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Gentlemen: 

We  are  pleased  to  present  this  final  report on the  assessment  of  trace 
element  hazards in the  reclamation  of  various  waste  materials  from  the 

report  have  been  addressed.  The  information  contained in this  report 
" represents  a  "state  of  knowledge" for most of the  elements  dealt  with. 

There  are,  despite  this,  significant  areas  of  uncertainty  that  result 
principally  from  the  lack  of  standardization  of  sampling  techniques  and 
analytical  methods in the  literature. 

Insofar  as  it is currently  possible  to  ascertain,  there  are no unexpected 
or  unusual  conclusions  to be drawn  from  this study.  Zinc  and  boron 

Lr deficiencies  are  evident Ln most  of  the  materials  listed,  but  these 
I 6 deficiencies  also  occur  commonly  throughout  central  British  Columbia. 

eficiencies  of  manganese  and  molybdenum  were  also  noted.  The  only ' ' :lement occurring  at  toxic  concentrations  was  boron in the  fly  ash.  This 
i s  a common potentially  toxic  element i n  f l y  ash, but it has been 
observed  that  levels  of  '>oron  decrease  rapidly  as  ash  surfaces  are 

F -  proposed  Hat  Creek  Mine.  Concerns  raised in your  review  of  the  draft 

- 

leached. 

We have  found  this  project  to  be  both  challenging  and  interesting,  and  we 
trust  that you  will  find  that  it  fulfills  your  requirements  and  expecta- 

Yours  very  truly, 

S.W. Behie, Ph.D.,  P.Eng. 
Manager  Environmental  Division 
per: 

A.E.A. Schumacher 
Chief  Agrologist 



PREFACE 

This  report  fulfills  client  purchase  order  number 159816. 

Major  professional  expertise in the  preparation  of  this  report 
has  been  provided  by  Peter R. Guy, Senior  Biologist  (literature  review), 
Philip J. Burton,  Senior  Plant  Ecologist  (statistical  analysis),  and J. 
Cameron  Bateman,  Biologist  (field  sampling).  Project  Manager  was 
Alexander E.A. Schumacher,  Chief  Agrologist.  Interpretations, 
conclusions  and  recommendations  were  made by  the  project  team,  and  are in 
part  based on consultations  with  Canada  Agriculture  researchers. 



ABSTRACT 

Random  samples  of  substrate  material  and  grass  and  legume 
shoots  were  collected  from  reclamation  trial  plots  and  nearby  rangeland 

ash, baked  clay,  colluvium,  gritstone  and  coal  waste. On fly ash, baked 
at  Hat  Creek,  British  Columbia.  The  waste  materials  sampled  included  fly 

of  roots,  leaves  and  seed  stalks. All samples  were  analyzed for their 
clay  and  the  Houth  Meadows  rangeland,  separate  plant  samples  were  taken 

total  contents  of As, Be, B, Cd, Cr, Co, Cu, F, Pb, Mn,  Hg, Mo, Ni,  Se, 

materials  and  among differmt plant  parts  was  statistically  evaluated for 
Sn, U, V, Zn. The  significance of concentration  differences  among  waste 

each  element. 

The  mean  and  racge  of  element  concentrations  are  compared  to 

attention  is  paid  to  the  ranges  of  concentrations  documented  as  normal 
those  documented  from an extensive  review  of  the  literature.  Particular 

for  soils  and  plants,  and to the  critical  levels  at  which  deficiency  and 
toxicity  symptoms  appear ir: plants  and  livestock  which  feed on such  plant 
material.  Reference  was  also  made  to  local  experience  in  known  toxic 
levels  and  deficiencies  of  trace  elements  for  plants  and  animals. 

outside  the  ranges  previous:ly  reported  as  normal,  only  boron  was  found  in 
Although  several  elements  had  plant  and  soil  concentrations 

levels  toxic  to  plant  growth,  and  only on fly  ash. No elements  were 
found  to  be  at  levels  toxic  to  animals,  but  because  of  the  copper  to 
molybdenum  ratios  present,  deficiencies  or  toxicities  of  these  two 

waste  materials  (and from  Houth  Meadows  rangeland  as well). A number  of 
elements  may  occur in  cattle  fed  solely on vegetation  from any  of  the 

materials  also  have  deficiencies  of B, Mn, Mo  or Zn for  proper  plant  or 
livestock  growth.  Rated 1.n order  of  the  least  to  greatest  number  and 
severity  of  toxicities  and  deficiencies  are  baked clay, coal  waste,  Houth 
Meadows  topsoil,  gritstone,  Trench  A  topsoil  and  colluvium. 

Alfalfa  concentrated B, Cr, 141-1, Mo  and Ni more  than  did  crested 
wheatgrass;  conversely,  crested  wheatgrass  accumulated Cu. B and Cd were 
concentrated by plants, to  levels  of  up  to  ten  times  the  total 
concentration  found  in  the  soil.  Distribution  within  plants  typically 
showed  higher  concentrations in the  roots,  while  concentrations  in  the 
leaves  and  seed  stalks  are  lower  and  are  not  significantly  different  from 
each  other  (except  for  boron,  which  tends  to  accumulate  in 
inflorescences). 

(iii) 
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1.1 BACKGROUND 

The  Hat  Creek  Thermal  Project  will  involve  the  mining  of  coal 

years  of  operation, 340 million  tonnes  of  coal  and 430 million  cubic 
from  a  large  open  pit  mine  to  serve  a  mine-mouth  thermal  plant.  Over 35 

metres  of  waste  will  be  removed  from  the  pit.  The  waste  materials  will 
be  stored  at  two  disposal  areas:  Houth  Meadows  and  Medicine  Creek 
Valley. The waste  dumps  will  be  reclaimed  to  productive  land  uses, 
primarily  agricultural  forage  production  and  wildlife  habitat  (British 
Columbia  Hydro  and  Power  Authority 1981). 

B.C. Hydro  has  been  conducting  investigations  into  the  revege- 

were  initiated in order tcI develop  and  refine  methods  for  land  reclama- 
tation  potential  of  the  waste  materials  since 1977. These  investigations 

tion  at  Hat Creek.  Assessments  of  plant  growth in terms  of  biomass  pro- 
duction,  cover  build-up,  plant  health  and  maintenance  of  species  composi- 
tion  and  soil  nutrient  status  are  summarized  by  Monenco  Consultants 

This  report  addresses  another  aspect  of  mine  waste  reclamation,  that  of 
Pacific  Limited (1981) and  Monenco  Consultants  Pacific  Limited (1982). 

potential  trace  element  hazards. 

