiscning in sandhill cranes has
been confirmed over a blood concantration of 1.46 - 3.78 mg/L {Kennedy,
et al., 1877). Accumyliation to 42 mg/kg in the brmzast tissues of
pheasant and 158 mg/kg in the liver was reportad as fatal to pheasants
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{Hunter and Merton, 196%). Blood Pb levels in excess of 6 mg/L in wild
ducks were shown to Dbe fatal (DelBono and Buggiani, 1971). Lead
induced renal inclusions and renal edema occurred in rodents collected
at abandoned metaliiferous mine sites in Wales; field voles (Microtus
agnestis) with both abnormalities contained body burdens of Pb that
averaged 42.8 to 45.3 mg/kg; renal edema occurred in field mice
(Apodemus sylvaticus) that averaged 8.60 mg/kg (Roberts et al., 1978).
Clark (1979) found that the average lead concentrations in bats and

shrews near a major highway equalled or exceeded those reported by
Roberts et al., (1978 for small rodents. Clark {1979) however, did
not report any attendant pathological observations with these concen-
trations.

Lead is found in natural waters at a concentration from 0.001
to 0.010 mg/L and in sediments generally ranging from 5 to 810 mg/kg
(USEPA, 1976; Leland et al., 1978). Animals 1ingesting less than
0.005 mg/L Pb in water showed not to be adversely affected by the
metal. Lead has a low solubility of 0.5 mg/L in soft water and only
0.003 mg/L in hard water, although higher concentrations of suspended
and celloidal Pb may remain in the water (USEPA, 1972). The pH and
hardness of water are important factors which govern the toxicity of Pb
to aquatic arganisms. Upon entry into water most Pb is precipitated as
carbonates or hydroxides but decreasing pH increases the availability
of divalent lead, the principal toxic form. A number of studies have
been conducted which address both the chronic and acute effects of Pb
to aquatic organisms. The principal test species has been the fish
with those of the salmonid family being the most sensitive.

Wide varijations exist in the reported 96-hour LCS50's for
lead. These may be due to differences in water quality, fish species
tested and the type of biocassay (static versus flow through). Some
S6-hour LCEC data for Pb in fish ars summarized in Table £~8. The data
indicate that Pb is more toxic to fish in soft water than hard water.
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YABLE C-6

96-HOUR LCg, OF LEAD FOR VARIOUS FISH SPECIES

96-hour
Temp Do Hardness [

Specias *C wng/L pH mf/L~-Cato, mg/L References
Mosquito fish - - - a 240 Wallen, ot al., 1957
Fathead minnow - - ~ Saft 2.4 Yarzwel) & Henderson, 1960
Fathead minnow - - ' - Hard 5 Yarzwel) & llenderson, 1960
fathead minnow - - - . 20 to 45 5 ta 7 Pickering & Menderson, 1966
Brook trout - - - 20 to 45 4t S fickering & Henderson, 1966
Rainhow trout - - - 50 1.0 Arown & Dalton, 1970
Rainbow trout 15 .- - .25 0.14 Goettl et al., 1972
Rainbow trout 15 - - 366 0.14 Goekttl et al., 1972
Rajinbow trout 11.1 - - 27.17 1.17 Davies et al., 1976
Brook trout 9 to 15 - 6.8 to 7.6 a4 1.1 Holcombe et al., 1979

Note: a - highly turbid water, hardness unknown
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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 LGSO for Pb in highly turbid water is 240 mg/L.
In natural waters, Pb is absorbed by c¢lays or camplexed 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 of 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 hehavioural
patterns, reproduction, survival and growth. Exposures of 2 to
3 months of rainbow ard brook trout indicated that Pb had determined
effects at concentrations as low as 0.10 mg/L in soft water (2045 mg/L
as CaCO3) (NRC, NAS, 1974). Guppy growth was affected by 1.24 mg/L Pb
while concentrations of 0.1 and 0.3 mg/L elicited sublethal effects in
threespine stickliebacks, Gasterosteus aculeatus (Crandall and
Goodnight, 1962; Hawksley, 1967). The conditional behaviour of gold
fish was adversely affected by 0.07 mg/L in soft water (50 mg/L as

CaC03) (Weir and Hine, 197Q0). The highest mean continucus-fiow concen-
trations for total Pb that did not have an adverse affect ¢n survival,
growth and reproduction were 0.12 and 0.36 mg/l.; for dissolved Pb the
concentrations were 18 and 32 ug/L (Davies and Everhart, 1973).

The divalent fon of Pb is the form most readily accumuliated
by aquatic organisms. Fish accumulate very 1little leac in edible
tissues but marine benthic invertebrates can attain umacceptably high
levels of the metal in edible portions after exposure to low Pb levels
in the water (Phillins and Russo, 1978). Calcium decreases the Pb
accumulation by fishes while Pb can inhibit €a accumulation and
deposition.
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Fish maintained at a pH of 6.0 accumulatad three times mors
lead than those held at pH 7.5 (Merlini and Pozzi, 1977a). In another
study, the same authors (Merlini and Pezzi, 1977b) found a direct
correlation betwesn Pb accumulation and the concentration of jonic Pb
at various concentrations of total Pb. Their data indicate that under
the conditions existing in most natural waters, most of the Pb in the
watsar would be rendered available for uptake by aquatic animals., B8rook
trout accumuliatad Pb in the kidney and gill over three generaticns, the
no effect concentrations were found to be between 58 and 119 ug/L Pb
(Holcombe at al., 13979). Upon transfer to a Ph=frae snvironment for
12 waaks the gills and kidnay lost about 75 percent of the accumulated
Pb. Lead has recantly been shown to be, methylated by micro-organisms
in sediments (Wong et ail., 1975). This mathylated lead may have some
significance in the uptake and accumulation of the metal similar to
methylatad forms of arsenic and mercury in the aguatic environment.

The {soped, Asellus merfdianus accumulated lead from both the
food and water (Brown, 1977). Individuals from the mast tolarant
population accumulated the most lead. Concentration factors for Pb in

tha fresh watar environment for various aquatic organfsms are as
Toallows:

847 for duckweed, Laemna minor (Hutchinson and
Czyrska, 197%);

5300 for bryophytas (Dietz, 1973);

100 for invertebrates; and,

300 for fish (Vaughan et al., 197%).

Lead {s moderataly toxic to both plants and animals. In
plants the primary routa of foxicity is vifa airberne Pb, the amounts
absorbed from tha sail are small in comparison and littla translocation
takes place with the plant. Herbivores may become affected through the
ingestion of contaminatad folfage. Lead is not biomagnified in the
aquatic Yood chain altheugh it is toxic ta fish and invertapratas in
relatively small concentrations.
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Manganese does not occur naturally as a metal hut ig found in
various salts and minerals frequently in assdciation with iron com-
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 al., 1975;
Lim, 1979). The forms enitted are either elemental or solid inorganic
oxide compounds (Davidson et al., 1974; Sullivan, 1975).

Manganese is an assential trace element for mammals and other
animals as well as plants. Manganese occurs at levels of 50 to
100 mg/kg ash weight in many animals, it is absorbed from food via the
gastrointestinal tract. In mammals it s essential and {s stored in
the liver. Manganese functions as a cofactar in exidative phosphor-
ylation, in isocitric dehydrogenase, L-malic dehydrogenase and in liver
arginase (Prosser, 1973). When Mn is not present in sufficient quanti-
ties, plants exhibit chlorosis and failure of the leaves to develop
properly (USEPA, 1976). 1In animals, Mn deficiency can lead to reduced
reproductive capabilities and deformed or poariy maturing young.

There are very few daté on the toxicity of Mn to animals from
jnhalation. Generally, Mn is 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 cbservations of humans under occupaticnal exposure. Inhalation af
Mn dusts and fumes has been known to cause subacute chronic adverse
heaith effects under such conditions. Manganic pneumonia, a pneumonia
with sudden onset and affecting only one lung is characteristically
caused by exposure to high concentrations of Mn dust. The more chronic
Mn poisoning results by exposure to hfgh concantrations of Mn for a few
months or more {Belfles, 1975). Symptoms of the disease are: sleepi-
ness, muscular twitching, 1leg cramps, increased tenden reflexes,
spastic gait, emotional firregularity and a fixed mask-like facial
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axprcssion.. Cirrhasis of the liver {s alsq obsarved with chronic Mn
poisening. Manganese has not proven to be carcineoganic aithough some
laboratory culture studies have produced a delayed i{n vitro mutation
with Mn exposure (Markaryan et al., 1968).

In sails Mn occurs usually as a divalent catfon, its avail-
ability detarmined, in part, by the CEC of the soil. Manganese is more
tightly bound in neutral or siightly alkaline soils but {5 more avatl-
able in acidfc soils dus to 1ts f{ncressed solubility under such
conditicns.

The uptaks of Mn by plants depends cn a number of factors
including plant species, fertility of the sofil, nutritional status of
the plant, soil pH and CEC (Dvorak and Lawis et al., 1978). Wallace
and Romney (1977) on the basis of a literature search, have found %that
manganesa is readily absorBed by plants and appears to be uniformly
distributad between the roots and sheots of plants. This genaraliza-
tion may not always be true far all species under all carditisns,
particularly when vary high levels af the element are present in the
sail.-

At concentrations of slightly less than 1 mg/L %o 2 few
milligrams per litre, Mn may be toxic to plants from irrigation watar
applied to sgils with pH values lower than 6.0. Problems may develep
with léng=tarm (20 vear) continuous Irrigation en other soils with
watsr containing about 10 mg/L Mn {NRC, NAS, 1574).

Manganese is oftan found with iren in groundwatars and can be
leached from the 3011 and can occur in drainage in high concentrations.
The carbonatas, oxides and hydroxides are slightly soluble, so that
mangancus (Mn2+) and manganic {Mn3+) ions are rarely present in surface
water in excess of 1 mg/L (USEPA, 1972).

- s8
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The growth of phytoplankten in sea water was stimulated by
0.5 pg/L Mn (Harvey, 1947) while 5 pg/L had a toxic effect on certain
algae types in reservoirs (Guseva, 1839). The threshold for immobil-
ization of Daphnia was reported to be 0.63 mg/L of KMnO4 and for the
same species in lake Erie watar 50 mg/L of Mnc12 {Anderson, 1944,
1948). Bringmann and Kuhn (1959) reported the threshold effect for
Daphnia magna as 50 mg/L of Mnc13 as manganese at 23°C. Crayfish were
cbserved to tolerate 1 mg/L Mn (USEPA, 1972).

The tolerance values for Mn by fish range from 1.5 mg/L to
over 1000 mg/L {(McKee and Wolf, 1963). The toxicity of Mn to fish
depends on a number of factors. Manganese for example, apparently
antagonizes the toxicity of N7 toward fish (Blebaum and Nichols, 19%6).
Sticklebacks survived 50 mg/L manganese as manganese sulphate for
3 days and eels withstood 2700 mg/L far 50 hours (Douderoff and Katz,
1953). Jones (1939) gave the 1lethal concentration as 40 mg/L for
sticklebacks and noted that the toxic action was slow.

Average survival times of sticklebacks in manganous nitrate
solution were 1 week at 50 wng/L, 4 days at 100 mg/L, 2 days at 1%0 mg/L
and 1 day at 300 mg/L as manganese (Murdock, 19%3). Manganous chiloride
was lethal to minnows in fresh water in 6 days at 12 mg/L MuC'I2
{Doudoroff and Katz, 1953). Groups of rainbow trpout eggs exposad to O,
1, 5 and 10 mg/L of mangancus sulphate for 29 days exhibited 7, 12, 22
and 30 percent mortality respectively (Lewis, 1976). Fry were unable
.0 detect high (10 mg/L) levels of manganous sulphate.

Manganese {s accumulated via the food chain by frash water
invertebratas, the concentration factor being roughly 40 000 (Vaughan
et al., 1975; Phiilips and Russo, 1978). The concentration factor is
only 100 for fish but for duckweed and bryophytes the factors are
10 923 and 28 500 respectively (Hutchinson and Czyrska, 1972; Dietz,
1973).
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Manganess 1s a relatively non-hazardous elemant in most
waters duea to its low toxfgtity to aquatic arganisms and wildlifa and
the Insclubiifty of Mn under most natural conditions.

MERCURY (Hg)

Marcury s a uniqus element due to fts wide distribution and
mobility throughout the environment. It is extremely volatile and is
in natural equilibrium between ihe biosphere and geosphere. Mercury is
known to he emitted from the combustion of coal primarily as elamental
mercury in the vapour phase (Ruch et al., 1973; Xlein et al., 1975;
Lim, 1979).

Mercury s net essantfal to plants aor animals but {s toxic to
both types of cerganisms. Mercury is unique in its power ts form stabla
¢ompounds with organic radicals, In fact, it has been suggestad
(Peakall and [ovitt, 1972) that the number of compounds which can be
formed is so large, mercury can be said to have an organic chemistry of
1ts own., Mercury is transformed in both the aquatic and tarrestrial
enviranments ta pethylmercury which is generally 10 times more toxic
than fnorganic Hg and fs the form which {s dicaccumulatad (Peakall and
Lovitt, 1972). Coal combustion emissions of mercury ares not considered
hazardous by thae USEPA (1973b) even under restrictive dispersion con~
ditions since Hg is not Tikely %o be brought to ground lTavel axcapt
under fumigation conditicns. Mercury vapours, however, can be toxic %o
mampals in poorly vantilatad areas. Exposure %o mercury vapour results
in absorption by the lungs with some sacondary amounts taken in by the
skin (Beliles, 1975). lInnaled merzury vapcurs rapidly leave the lungs
and gradualiy concentrata in 'athcr tissues probably as nercaptices
(Goodman and Gilman, 1970). Mercury accumulates {in the Tiver, hair,
skin, nails and Tungs {n mammals and faathers for birds (Underwood,
1875; Johnels et al., 157%9). In humans concentrations from S50 to
350 pg/m3 are 75 to 85 percant sbsarbed by the lungs and an aven highar
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percentage of lower c;ncentrations is absorbed (Babu, 1873). Inhala-
ticn of acute doses of Hg, from 1.2 to 8.5 pg/ma, causes adverse health
effects to the respiratory tract (Cassarett and Doull, 1975). The
symptoms of these effects include pneumonitis, bronchitis, chest pains,
dyspnia (shortness of breath) and coughing (Babu, 1973). Chronic
exposure to Tow doses causes the disease “mercurialism” characterized
by gingivitis, stomatitis, renal texicity, tremor and disturbances of -
the gastreintestinal system (Goodman and Gilman, 1970).

Elimination of inorganic mercury begins immediately after
absorption, mainly by way of the kidney and colon and to a lesser
extent via the blile and saliva. In experimental animals, several

percent are excreted in the volatile elemental form through both the

lungs and the skin (Clarkson and Rothstein, 1964).

The metalliic and elemental Hg as well as the iJnorganic
mercurial forms generally have a lower toxicity than erganic Hg com-
pounds (Valkovic, 1975). A1l of the organic forms of mercury (alkoxy,
alkyl, and aryl) are toxic but the alkyl form is one of the most toxic.
Typical examples would be methylmercuric hydroxide, methoxyethylemer-
curi¢ hydroxfde and phenyimercuric acetate. The accumulation and
retention of these mercurials in the nervous system, the ease with
which they penetrate the blocd barrier and their effect con developing
tissues, make them particularly insidious (Aulerich et al., 1974).
Organic Hg fed to developing mammalian fetuses resulted in a reduced
iitter size and/or weight, morphological lesions and damage to the
fetus's central nervous system (Skerfving, 1972). Similar effects may
be produced by the inhalation gf Hg. Mercury can cause { - mitosis
leading to variable c¢hromosome numbers which may be reflected in the
redyced productive pctential of mercury exposed mammals (Rand and
Schmidt, 1852).

The distribution of mercury following administration of the
various c¢lasses of mercurials to mammals is of importancs in under-

standing Hg toxicity. The distribution of these compounds is shown in
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Table C-7. Inorganic and alkoxyalkyl compounds causa Kkidney damage-
usually Teading to death., Alkyl Hg compounds usually display a perfod
of latancy without symptoms then signs of damage to the central nervous
systam appear similar to thcss obsarved in chrenic poisoning. Chronic
alkyl mercury poisoning has heen called Minamata Oisease after the
district in Japan where 46 fatal casas cccurred following the ingestion
of nmethylmersury contained in marine organisms (Irukayama, 1965).
Symptoms of the diseasa include carebellar ataxia, tremors, constric~
tion of visual flelds and lack of co~ordination.

Airborne mercury can be introduced fnto binlegical cycles
through the scil component., Although the propertiss and trapsport
dynamics of afrboerne Hg are not completaly understood, it appears thera
is a global circulation of the eslement (Kothny, 1973a; Wallin, 13978).
In the vapour phase, Hg is releasad from the transpiration of sofls,
there also seems %to be an equilibrium batween gaseous uptake and
release from soils (Lockeretz, 1573). Mercury may alss esnter scils
through scavenging from precipitation. Anderson (1567) has indicatad
that precipitation may he a significant sourca of sail mercury. In the
gasaous phasa, Hg is readily taken up by watar being soluble aver the
range of 20 to 47 pg/L (Kothny, 1973a and 1973b). Gasedus Hg will alse
absorb to fine particles (submicron) fn the atmosphera. These dust
particles can deposit on soils where the Hg will bhe incorporated.
Mercury in sails is, tharefore, the result of equilibrium betwsen the
Hg in the atmosphare, particulats mattar, water and rocks.

Mercury is generaﬂy‘r not very scluble in soil and as such is
not readfly leached or available to plants (Geological Survey, 1970;
Lorenz, 1979). Mercury tands to he retained in the surfaca layers of
tha soil due %o adssrption by organic and inorganic matarials and the
Tow solubilities of mercury salts (phesphates, carbonatas, sulphides)
(Barry and Wallace, 1874). There is a good correlation between the
mercury concantration in seil and its organic matitar content and an
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Blood lavels
{single or
repeated admin-
jstration)

Kidneys

Liver

Brain

Relative amcunt
of single f.v.
dose excretad
within 4 hours
{inorganic 1)

Half-life of
single injected
dose {in days)

TABLE C-7

DISTRIBUTION OF MERCURY IN MAMMALS

Inorganic

Disappears
rapidly

100-1000 times
blood levels

5=-20 times
blood levels

Equal to
blood

3-8

1

that for other compounds.
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Ary!
Some in¢rease

after repeated
administration

20-100 times
blood levels

Twice blood
Tevels

1-3% of blood
levels

3-4

C -84

ATkoxyalkyl

Disappears
rapidly

100-1000 times
blood Teveis

2-10 times
blood Teveis

30% of blood
levels

3-3

Alkyl

Marked increase
bound to
erythrocytes

1-1.5 times
blood levels

0.2-0.4 timas
blood levels

4-6% of! bleod
Tavels

0.1

15

Due to high blood levels, the total amount retained in the brain is higher
{After Swensson, 1967).
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inverse correlation with depth (Whitby et al., 1973; Reeder et al.,
1973). Groundwatar also affects mercury distribution {in the se&il
profile as does pH, the lowar the pH, tha more sarption of Hg by
organic material {Krenkel et al., 1973). Mercury is strongly bonded to
humic acids. An  increase in the sodium chlerida concentration
decreasad the fixation of Hg by humic acids (Strchal and Huljev, 1971).

Mercuric fon is methylated under a varifety of conditions in
alkaline agricultural soils (Regers, 197%)., Similarly, Backert et al.,
(1974) found methyimercury in desert soils which had been amended with
mercuric nitrats. Racent evidence indicates that there is a consti-
tuent in soil which can methylate marcuric {on biclogically. It
appaars it {s associatad with the lower malecular weight fraction of
the soil organic mattar (Rogers, 1977). OUniy a small part, 1 x 10'5 of
the aercuric fan appiied ta the sofl {s found {in the form of methyl-
mercury (Rogers, 1976). A geed review of the interaction of Hg with
soils of varying typi can be found in Krenkel et al., (Vol. 1, 1973).

Plants may aczumulate mergury from sofls, watar and the
atmosphere (Overak and Lewis et al., 1978). At the mercury concantra-
tions prevailing in soils, however, plants retain mercury almost exclu-
sively within the root, whare it seems to be relatively tightly bound
2o acidic groups of call wails (Beaufard, 1877). Only at exceptionally
high seils contants of Hg is there a significant translocatien te the
shoot. The relatively stable binding of inorganic mercury to organic
matter in soils and the plants’' capacity of bDinding inorganic Hg are
the general reasons why Hg is not accumuiatad by higher plants,

Mercury in the gasacus and particulata phases can be absorbted
by the serial portions of plants in tha same manner as other gaseous
pollutants 1ike fluorfne and sulphur dioxide {Treshow, 1370; Ovorak et
al., 1578; Siagel et al., 1978). Therse are few data on the toxicity of
irtorne Mg to plants. Wallia (1978), however, has observed higher
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Tevels of Hg in the moss, Hypnum cupressiforme for plants in close

proximity to the effluents of chlor-alkali plants. The mosses probably
accumulated the Hg by intercepting suspended air particulate-containing
Hg by the physical processes of sedimentation, impaction and diffusion
(dry deposition) or via air particulates scavenged onto the surfaces of
the plants. The levels accumulated by the Hg - exposed plants was
about an order of magnitude greatar than those levels 1in control
plants. Fumigation of tobacco plants with metallic mercury vapour
increased the aminc acid content of the exposed plants compared with
control plants (Anelli et al., 1973). Grapevines sprayed with mercuric
sulphate increased the weight of berries compared with controls
(Dobrolyubskii, 1959). .

Foliar application appears to move in the foliage of apple
trees by transiocation, the movement being due principally to growing
fruit and folfage (Ross and Stewart, 1962). Residues have also been
reported from foiiar application of mercury to tomatoes, pears, rice
and grain (Krenkel et‘al., 1973). Potato plants sprayed with phenyl-
mercury had concentrations of 0,021 to 0.032 mg/kg Hg compared with
0.005 mg/kg in unsprayed controls (Smart, 1968). Peas sprayed with a
solution of mercuric nitrate over an 8 hour period with a total of
90 mL of 10 pg/g exhibited reduced growth and umighf and an accumuy-
Tation of mercuric nitrate (Gay, 1976a). Spraying of phenylmercuric
acetate onto the leaves of Caffea analsica reduced the zing content of
the leaves at the distal ends of the shoots (Bock et al., 1958). The
growth of cucumber was Iinhibited and disorientation of the root and
shoot was induced by nmercuric chloride (Puerner and Siegel, 1972).

Little {nformation is available with respect to the uptake of
Hg by vegetation from soils. Plants would appear to have a low
tendency to accumulate mercury from soils. Increasing the Hg concen-
tration of test sofls by 6400 percent resulted in changes of Hg levels
in the plants from a loss of 6 percent to an increase of only 109 per~
cent (Maclean, 1974). In another study, a 250 fold soil amendment in
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Hg contant rasultad in only an increase from four to six times higher
than the plants grewn in control sofl (Stewart et al., 1973). Carrots
and mushrooms, however, have the ability to concentrata mercury from
soil (Stijve and Basson, 1976; Reader et al., 1979). Translocation
from treatad saed does not produce serfous contaminatien in harvestad
grain (Krenkal et al., 1973, Vol. 1l). In most piants, mercury concan~
trations rangs from 0.010 %o 0.200 mg/kg but plants growing near Hg
depesits can contafn 0.5 to 3.5 mg/kg Hg. Translocation occurs in mast
plant tissyes, including Teaves, fruit and tubars (Ratsch, 1354),
Mercury fn the iomic form taken up by roots can be transiocated,
reduced and returned in gaseous form to the atmosphars (Siagal et ail.,,
1978).

Plants have the capacity to methylate mercury in their
tissues. Gay (1975b) has resortad that peas Pisum sativum methylated
arganic mercury in vitro. The mechanisa of this methylation is accom-
plished by an enzyme system in the plants. The methylation cof the
mercury could apparently take place whethar the mercury entered the

ptant via falfar application, 1in sofls with mercuric nitrate or
phenyimercury, or whan sactions of pea plants were surfacas sterflized
followed by incubation with phenylimercury acetate (Gay, 1978a). Cyto~
togical studfes on onifon roots (Allium sp.) have shawn that alkyl,
3Tkoxyalkyl and aryl mercurials finduce chromosomal changes. Rame]l
(1967) found that a concentration of 50 pg/kg causad dfsturbances of
the mitotic spinale.

Generally, most higher vascuylar plants are resistant to Hg
poisoning even though they can acc:gmulate relatively high concentra-
tions in their tissues. Labrade tea plants, for example, display no
adverse sffects from Hg at a tissus concantration of 3.5 mg/kg (Gough
and Shacklette, 19768). Methyimercury in tarrestrial plants may have
some significanca to grazing wildlife species as this form of mercury
is the most toxic and displays the grsatest cumulative potential.
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Mercury also enters animals via the ingestion of contaminated
water, vegetation and prey. The latter route appears t¢ be the most
important, especially for those wildiife species preying upon mercury
contaminated fish.

There is no direct experimental evidence using species of
wildlife such as ungu’ates and carnivores with which an adequate
drinking water objective can he derived (Reeder et al., 197%). These
authors have suggested the Timit recommended for livestock (0.003 mg/L)
be used as the physiological mechanisms are likely quite similar
between various livestock and wildlife species. A similar argument may
be advanced in considering the ingestion of mercury from food sources
of wildlife. Information collected from experimentation with other
domestic animals and laboratory species could also be extrapolated to
wildlife. Minute amounts of Hg ingested on a regular basis can lead to
relatively high Hg concentrations in the kidney or 1liver. Cattle
ingesting 0.48 mg/day/k¢ resulted in kidney concentrations of 100 mg/kg
after 27 days. In sheep an equal dose led to kidney concentrations of
120 to 210 mg/kg. The background concentration of Hg in the kidney is
roughly 0.5 mg/kg (Palmer et al., 1973).

A dosage of 800 mg/kg Hg2+ in rats is lethal (Bowen 1966). A
cumulative consumption of 24.7 mg of methylmercury is fatal to ring-
necked pheasants, symptoms of pofsoning occurrecd between 13 and 17 mg
(Stoewsand, et al., 1371). These latter. lavels also impaired egg
production in pheasant hens. Phenylmercury and methylmercury at cumu-
lative doses of 4 and 16 mg can adversely affect egg hatchability. The
smaller dosa decreases it while the larger resuits in complete cessa-
tion (Adams and Prince, 1972). Japanese quail fed 1 to 3 mg/kg HgC!2
resulted in the produciion of eggs with thinned shells (Stoewsand et
al., 1971).
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Young chickens fed in excass of 250 mg/kg ch12 showad a
suppression of {immunolcgical responsivenass, decreased nutrftional
uptake, high mortality ratas, and increase in heart and adrenal gland
waight with 2 decrease in laver, spleen and bursa weight (Parkhurst and
Thaxton, 1973). The toxic oral doses for labaratory animals range from
an LDSO of 18 mg/kg for HgD to an LDSQO of 388 of HgNOa. In the anvi-
ronment, similar effects have been observed in birds which have fed on
seeds with mercurial dressings (Fimreaite et ail., 1970; Johnels et al.,
1979).

Dead birds observed in Sweden contafned levels of Hg which
peaked during June and November', with subsaquant r;apid deciine. Tha
seasonal changes ware corraelatad to the spring and autumn sowing
perfods. Curnow et al., (1977) found a simflar correlation where
pheasants fseding on grain dressed with mercurials showed the highest
tissue concentrations {n those agricultural areas producing the mest
grain.

Mercury lavels were found in the kidney and livers of preda-
tory birds which apparently feed on thesa seed-eating birds - sparrow
hawk (Accipetu nisus.),\goshawk (A. gentilis), peregrine falcon (Falco

peregrinus), eagle owl (Bubo bubo)} and whitatailed eagle (Halieatus
albicilla and in mammalian specfes such as red fox (Vulpes vulpes) and

mink (Mustela vison) (Johnels et al., 1379).

The marcury fn the bird populaticns was found to be Targely
methy imercury, tasts indicated that 12 to 20 mg/kg resulted in acuts
toxicity (Krenkel et al., 1873}, Mercury residues in liver-kidney
compositas of birds experimentally killad by saed, ranged from 30 to
130 mg/kg Tor pheasants, 70 to 115 mg/kg for Jjackdaws and 30 to
200 mg/kg for magpies (Krenkel et al., 1973). 1In cases of intoxication
with neurvlogical symptoms or death, mercury concentrations in the
brafns of mammals ranged from 0.01 mg/kg (rat) to 61 mg/kg (cat). The
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brain concentrations of alkylmercury in some farm animals with signs of
poisoning were approximately 2 mg/kg in turkey, 8 mg/kg in cattle, and
10 mg/kg in sheep (Palmer et al., 1973). In farm animals, the organ
that showed the greatest accumulation of Hg was the kidney (Palmer et
al., 13873).

Mercury is denosited in Targe amounts in feathers and other
karatinous tissue. Using museum specimens, it is possible to follow
the progression of mercury contamination over many past decades. Such
analyses, for example, for a number of predatory bird species have
shown that the levels of Hg were low in the Swedish environment during
the 19th and early 20th centuries but rose considerably during the
1940's, 1950's and 1960's. This correlated with the introduction of
methyimercury as a seed-dressing agent in the 1940's (Johnels et al.,
1979). Accumulations in birds of Hg due to the ingestion of alkoxy=
alkyl compounds do not occur to the same magnitude as methylmercury.
It appears there is little biomagnification of the former compounds in
predatory -birds. Methylmercury i{s, however, biomagnified in these
birds as it is very stable and its excretion in birds and mammals is
very slow. It was evident that additional sources of methylmercury
were contributing to the total body-burden of Hg in these animais.

In Sweden, grazing and browsing animals like moose (Alces
alces) and roe deer (Capreolus capreclus) as well as cattle and horses
had low mercury levels during the critical 1940s to 1960s when methyl-
mercury was used as a seed dressing. A similar observation was made
for vegetarian birds whe did not feed on dressed seeds.

The environmental implfcations of mercury toxicity are quite
significant in the aquatic environment. Mercury displays beth chronic
and acute toxicity and {is also methylated in bottom sediments from
where it is readily biomagnified in the food chain, perhaps to levels
that are not only toxic to the accumulator but aiso te the browser and
predatar.
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The concentration of mercury in unpollutad waters 1s laess
than 0.1 pg/L (USEPA, 19768) and in sadiments about 1 ug/kg (Reeder et
al., 1979). The current detaction iimit for the analytical method
usually employed to measure mercury in water is 0.05 ug/L. Mercury is
prasent in water in many different forms but calculation of tha exact

amouynt of Hg species is difficult due to the complexity of natural

watars and the low concentrations of Hg (Shin and Krenkel, 1978).