Mineral  deposits  and  mining  wastes  have  higher  concentrations 
of  elements  than  those  found  in  the  biosphere.  Many  of  these  elements 
are  required  in  small  amounts  by  plants  and  animals,  but  high  concentra- 
tions  could,  if  sufficiec.t,  prove  toxic.  Different  species  respond 
differently  to  equal  1evel.s  of  elements,  and  the  zone  of  concentration 
between  deficiency  and tox:tcity is  often  very  narrow.  Many  studies  have 
dealt  with  the  responses  of  organisms  to  exceptionally  high  element 
concentrations,  but  in  many  cases  the  "normal"  background  concentration 
under  which  organisms  appear  to  function  normally  is  not  known. 

different  plant  and  animal species  is  required  before  the  hazard of any 
Determination  of normal  concentrations and critical  levels  for 

abnormal  concentrations  can be  assessed. 

Sampling  of soi:Ls,  mine  waste  and  plants  at  Hat  Creek for 
abnormal  concentrations  of  trace  elements  has  been  a  continuing  part  of 
the  environmental  studies  conducted  in  conjunction  with  the  Hat  Creek 
Thermal  Generation  Development  Project. 

The 1978 study (B.C. Hydro 1979) found  that,  except  for  the  fly 

mally  found in natural  soi.ls. The  levels  of  arsenic,  boron,  and  copper 
ash  plots,  all  trace  element data  were  within  the  range  of  values  nor- 

were  found  to  be  higher in the  fly ash,  while  the  fluorine  level  was  much 
lower.  Comparative  studies  were  done  of  total  and  extractable  element 
assays,  with  acidic  or  multiple  water  extractions  being  performed to 
estimate  the  amount  of trac.e elements  that  could  potentially  be  available 
to  plants. The  fly  ash  and  coal  waste  materials  showed  higher  concentra- 
tions  of  some  acid  extractable  elements  (including  arsenic,  boron,  copper 
and  molybdenum)  than  the  ot:her  soil  materials.  Gritstone  also  had  higher 
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levels  of  extractable  elements  than  the  other  materials,  which  implies 
that  it  is  easily  weathered  and  that  trace  elements  are  readily 
released.  Vegetation  was  collected  from  the  colluvium,  glacial  gravel 
and  fly  ash  test  plots,  ald  analyzed  for  trace  elements. On the 
colluvium  and  glacial  gravel  plots,  the  concentrations  of  trace  elements 
in  vegetation  were  similar  and it was  decided  that  all  were  within  the 
range  normally  found  in  the  natural  environment (B.C. Hydro 1979). 
Element  levels  in  legumes  were  generally  higher  than  those  in  grasses. 
Some  elements  such  as  arsenic,  tin,  and  selenium  were  below  their 
detection  limits  in  both  gra:;ses  and  legumes.  Topsoil  appeared  to  have 
no major  effect on trace  element  concentrations  in  vegetation  growing on 
the  colluvium  plot.  Only  boron  and  molybdenum  were  more  concentrated  in 
the  vegetation  than in the  waste  material,  while  zinc  and  cadmium  showed 
vegetation  concentrations of  about  one  half  that  found in the  waste 
material.  Trace  element cmcentrations in  vegetation  grown on the  fly 
ash  plot  were  different  from  those on the  colluvium  and  glacial  gravel 

were  greater than in the vegetation  on the  other plots,  and also greater 
plots. The levels of arsenic,  boron, copper, molybdenum and selenium 

than  found in natural  vegeta:ion  growing  in  the  Hat  Creek  area. On the 
other  hand,  manganese  levels, in fly  ash  vegetation  were  considerably 
lower (B.C. Hydro 1979). 

The 1979 sampling  program  was  expanded  to  include  analysis  of 
selected  radionuclide  concentrations (B.C. Hydro 1980). In terms  of  the 

vegetation  were  similar  to  those  found  in  the 1978 survey,  although  the 
elements  tested  for  in 1979 a.>d 1981, most  of  the  trace  element  levels  in 

levels  of  cadmium  and  mercury  appeared  to  be  significantly  greater.  The 
average  concentration  of  cobalt  in  vegetation  grown on the  gritstone  and 

vegetation  from  the  colluvium,  glacial  gravel  and  fly  ash  plots,  and 
bentonitic  clay  plots  was  six  times  the  average  concentration  in 

levels  were  found  to be higher  in  legumes  than  in  all  other  species  at 
concentrations  were  variable  in  plants  growing on coal  waste.  Boron 

Aleece  Lake spoil materials  and  native soils were  also  generally  similar 
all  of  the  Aleece  Lake  plots.  The  trace  element  concentrations  in  the 

to  levels  found  in  the 1978 survey.  Concentrations of fluorine and 
uranium  were  consistently  lower in 1979 than  in 1978 in the  colluvium, 
glacial  gravel  and  fly  ash  plots,  but  showed no change  in  the  native 
soils. In general,  trace  el.ement  concentrations  in  the  colluvium  and 
glacial  gravel  were  similar t83 those in the  native  soils  near  the  Aleece 
Lake  plots  and  elsewhere  in  the  region.  Levels  of  arsenic  were  higher  in 
all of  the  waste  materials  than in the  native  soils. In fly  ash,  the 
levels  of  boron,  copper,  molybdenum,  and  uranium  were  higher,  while 

Hydro 1980). It was  also  found  that KOOtS of  plants  generally  contained 
fluorine and  manganese  levels  were  lower  than  in  the  native  soils (B.C. 

portions;  only  boron  tended  to  be  concentrated  in  the  shoots. 
higher  levels  of  trace  elements  than did the  spikes  and  above  ground 

The 1981 trace  element  sampling  program  is a continuation  of 
the 1978 and 1979 programs,  with  samples  taken from the  Aleece Lake and 
Trench A reclamation  trial p:lots. Materials  sampled  include  fly  ash, 
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coal  waste, baked  clay,  gritsitone,  colluvium,  topsoil,  native soil (Houth 
Meadows)  and  plant  tissue  from  the  vegetation  growing on these 
materials.  Emphasis in 1981 was  placed on the  determination of 
variability,  the  compilation of  critical  element  concentrations  reported 
in  the  literature,  and  the  determination of the  probability  that  values 
could  be  beyond  acceptable  limits. 

Eighteen  of  the 2 3  elements  selected  for  study in 1978 were 
again  analyzed  in 1979 and 1981. These  elements  were  arsenic (As) 
beryllium  (Be),  boron  (B),  cadmium  (Cd),  chromium  (Cr),  cobalt ( C o ) ,  

molybdenum (Mo), nickel  (Ni),  selenium  (Se),  tin (Sn), uranium (U), 
copper (Cu), fluorine (F), lead  (Pb),  manganese (Mn), mercury  (Hg), 

vanadium ( V ) ,  and  zinc (Zn). 