According %o Reeder et al., (1979) the two probable most
important reactions of mercury in water are: 1) the axchangs of
mercuric ions (ng*) for other cations in insoluble suiphidic minaerals
{becausa mercuric sulphide has the Jowest solubility of a1l sulphides);
and 2) the reacticn of mercuric iens with bioproducad hydrogen sulphide
(HZS). Both of these reactions cccur mainly in sediments and lead to
the formation of insoluble mercuric sulphide (Hg$S).

In aquatic environments, Mg may be precipated or methylatad.
Inorganic mercury {n natural waters was shown to be rapidly and

'eff'lciently transferrad %o the sediment, almost 100 percent fn 5

minutes, and was affected 1ittle by changing pH (Ramamosrthy and Bust,
19758). Xude and Hart (1974) showed that the uptake rates of {nerganic
Hg by Ottawa River sndiménts was relatively rapid and no significant
differancs was cbsarved between 2ercbic and anaarocbic conditicns. The
uptake rate for methyimercury ifons was higher than the value for
inorganic Hg by about 10 percent (Mortimer and Kaslo, 18735). Mercury
1s prasent in sedimants in different forms occurring as: 1) particles
of marcuric sulphide; 2) dropiets of metallic mercury; or 3) chemi-
sorted or adsorbed in either arganic or inorganic materials as mercuric
ion and methyimercuric jon (Krenkal, 1374).

It has been demonstrated that microorganisms 1living in the
sadiments ingest {norganic mercury and transorm it inte dimethyl - or
methy Imercury (Wood at al., 19688; Jensen and Jernelov, 1569). At low
concentrations, the formation of dJdimethylmercury fs favoured in the
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methyl transfer reaction but at higher concentrations of mercury, the
major product appears to be monomethylmercury. In a particular system,
the amounts of mono and dimethylmercury compounds are determined by the
presence of microbial species, Hg concentration, temperature and pH
(Wood et al., 1969). Spangler et al., (1973) have demonstrated reac-
tions by microbes resulting in possibly zero net methyImercury release
to the water.

The correspancing release of mercury from sediments is slow
(Jacobs and Keeney, 1974). The desorption rate from Ottawa River
sediments, Tor example, ranged from 0.1 teo 1.0 pg/cmz_per day and was
colume dependent (Kude et al., 1975).

Werld attention focussed on the environmental mercury problem
when humans were poiscned by eating fish and shell fish contaminated
with methylmercury during the middle of the 1950s in Minamata, Japan.
The implications of mercury contamination and subsequent methylmercury
formation in aquatic sediments were clearly demonstrated. This form of
methyimercury is readily taken up by aquatic organisms and is bio-
magnified through the food chain affeéting both aquatic and taerrestrial
tropic levels.

Inorganic and organic forms of Hg display acute and chronic
toxicity effects to aquatic organisms. Methylmercury, the most toxic
of all mercurials to tha environment, severely retarded the growth of
an alga, Chlamydomonas sp. by as low a concentration as 0.02 ug/L.
Holderness et al., (1975) reported similar findings in the alga,
Coelastrum microporum at a concentration of 0.80 pg/L methyimercury.

The presenca of mercury affected both the accumulation of starch and
cell buoyancy as well as photosynthetic rates. Chlorophyll and galac~
tolipid synthesis were inhibited by 98 percent and 50 percent

respectively with alga Ankistrodesmus braumii by 3.5 mg/L HgCTz. A

concentration of 2.0 mg/L of methylmercuric chloride inhibits
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galactslipid synthesis, the compound also 1inhibits the galactosyl
transferase activity fn Euglena chloroplasts (Matson et al., 1972).
' Ttri (1872) reports that 0.027 mg/L Hg (as HgCLz is toxic to
Phaeodactylum tricoinutum and Chlorella sp., Chlamydomenas sp. were
affected at Tevels greatar than 0.9 mg/L Hg. Tha same species were
affectad by phenyimercury acstate at concentrations as low as
0.06 pg/L. Other studies have shown that 0.1 mg/L reducas the growth
of algae and photosynthetic rates. (Harriss et al., 1970; Hannan and
Patouillet, 1972).

MacLeod and Pessah (1973) found the 96-h LCS0 values for
mercuric chlorida at 5, 10 and 20°C for rainbow trout to be 0.40, 0.28
and 0.22 mg/L respectively. Matida (1971) found that the LCSC for
phenyimercuric acstate, methiymercury chloride and mercuric chloride
with rainbew trout fingerlings were 8.5, 30 and 310 pg/L respectively.
Wobeser (1973) reportad the $6~h LCSO for methylmercuric chleoride in
newly hatched sac fry and fingerlings of the same species to be 24 and
42 ug/L respectively. Thesa data compare favourably with thoss of
Matida (1$71). The average 96-h LC50 for yeariing and juvenile
brook trout was shown to be 0.075 mg/L Hg (McKim et al., 1976). The
MATC detarmined from the long tarm effacts on three generations of the

species was {rom 0.29 ug/L as CaCQS, pH = 7.5, Thesa figures were used -

%o determine the applicatian factar (AF = MATC/96-h LCS0) which was
betwaen 0.013 and 0.004. Fathead minnows axposed to methylmercuric
chloride all died aftar 3 menths exposurs %o 0.80 and 0.41 wg/L
mercury. 92 percant of the fish exposad to 0.23 ug/L also died within
the 3-month perfod (Mount, 1974). Spawning was completaly inhibitad at
0.12 ug/L mercury with males not developing sexuality. A concentration
of 0.07 pg/L did not produce any toxic effacts.

Short tarm: 96-hour bicassay studies with Hg in the form of
mercuric jons showed that 1 mg/L was fatal to fish (USEPA, 1972).
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Panigrahi and Misra (1973) report that the fish Anabas scandens exposed

to 5 mg/L or greater of mercuric nitrate all died. At 3 mg/L these
fish developed finappeterce and ataxia after 5 days and, after 3 weeks
exposure, bliindness was noted in 29 percent of animals.

Rainbow trout and sockeye salmen (Onchorhynchus nerka) were

able to survive in 10 mg/L of pyridyl mercuric acetate for 1 hour with
no toxic effects (Rucker and Whipple, 1951). The LCS50 of pyridyl
mercuric acetate for some fresh water fish ranges from 0.30 to 26 mg/L
for exposures between 24 and 72 hours (USEPA, 1972). Van Hom and
Balch (1955) reported that the minimum lethal concentrations of pyridyl
mercuric acetate, pyridyl mercuric chloride, phenyl mercuric acetate
and ethylmercuric phosphate for minnows in 12C-hour bicassays were
0.15, 0.04, 0.2 and 0.8 mg/L respectively.

Concentrations of methylmercuric chloride greater than or
equal to 1 mg/L reduced sperm viab{lity in rainbow trout. Inorganic or
methy! Hg produced 100 percent mortality in rainbow trout embryos
exposed to 0.01 mg/L (Qirgg et al., 1974b). 9O'Conner and Fromm (1975)
reported that rainbow trout exposed to 10 ug/L of methylmercuric
chloride for up to 12 weeks did not affect the in vitro metabolism of
the gill! or the concentriation of plasma electrolytes.

Mercury also affects gill structure. Catfish exposed to
levels of 0.67 and 15 mg/L Hg displayed changes in gill morphology.
The acute toxic mechanism of Mg seems to result from damage tc the gill
tissues from the "abrasive" effect of the ions and the formation of a
mucous film that fills the interlamellar spaces which pravents the
normal movement of the gill filaments. Consequently, gas exchange
between the animal's blood and the ambient environment cannot take
place and the fish dies from asphyxiation. Mercuric jon inhibits the
active uptake of sodfum by the gills of goldfish resulting in increased
Na loss from the fish. The toxicfty of Hg couid therefore be related
to {ts effeacts on osmorequlation (D'Itri, 1972).
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Mercury as mercuric chloride and mathyimercuric chicride

causad significant raproductive impairment at concantrations of 2.7 and

0.04 ug/L respectively in Daphnia magna (USEPA, 137€).

Scme important factors affecting Hg toxicity are tamperature,
dissolved oxygen concentration, prssanca of other metals and watar

hardness. MacLeod and Pessan (1973) for axampie, showad that an-

{ncreasae in water temperature decreasad the time of death for rainbow
trout exposed to Hg. A 10°C rise in tamperature increasad the toxicity
of the mercuric ion three fold (Rehwolidt &t al., 1872). Low lavaels of
dissolved oxygen increased the toxicity of heavy metals due to an
increase in tha rats of respiratory flow (Lloyd, 1961).

Copper seemad to protect against the taxic effects of marcury

in a similar fashion to zinc's protactive action against mercury in’

mammalian embryos (Roales and Perlmuttar, 1974). The metal most affec~
ting mercury taoxicity is selenium. The amercury body-burden fin fish
exposed to mercury was less in individuals pretreated with selenium
(Kim et al., 1977}. A study by Huckabee and Griffith (1974), howaver,
using the percentage hatch of carp eggs, indicated a syneargistic actien
betwaen Hg and Se.

Hard watar had an antagonistic effect on the toxicity of
mercury chloride to the protezoan Tetrahymena pyriformis (Carter and
Cameraon, 13973). This factor did not appear %o altar Hg's toxicity to
Daphnia, rainbow trout, carp or killfish (Tabata, 1969).

Regardiess of the mercury form presant, the major portion of
the marcury will uitimataly reside in the bottom sediments whare,
through microbial actien, mono - .and dimethylmercury can be formed.
Thersfare, virtually any mercury compound entaring water may become a
biocaccunulation hazard {if the environmental condfticns are faveourablae
for methylation (Phillips and Russo, 1578). These are forms Siomagni-
fied by fish and other aquatic organisms due %o the rapid uptake and
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the ralative Tow rates of excretion of methylmercury. The concentra-
tion of mercury in the aquatic¢ food chain is much more marked than that
for terrestrial systems.

Bacteria accumulate mercury more rapidly than sediment,
taking up almost 20 ftimes as much Hg after 72 hours (Ramamocorthy
et al,, 1977). Mercury loss from the system was attributed to bacteria
converting divalent mercury to volatile Hg°.

203 _ enriched sediments was

Mercury released to water from Hg
taken up by guppies. Uptake from the water by the guppies was compen-
sated for by increased mobilization of Hg from sediment to water (Kudo,
1976). Mercury uptake increased in fish expesed to a decrease in pH,

fncreasing sharply below pH = 7.0 (Tsai et al., 1975).

Ruchtula and Mifeltinen (1975) found that the biological
half-life of methyimercury in rainbow trout ranged from about 200 to
500 days. Elimination time was inversely related to temperature,
Orally administered methylimercury was retained longer than methyl-
mercury accumulated from the water suggesting the importance of the
diet (Miettinen, 1375). Uptake studies with the fresh water clam
(Anodonta grandis) showed that only methylmercury was retained by the

clams upon transfer to clean water (Smith et al., 197%5), A similar
observation was reported for rainbow trout. (Fromm, 1877).

The gill of fish appears to be the major site of mercury
accumulation from water as opposed to the gastrointestinal tract
(ingestad water) or the skin (Fromm, 1977). Uptake of Hg by fathead
minnows was not propartional to concentration but increa;ed with
concentration (Qlson et al., 1975). Brook trout exposed to methyl-
mercury concentrations as low as 0.03 pg/L cver three generations
attained mercury concentrations in edible tissues exceeding t.he Federal
Drug and Administration guidaline (McKim et al., 1976).
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Most of the reports in the literaturs recognize food as the
major source of Hg te ffsh, Norstrom et al,, (1976) have shown that
80 percent of the methylmercury presant in food and 12 percent of that
passing over the gills was accumulatad by fish. Elimination was
described as ‘a function of body weight and methylimersury body burden.
The particular ﬁroperties of methylmercury cause {ts accumuiation in
fish tissues especially in brain and muscle tissue. This 1s in
contrast %0 {norganic mercury and the more easily biodegradabla
organomarcurials. Benthic animals contain Tittle methylmercury in
relation to total Hg content, hence the transport of mercury {rom
benthic fauna as food to fish is comparatively small ('.Jernc'lov and
Lann, 1971). Tha sams would seem to apply for plankton. For fish
preying on other piscivorous forms, however, food as a way of
methyimercury transport is much mors important.

Gardner et al., (1978) have demonstrated the significancs of
gercury in the environment. They measured the concentration of various
forms of mercury in a Hg-polluted marsh ecosystem as a rasult of
{ndustrial discharge. The levaels of Hg were elavated in receptor
organisms reflective of the poliution sourca. The predominant form of
the metal varied in different components, most of the Hg in sediments
and plants, for example, was not mathylated but in the highar trophic
Tevel organisms (mammals, birds and fish), Hg existed principally as
methyimercury. The tissuas of animals which fad on plants and detrital
material in tha sediments tended to contain Tower, but measurable,
concentrations of methylmercury. The transfer of methylmercury up the
food chain explained the high levels of tha compound in the Lissues of
birds and mammals. These animals fed on Littorina and/er Uca, frash
watar plants that contained methylmercury, and might explain, in part,
the source of mathylmercury cbsarved in the birds and mammals fnvesti-
gatad in the study. Scme general concentration factors for mercury by
various trophic lavels of the aquatic biota are: > 930 for bryophytes
(Dietz, 1973); 100 00Q for frash water invertabrates; and 1000 far
frash watar fish (Vaughan et al., 1975).
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Mercury is a non-essential element for plants and animals but
can be very toxic to both forms of organisms. Mercury, especially
methyImercury, is accumulated by fish in the aquatic environment from
both their food and water. The slow elimipation of the compound from
the animals permits its general biomagnification through the aquatic
biota. Methylmercury can enter terrestrial food chain via organisms in
the terrestrial/agquatic environment intarface. Methyimercury at any
trophic level 1is cause for concern because of its biocaccumulatery
potential and high toxicity.

MOLYBDENUM (Mo)

Upon the combustion of coal, Molybdenum is partially vola-
tilized and enriched on fly ash particles (Ruch et al., 1973; Klein
et al., 1975).

Molybdenum is required by bacteria, higher plants, and
animals for a number of hiological processes. In mammals a trace of Mo
is needed, but an excess is toxic; it is required for the proper utili-
zation of copper (Prosser, 1973). Molybdenum may be important for
sevaral flavopreteins such as xanthine oxidase. Synthesis of the
tatter compound is inducad by Mo in rats (Prosser, 1973). It is alsc a
component of enzymes involved in purine metabolism and .sulphite oxida-
tion (Underwood, 1975). Plants reguire Mo for normal growth (Johnson,
1966).

There are few data which describe the toiicity of Mo via
inhalation or by ingestion. Molybdenum exists in various valence
forms; the scluble hexavalent cghpounds are well abscrbed from the
gastrointestinal tract and transported to the liver. Ruminants are
sensitive to Mo which they may ingest while grazing (Kubota et al.,
1967). A molybdenum conczentration of 5 to 10 mg/kg is considered to be
toxic in cattle, sheep and horses while swine are more tolerant to Mo.
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Excass Mo in cattle causes diarrhea and Taads to copper accumulatisn in
the kidneys. High levals of Mc also reducs copper utilizatiea in
mammals {Prosser, 1973). Molybdenum has alsa been associated with
degenerative changes in liver cells {Dvorak et al., 1978).