1 . 2  OBJECTIVES 

the  following: 

1. To  review  literature on trace  element  concentrations  found  in  plants 

The  objectives  of  the 1981 trace  element  assessment  program  are 

and  soils  to  determine for each  element: 

the  range  and  mean  concentrations of each  element  in  natural 
soils  and in agronomic  plant  species  (particularly  alfalfa  and 
crested  wheatgrass); 
the  concentrations :in plants  at  which  toxicity  symptoms  appear; 
the  concentrations  in  plants  at  which  deficiency  symptoms 
appear; 
the  concentrations  in  soil  which  are  toxic  to  plant  health  or 
plant  growth: 
the  concentrations in soil  which  represent  deficiencies to 
plant  needs for hea:.th and  growth; 
concentrations  in  plants  which  are  toxic  to  livestock  or  at 
which  toxic  levels  nay  accumulate in animal  tissue; 
concentrations  in  plants  at  which  deficiencies  may  occur  in 
livestock;  and 
whether  deficiencies  or  toxicities of each  element  can  be  over- 
come  in  livestock  through  the  use  of  mineral  diet  supplements; 

- 2 .  To  determine  the  concentrations  of 18 trace  elements  in  different 
waste  materials  and in r,ative soil at Hat  Creek,  and in the  tissue 
of  crested  wheatgrass  and  alfalfa  growing on these  substrates: 

a) to test  whether  element  concentrations  are  significantly  dif- 
ferent  from  those  found  in  undisturbed  rangeland  soils  and 
plants;  and 

b) to determine  whether  elements  are  concentrated  in  the  leaf, 
root  or  seed  stalk  portions  of  plants;  and 
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3 .  Based on the  findings  of  the  literature  review  and  the  sampling  pro- 
gram, t o  determine  the  frequency  and  likelihood of element  concen- 
trations  being  at  levels  such  that  plant  growth  or  livestock  health 
is adversely  affected,. 

In addition,  results  are  related  to  the  findings of the 1978 
and 1979 investigations  wherever  possible, in order  to  facilitate  gener- 
alizations,  to  summarize  the  results  to  date  and  to  base  conclusfons on a 
broader  data  base. 
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2.1 SAMPLING 

211 TRACE  ELEMENT  CONCENTRATIONS - 

reclaimed  waste  materials  during  the  week  of 29 June  to 3 July 1981: 
Soil  and  plant  tissue  samples  were  collected  from  the  following 

Fly  ash  (Aleece  Lake) 
Coal  waste  (Trench A) 
Baked  clay 
Sandstone  (gritstone)  (Trench A) 

(Trench A) 

Colluvium  (Trench A) 
Topsoil  (Trench A )  

Native  soil samp:Les were  also  obtained  from  a  nearby  pasture 
(Houth  Meadows)  to  provide  control  data  from  a  site  not  disturbed  by 
excavation.  These  locations  are  shown in Figure 2-1. 

Sampling  locations  at  each  site  were  determined by cardinal 
coordinates  generated  from  a  random  numbers  table. FOUK samples  were 
taken of the  soil  or  spoil  material,  and  four  samples  were  taken  of  plant 
shoots  from  each  substrate  type.  Soil  samples  were  composite  samples of 
three  subsamples  collected  from  a 0-15 cm  depth  within 0.5 m of  the 

material  was  collected  using  a  water-rinsed  spade.  Samples  were  placed 
randomly  selected  sample  pcint. A minimum  of  two  kilograms  of  substrate 

in labelled  heavy  plastic  bags  and  sent  to  Chemex  Labs  Ltd. in Vancouver 
for  analysis. 

substrate  type,  and  were  composed  of  three  subsamples  of  the  top 
Composite  plant  shoot  samples  were  also  collected  from  each 

two-thirds  of  plants  withi.n  a 0.5 m  radius  of  the  randomly  selected 
sample  point.  Sample  locations  were  selected  using a separate set of 
random  number  coordinates  and  did  not  correspond  to  the  soil  sampling 
locations.  Two  species  were  sampled  when  possible:  crested  wheatgrass 
(Agropyron  cristatum)  and  drylander  alfalfa  (Medicago media). As the 

bluegrass (Pea pratensis) was  substituted for  crested  wheatgrass  and 
preferred species  could  not be  found in the immediate  vicinity,  Kentucky 

yellow  locoweed  (Oxytropis isp.) was  substituted  for  alfalfa on the  native 
soil at  Houth  Meadows.  Later  in  the  summer,  some  alfalfa  shoot  samples 
were  obtained  from  a  farm  in  the  area,  and  these  samples  were  also 
analyzed  for  Cu  and Mo; the  results  of  these  alfalfa  analyses  are 
included  in  Table 3-3 to  provide  some  data on alfalfa  growing in a 
commercial  operation on un'disturbed  topsoil. All plants  were  clipped 
with  water-rinsed  shears  and  placed  in  labelled  brown  paper  bags.  Within 
two  days,  plant  samples  were  taken  to  the  Agriculture  Canada  Resear  h 

for 48 hours.  All samples  were  then  sent  to  Chemex  Labs Ltd. in 
Station  at  Kamloops, where  they  were  dried in a  forced-air  oven  at  100°C 

Vancouver  for  tissue ana1ys:ts. 
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212  TRACE  ELEMENT  DISTRIBUTION 

samples  of  crested  wheatgrass  growing on two  waste  materials  (fly  ash  and 
During  the  same  week  (29  June  to 3 July 19811, additional 

colluvium)  and on native s o i l  were  sampled  to  determine  the  distribution 
of  trace  element  concentrations  among  plant  organs.  Four  composite 
samples  (consisting of threa  subsamples  each)  were  collected  for  each of 

with  or  without  flowers  or cleeds). Sample  locations  were  based on a  set 
the  following  plant  parts:  roots,  lower  leaves,  and  stems  (seed  stalks 

of  independently  randomized  coordinates  for  each  plant  part  and  each 
sample.  Water-rinsed  shears  were  used  for  clipping  leaves  and  stems,  and 

were  rinsed  repeatedly  with  water  until no further  soil  particles  could 
a  water-rinsed  spade  was  used  to  collect  the  root  samples.  Root  samples 

be  removed.  Samples  were  kept in  brown  paper  bags  and  were  dried  within 
two  days of clipping in a forced-air  oven  at  100°C  for 4 8  hours. 

On native  soil  in  Houth  Meadows,  bluegrass  and  locoweed  samples 
were  substituted  for  crested  wheatgrass  and  alfalfa,  repectively.  All 
samples  were  sent  to  Chemex  Labs  Led. in Vancouver  for  analysis. 

2.2 LABORATORY  ANALYSIS 

2 2 1  VEGETATION  PROCEDURES 

The plant  tissue  samples  were  dried  at 45"C, weighed  and  milled 
t o  a  minus  20  mesh  size.  The  sample  preparations  and  analyses  were 
carried  out  by  Chemex  Labs  Ltd.,  Vancouver  as  follows: 

(i) Cd,  Cu, Pb, Mn, No, Ni, Zn: A  sample of the  vegetation  was 
wet-ashed  with  a  c3mbination  of  nitric  and  perchloric  acids  and 
each  element  was  ,determined  by  direct  atomic  absorption  using 
Varian AA5 or AAt' spectrophotometers.  Cd, Pb, and Ni were 
corrected  for  backTround  absorption. 

(ii) As, Se: An aliquct of the  above  solution  was  reduced  and  both 
elements  were  analyzed  as  their  hydrides  via  hot  vapour  flame- 
less  atomic  absorption  using  a  Varian AA6 Spectrophotometer. 

(iii)  Hg:  Samples  were  digested  with  nitric  and  sulphuric  acids, 
potassium  permanganate  and  potassium  persulphate.  Mercury  was 
reduced  and  analyzed  via  cold  vapour U.V. absorption  using  a 
Jarrell  Ash  Spectrophotometer. 

(iv) Be,  Cr,  Co, V:  Samples  were  dry-ashed  at 550°C, digested  with 
nitric,  perchlori8-  and  hydrofluoric  acids  and  analyzed  by 
direct  atomic  abso.:ption. 
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(v) F :  Samples  were  ashed  at  550°C  using  sodium  hydroxide  as an 

with  water,  buffered  and  analyzed  for  fluoride  with  a  specific 
ashing  aid.  The  ash  was  fused  with  sodium  carbonate,  leached 

ion  electrode. 

(vi) Sn: Samples  were  ashed  at  550°C,  fused  with  ammonium  iodide, 
leached,  extracted  and  analyzed  by  atomic  absorption. 

(vii) B: Samples  were  ashed  overnight  at  550°C  and  the  ash  was  dis- 
solved  in  hydrochloric  and  nitric  acids.  Pyrex  glassware 
(borosilicate  glass)  was  not  used.  Samples  were  ashed  in  por- 
celain  and  leached  in  polyethylene  containers.  The  resulting 
solutions  were  analyzed  by  CanTest  Limited  using  an  inductive- 
ly-coupled  plasma  rorch. 

(viii) U: An aliquot of the  digested  solution  from  part  (iv)  was 
extracted  with  acid-deficient  aluminum  nitrate  and  other 
reagents  into  an  crganic  solvent.  The  solvent  was  removed  by 
evaporation  and  t'le  residue  fused  with  sodium  carbonate  and 
sodium  fluoride.  The  uranium  content  of  this  melt  was  then 
determined  fluorimetrically. 

All  reported  values  represent  best  estimates  of  total  concen- 
trations  for  each  element, a13 opposed  to  soluble  concentrations. 

222 SOIL PROCEDURES 

Labs  Ltd.,  Vancouver.  The  samples  were  dried  at  45°C  and  pulverized  in  a 
The  soil  samples  were  analyzed  for  the 18 elements  by  Chemex 

ring  grinder  to  approximately  minus 200 mesh. 

Analytical  methods  used  for  the  soil  analyses  were  as  follows: 

(i) Cd,  Cu,  Pb, Mn, Mo, Zn: Samples  were  digested  with  a 
combination  of  nitric  and  perchloric  acids  and  each  metal  was 
determined  by  disect  atomic  absorption  using  a  Varian 2 7 5  
Spectrophotometer.  Cd,  Pb  and  Ni  were  corrected  for  background 
absorption. 

(ii) As, Se: An aliquot  from  the  digested  solution  in  (i)  was 
reduced  and  both  elements  were  analyzed  as  their  hydrides  via 
hot  vapour  flameless  atomic  absorption  using  a  Varian AA6 
Spectrophotometer. 

a 
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(iii)  Hg:  Samples  were  digested  with  nitric  and  hydrochloric  acids. 
Mercury  was  then  ]reduced  and  analyzed  via  cold  vapour  atomic 
absorption  using  a  Varian AA5 Spectrophotometer. 

(iv)  Be,  Cr, C o ,  V:  Samples  were  digested  with  nitric,  perchloric 
and  hydrofluoric  acids  and  analyzed  by  direct  atomic 
absorption. 

(v) F: Samples  were  fused  with  sodium  carbonate,  leached  with 
water,  buffered  and  analyzed  for  fluoride  with  a  specific  ion 
electrode. 

(vi) Sn: Samples  were  fused  with  ammonium  iodide,  leached, 
extracted  and  analyzed  by  atomic  absorption. 

(vii)  B:  Samples  were  leached  in  hydrochloric  and  nitric  acids  and 
the  resulting  solutions  were  analyzed  by  CanTest  Limited  using 
inductively-coupled  plasma  emission  spectroscopy. 

(viii) U: An  aliquot  of  the  digested  solution  from  (iv)  was  extracted 
with  acid-deficient  aluminum  nitrate  and  other  reagents  into  an 
organic  solvent.  The  solvent  was  removed  by  evaporation  and 

The  uranium  content  of  this  melt  was  then  determined 
the  residue  fused  with  sodium  carbonate  and  sodium  fluoride. 

fluorimetrically. 

Reported  concentrations  represent  best  estimates of the  total 
levels  of  each  element  tested,  and  do  not  refer  to  soluble  or  plant 
extractable  concentrations. ~~ 

2 . 3  DATA  ANALYSIS 

statistically valid mean concentration  with 95% confidence limits f o r  
The purpose of the  random  sampling procedure  was  to determine  a 

each  of  the 18 elements  in  the  soil  and  plant  samples  submitted  for 
analysis.  Many  concentrations  were  reported  as  "less  than"  a  particular 
value,  representing  levels  below  the  quantitative  detection  limits of the 
methods  employed.  For  the  purposes  of  calculating  averages,  these  values 
were  converted  to 70% of  their  stated  upper  possible  value,  a  procedure 
commonly  employed  for  the  quantitacive  comparison  of  analytical  results 
(Severson  and  Gough 1981). The  mean  values,  each  representing  four 

values of concentration of: these elements  as  determined from  the 
composite observations  or analyses, were  compared  with  the critical 

literature  search.  Ratings  for  likelihood  of  normal,  deficient  and  toxic 
levels  of  elements  were  developed  by  comparing  means  and  confidence 
limits  with  the  means  and  ranges  reported  in  the  literature.  Based on a 

hazards  of the  different  materials are  summarized. 
summation of  the  semi-quantitative ratings  for  each  element,  the  relative 
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of  procedures  in  the  Statistical  Analysis  System (S.A.S.) package 
Further  statistical  analyses  were  carried  out  through  the  use 

element,  to  determine  if  the  variability  in  element  concentrations  within 
( S . A . S .  Institute 1979). An analysis of variance  was  conducted  for  each 

each  substrate  material  was  less  than  the  variability  among  different 
substrate  types. If the  di.tferent  substrates  accounted  for  most of the 
variability,  a  Duncan's  Mu1:iple  Range  test  (Duncan 1955) was  performed 
to  evaluate  which  materials  Yere  significantly  different  from  each  other. 