In humans Mo accumulatas in the kidneys and adrenals, excre-
tion 1s rapid occurring primarily in the urine. Excass Mo may also be
excratad in the bile.

Molybdenum usually occurs as divalent unions in soil solu-
tions. They react scmewhat similarly to phosphate and are more soluble
in neutral to alkaline sofls (Berry and Wallace, 1574). The mobility
of Mo has been shown to increase in poorly drajned or flooded soils,
probably because of the reduction of tha element ta lcwer valence
statas in the absencs of good aeration (Johnson, 1966). Molybdenum has
been shown t¢ fnhibit nitregen mineralizatien in soils (Liang and
Tabatabal, 1577). "

Plants accumulate Mo preoparticnataly to the ameunt added to
the soil. In fact, natural Eackground concentrations of Mo are not
toxic to plants (USEPA, 1972). The concentration required to be toxic
to plants s not waell defined, but hundreds or thousands of mg/kg
appear to be needed (Horton et al., 1977). The distribution of Mo in

_p1ants appears to be higher in the roots than the shoots (Wallace and

Romney, 1977).

Molybdenum can entar herbivorcus species through fngestion.
Not much {nformation, however, is available on the toxicity of Mo to
animals via this raute.

Molybdenum occurs {n frash water from 0.03 to 0.13 mg/L

{Ovorak et al., 1978). It has nct been considered a sarious poliutant
but it 15 a biologically active metal. It may be an impaertant element
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for protection of the aquatic ecosystem due to its role in algal
physiotogy. Molybdenum is essential for the rixation of elemental
nitrogen by blue - green algae (Hardy and Burns, 1968).

The 96-hour I.C50 for fathead minnows exposed to molybdic
anhydride (Moo3) was 70 mg/L in soft water and 370 mg/L in hard water.
Although Mo is essential for the growth of the alga Scanedesmus sp. the
threshold concentration for a deleterious effect is 54 mg/L (Bringmann
and Kuhn, 1959).

Mclybdenum does not tend to accumulate in the edible portions
of tissuas and has a ralatively low toxicifty to animals. The concen-
tration factor for Mo in the edible portions of fresh water fish fis
only 10, this corresgponds to the value observed for fresh water
invertebrates (Vaughan et al., 1975%). Molybdenum in the biota would
appear to be of littlie concern although its influence on copper toxi-
¢ity may be significant.

NICKEL (Ni)

Coal combustion is a major source of airborne nickel. ODuring
the combustion process, hot carbon monoxide is passed aver finely
divided nickel! in fly ash particles and gaseous nickel carbony! is
released. In the atmosphere, nickel carbonyl 1is transformed into
nickel oxide in dry airr and nickel carbopate in meist air (IARC, 1973).

Nickel is not essential to plants, but it has been suggestad
that it is required for animals although the precise role is unknown
(Underwood, 1975). Nickel occurs 1in keratinous tissues, especially
feathers, it is also present in the liver and thymus gland (Prosser,
1973). Nickel activates several enzyme systams but these activities
are.not specific to Ni. It {s always present in ribonucleic acid (RNA)
and may help maintair the configuraticn of the molecule. Nickel is
essential to hepatic metabolism in chickens and may also be involved in
melanin pigmentation. (Underwood, 197%).
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Some of the Ni e%itted from 2 coal-fired powerplant is
absqrbed onts particulates of submicrea size (Davidson et al., 1974;
Klein et al., 1975). These particles can deposit in the deep alveolar
regions ¢f the Jung (Natusch et al., 1974). In this fashioen, Ni can
enter an organism's bloodstream and be subsequently transported to the
internal organs. Some pulmonary accumuylation may takse place.
According to Natusch et al., (1974} the alveolar absorption effi-
ciencies for most of the trace elements are from S50 to 80 percent,
Ingested Ni, on the other hand, is poorly absorbed and excretad mostly
in the feces. Nickel carbonyl is apparantly excreted in the urine
{Beliles, 1975).

Nickel has been associated with cancer of the lungs in
animals. Anaimals 1inhaling inorganic nickel compounds have daeveloped
raspiratory changes and deleterious heaith effects (IARC, 1973} Graham,
1975). Nickel dust, nickel sub-sulphide (Nissz), NiQ, nickel carbonyl
and nickel bicyciopentadiene are carcinogenic in experimental animals
aftar inhalatifon. There is, however, no evidence of carcincgenicity
after oral exposure. Nickel carbonyl, N1C04, is the most toxic of al
the nickel compounds. It has caused death after exposure of humans to
30 mg/kg for 30 minutes (Beliles, 1975). Mice can tolerate 5 mg/L of
nickel acetate in their drinking watar aver their 1ifetime but animals
fed 1600 mg/L showed a reduction in growth and degrees of inappetence
{Underweod, 1971). Growth rate was reduced in chicks fed on diets
contafining 700 mg/kg or greater as either the sulphats or acetate. The
growth of rats, on the other hand, fed nickel carbonats, nickel soaps
and nickel catalyst at 250, 500 and 1000 mg/kg in the diet for 8 weeks
was not affected. 0Dogs and cats are able to tolerate daily doses of 4
to 12 mg/kg N1 for 200 days with no 111 affects.

Nickel is poorly absorbed from the intestine although the
mucosal Tining af the gut can he irritatad by Ni (Gough and Shacklette,
1976). The symptoms of MNi toxicity in animals fed N{ are hyper
glycemia, and gastrointestinal as well as nervous system disorders.
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Abnormalities have developed 1in the Kkidney of calves fed nickel
carbonate. Nickel chloride fed to young male rabbits decreases liver
glycogen and also fincreases muscie glycogon and produces prolonged

hypoglycemia after a galactose dose.

The symptoms of acute poisoning by nickel carbonyl are respi-
ratory problems, Teukocytosis and cyanosis. It can also delay the
symptoms of fever., The mechanism of toxicity may be in part, due to
inhibition of adenosine triphosphate (ATP) utiiization, it might also
produce a metaboli¢c block at the level of messenger RNA.

Nickel in soils will usually occur as divalent cations, its
availability being influenced by CEC of the soil (Berry and Wallace,
1974). Nickel catiens will be bound more tightly to neutral or
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 been shown
to inhibit nitrogen mineralization in soils (lLiang and Tabatabai,
1977).

" Nickel can be toxfc to plants via the airborne route as well
as through uptake by the roots (USEPA, 1976). There are very few data
addressing the toxicity of airborne Ni. Entry to plants is primarily
through the root system where the metal is subsequently translocated in
the xylem and deposited in 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 %o be
avenly distributed between the roots and shoots of plants (Wailace and
Romney, 1977). \Whithy et al., (1976), however, report that Ni was
higher in 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 acidity of soils close to the smeltars. Analyses of fiald
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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 seils showed
that there was a high percentage of soluble Ni in the soils. Water
extractabls Ni at concentrations to 20 mg/L and as high as 420 mg/L was
found in surface sofls. Root growth in a number of plant species has
been found to be reduced by as much as 50 percent in solutien concen-
trations of 2.0 mg/L or less (Whitby et al., 197§).

Barley developed the symptoms of white chlerosis character-
istic of nickel toxicity in cereals when grown on soils containing
320 mg/kg Ni (Wiltshire, 1974). Yields were also reduced in conjunc-
tion with symptoms. The concentrations of nickel were high (293 mg/kg)
in the roots. Wiltshire (1974} also observed that certain popuiations
were more tolerant of 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 root to the sensitive
shoot.

Vanselow (1977) demonstrated that Ni is toxic to a number of
plants when grown in sand and sclutions containing 0.5 to 1.0 mg/L Ni.
A concentration of 8 mg/L- in solution kills barlay quickly while levels
of 0.5 and 2.0 mg/L produce chloresis in buckwheat and ben respectively
{Chapman, 1966). McKee and Wolf (1983) indicated that Ni was extremaly
toxic to citrus. Tomato seedlings were injured by 0.5 mg/L Ni and hop
plants were adversaly affacted at 1.0 mg/L (USEPA, 1976). A concen-
tration of 500 mg/kg in the soil and 60 mg/kg in cat grain reduced crop
yieids. Yields were also reduced in ocat straw and alfalfa at concen=
trations of 28 and 44 mg/kg (Chapman, 1566).

The symptoms of Ni toxicity to plants is a chlorosis that is

usually described as resembling the symptoms of iron deficiency. In
cereals, the chloerosis is in the form of white or of yellow and green
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stippling, chlorosis in dicotyledons gives a mottled appearance. In
severe toxicity, chlorosis may be followed by necrosis and death of the
plant (Chapman, 1966). The only way to detect excessfve Ni im the
sofls s to analyze the leaves., Caertain species such as birch trees
and conifers, however, may serve as indicator species for plant

exposure to Ni.

Nickel is present in natural waters at concantrations ranging
from 0.003 to 0.08 mg/L (USEPA, 1976) and in sediments from roughly 1
to 135 mg/kg (lLeland et al., 1978). As a pure metal, Ni is not a
problem in water pollution because it is not affected by, or soluble in
water. A number of Ni salts are, however, soluble in water (USEPA,
1972).

The toxicity of Ni to fish varies with the species tested and
the quality of water used in the experiments. The 96-hour LC50 of Ni
for fathead minnows ranges from approximately 5 mg/L in soft water to
43 mg/L in hard water under static test conditions (Table C-8). A
similar relationship of Ni toxicity is observed for bluegills. The
results of one study found that 96-hour LC50 values for Ni ranged from
6.2 to 46.2 mg/L for six species of fish under static conditions
(Rehwoldt et al., 1971). The survival curves for sticklebacks in soft
tap water indicate a lethal limit of 0.80 pg/L Ni {(Jones, 1939).

The 96-hour LC50Q0 values for two species of aquatic insects
were found to be 4.0 and 33.5 mg/L Ni (Warnick and Beill, 1969).
Biesinger and Christensen (1972) found that the 3 week LC50 value fer
Daphnia magna in seft water was 0.130 mg/L Ni, 0.095 mg/lL caused a

50 percent impairment in reproductivity and 0.03 mg/L <caused a
16 percent impairment.

In studies of the chronic toxicity of Ni to the fathead
minnow, the MATC was found te be 0.38 mg/L. This concentration did not
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TABLE C-8
96-HOUR LCgo OF NICKEL FOR VARIOUS FISH SPECIES

Temp 0o Hardness 96-hour
Species °c mg/L pit my/L-CaC0, Crg References

Fathead minnow - - T - Hard 24.0 Tarzwell & Henderson, 1960
Fathead minnow - - - Soft 4.0 Tarzwell & Henderson, 1960
Fathead minnow 25 7.8 7.5 20 4.58, 5.18 Pickering & Henderson, 1966
Fathead minnow 25 7.8 7.4 to 8.4 360 42.4, 44.5 Pickering & Henderson, 1966
Bluegill 25 7.8 7.5 20 5.18, 5.36 Pickering & Henderson, 1966
Bluegil) 25 1.8 7.4 to 8.4 6n 33.6 Pickering & Henderson, 1966
Goldfish 25 1.8 1.5 _ 20 9.82 Pickering & Henderson, 1966
Guppy 25 7.8 1.5 20 4.45 Pickering & Henderson, 1966
Killfish 17 6.5 1.8 53 46.2 Rehwoldt et al.; 1971
Striped bass 17 6.5 7.8 53 6.2 Rehwoldt et al.; 1971
Pumpkinseed 17 6.5 7.8 53 8.1 Rehwoldt et al.; 1971

White perch 17 6.5 7.8 53 13.6 Rehwoldt et al.; 1971
American eel 17 6.5 1.8 53 13.0 Retwoldt et al.; 1971

Carp 17 6.5 7.8 53 10.6 Rehwoldt et al.; 1971
Fathead minnow 25 6.9 7.8 207 27 to 32 Pickering, 1974
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adversely affect the survival, growth or reproduction in the species
(Pickering, 1974). Nickel concentrations of 0.73 mg/L caused a signi-
ficant reduction both in the number of eggs per spawning and in the
hatchability of eggs. A nickel concentration of 0.095 mg/L reduced
reproduction during a 3 week exposure in soft water (45 mg/L CaC03) and
a Ni concentration of 0.03 mg/L had no effect (USEPA, 1972).

Nickel contamination in fresh water lakes of 6 mg/L has been
impiicated in the reduction of algal biomass and species (Whitby
et al., 1976). Nickel has been shown to be toxic to algae at a concen=
tration of 0.5 mg/L (Hutchinson, 1973).

In a study of accumulation of iron, Ni, Zn, Pb and Cu by
algae collectad near a zinc smelting plant, it was found Ni exhibited
the lowest concentration factor for all the metals testad. Nickel
accumulates in sadiments reflective of the inputs from d{ndustrial
activity. (Hutchinson et al., 1976). Levels of Ni in the water varied
with input source but correlated well with Tlevels 1in periphyton,
zooplankton and minnows which is suggestive that the metal was accumu-
lated. Some concentration factors for Ni by aquatic organisms are:
10.3 for duckweed, Lemna minor (Hutchinson and Czyrska, 1975); 1700 for
bryophytes (Dietz, 1973); 100 for fresh water invertsbrates and 100 for
fresh water fish (Vaughan et al., 1975).

Nickel fs non essential to vegetation but is apparentiy
required in the diet of animals. It is apparently of more concern to
aquatic organisms as it is not of environmental concern to tarrestrial
animals that ingest the metal,

SELENIUM (Se)

Coal combustion is the principal source of selenfum contamin<
ation in the envirenment (IARC, 1975). Elemental Se and Se oxides are
the most likely forms of S5& to be released (Davidson et al., 1374).
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ODuring ccal combustion, Se is considerad to ba volatized to the esxtant
of 30 parcent or greater (Ruch et al., 1973; Klein et al., 1975).
Selenium dioxide may be emitied from coal combustion in vapour form
although the majority is most likely in particulate form.

Salanium generally 1is not essential ta plants but a few
angicsperms seem to have a requirement for the element (Bowen, 13966).
Animals require selenium for normal growth. Chickens and lambs, for
example, develop dystrophy with Se deficiency (Prosser, 1873).
Chickens also exhibit poor feathering and pancreatic effects without
salenium. Selenium can also replace Vitamin E and ocgurs in a few
amine acids and many proteins. It also prevents hapatosis dietetica in
pigs as well as promoting growth, fmproving fertility and reduging
postnatal losses in sheep (Undarwood, 1975). A dietary intake of
0.1 mg/kg for sheep and cattle is sufficient to prevent Sa deficiency.
A dietary raquirement of 0.04 mg/kg is recognized as essential for
animais in general (Kothny, 1973). Selenium has also been shown %o
protect against the effects of merﬁury induced mortality in mice,

(Taylor, 1978).

SeTenium is likely adsorbed onto particulates of submicron
size which can readily deposit in tha alveclar portions of the lungs
where they are available to the bloodstream and subsequent transport to
the internal organs. Natusch et al., (1974) estimate that absorption
efficiencies for traca elements in submicron particles from the iung
are rougﬁ?y frcfm 50 to 80 percent,

Selenium compounds are inhaled through the lungs in dust or
fumes, apsorbed through the skin or ingasted (Gough ang Shackletta,
1976). Excess Se in the body from any routa can cause adverse effacts.
Although Se in elemental form may be relatively nentoxic, inhaled Se
dust and fumes are irritating and may give rise to pneumonitis (Goodman
and Gilman, 1870). The main absorption site of Se in animals is the
gastrointestinal tract, specifically the ducdenum. Elemental Se is
poorly absorbed but inorganic salts of Se such as selenate, salenite
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and Se analogues of cystine and methionine are absorbed much better
{(Underwoad, 1975).

The effects of excess Se inhalation have baen observed in
humans under occupaticnal exposure. It was shown to cause mucous
membrane irritation, catarrh, nosebleed, loss of sense of smell and
dermatitis. Selenium is rapidly eliminated at first then more slowly
afterwards, being excreted in the feces and urine, the amounts and
proportions dependent upon the level and form of uptake {Chapman, 1566;
Underwood, 1975). Acute exposure to elemental Se causes headache,
difficult breathing, mucous membrane irr{tation and central nervous
system affects (Stahl, 1969). Acute exposure to selenium dioxide
causes similar symptoms including dermatitis, burning of the ayes,
lacrimation, conjunctival congestion, garlic breath, dizziness and
lassitude, Chronic exposure to airborne selenium dioxide causes
gastrointestinal disorders, nervousness, 1lfver and spleen damage,
anemia, mucosal irritation and lumbar pain (Goodman and Gilman, 1$70).
The general adverse affects of Se inhalation are concentrated on the
epidermis (skin and hair) and gastrointestinal systems. Chronic Se
poisoning in animals is characterized by dullness and lack of vitality,
emaciation and roughness of coat, loss of hair from mane and tail of
horses and body of pigs, soreness and sloughing of hooves and a number
of other symptoms (Underwood, 1875). Movement of the animal can be
restricted which would lead to Timited availability to food resources
and water resources. In severe casaes the animals could expire.

Selenium has also been implicated as being carcinogenic.
Animal toxicological studies have demanstrated both carcinogenic and
anticarcinogenic activity (Schrauzer, 1976). It has also been impli-
cated as a teratogen in one human occupational study (IARC, 1975).

When chickens are faed 3 to 4 mg/kg Se, no adverse effects are

observed in hens and eggs, but 5.0 mg/kg can reduce hatchability
(vValkovic, 1975). Anima’s consuming feed containing 5 to 40 mg/L Se for
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several weeks may be paisoned but 0.6 mg/L in feed is not toxic %o
sheep over a 1S month period (Chapman, 1966). Kothny (1973) states
that a Jevel of 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 Se 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 & months of treatment and 15 mg/kg can eventually result in
death (Underwcod, 1975). Underwcod (1975) states that the minimum
toxic level for grazing Tivestack fs 3.0 mg/kg.

Chronic paisoning of livestock could result from dafly inges-
tion of cereals and grasses containing 5 to 20 mg/kg Se (Gough and
Shacklette, 1978). According to Underwood (1975) a dietary intake of
1 mg/kg provides a satisfactory margin of safety against any dietary
varfable or envircnmental stress likely to be encountaered by grazing
sheep and cattle. Allaway (19639) indicates that a dietary intake of
0.04- to 2 mg/kg fs required to prevent deficiencies whereas concen-
trations of 4 to 5 mg/kg are toxic.

Cases of livestock poisening by 3Se in water have not been
raported although some spring and irrigation waters have been found to
contain over 1 mg/L Se (USEPA, 1972).

The so0i1 concentration of Se varfes in the United States
(Heit, 1977). The chemistry of Se in soils is not well understood.

" Selenifum usually occurs as divalent anicns in the soil solutfen. It

reacts similarly to phesphate in that it is more soluble in neutral or
alkaline soils (Berry and Wallace, 1974). In acid soils (pH 4.5 to
6.5), S5e is usually found as a basic ferric selenite of extremely low
solubility. In alkaline soils (pH 7.5 to 8.5), Se may be oxidized to
selenate icns and become water soluble., Selenium demonstrated a slight
inhibition of nitrogen mineralization in soils {Liang and Tabatabaf,
1877).
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Plants may be exposed to Se via the airborne route or through
the soils. There are few data addressing the ¥irst mechanism but Se
uptake by ptants has been observed. The ahsorption and accumulation of
Se by plants depend upon the concantration and distribution of Se in
the soil, the chemical nature of Se, seasonal variation in rainfall,
plant species, stage of growth, physiolegical condition of the plants,
available suiphur, 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 he 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 (Gutemmann 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 of selenite or organic selenium accumulated 200 and 1000 mg/kg
Se raspectively (Chapman, 1968).

Certain plant species accumulate Se in large amounts and
apparently require it for normal growth., Plants belonging t¢ the

geni Astragalus, Conopsis, Stanleya, Xylorrhiza, Aster and Atriplea
exhibit these characteristics (Chapman, 1966; Valkovig, 1975). These
plants can also be used as "indicators" of the S5e in soils since they
onily thrive in such areas. According to Lakin (1973), certain species
of Astragalus utilize Se in an amino acid peculiar to meimbers of this
genus, Toxic concentrations for chrysanthemum, sarghe, tomate and
wheat range from 101 to 1350 mg/kg in leaf foliar tissues (Chapman,
1966). Plants grown on soils containing 30 to 325 mg/kg Se developed
Se Toxicity symptoms. Plants grown on nearby uncontaminated soils
(<2.0 mg/kg Se) were unaffected {(Chapman, 1966).
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The symptoms of Se toxicity in plants ars usualiy character-
ized by a snow=white border chlorosis of the leaves of cereals. As
wheat plants grow to maturity, there is a progressive diminution of
chlorasis in succassive leaves, Roots take on a pinkish comp}exion
when injured by selenite. A gariic 1ike odor emanates frem some forage
plants in range areas %that have accumulataed Se {(Chapman, 1966).

Selenfum {is found in natural waters and sediments at rela-
tively low concentrations, the lavels 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 Jehnson, 1977). The Se content of surface
waters fs a function of pH being higher in alkaline (pH 7.8 to 8.2)
than slightly acidic (pH 6.1 to 6.9) waters (Lakin, 1373). Selenium is
quantitatively precipitated as a basic ferric selenite at pH 6.3;
to 6.7; at a pH of about 8.0, salenite may be oxidized to the soluble
salenate fon.

Selenium has been regarded as one of the dangerous chemicals
reaching the aquatic environment. The toxicity of Se is scmetimes
counteracted by the additien of arsenic wh‘i'ch acts as an antagonist
{USEPA, 1972). Selenium {s both chronically and acutely toxic to

aguatic organisms.

E11is et al. (1937) showed that goldfish could survive for 98
toc 144 hours in soft water over a pH range from 6.4 to 7.3 at 10 mg/L
sodium selenita. The same species exposed to 2 mg/L Se died after 18
and 46 days, preceded by equilibrium loss and lethargy (El11is et al.,
1937). At 5 mg/L, death occurred in S to 10 days. For Catfish
(Ictalurus punctatus) an intraperitcneal injection of 3 mg/kg was fatal
in less than 40 hours at 10°C.

Zebrafish (Brachydanio rerio) exposed to Se 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, mortatity increased in con-
centrations of 3.0 mg/L or greater. Huckabee and Griffith (1974)
demonstrated that the toxicities of mercury and selenium were syner-
gistic to the eggs of carp.

Bringmann and Kuhn (1959) demonstrated the threshold effect
of Se as sodfum selenite on a fresh water crustacean (Daphnia), an alga
(Scenedesmus sp.)} and a bacterium (Escherichia coli). 1In 2 days the
median threshold effect occurred at 2.5 mg/L with Daphnia, in 4 days

the threshold lavel was 2.5 mg/L with Scenedesmus, 90 mg/L with
Escherichia coli and 133 mg/L for the protozoan, Microregma. Selenium

as selenous acid slightly stimulated growth at 5 to 15 mg/L but as
selenite it completely blocked growth at all concentrations tested, 3
to 20 mg/L, in selected aquatic animals (Bovee, 1378).

Dietary Se appears to be the most important source of Se to
many fresh water‘organisms (Phi11ips and Russo, 1978). Fish do not
appear to.concentrate Se to dangerous levels but the accumulation of Se
by fish may be beneficial both to the fish and the consumer because of
the presumed protective acticn Se provides against Hg. Barnhart (1958)
reported, however, that mortalities of fish stocked fn a reserveir were
caused by Se leached from bottom deposits, passed through the food
chain and accumulataed to lethal concentrations in their liver. Concen-
tration factors for fresh water fish and invertebrates are raported to
be 250 and 167 (Vaughn et al., 1975). It has been reported that duck-
weed, an aquatic macrophyte, concentrated selenium (Rodgers, et al.,
1978).

Selenium accumulates in terrestrial plants but to a lesser
extaent than aquatic and terrestrial animals. Animals appear to be more
sensitive to the element!., especially livestock feeding on contaminated
forage.
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SILVER (Ag)

Silver is emitted from the stacks af coal-fired powarplants.
It is largely retained within the plast in bottom ash and precipitated
fly ash (Ruch et al., 1974; Klain ot al., 1975; Curtis, 1377).

There 1is almost no information on the toxicity of silver to
animals via inhalation. It is not generally known as a gasegus pollu=-
tant nor i{s it aessential to plants or animais. Silver does not
normally occur in animal tissues. It can be absarbad from both.the
lungs and gastrointestinal tract although absorption is very slow
(Goodman and Gilman, 1970; Beliles, 1975). Silver is slowly absorbed
as Ag fons are readily fixed to proteins; thus the ions are captured
before they diffuse far 1ate the tissues. Ag can, however, enter the
body from muccus membranes, Excretion of ingested Ag s primarily via
the gastrointestinal tract (Beliles, 1975). Studies of the metabelism
of silver in the rat showed only about 2 percent of the element entared
the blood frem the gasirointestinal tract and the biclogical half-life
was roughly 3 days (Scott, 1949). The spread of damage occurs only
when the dose of Ag overwhelms the capacity of tissues to fix it
(Gooqun and Gilman, 197G). ) *

Ingestion of solubia silver salts in suffricient concentration
leads te corrosion of 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 Jocal or generalized impregnation of the tissues known as
argyria. This is due to depasition 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 kidnays, liver and spleen at
concentrations of 0.40, 0.70 and 1.0 ug/L (USEPA, 1976).

The concentration of Ag in soils appears %o average approxi-

mately 3.0 mg/kg (Ragaini et al., 1977). HNo information was found
concerning the soil chemistry of siiver,
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Silver can apparently be taken up by plants in polluted
areas. Ragaini et al., (1977) showed that grasses grown on Ag -
enriched soils accumulated the metal accordingly. The movement of Ag
in plants however, would seem to be restricted to the shoots thus
1imiting the amounts accumulating in the aerial portion (Wallace and
Romney, 1977). This would also minimize the amounts of Ag ultimately
being ingested by herdbivorous species. Klein and Russell (1973)
sampled soils and vegetation near a coal-fired powerplant. They found
that although there was some enrichment of soils with Ag near the
plant, there was no atltendant increase in plant concentration. This
suggests the element is relatively immobile and unavailable to plants.
The discrepancies between Klein and Russell's (1973) work and that of
Ragaini et al., (1977) are unexplained.

S1lver {is rarely detected in water above 1 pg/L (USEPA,
1972), its concentration in sediments is also quite Tow being less than
0.5 mg/kg (Leland et al., 1978). Silver is one of the most toxic
metals to aquatic life, ranking ahead of mercury on a relative acute
toxicity basis (Doudoroff and Katz, 1953). Due to the Tow solubflity
of most Ag compounds in water, however, it is not generally regarded as
a hazard to aquatic life.

Sticklebacks were killed by a 20 pg/L concentration of silver
nitrate in 2 days (Doudoroff and Katz, 1953). In differing concen-
trations, the average survival times were: 1 week at 40 ug/L, 4 days
at 10.0 ug/L and only 1 day at 100 pg/L. Jones (1948) reported that
the lethal concentration 1imit of silver applied as silver nitrate for
sticklebacks at 15 to 18°C was 0.003 mg/L which compared favourably
with Anderson (1948) whc found 0.004:8 mg/L to be the toxic threshoid
for the same species.

Rainbow trout exposed to concentrations of Ag from 0.09 to
0.17 pg/L as Ag displayed no significant mertalities but the results
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did not address the possible effects on reproduction. Silver niirate
in concentrations of 1000 and 100 pg/L killed 18 out of 20 and 12 out
of 20 fish raspectively, while silver carbonate was lethal to all test
fish at a concentration of 1000 ug/L (USEPA, 1876)}.

Sflvar is not present in aquatic animals at very high con=
centrations because most of its compounds are virtually insoluble in
watar (Phillips and Russo, 1978). In addition, Ag has a very sheort
bioclogical half-life and dees not accumulata significantly in the
adible portions of fish. Concentration factors for duckweed (Lemna
miner} as well as fresh water fish and fJnvertabrates 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 Tikely the metal is relatively immchbile in soils.

-Animals ingesting Ag would likely secrete the majerity of it as it is

not accumulated in body tissues. Silver is very toxic to aquatic
erganisms but fts abundance is Tow in the aquatic environment due to

its low solubility in water.

THALLIUM (T1)

Thallfum is volatilized by about 50 percant or greater during
the combustion of coal (Ruch et al., 1974; Klein et al., 1975), It is
amitted in the vapour phase of coai-fired powerplant stack emissions
(Ray and Parker, 1978). Thallium oxida is believed to¢ be the main
species of Thallium releasad by the combustion of coal (Cavanaugh
et al., 1975).

Thalljum is not essential for plants and animals. It has

been c¢ited as having a very high poliution potential due to its
reportad toxicity to bacteria, higher plants and anima’s (Bowen, 1988).
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There is iittle information on the toxicity of gaseous Tl %o
animals. Thallium is not a normal constituent of animal tissues but
can be absorbed both through the skin and gastrointastinal tract.
Humans accumulate T1 in the kidney with lesser amounts in other tissues
and s excreted siowly through the urine with small amounts in the
feces (Beliles, 1975). Thallium is quite toxic with a Tethal dose for
humans astimated to be about 12 mg/kg.

The toxic concentrations of Tl to a variety of animals range
from 0.8 to 50 mg/kg when administered orally (Bowen, 1966). A level
of 750 mg/kg per day has been reported lethal to rats. Rat studies
have indicated that thalljum oxide is more toxic when taken orally than
whan administered by injection (Beliles, 1975). Thallium compounds
have been widely used faor controlling rodents and predatoers hecause of
the extreme toxicity of the compounds (McMurtrey and Robinson, 1938).
When poisoned bait is scattered on the soil, the effects last for
several years,

Very few data are available which describe the soil chemistry
of T1 or its effects orn plants grown in such soils. It appears that
thallium~rich soils provide poor substrates Tor vegetation. Zyka
(1972) reports that T1 in the ash of herbaceocus plants from an area
known to be high in 35011 concentrations of T1 ranged from 10 to
17 00C mg/kg. These data demonstrate the cumulative potential of
plants for T1. - Thallium has been reported to inhibit photosynthesis
and transportation in plants (Bazzaz et al., 1974).