element on crested  wheatgra:3s  and  alfalfa  data  from  the  fly ash, baked 
An analysis  of  variance  due  to  plant  part  was  done  for  each 

clay  and  Houth  Meadows  substrates.  Duncan's  Multiple  Range  tests  were 
then  done  to  determine  if  concentrations of an  element  in  the  roots, 
leaves or  seed  stalks  were  significantly  different.  Soil  samples  were 
not  included  as  part of the  accumulation  pathway  analysis,  because  soil 
concentrations  for  almost  a1.l  elements  were  very  high  relative  to  those 

that  which is available to  p.tants). 
found in plant  tissue (sin'le  they  represent  total  concentrations,  not 

Paired  t-tests  were  used  to  determine  the  significance  of 
differences  in  element  concentrations  between  crested  wheatgrass  and 
alfalfa  across  all  substrate  types. 

centrations  was  calculated  for  each  element  for  each  species  growing on 
The  ratio  of  average  shoot  concentrations  and  average  soil  con- 

each  substrate.  This  ratio  (expressed  as  a  percentage)  represents  the 

when  growing on different  was;te  materials.  Further  quantitative  analyses 
degree  of  element  accumulation  exhibited  by  the  two  different  species 

were  not  undertaken  because ,af the  low  sample  numbers  and  the  uncontrol- 
of  trace  element  distribution  and  accumulation in the  plant  soil  system 

led  nature  of  sample  collection. 
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3.1 LITERATURE  REVIEW 

concentrations of the 18 trace  elements  in  soils,  and  in  alfalfa  and 
Various  sources  were  consulted  in  order  to  determine  “normal” 

crested  wheatgrass. Most of  the  information  was  gathered  from  review 

Bollard  and  Butler  1966,  Euckman  and  Brady  1969,  Chapman  1967,  Heit  1977, 
articles  of  a  general  nature  (Aubert  and  Pinta  1977,  Bidwell  1974, 

Jones  1967,  Lisk  1972,  :Sauchelli  1969,  Swaine  1955,  Underwood  1971), 
although  data  from  carefu:.ly  controlled,  detailed  studies  were  also  used 

to  alfalfa  and  agronomic  !grasses  are  scarce,  particularly  with  reference 
(Brown  1976,  Loneragan  1980,  Romney  and  Childress 1963). Data  specific 

such  as  cadmium,  lead,  mercury  and  selenium  are  available  but  were  not 
to  the  grasses.  Large  auounts  of  information on the  more  toxic  elements 

found  to  be  of  direct  value  because  they  generally  deal  with  atypical 
situations  such  as  those  close  to  industrial  facilities  and  areas  with 
anomalously  high  concentrations of a  particular  element  (Mankovska 
1981).  Because  there  is c.0 standardization  of  sampling  techniques,  it  is 
difficult  to  evaluate  the  figures  from  different  sources  relative  to  one 
another. In addition,  not  only  do  plant  species  respond  differently  to 

tolerances  within  a  species  also  occur,  further  confounding  the  situation 
similar  concentrations  of  trace  elements  in  the  soils,  but  differences  in 

(Jones 1967). Davison,  Blakemore  and  Craggs  (1979)  have  shown  that  the 
fluoride  content  of  foragt!  varies  during  the  year,  and  more  significant- 

fluoride  content  of  their  samples  from  day  to  day.  Their  conclusion  is 
ly, that on several  occasions  there  were  significant  differenes  in  the 

that  if  this  daily  change  is  a  common  occurrence,  a  single  sample  does 
not  provide  a  very  good  measure  of  the  fluoride  content  of  a  grass  sward 
over  long  periods  and  although  they  do  not  allude  to  it  in  their paperi~ 
the  next  step  is  to  que13tion  the  value  of  a  single  measure  for  any 

the  data  in  the  1iteratu.re  is  of  little  value  because  very  often no 
element  as  all  elements  may  fluctuate  in  a  similar  way.  Thus,  much  of 

stage of maturity of the  plant,  the  analytical  procedures used, or  any 
information  is  given  as to the  parts  analyzed,  the  age of the  parts,  the 

other  specifics.  Consequently,  data  of  this  nature  were  not  used  in  this 
analysis. 

cannot  be  viewed  with  a  great  deal  of  definity  because  the  interactions 
The  data on the  toxic  or  deficient  levels  of  the  elements 

between  the  elements  and  the  influence  of  different  elements on the 
different  physiological  functions  and  activities  are  not  known  in 
sufficient  detail.  1nte::actions  such  as  those  between  manganese  and 
iron,  copper,  zinc  and  iron,  zinc  and  cadmium,  and  arsenic  and  selenium, 
have  been  shown  to  be  very  important, so much so that  studies  of  the 
individual  elements  may  give  misleading  results  unless  the  quantitative 
relationships  between  the  interacting  elements  are  known  and  considered 

iron,  manganese, molybdenum  and  zinc  in  plants  do  not  result  from  a  lack 
(Underwood  1971). In addition  most  deficiencies of, for  example,  copper, 

of these  elements  in  the  ,soil,  but  result  from  an  inability  of  the  plant 
to  utilize  the  element  that  is  present i.e. total  element  concentrations 
do not  equal  plant available element  concentration  (Hodgson  1970). 
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guide  to  the  normal  concentrations  found in  soils,  alfalfa  and  crested 
The values  giver: in  Table 3-1 must  be  viewed  as  being  a  rough 

wheatgrass. In some  cases,  because of the  wide  ranges  and  the  number  of 
different  mean  values  given in the  literature  for  the  same  element, 
general  plant  values  are  given.  These  data  naturally  do  not  include 
plants  that  can  tolerate  exceptionally  high  or  low  concentrations  of 
certain  elements.  Specific  references  are  made in the  table  to  alfalfa 
(*) and  crested  wheatgrass(**).  Caution  must  be  exercised in the 

with  those  given in the 1il:erature. 
interpretation of these data  and in the  comparison  of  the  sample  data 

The  soil  mean  ccmncentrations  must  also  be  viewed  with  caution 

Most  soils  have  "above  normal"  and  "below  normal"  concentrations  of  one 
since  concentrations  of  the  elements  in "normal" soils  are  seldom  given. 