Thallium is observed in natural water at a very low concen-
tration of less than 0.01 pg/L (Bowen, 1966). Thallium displays both
acute and chronic toxicity to aquatic organisms. Adverse effects of
thallium nitrate have been reported for rainbow trout at levels of 10
to 15 mg/L; for perch (Perca fluviatilis) at &0 mg/L; for roach
(Rutilus rutilis) at 40 to 60 mg/L; for Daphnia at 2 to 4 mg/L and
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ammarus at 4 mg/L (Zitke et al., 13973). Damage occurred within
3 days. Expesure to lower concantrations also rasultad in injury. The
96~hour LLE0 Tor salmea is 0.03 mg/L (Zitko, 1973). Zitko 2lso raports
that 0.4 mg/L was Jethal to tadpoles and growth inhibition occurs at
Tevels of 20, 390 and 200 mg/L for Azcbactar, Proteus mirabilis and
Aspergliius niger respectively. Thallium {s apparently as acutaly
toxic to Juvenile Atlantic salmen (Saimo salar) as copper. It Kkills
the saimon slowly allowing them te incorporate high gill, l1iver and

[1]

muscle concentrations prior to death, Fresh water fish and inverte-
bratas readily accumulate T1 from the aquatic environment. Concantra-
tion factors for the matal 1in invertebratas s given as 15 00C and
10 000 {in fish (Vaughan et al., 197%). '

Thallium 1is also concentratad by some fresh water plants
(Zitko et 2l., 1975). In studies with marine clams (Mya grenarka) and
aussals (Mytilis edulis), Zitke and Carson {1975) feund that neither
organism accumulated the metal., They conclyded {t was not an envirom
mental hazard to aquati; molluses.

Thallfum s moderataly toxic to fish but its movement and
potential toxicity to the aquatic biota fs largely not understood. It
s accumulated in piants and may be passed onto herbivorsus species by
ingestion.

THORIUM (Th)

When ccal 1s burned, nearly all the Th is collectad and
retained within the plant in bottom ash and precipitated ash (Ruch
et al., 1974; Klein et al., 1975; Curtis, 1877). The percantage
smittad is estimatad at only 0.1l percent (Secticn 3).

Thorium s considered more from a radictoxicological stand-
point than the chemical. The elemunt contributas to dose levels in
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biotic- reaceptors. Thorium is not considered a gasecus pollutant from
coai-fired powerplants, this is obviously due to the fact that so
little of the element s emitted. No data were found which discussed
the toxicity of Th via inhalation to animals.

In soils, Th is accumulated in the fine earth particies. The
minutely dispersed fractfon of soils which contain Th (<0.001 mm) are
delivered to plants with ascending water flow. It {is readily absorbed
onto the roots of plants but translocation to the leaves is negligible.
(Mercer and Morrison, 1962; Squire, 1963). Generally, under natural
conditions, Th is absent from pltant tissues due to its retention in the
solid phases of the soil and its general immobility in biological
systems (Russell and Smith, 1966).

The mobility and intensity of the irncorporation into bio-
logical objects depends on the solubility of its compounds
{Verkhovskaja at al., 1967). This solubility {s low and the element is
highly immobile usually making it unnecessary to consider the transfer
of Th through a food wek. .

The {mpacts of Th on the aquatic environment are not well
documented. Water concentrations are typically very low as it is
readily precipitated to sediments and is relatively immobile (Russell
and Smith, 1966). Thor~ium is moderately accumulated by fresh water
invertebrates and fish. Concentration factars were 500 and 3¢ faor
invertebrates and fish respectively (Vaughan et al., 1975). The
element is not biomagnified as the concentration factor for fish is
less than that of the invertebrates. Algae and macrophytes are
reported to dfgplay concentration factors varying from 4 to 10
{Polikarpov, 1968).

Pendleton et al., (1964), however, studied the effects of an
accidental release of wastes from a uranium ore refining plant. They
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found that high concantrations of Th wars found in environmental
samples and in muskrats Tiving in the area but carp appeared to contain
relatively low levels.

Thorium was shown to be toxic to bactarfa and an alga
(Scenedasmusp) at 0.8 and 0.4 mg/L. (Bringmann and Kuhn, 1953). Neo
data ware found far the taoxic effacts of Th to higher aguatic
organisms.

Thorium 1{s essentially immobile {in both the aquatic and
tarrestrial ecosystams., It is not biomagnified through the foad chain
and is generally not considered as a significant contaminant in food-
¢hain relationships.

TIN (5n)

Recent mass balancs studies of coal-fired powerplants have
shewn that tin fs concentrated in the ash, while a percentaga is
released ints the environment as particulate or gas (Ruch et al.,, 1574;
Klein et al., 1975; Lim, 1579).

Tin is belfevad to be essential to animals although a precise
role for the metal is unknown (Underwoed, 1975). Inhaled inorganic 3n
remains in the lungs whereas organic Sn may enter the bloodstream and
accumulate in the liver with smaller amcunts entaring other organs
(Beliles, 1975). In humans, most of the ingestad inarganic Sn is not
ibsorbed and 90 percant of the element is recovered in the facsas;
absorhed inorganic Sn accumulatas in the liver and kidneys.

Generally, inorganic 5n may be considersad nontoxic to mest
organisms except at high concantrations, e.g. 500 mg/kg for 14 months
(Beliles, 1975). Organic 3n, however, is extremely toxic to mammals,
including man. Laberatory datermined toxic deses of Sn for various
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animals range from 40 to 1200 mg/kg (Bowen, 1966); ‘Rabbits axperiencsad
depressed weight gain and mild gastroenteritis as well as a reduction
in peripheral red blood cells when given oral dosss of 20 mg/kg per day
of dibutyl tin chloride (Wakashin, 1975). Tin has also been shown to
affect the liver, kidney, spleen and nervous system as well as to cause
growth inhibition and decreased food utilization efficiency (Charyer,
1975; Wakashin, 1975). -

Little fs known about tin in the environment. The toxicity
of Sn to plants via the airborne route is largely undocumented. In
soils, $n occurs largely as a divalent cation, its avajlability being
determined in part, by the CEC of the soil (Berry and Wallace, 1974),
Generally, Sn is bound more tightly in neutral or slightly alkalfne
soils and is more mobile in acidic soils by comparisen. Tin is reia-
tively low in concentration in soils (Peterson et al., 1976). Tin has
been reported to inhibit nitrogen mineralization in soils.

Plants can accumulate Sn from soils but the literature con-
tains relatively few reports on the subject. . Peterson et al., (1978)
indicate that, in a number of investigations the concentration of $n
has been reported to be below the limit of detection for most of the
samples analyzed. Peterson et al., (1976) have, nevertheless, rsported
the accumulation of Sn by some plants collected near the tailings of a
tin mine in Malaysia. The concentrations of Sn varied between plant
species and sampling locations. The vaiues for the cencentration of Sn
in plants studied were higher than those reported from other countries.
The results of thea work descfibed above by Peterson et al., (19768)
contrast the statement that tfn is effectively excluded by plgnts
(USEPA, 1972).

In water, tin levels are reported to be about 0.001 to

0.17 mg/L {Peterson et al., 1976). Little information is available on
the toxic effects of Sn to aquatic organisms. Bowen (1966) however,
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reports that Sn {s toxic ta green algas. The 48-haur LCS0 for fish
axposad to electroplasting tin solutions was 100 mg/L (Xarija et al.,
1563). Tin was accumulated by the gills, skin and mucous of exposed
fish. It has recsntly been shown that incrganic tin <an be alkylated
by bacterial action. The resuiting organic species may be volati{lizad
and raleasad into the atmosphera (Petarson et al., 139768). Qne can
recall the aenvirenmental implicaticns of methyimercury within this
context. Tin is accumulated by fresh watar invertebratas and fish with
concentration factors reported as 1000 and 3000 respectively (Vaughan
et al., 197%).

Tin {s relatively immobile in the natural environment and fis
moderately toxic to fish and animals, Its methylated forms from bottom
sadiments should be considered a patantifal threat o the bieta although
specific data are lacking.

TUNGSTEN (W)

Tungsten is released into the environment from coal combus~
tion. The majority of the W is retained within the plant in the botiom
ash and precipitated ash fractions (Ruch et al., 1974; Klein et al.,
1975). A small percentage (0.03) is rsleased ints the atmosphara as
the particulate and gasecus form (Section 3).

Tungsten -1s not essential to plants or animals and is not
usually found in animal tissue. Tungstan is absorbed by the gastre-
intastinal tract and retained in the bone with Tesser amounts accumu-
latad in the spleen, }iver and kidney. Oral teoxicity does not appear
to be a problem and 1t may be antagoni{stic to the uptak; of molybdenum
{Baliles, 1975).

Therse is virtually no information on the toxicity of W to

plants or its uptake from scils and nutrient cultures. The USEPA
{1972) has statad that the elepant is effectivealy excluded by plants.
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This statement is confirmed by the data of Ragaini et al., (1977) who
indicated that W was not detectable in plants even when grown on
W-enriched soils. Tungsten has been shown to be slightly inhibitory %o
nitrogen mineralization in soils (Liang and Tabatabai, 1977).

There is a paucity of {information an the toxicity of W to
aquatic organisms. Catfish (Ictalurus melas), however, accumulated W

aftar 4 days exposure, the biological halfr-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, giils, liver and gut together contained
78.6 percent of the total content.

In nature, concentrations of W in agquatic biota receptors are
very low (Fukai and Meinke, 1959, 1962). Tungsten does not appear to
be biomagnified in the aquatic fced chain. The concentration factor
for the element in fresh water fish is 1200 compared with 30 for sea
water species. The conzentration factor for fresh water invertebrates
is only 10 (Vaughan, et al., 1975).

The dearth of information available on W is fnsufficient to
evaluate.its potential for adverse effects in the environment., Vaughan
et al., (1975), however, indicated that W was considered to merit some
concern and perhaps a2 more intensive evaluation of potential for

adverse effects in tarrestrial ecosystems.

URANIUM (U}

wWhen coal f{s combusted, a small percantage of the uranfum
content (1 percent, Table 3-1) escapes into the atmosphere in particu~
late and/or gaseous form {Curtis, 1977). The remainder is retained
within the plant in the bottom ash and collected precipitator ash.
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The quantities of U inhaled under normal exposures do not
appear tc be of dosimetric significanca (on the basis of radie-
toxicity). The major contribution to doses ccmes from the gasecus
members of the saries, radon and thoron and their solid daughter pro-
ducts. Inhatation of uranium dioxide dust at a concentration of
3 mg/m3 for S years producad no aevidenca of toxicity in mammals
(Beliles, 1575). Uptake of the soluble uranylion (uoz""’)
acuta renal damages.

may result in

Uranium 1in soils 1s genarally in the form of the water
solubie uranyl ian which can be carried away by leachata watars (Hansan
at al,, 1360). Uptake of U by plants depands on saveral factors which
inciude plant species and mostly the availability of U in the saoil.
Small quantities of U have been identi{fied in many plants. It f{s
beliaved that U entars the vegetation mainly as the uranyl ion (Hansen
et al., 1560). The concentration of U varies widely among plant

- species, with tha highast levels usually found in perennial pliants with

concantrations as high as 100 mg/kg in the ash of plants grown on soils
rich in uranium (Cannon, 1953). This has, on occasion, been used in
the "biolegical prospecting” for uranfum. Once in tha bark, stems,
tree branches and shrubs, the uranium depositad thers will remain %o
the end of the plant's 1ife. The U in grass, however, will be returned
back into the 301 aftar decompasition, thus enriching its upper layer.

The ratio of U in plant matarfal, to that of "mobiTe” uranium
in the so0il, differs betwesen spacies. The ratic fs a 1{ttle above
unity for grains, legumes, <tubers, roots and hay (Garner, 1372).
Avaflabie U can penetrats plants as a result of ion exchange or in a
coaplex combination with organic acids given off by plant roots
{Kovalsky at al,, 1967). The mobile forms of U compounds in soils make
up from 2 t9 19 percant of the total U contant in the sail with the
propertion of acbile forms increasing with s¢il depth. The presencs in
the s0il of U compounds readily assimilated by plants leads to iis
accumylation in some {ood components of the rations of farm animals
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(Reid et al., 1977). Uranium has been abserved in the tissues of pigs,
poultry and in milk presumably from the consumption of plants con-
taminated with U; most of the U ingested by animals is found in the
bones, wool and skin (Kavalsky et al., 1967).

Roughly 0.9 to 2.5 percent of the daily U intake by a hen is
eliminated in the egg, with uranium apparently concentrating in the
yolk, Wildlife may incorpurate U depending on their life habits and
feeding characteristics (Verkhovskaja et al., 1967). 0Oigging animals,
for axample, may accumulate U when digging burrows and these animals
may in turn be taken by nredators.

The concentration of natural U in water s usualiy very low
(Welford and. Batrd, 1967). Concantrations for sea water are Jess than
3 pug/L {(USEPA, 1972). Bringmann and Kuhn (1959) determined the
threshold effect of uranyl nitrate as U at 28 mg/L on a protozoan
(Microregma}, 1.7 to 2.2 mg/L on E. coli, 22 mg/L on the alga Scene-
desmus, and 13 mg/L on Daphnia. Tarzwell and Henderson (1960} found
the sulphate, nitrate and acetate salts of U more toxic to fathead
minnows on 96-hour exposure in soft water than in hard water, the
96-hour LC50 for uranyl sulphate being 2.8 mg/L in soft water and
135 mg/L in hard water. Tarzwell and Henderson {1960) found that the
LCS50 values in hard water for U were 10 to 100 times greater than those
obtained in soft water.

Natural U 1{s concentrated from water by the algae
(Ochromonas) by a factor of 330 in 48 hours (Morgan, 1961). Aten
et al,, (1961) calculated the concentration factor of U by marine fish
to be about 20. This compares with the v;alue of 10 suggested by
Yaughan et al., (1975} for both fresh and sea watar fish. The work of
Kovalsky et al,, (1967) showed that U accumulates in aquatic organisms
indirectly via the food chain and that the amount of U accumulated by
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fish differs with the species, corrasponding %o tha amount of U
abscrbed with the food. The Targest amounts wers absorbad by plant-
gating fish such as carp and the least amounts by predatory fish such
as trout.

Uranfum 1s accumylated by plants and aquatic organisms. It
is relatively mcbile through food chain but its toxicity is moderata.

VANADIUM (V)

The burning of coal contributes a substantial amount of V to

the environment (NRC, NAS, 1974). This V {s most likely emitted as
solid compounds in the particles of *ly ash.

Vanadium 1s considered to be non essantfal for higher plants

and animals although there is some evidenca to indicate it is bene-

ficial to some fungi, algae, bacteria, chicken and rats (Bowen, 1968;
Gough and Shackletts, 1976). Vanadfum {s presant in tissuas of many
animals in small amounts (0.1 mg/kg). It may function in some calluylar
oxfdations (Prosser, 1973). The dietary requirements to promota
optimum growth for U by rats appears to be about 0.10 mg/kg of dist
{Prossar, 1873). 1In plants, V may play a roie in enzyme activatien in
nitrogen fixation by soil migreorganisms and may replaca Mo as an
essgntial elemeant by some Rz fi{xing bacteria {Chapman, 1968).

Fiy ash particles of submicron siza may enter the alveolar
porticns of the lung, where the V in these particulatas can gain accass
ts the bloodstream and 1Jntsrnal organs (Natusch et ai1., 1374].
Particles lass than 0.5 mm contain the highest concentrations of V,
particles of this size are readily deposited in lungs. Consequently, V
posas 2 toxicological threst via the inhalation routs to animals. In
fact, the V {nhalation threat increases with decreasing aeroscl size
(Underwood, 137%). Soluble V compounds which are inhaled in concen-
trations greatar than 50 pgfm3 are thought ta accumulate in the Tung
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and cause irritation (Babu, 1973). Vanadium is more readily absorbed
via inhalation than ingestion. The toxic action of V is largely con-
fined to the respiratory tract in humans (Beliles, 1975).

The toxicity of Vanadium compounds s related to their
valence states. Vanadium oxide compounds are most likely to be present
in coal combustion emissions, of these, vanadfum pentoxide presents the
greatest hazard. Vanadium is not, however, generally considered to be
a toxic element. In humans, an asthma-like condition results from
occupational exposure, in such conditions a relationship is 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 prohuces toxicity and death. AL high concentrations
(industrial exposure for example), gastrointestinal disorders, kidney
damage, and cardiac palpitations have been observed. Heart disease in

" humans has been postulated to be related to the V concentration in the

air (Beliles, 1975).

In animals the toxic effects of inhaled V include: diarrhea,
enzyme system dysfunction, growth depression and irritation to the
lungs (Underwood, 1975; Gough and Shacklette, 1875). Vanadium may also
be toxi¢c to animals when ingested., It has, however, a Tow order of
oral toxigity toc mammals as it does not affect ¢growth, 1ife span, nor
produce tumours in rats or mice when given in concentrations of § 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 ig/kg depresses weight gain and
200 mg/kg results in high mortality (Valkoviec, 1975). 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
(Bowen, 1968).

C -~ 106



€.22

SE 7933

VANADIUM - (Cont'd)

There are few data which dascribe the effects of airborne V
in plants. In sofls, V {is found usually as a divalent catien. [ts
availability in soils is dependent upon the CEC of the soil. (Berry
and Wallaca, 1374). In neutral or slightly alkaline sofls it is
tightly bound but s more mobile in acidic safls., Vapadium has an
affinity for soil organic matter (Jacks, 1976). It has also bean shaown
to inhibit nitrogen mobilization is soils.

Vanadium bhas besn shown to accumulate in forest Ilittar,
humus, lichens, mosses and the needles of spruce trees (Ruhling and
Tylear, 1973). The accumlated V generally remains in the rocts of
plants with 1ittle reaching the stem and leaves. Plant shoots saldom
contain more than 1 mg/kg V (Berry and Wallaca, 1974). Scme food
plants can accumulata high levels of V without toxic symptoms. Some
cencantrations found were: 600 mg/kg (ash) in snap bean; 50 mg/kg in
cabbage;: 30 mg/kg in tomato fruits and asparagus (Gough and Shackletta,
1976). ’

A concentration of 500 mg/L .V in a nutrient solution was
toxic to both the rcots and tops of barley (Chiu, 1953}, Vanadium was
toxic to germinating seeds and even more toxic ta plants at Tater
growth stages (Scharrer and Schrepp, 193%). A congentraticn as low as
1 mg/L V as vanadium chloride added to solutian and sand cultures was
injurious to barley. At 10 mg/kg V added to sandy sails deprassed the
growth of arange seadlings and at 150 mg/kg the plants died (Chapman,
1968).

Concentration of 2 mg/kg (drv weight) in the tops of pea or
soybean plants may be indicative of V toxicity (Chapman, 1968). Lavels
greatar than 0.5 mg/L fn nutrient selutions are toxic to plants, addi-
tions of the alement to soils has caused plant toxicity. The following
concentrations of soluble V ars siightly toxfe: 10 to 20 mg/kg for
soybeans, 25 ng/kg for beets, 40 mg/kg for bariey, 20 mg/kg for wheat
and 22 mg/kg for ocats.
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There is 1ittle information on the cccurrance or toxicity of
V in the aquatic biota. Vanadium as vanady! sulphate had na effect an
the growth of the protozoan, Tetrahymena at concentrations of 1 to
3mg/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 vanadium to
high Tevels (Goldberg ef. al., 1951; Vinogradov, 1953; Swinehart et al.,
1974). Concentration factors for fresh water and marine invertaebrates
are estimated at 3000 and 50 respectively (Vaughan et al.,, 1975).

Vanadium shows some essentiality to ' animals but not to
plants. It is generally non toxic to animals. Data on V in the
aquatic environment are lacking.

ZINC (Zn)

Zinc is most probably emitted through coal combustion as
solid compounds in particulate form (Ruch et al., 1974; Klein et al.,
1978). Much of the ZIn 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 phasas.

Zinc is found in almest all 1iving organisms and is an essen-
tial element for most plants and animals (Prosser, 1973). Iinc is an
essential component of carbonic anhydrase and is an essential activator
for pancreatic carboxypeptidose and occurs in glutanic and lactic
dehydrogenases, alcohol dehydrogenase and alkaline phosphatases. 2Zinc
is essential for growth, bone growth, wound healing, reproduction,
carbohydrate metabolism and learning behavicur {(Underwood, 1975).

Generally, the inhalation of Zn is not an important exposure

route. Some finformation pertaining to this subject is available from
situations of occupational exposures. IlTness from exposure to excess
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2inc occurs primarily as "zinc fume fever”. Concentrations greater
than 15 mg/m3 hdve caused this fever (Goodman and Gilman, 1970).
Inhalation of In and zinec oxide powder causa inflammaticn cf the upper
respiratory tract in workers (Schrauzer, 1976). Large dosas of inhaled
and ingestad In have caused illness or death to axperimental animals
but tha concentrations wers even higher than thosa that would be
ancountered fn industrial sattings.

Animals are exposed %o In through afr, watar and food
(Chapman, 1966). Zinc is absorbed primarily in the small intestine, it
is excretad in the feces and sweat. The matal is also accumulatad in
bones, the cantral nervous system and hair. The biolegical half=1ife
of In is relatively long. Zinc has been obsarved to accumulate in the
sye choroid, §rostat-, kidney, feathers, red blood c2lls and snake
vencm (Bowen, 1966; Maniloff et al., 1970; Underwood, 1975).

Zn is comparatively non toxic to hoth mammals and birds.
There is quita a difference in the normal levels of intake compared
with thasa that produce dalsteriocus effects. Qomestic animals are
quite tolerant to high levels of In in their diet; this tolerancas is
relatad %o other elements (Cu, Fe and Cd) which affect Zn absorption
and utilization (Underwood, 197S). Lavels as high as 2500 mg/kg,
1000 mg/kg, 500 mg/kg and from 1200 to 1400 mg/kg Zn had no 111 affacts
in rats, weanling pigs, steers and chickens respectively (Gaugh and
Shackletts, 1976). A concentration of 5000 mg/kg of zinc chlorfde
dapressad growth and caused mortality in young rats, 5000 to 10 000 mg/
kg of zine carbonate produced anemia and inhibitad growth, induced
anoraxia and ultimataly death at the latter concantration (Underwoed,
1975). In another experiment, Dunker et al., (1927), found that while
Zn intake resulted in Zn accumulation in rat tissues, its accumulaticn
was not great and the Tevels fell rapidly after the tarmination of the
axpariment. The fetusas of female rats are resorbed at a concentration
of 4000 mg/kg, levals of 4000 to 83000 mg/kg are lethal to weaniing pigs
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- while 3000 mg/kg causes. growth and appetite depression in chickens.

The growth, physioiogy and food consumption in lambs were adversely
affected at concentrations from 900 to 1700 mg/kg (Underwood, 1971)}. A
concentration of 1 mg/kg Zn taken in by dogs reduced the leucocyts
count and 4 mg/kg bound to serum proteins resuliting in lassitude,
decreased tendon reflexes, blood enteritis and diarrhea (Valee, 1959).

In birds, the LDSO0 of zinc phosphide for pheasants in the
field was from 8 to 27 mg/kg (Janda, 1972). Janda also reportad that
smaiter doses caused blood disorder and adversely affected the nervous
system, liver and kidneys. Zinc carbonate at concentrations ranging
from 3000 to 12 000 mg/kg was toxic to mallard ducks under laboratory
conditions (Gasaway and Buss, 1972).

Zinc toxicity %o plants via the airborne route is not as
significant as that taken up by roots from soils or nutrient solutions.
In the soils, Zn usually occurs as divalent cations, the availability
being determined partially by the CEC of the soil (Berry and Wallace,
1974). It is bound tightly to slightly neutral or alkaline soils and
is more mobile in soils that are acidic. Zinc reacts with organic
matter to form zinc humates that are quite unavailable (Ermolenko,
1966). Zinc has been shown to inhibit nitrogen mineralization in soils
which may inhibit the growth of detritus microorganisms (Liang and
Tabatabai, 1977).

Plants can accumulate In from quite dilute soil solutions as
the alement is a micronutrient for plants. If the soil concentration
of these elements is increased, so is the proportionate amount accumu-
lated. Tﬁssues of plants deficient in Zn usually contain less than 15
to 20 mg/kg Zn while plants containing greater than 400 mg/kg Zn Show
toxicity symptoms (Nash, 1975). Toxic concentrations to the plant
itself or grazing herbivores may be reached in this fashion (Dvorak and
Lewis et al., 1978). Plants also vary in their ability to accumulate
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in. Soma plants may accumulata Zn to such high Jevels they have bean
suggasted as "indicators" of high soil ZIn levels as {is the case with
ragweed, Abrosia sp. (Chapman, 196§). Othar “{ndicators” of high In
levals 1in scils are the -Ca:xothITacaa , Compositae, Cruciferae,

Gramineae, Phymbaginaceae, Rutaceaa and Violacsae families (Gough and
Shacklette, 1376).

According to Wallacs and Remney (1877), zinc is uniformiy
distributed in the shoats and roots of plants, Van Heook et al.,
(1977), howaver, found that Zn was highar in the roots than other plant
parts in salected trees. Accumuiations of Zn‘by nmosses ware greatar in
urban than rural arsas which was relatad to the greatar sourcas of In
in the urban sites (Barclay-Estrup and Rinne, 1978). 2inc was mobi~
1izad in soils and accumulatad in all tissues of the red maple (Jacgsan
et al., 1978). It appearsed that most of the accumulated IZn tands %o ba
tied up in insoluble form $n the call wall and henca exerts only
1imited metabollic activity.

Zinc distribution and cycling 1n a mixed deciducus forest was
studied by Van Hook et al., (1977). The woady component of forest
vagatation incorporated an amount'equa1 to 50 percant of the estimatad
Zn input. The watarshed retained Tess Zn with respect to input, straam
output was 25 percant of estimated input. The watershed sgils, how-
ever, wars thea major sink for Zn. Although the transpart of In through
vegetation was rapid, the slow response of s0il and the potential for
recycling resultad in the retention of In within the systam. These
data were similar to those dascribed by Jackson et al, (1978) in a
simiiar study.

Zine can be toxic to plants fn sufficient quantities. Con-
cantrations of 18 to 20 mg/L in nutrfent soluticns preduced iren
deficiencies in sugar beets (Hewitt, 1948)., Huntar and Vergnano (1353)
found toxicity to cats at 25 mg/L, and 25 mg/L areduced Tron deficiancy

-
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(Mi11ikan, 1947). Charman (1966) indicated that toxicity occurred at
concentrations of from 1700 to 7500 mg/kg of iIn in leaves of oats.
Zinc chloride at concentrations from 0.5 to 50 mg/L inhibfted plant
growth (Weaver and Brock, 1972). Gough and Shack]ette”f1976) noted
that 125 g/kg total Zn in the soil will stunt the growth of most
plants., Toxicity levels for tomatoes and or;;geé range from 526 to
1489 mg/kg and 200 to¢ 300 mg/kg Zn respectively (Chapman, 1966).
Turnips grown in soil containing 200 mg/kg reduced crop yields (Kusaka
et al., 1971). The toxicity of In is highest in clay and peat soils
and the least in sands (USEPA, 1972). Excess zinc in soils produces
chlarosis in plants as it interferes with required iron uptake.

Zinec has been found accumulated in the tissues of organisms
inhabiting ZIn-contaminated areas. Earthworms (Dendrobaena rubida)

exhibited higher tissue levels of Zn in animals 1iving in soil contam—
inated by bhase metal mining (Ireland, 1975). The concentrations were
relatively Tow comparecd with the high soil Tevels. Jahnson et al.,
(1978), however, found 1o difference in the Zn concentration of small
mammals (field mice, (Apodemus sylvaticus) and bank voles,
{Clethrionomys glareolus)) from control and Zn polluted sites. The

densities of forest 1itier arthropcds were shown to be affected by In.
Strojan (1978) reported that the densities of all major taxonomic
groups were Jower near a zZinc smelter which was correlated to high soil

Zn levels.

Zinc is found in natural waters and sediments in concentra-
tfons from 0.01 to 1.18 mg/L and 10 to 3500 mg/kg respectively (USEPA,
1976; Leland et al., 1878). In most surface and groundwataers it is
generally found in trace amounts. There is some evidence ;hat In ions
are adsorbed strongly and permanently on silt resulting in the inacti-
vation of the metal in aquatic systems (Skidmore, 1964). Zinc species
in fresh waters are divided between Tabile ionic species (Zm2+) and a
stable inorganic form (ZnCOs); very Tlittle of the ZIn was associated
with organic colloids (Florence, 1977).
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Zinc displays bhoth chronfc and acute toxicity to aquatic
organisms. The relative toxicity of Zn has been determined, princi-
pally, through the case of fish. The acuta toxicity of In to frash
watsr organisms varies greatly with the water hardness, dissolved
oxygen concantration, pH and tamperature. Zinc toxicity in hard watar
s reughly an order cof magnitude lower, the concantration of the
alkaline=-searth Jons (especiaily caleium) antagenize the toxicity
{Jenas, 1339). Thesae ions satuyrate pinding sites on the organism and
prevent Zn from doing the same. The survival times of rainbow trout to
saveral In concentrations were maeasured at three hardness levels
(Llayd, 1961). It was obsarved that the survival period lengthened as
hardness increased with a tan folid diffarenca between the toxicity of
zine in ths hardast {320 mg/L as c:cos) and the softast (12 mg/L as

. Cacos) waters over a2 2.5 day exposure at similar pH values. The toxi-

city of Zn te Atlantic salmon {s also less when the fish are exposed fn
hard water (Sprague and Ramsay, 19635).

Zine toxicity to Atlantic salmon decreased as the pH was
raised from 7.9 ta 9.3; these findings have been attributad to the
decreased amount of Zn in solution at the higher pH levels (Spragus,
1984). In contrast, fathead minncws were found to be more suscaptible
to Zn at a pH of roughly 8.0 when the In precipitatad and ccaguiation
of the 9111'mucous was apparent (Mount, 1968).