or  more  elements. In general,  however,  some  standard  can  be  adopted 
since  most  soils  have  consistently  high  or  low  levels  of  particular 
elements e.g. manganese  and  molybdenum  (Chapman 1973). Other  elements 
are  present in comparatively  high  quantities  but,  as  a  result of 

extremely  low. In addition,  soil pH, the  presence  of  other  solutes,  and 
complexing  with  the  soil  components,  their  availability  to  plants  is 

of  the  plant to absorb  them.  Plant  deficiencies  thus  frequently  occur 
the  soil  redox  conditions  may  also  affect  their  solubility  or  the  ability 

despite  high  total  soil  quantities  (Antonovics t &. 1971). Frequently 
investigators  give  their own interpretation  of  "plant-available" 
concentrations  rather  thac  total  concentrations  of  the  elements,  making 
comparison  of  the  values in different  soils  as  plant  growth  media 

available)  concentrations  of  elements  are  given,  the  method  of  extraction 
impossible.  Similarly,  although  extractable  (generally  taken  to  be  plant 

different  results,  comparison  of  published  values  is  difficult. 
is not  described  and  because  different  methods  of  extraction  give 

It  must  also  be  remembered  that  the  threshold  values  that  will 
result  in  toxicity  or  deficiency  symptoms in plants  are  measures of 

cannot  be  compared  directly  to  total  concentration  of  the  element in the 
"plant  available"  concentrations of the  different  elements.  These  values 

soil  because  the  availability of the  different  elements  depends on a 
myriad  of  factors,  as  discussed  above.  Most of the  figures  given  in 
Table 3-1 have  been  derived in  laboratory  experiments  in  which  plants  are 
grown in nutrient  solutions  and  therefore  all  of  the  element  under  study 
is  available  to  the  plant.  There  is no constant  factor  that  can  be  used 
to  calculate  plant  available  concentrations of an  element  from  the  total 
concentration  of  the  element.  Each  case  will  be  different. 

trace  elements  affecting  livestock  should  also  be  regarded  as  guides 
The  figures  given  in  the  columns  relating  to  quantities  of 

only,  because  the  relationships  between  trace  element  concentrations  and 
livestock are, among  other  factors,  influenced  by  the  amount  of  trace 
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elements  in  soils  ingested  at  the  same  time  as  the  herbage  (Healy 1 9 7 4 ) .  
In vitro  studies  show  that  soil  ingestion  can  substantially  alter  the 
element  composition  of  diges.rive  fluids,  and  that  this  effect  varies  with 

probably  less than 2% of the fresh herbage consumed.  However, the 
soil  type. Annual intakes of soil can  be large,  although  they are 

ingested  soil  may  supply  more  of  various  elements  than  the  herbage. In 
addition,  mild  trace  element:  toxicities  and  deficiencies  in  animals  are 
difficult  to  diagnose  because  their  effects  are  masked  by  those  caused  by 
a  primary  dietary  deficit  (3f  vitamins  or  other  minerals)  and  they  are 
seldom  manifested  by  specific  clinical  signs. It is  therefore  difficult, 
if  not  impossible,  to  dete.rmine  a  series  of  "safe"  dietary  levels  of 
potentially  toxic  trace  elements,  because  other  elements  which  affect 
their  retention  and  absorption  are  also  present.  These  considerations 
apply  to  all  the  trace  elements in varying  degrees, but are  more 
important  to  some  elements  than  others.  For  example,  a  particular  intake 
of  copper  can  lead  to  sign!3  of  copper  toxicity  or  copper  deficiency, 
depending on the  relative  in:akes  of  molybdenum,  inorganic  sulphate,  zinc 
and  iron  (Underwood 1971). Most  trace  element  deficiencies  or  excesses 
result in loss of  appetite  and  subnormal  growth. The extent  to  which 
these  take  place  and  take  precedence  over  other  symptoms of the  dietary 
abnormality  varies  with th: trace  element  concerned.  Trace  element 
deficiencies in  livestock  are  usually  easier  to  control  than  toxicities, 
especially  under  natural  gra:zing  conditions  (Underwood 1971). 

The  "normal"  values  and  designated  deficiency  and  toxicity 
levels  for  trace  element  concentrations  given  in  the  summary  table  (Table 

authors in  Table 3-1. When a range  of  values  was  given,  the  mean  of  the 
3-2) were  obtained  by  averaging  the  individual  values  given  by  various 

upper  and  lower  limits  was  taken  as  the  mean  value, on the  assumption 
that  the  values  are  normally  distributed  between  the  two  extremes.  This 
method  was  used in the  absence  of  any  convenient  method  of  obtaining  a 
single  value  from  a  set  of  figures  giving  means  and  ranges,  and  takes 

than" OK "more  than"  values  were  regarded  as  being  unsuitable for 
into  account  some  of  the  variability in the  literature.  Single  "less 

absence  of  any  other data,  were  taken  as  being  definitive.  It  is  not 
identifying  the  normal  range  and  were  rejected.  Single  values, in the 

possible  to put confidence  limits on the  mean  values  obtained  in  this  way 
because  of  their  method  of  derivation. All values  reported  in  the  tables 
represent  total  concentratians  except  where  soil  element  concentrations 
resulting in toxicity  or  deficiency  symptoms in plants  are  reported, in 

differences  that  frequently occur  between  the  total  amount  found in the 
this  case  they  are  noted as  "available",  because  of  the  very  large 

soil  and  the  amount  actually available  to  the  plants. 

summarized in  Table 3-2,  h a w  likewise  been  derived  from  the  values  given 
The  ranges  to  be  expected  of "normal" concentrations,  as 

in  Table 3-1. They  must  not  be  considered  absolute  figures  since  the 
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ranges  will  vary  from  soil  to  soil,  with  the  species,  the  part  and  stage 
of  maturity  of  the  plant  being  analyzed,  and  the  analytical  method. 
Although  this  method  may  be  inexact,  the  data  are  offered  as  a  guide 
against  which  the  values  obtained  from  the  samples  at  Hat  Creek  can  be 
compared. 

The levels  found by  analysis  of  the  vegetation  growing  on  the 
different  substrates  at Hiat Creek  have  been  evaluated on the  basis  of 
the  mean  levels  and  normal  ranges  found  from  the  literature  review.  The 
results of this  comparison  are  given in Part 4 .  

3 . 2  1981 ItAT CREEK SAMPLING RESULTS 

Tables 3-3, 3-4 and 3-5 show  the  concentratrations  of  the 
eighteen  elements  analysed  for in alfalfa,  crested  wheatgrass  and  waste 
material,  respectively,  for  1978,  1979  and 1981. All 1981 values  are 
expressed  with  a  95%  confidence  interval,  where  upon  repeated  sampling, 
the  mean  concentration  of  that  element  would  probably  fall  within  the 

mately  sign ( 2. ) have  been averaged using one or  two  figures  which  were 
expressed  interval  95%  of the  time. Values  expressed  with  an  approxi- 

below  the  detection  level, so should only  be  taken  as  a  best  estimate. 