The affects of temperature on In toxigity have baen examined
by 2 number of fnvestigators. Studies of bluegfils acelimatized to 18
and 309C showad 1{ittle dfffarenca in the texicity of Zn (Cairns and
Scheier, 1957). In a latar study of the toxicity of 2Zn to rainbow
trout at four different temparatures, it was revealed that an incrsase
in tamperature from 12 to 249C reduced survival time by a factor of 2.4
(Liocyd, 1961). The survival time of Atlantic saimon has heen observed
%2 incrsase by a factor of roughly four when the watar temperature was
decreased from 15 to 5°C (Sprague, 1964). Similarly, the reduction of
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survival times for bluegills exposed to In was a functicn of the rate
at which the temperature was increased (Burton et al., 1972). Similar
results have been found for Atlantic salmon exposed to Zn as the
temperature was increased (Hodson and Sprague, 1973). Cold-
acclimatized salmon survived longer than warm-acclimatized fish.

The sensitivity of fish to ZIn varies with species, age and
condition as well as the physical-chemical characteristics of the test
water. Table (-9 summarizes the results of 96-hour LCS50 data for
saveral fish species. The values range from 0.43 to 13.8 mg/L in soft
water and 4.2 to 35.5 mg/L in hard water. Salmenids were the most
sensitive species tasted while the warm water types such as bJuegills
and goldfish were the most tolerant. QDeath of fish in acute biocassays
is generally accepted as being due to changes in blood flow patterns
through the gill lamellae causing a failure of lamellar c¢irculation,
resylting in respiratory collapse and death.

Zinc is also toxic to invertebrates. The 96-hour LC50s for
pond snails (Physa heterostropha) in water with hardnesses of 100 and
20 mg/L as CaCO, were 0.303 and 0.434 mg/L Zn (Wurtz, 1945). The
96~hour |C50 for the mayfly (Ephemerella subvaria)} in water with a
hardness of 44 mg/L as CaCO, was 16 mg/L (Warnick and Bell, 1969). The
48-hour LCS50 for Daphnia 1in soft water (45 mg/L as CaCDa) was
0.10 mg/L.

Chronfec or long-term exposures to In by aquatic organisms
have caused growth inihibition, changes in swimming movement patterns,
alterations in behaviour and blood chemistry and reducticn in repro-
ductive capacity. Holcombe et al., (1979) exposed breok trout over
three generations to zinc concentrations varying from 2.6 to 534 ug/L
without harmful effects. A concentration of 1.37 mg/l, however,
reduced embryoc and 12-waek larval survival. Brungs (1969) found that

in water with a total hardness of 206 mg/L as Cac03, 0.18 mg/L caused
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TABLE C-9
96-1I0UR LCxo OF ZINC FOR VARIOUS FISH SPECIES

Temp _ Do Hardness 96-hour

Species °c mg/t p ng/L-CaC0, LChp References
Bluegil) 18 - - 15 2.9 to 3.8 Cairns and Scheler, 1957
Bluegill 20 - - 15 1.9 to 3.6 Cairns and Scheier, 1957
Bluegil) 18 - - 11 700 10.1 to 12.5 Cairns and Scheler, 1957
Bluegill 30 - - 11 700 10.2 to 12.3 Cairns and Scheier, 1957
Bluegill 25 7.8 7.5 20 6.44 Pickering and llenderson, 1966
Bluegill 15 7.8 1.5 20 5.37 Pickering and lienderson, 1966
BluegiN 25 7.8 1.5 20 5.37 Pickering and Henderson, 1966
Fathead minnow 25 7.3 6.0 50 12.5, 13.8 Mount, 1968
Fathead minnow 25 1.9 6.0 160 18.5, 28.0 Hount, 1968
Fathead minnow 25 7.2 6.0 200 29.0, 35.5 Mount, 1968
Fathead minnow 25 6.8 7.0 50 6.2, 13.7 Mount, 1968
Fathead minnow 25 6.8 . 7.0 100 12.5 Mount, 1968
Fathead minnow 25 6.8 1.0 200 13.6, 19.0 Mount, 1968
fathead minnow 25 7.4 8.0 50 4.7, 5.1 Mount, 1968
Fathead minnow 25 6.6 8.0 100 8.1, 9.9 Mount, 1968
Fathead minnow 25 7.1 0.0 200 8.2, 15.5 Mount, 1968
fathead minnow 23 6.7 7.7 203 12.0, 13.0 Brungs, 1969
falthead minnow 23 1.7 to 10.8 7.4 to 8.3 192 to 221 ~ 12,0, 13.0 Brungs, 1969
Fathead minnow 23 1.7 to 10.8 7.4 to 8.3 192 to 221 8.4, 10.0 Brungs, 1969
Fathead minnow 23 6.5 7.8 . 206 9.2 Brungs, 1969
Rainbow trout 16.210.79 6.811.07 7.8140.39  333227.25 7.21 Sinley et al)., 1974
Rainbow trout 12.743.40 6.0811.38 6.8110.17 2613.70 0.43 Sinley et al., 1974
Rainbow trout 10 1.0 7.3 362 5.34 Watson, 1975
Rainbow Lrout 10 7.0 7.3 362 4.20 Watson, 1970
Flagfish 25 7.2 to 9.5 1.1 to 7.8 44 1.50 Spehar, 1976
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an 83 percent reduction jn eggs produced by the fathead minnow. Spehar
(1976) reported that a ZIn concentration of (.139 mg/L reducad the
growth of flagfish as well as the embryo production in females. The
growth of rainbow trout was retarded at a concentration of 1.14 mg/L
over an 85 day exposure (Watson and McKeown, 1976). A perturbance of
the asmoregulatory enzyme systems also was apparent in the same species
during exposure 0 0.29 to 1.98 mg/L ZIn (Watson, 1978). Reproduction
in Daphnia was impaired in a 3-week chronic test upon exposures 1o
0.07 mg/L Zn (Biesinger and Christensen, 1972).

Zine is accumulated by fresh water organisms from both the
food and water but the internal organs and bones accumulate more than
the edible tissues (Phill1fps and Russo, 1978). The biological half-
1ife is relatively long hence most of the IZn is slowly eliminated
{(Jones, 1978). Atlantic salmon accumulated Zn at a higher rate as
temperature qincreased (Hodson, 197%5). Upan entering fish some In
assocfates with Cadmium - binding proteins and there is evidence to
suggest the presence c¢f In-binding protein (Marafante, 1976). The
level at which In begins to accumulate is near the concentration at
which Zn begins to accumulate. Some cancentration factars for selected
organisms have been found to be 32.5 in duckweed (Hutchinson and
Czyrska, 1975%), 10 300 in bryophytes, (Dietz, 1973) and 10 Q00 and 1000
for invertebrates and fish {(Vaughan et al., 1975).

Zinc is essential to most plants and animals and is conse-
quently accumulated by these organisms. It is moderately toxic to
plants, birds and mammals but is relatively toxic to fish. Its accumu-
lation in the aquatic ecosystem does not pose too great an environ-
mental hazard because of the metal's low toxicity when ingestaed and
because most of it is accumulated in the non-edibie partions of fish.
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APPENOIX O

MERCURY CONTENT IN HAT CREEK AND THE
BONAPARTE RIVER AT SELECTED STATIONS

CONTENTS
Section Subiect o
0.1 Hg CONCENTRATION - BONAPARTE RIVER UPSTREAM OF
HAT CREEK, 20 MAY 1980
0.2 Hg CONCENTRATION - BONAPARTE RIVER UPSTREAM OF
T CREEK, 23 JUNE 1980
0.3 Hg CONCENTRATION - BONAPARTE RIVER UPSTREAM QF
T CREEK, 25 JULY 1980
0.4 Hg CONCENTRATION -~ MAT CREEK AT BONAPARTE RIVER,
27 MAY 1980
D.5 g VggNCENTRATION - HAT CREEK UPSTREAM QF BONAPARTE
0.6 : VggNCENTRATION - HAT CREEX UPSTREAM QF BONAPARTE
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N HAY 20, 1930 (DENVIIONRENTAL LABORATORY ca

"ANISTRY QF THE ENVIRONMEMT
"WATER GUALITY REPORT FOR SAMPLE 006470W

\_ TAL RO OMHYDRN 17TH EFLAAR

BABE —t—

BOX 12121 555 4 HASTING -
VANCOWVER 8C Y63 4Té
o———ATTENTION_OF ¢ _BC. HYDRQ J7TM FLOGR

FQR SITE; BONAPARTE RIVER U/S OF HAT LREEX

- e

SAMPLING DATE(S): MAY ({2/80 0QCQ MRS
SAMPLE TYPE: FRESH WATER
... SAMPLING pEPTH: __0

. k. EE— i i - e s e —

SAMPLED 8Y: B, C, HYDRO
CHARGE TO: INQEPENDENT AGENCY
| DATE REGETVED 8Y LABQRATORY: MAY 14/80

2613403 MERCURY

D1SSOLVED

t. 0,05 2613503
UG/u_ . .

THE APRRQXIMATE COST OF THE ABOVE TESTS IS 5

MERCURY

50,40

. 0,05
JOTAL UGB/l .

REMARKS:

e o ——

SAMPLERS?S COMMENTS: SAMPLED ZI=6 IN 8ELQW SU

3E 7933 D-1
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wf/ JUNE 23, 1980 (I ENVIRONHENTAL LABORATORY (3 PAGE 1 N
MINISTRY OF THE ENVIRONMENT :

R B Ty S m————

- W - ———— e A . At ——

NATER QUALITY REPORT FOR SAMPLE GUS40AH

Lti in- Ar _NYhen _ ] )
60X 12121 ’ ')
VANCOUYER BC %63 4Ts
e e e e ATTENTIQON. GF 2 BC. HYDROQ._ _
FOR SITE: BONAPARTE RIVER U/5 0OF HAT CREEK
SAMPLING DATE(S): JUN $1/80 (0QUQ0 HRS
SAMPLE TYPE: FRESH WATER
e e e SANMPLING DEPTIHY . O
SAMPLED 8Y: B, €, HYDRQ
CHARGE TQ: INDEPENDENMT AGENCY
DAYE BECEIVED BY 1 ABORATARY: JIUN 12/80
26134035 MERCURY i. 0,08 2613503 MERCURY L G.,0s

DISSQLYVED. . WB/L .. TOTAL o us/L
THE APPRCXIMATE CgST oF THE AGQOVE TESTS IS § 50,40

REMARKS:

¢ T e e e

(CNMENT AL L ABORATORY

Kf:? {E:;L /’IJ£4£Zfi;I§;Z_

SAMPLERS S COMMEMTS: ATTN: HATHORN

PR - e - e i bbmam e = e — S “ T Em e me smma s s b s g e e = = —————— epr———— e A
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4~y NTNTIULY 25, 1980 ENVIRONHENTAL LABOAATORY

PAGE |
MINISTRY COF. THE. ENYIRONMENT ‘ ’

WATER hUEEEf?mﬁﬁﬁaRfﬂFcﬁ-SAH#EETczd§3?w"““““-'"—“~
To: 8 ¢ HYDRO

2

BoX 12131 {7TH FLOOR
VANCOUYER 8C V28 4T
_ATTENTION OF1 8 C: HYCRGQ

FOR SITE: BONAPARTE RIVER U/S OF HAT CREEK

AN

SAMPLING QATE(S): JUL' 13780 :000Q KRS

SAMPLE TYPE! FRESH WATER
_.. SAMPLING DEPTH: _ 0 e
SAMPLED BY{ 8. C, HYDRO .
CHARGE TO{ INDEPENDENT AGENCY
DATE RECEIVED BY LABORATORY: JUL 15,80
2643403 MERCURY L 0,05 2643503 MERCURY L'.0,05
o DIssoyveo . .. .o Wesw o TETAL o _ _Us/L
THE APPRCXIMATE CQST QF THE ABOVE TESTS IS § 50,40
REMARKS Y e et e —_
AFEIIsTEOEIBEIRstbn eyl
GR ENYIRONMENTAL LABJRATORY

§% 7533
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e MAY 27, 1980 @ENVIRGNHENTAL LABDRATORT PAGE 1
INISTRY OF THE ENVIRONHEN
T TWATER QUALTYY REPQRT FGQR SAMPLE QQsattw . T
3_BGC HYDRO 17YH FLOQR
BOY 12121 555 W HASTING
VANCOUVER BC V63 &4Te
ATTENTION QF: BC HYQRO _{7TH FLOQR__

e S - ——— Rt = o

FOR SITEs HAT CREEK AT BONAPARTE RIVER

\}“"’.

A

SAMPLING DATE(S): MAY 12/B80 QJ00 HRS
SAMPLE TYPE: FRESH WATER

_ . SAMPLING DEPTH: _ 0 e e e
SAMPLED BY: 8, C,. HYQORQ
CHARGE TD: INDEPENDENT AGENCY
DATE RECEIVED BY | ABORATORY: May 18,30

2613403 MERCURY l. 0,05 2613503 MERCURY : L. 0.05
OISSALVED .. .. . MGsL oo oooTFarAaL L NG/

THE APPIDUIMATE tQST OF THE AHOVE TESTS IS § 50,40

REMARKS:

— -~ ot R e i oAk —————— 43 e S wmE e b [P .

SAMPLERS*S COMMENTS: SAMPLED 3-6 IN BELOW SU
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JUNE 23, 1930 (ENVIRONMENTAL LARORATORY £2 PAGE 1 h
[ff" i%%w:srnr OF THE ENVIRGNHENTéaa
" WATER QUALITY REPQRT FOR SAMPLE Ooasaté
\ TaL B WYDEN y
r BOX 2121 A
VANCOUVER 8C vs3 4T
e e ATTENTION_OF 2. BE HYORQ o o oo o e e e e
FOR SITE: HAT CREEK U/S OF BONAPARTE RIVER
SAMPLING DATE(S): JUN 11/&0 0000 mRS
SAMPLE TYPE! FRESH WATER
SAMPLING DEPTHE o 0 o e e e e e i
SAMPLED aYf: B, &, HYDRO
CHARGE TO: INDEPENDENT AGENCY
NATE REcEIVED BY lAHﬂﬂATQRY; JUN 12,30
2613453  MERCURY L 0,08 2613503 MERCURY : 0,07
DISSQLVED L MNBIL L TOTAL . . ... .. UG/
THE APPROXIMATE COST oF THE ABQVE TESTS IS § 50,40
REMARKS S ) ) - _ e e e -

SAMPLERS*H COAMENTS: ATTNG HATHCRN
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_“__‘Sf-________.ﬁ__-

AN

B i : _
JULY 25, 1950 ENVIRONMENTAL LABQRATORY PAGE )
MINISTRY OF THE ENVIRONMENT
© TWATER QUALITY REPORT FOR SAMPLE 0310933% )
T0:_ 8 C _HYORQ
BOX (2121 §7TH FLOOR
YANGOUYER BC ¥2B aTé
.~ ... ATTENTION OF: B € HYORO . . . . . .

FOR SITE: HAT CREEK U/S OF BONAPARTE RIVER

SAMPLING DATE(S)1 JUL 13780 0000 HRS

SAMPLE TYPE3 FRESH WATER

__SAMPLING oEFTH! ..B e e e e e e
SAMPLED 8Y: 8, C, HYDRO
CHARGE TQi INGEPENDENT AGENCY
: DATE RECEIVED B8Y | ABORATORY: JUL 15/30
| 2613403 MERCURY L' 0,05 2613503 HERCURY L 0,05
: pIssewveo . . . _us/L 0 TOTAL - UG/
THE APPRIXIMATE COST QF THE ABUVE TESTS IS § 50,40
s
REMARKS: R OO

: g,n . Cl:_ﬁ}!,—/l ; tl'l'
i EQR ENVIRQNMENTAL [ ABORATARY
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