It is  of  interest  to  note  that  concentrations  of  elements in 
waste  materials  fluctuate  from  year  to  year.  Chromium  concentrations  for 
example  have  decreased in <all  substrates  since 1978. This  may  be  due  to 
sampling  error  or  actual  leaching of  this  element  through  the  soil 
profile.  Vanadium  concent:rations  are  also  noted  as  decreasing on fly 
ash,  coal  waste  and  colluvium. 

nickel  and  vanadium  are  higher in  all  waste  materials  than in the native 
Levels  of  arsenic, boron,  cobalt,  copper,  lead,  molybdenum, 

soil at  Houth  Meadows,  whereas manganese  concentrations  are  lower in fly 
ash  and  coal  waste  than  in  the native  soil  sampled  at  Houth  Meadows. 

Table 3-6 is  the  result  of  the  analyses of variance  and 
Duncan's  Multiple  Range  tests  used  to  determine  significant  differences 
in trace  element  concentrations  among  the  substrate  materials.  The 
concentration  of  each  element  is  compared among all  substrates  and  the 
natural soil.  Consistent  similarities  among  any  two  substrates  do  not 
exist  for  all 18 elements. Tin,  selenium  and  cadmium  concentrations  are 
not  significantly  different  among  any  of  the  seven  materials  tested. 
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" - 
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TABLE 3-6 (Cont'd) 

- 
element F Value PFdF Grouping Fly  Baked C0ll""i"m Sandstone llouth Topsoi l  * ** Ash  Clay  Meadows  waste 

coa I 

21°C 5.71  0 .0012  40.25  41.50  86.25  67.50  58.25  89.75  64.25 
A 
B 
C 

* I f  ( P R . F )  < 0 . 0 5 .  then  variablllty among waste materials is signiflcantly  greater  than  varlsbillty  within  waste  materials. 

** Means with  the same letter  ace  not  significantly  different 
Alpha l e v e l  = .05 



3 . 3  TRACE  ELEMENT  DISTRIBUTION 

in plants  sampled on two  waste  materials  (fly  ash  and  baked  clay)  and 
Table 3-7 shows  the  results  of  the  trace  element  distribution 

from  a  natural  situation  at  Houth  Meadows.  For  each  set  of  plant 

confidence  interval  for  the  mean  has  been  calculated  for  each  of  the 18 
organs  (roots,  leaves,  and  inflorescences),  a  mean  concentration  and 95% 

elements.  Table 3-8 shows  the  results  of  the  Duncans  Multiple  Range  test 
indicating  significant  difEerences  of  mean  trace  element  concentrations 

parts  that  are  not  signif:.cantly  different  from  each  other  at  the 95% 
among  the  three  plant  organs.  The  lines  under  these  means join plant 

confidence  level. The distribution  of  arsenic  concentration,  for 
example,  is  significantly  higher  in  roots  than  either  leaves  or  stems in 

significant  differences  in  concentrations  between  the  three  plant  tissue 
crested  wheatgrass  grown on fly  ash  and  baked  clay,  while  there  are no 

types  growing  at  Houth  Meadows. 
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4.1 TRACE  ELEMENT HAZARD ASSESSMENTS 

m 

I 

a 

It  is  to  be  noted  that  trace  element  concentration  found  at 
Houth  Meadows  were  not  all  within  the  normal or safe  ranges  reported in 
the  literature  (especially  for  boron  and zinc). Because  of  this,  the 
following  discussion  is  based  largely on comparisons  with  the  literature 
rather  than  the  significance  of  differences  between  waste  materials  and 
Houth Meadows. 

element  levels  obtained by  analysis of the  alfalfa,  crested  wheatgrass, 
Based on the  results  of  the  literature  review,  the  trace 

bluegrass  and  locoweed  growing on the  different  substrates  has  indicated 

Be and  above  normal  levels  of  Cr;  and  only  five  elements  (arsenic, 
the  following  general  conclusions:  vegetation  has  below  normal  levels  of 

selenium,  tin,  uranium  and  vanadium)  occur  in  levels  that  are  within  the 
normal  range  for  all  species on all substrates.  Other  elements  that  are 
either in excess  or  below  normal  levels  depend on the  species  involved 
and  the  substrate. The results  are  summarized in Tables 4-1 and 4 - 2 .  
More  detailed  assessments  are  given in Appendix  B  (Tables  B-1,  B-2  and 
B-3). 

The low  levels  of  beryllium  do  not  indicate  a  deficiency,  since 
there  is no information  to  show  that  beryllium  is  an  essential  element 
for  either  plants  or  animals. The high  levels  of  chromium  are  difficult 
to  assess,  since  the  vslues  represent  total  concentrations  (not 
available)  and  the  Cr3+  and  Cr6+  ions  have  different  mobilities.  Studies 
have  indicated  that  most of  the  Cr6+ in  the  soil  solution  remains  mobile 
and  therefore  available  to  the  plants. On the  other  hand,  nearly  all  the 
Cr3+ is  immobilized  in so:lls with  a  moderate  to  high  cation  exchange 

Council of  Canada 1976). Total chromium content  of  the  soil  is therefore 
capacity since  it is  readily absorbed or complexed  (National Research 

a poor measure of plant  available  chromium. In general,  poorly  drained 
soils  with  decaying  organic  matter  have  more  total  chromium  than  well 
drained  soils;  about  half  the p'lant  available  chromium  is  contained in 
the  clay  fraction,  even  though  clay  may  only  contain 10-202 of  the  total 

organic  material. 
chromium;  and  Cr3+  is  most  available in sandy  soils  with  little  decaying 

There  are  data  to  show  that 1-5 ppm  of  available  Cr3+  or  Cr6+ 
is  the  toxic  threshold fo:r a  number  of  plant  species,  indicating  that 
there  is  little  difference in the  action  of  either  form  of  chromium on 
the plant.  Once  absorbed  by  the  plants,  both  forms  can  interfere  with 
the  uptake  of  essential  nutrients  through  their  inhibiting  effects on the 
functioning  of  the  roots.  There  are,  however, no recorded  examples  of 
deleterious  plant  responses  which  can  be  attributed  directly  to  chromium 
toxicity  (National  Research  Council  of  Canada 1976). The  high  levels of 
chromium  therefore  need not: be  a  cause  for  concern,  but  should  receive 
further  study  to  ascertain  the  available  concentrations  involved. 

a 
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1 
TABLE 4-1 

Trace  Elements  Occurring in the  Vegetation  in  Levels 
Outside  the  Normal  Range for Plants 

I 

Elements 
Substrate  Species  Be  B  Cd  Cr  Co  Cu  F Pb Mn Hg Mo  Ni Zn 

Fly  Ash  CWG " +++ ++ - 
Coal  Waste CWG + 

"- + - - 

A 
" " 

" 

" " - 
- 

- 
++ ++ - + 

Baked  Clay  CWG " - 
A 

" 

" - "_ - - - - 
+ + + -  " - + - 

CWG 
A 
BG 
0 "- 
" 

- 
+++ 
++ 
+ 

Crested  Wheatgrass 
Alfalfa 
Bluegrass 
Locoweed. 
definitely  abnormal - mean ,and Confidence  Limit (C.L.) below  normal  range 
abnormal - mean  below  normal  range  but C.L. extends  into  this  range 
slightly  abnormal - mean insijie range, C.L. extends  below  normal  range 
definitely  abnormal - mean  and C.L. above  normal  range 
slightly  abnormal - mean abovms normal range  but C.L. extends  into  this  range 
slightly  abnormal - mean insitie range, but C.L. extends  above  normal  range 

e 
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TABLE 4 - 2  

Trace  Elements  Occurring  in  Substrate  Materials 
in  Levels  Outside  the  Normal  Range  for  Soils 

Elements 
Substrate As B c1: Co  Cu  Pb Mn Hg Mo Sn U 

Fly Ash ++ ++ - "- + 

Coal  Waste + " - 
Baked  Clay " - - 

Gritstone " 

Colluvium "_ - 

Topsoil "- +++ - " 

Houth Meadows "- " 

" - 

- " - 
"_ " - 

" --- " - 
- " - 

- 
"- " - 

I "- definitely  abnormal - mean  and  Confidence  Limit (C.L.) below  normal  range 
" adnormal - mean  below  normal ]range  but C.L. extends  into  this  range 
- .. slightly  abnormal - mean  inside  range, C.L. extends  below  normal  range +++ definitely  abnormal - mean  ami C.L. above  normal  range 
++ slightly  abnormal - mean  above  normal  range  but C.L. extends  into  this  range 
+ slightly  abnormal - mean  inside  range,  but C.L. extends  above  normal  range 

I I  
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a 

I 

I 

I 

Often  there  is no clear  case  of  a  particular  element  having 
below  or  above  normal  levels.  The  same  elements  may  be  in  excess  in  some 
substrates  but  deficient :in others:  such  is  the  case  with  cobalt  and 
molybdenum.  The  trend,  however,  is  for  most  elements  to  be  below  normal 
levels, but  this  is  not  confined  to  a  particular  species  except  for  boron 
in  crested  wheatgrass,  where  it  is  deficient in all  cases  except.fcr  fly 
ash. On baked  clay  the  i:ldividual  boron  levels  in  the  shoots  are  very 
variable,  with  a  range  of 21-127 ppm  (Appendix A ) .  The  tendency  is  for 
the  boron  to  be  present in concentrations  below  normal. 

The trace  e1emen:s  which  occur  at  concentrations  deficient  or 
toxic  to  plants  or  animals  are  listed in Table 4-3. Boron  may  be  widely 

be in  levels  deficient  to  livestock  which  feed on vegetation  growing on 
deficient in grasses,  but  toxic  in  those  growing on fly  ash. Zinc  will 

all  substrates,  and  manganese  and  molybdenum  are  present  in  insufficient 
amounts on several  of  the  waste  materials.  This  is  not  unusual  for 
central  British  Columbia  rangelands  (Van  Ryswick 1982). 

artifact  of  the  method  used  to  derive  the  normal  range  found  in  soils, 
Some  of  the  deficiencies  and  toxicities  noted  may  be  an 

and  a  more  thorough litemture search  may  produce  more data. This  is 
particularly  true  for  the  levels  of  beryllium,  tin  and  uranium  in  plants, 
as  the  figures  for  each  element  given  in  Tables 3-1 and 3-2 are  based on 
a  single  reference.  It  seems  unlikely,  however,  that  this  would  result 
in any  major  changes  in  conclusions  drawn.  Had  earlier  workers  shown  or 

physiology of  plants, it  is  probable  that  more  data  would  be  available  in 
suspected that  these elements  were  an  integral  component in the 

the  literature.  It  is  probably  safe  to  infer,  therefore,  that  the  levels 
of  arsenic,  beryllium,  selenium,  tin,  uranium  and  vanadium  are  within 
normal  ranges  for  all  species  in  all  substrates  and  are  neither  toxic  nor 
deficient. 

Crested  wheatgrass  and  bluegrass  will  possibly  show  deficiency 
symptoms  for  the  following  elements: 

1) boron on all  substrates  except  fly  ash  (where  there  may  be  toxic 

3 )  molybdenum on coal  waste,  gritstone  and  colluvium. 
2) manganese on fly  ash; and 

Alfalfa  is  unlikely  to show any  toxicity  or  deficiency  symptoms on any of 
the  substrates.  Although t:he mean  values  are  sometimes  greater  than,  or 

deficiency  levels. 
less  than,  the  normal  value,  they  do  not  approach  the  critical  toxic  or 

levels)  and  baked clay; 
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TABLE 4-3  

Trace  Elements  0ccu:rring  in  the  Vegetation  in  Levels 
That  are  Either  Toxic  to  or  Deficient for Plants  or  Livestock 

Substrate 

Element 

B Mn Mo Zn 

Fly  Ash 

Coal  Waste 

Baked  Clay 

Gritstone 

Colluvium 

Topsoi l  

Houth  Meadow 

Plant  CWG 
Livestock  CWG 

Plant  CWG 

Livestock  CWG 
A 

A 

Plant  CWG 

Livestock  CWG 
A 

A 

Plant  CWG 

Livestock  CWG 
A 

A 

Plant CWG 

Livestock  CWG 
A 

A 

P l a n t  
A 
CWG 

Livestock  CWG 
A 

Plant  BG 

Livestock  BG 
0 

0 

" 

" 

" 

" 

" " 

" 

- " 

" 

" 

" 

" 

"_ 
" 

- 
+++ 
++ 
+ 
CWG 
A 
BG 
0 

Very  deficient,  mean  and  Confidence  Limit (C.L.) below  deficient  level 
Deficient,  mean  below deficient:  level  but C.L. extends  above 

Very  toxic,  mean  and C.L. above  toxic  level 
Slightly  deficient,  mean  above  deficient  level  but C.L. extends  below 

Toxic,  mean  above  toxic  level  but C.L. extends  below 
Slightly  toxic,  mean  below  toxic  level  but C.L. extends  above. 
Crested  Wheatgrass 
Alfalfa 
Bluegrass 
Locoweed 
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As shown in Table 4-3, livestock  grazed on pastures  of  alfalfa 
or  crested  wheatgrass  may  show  zinc  deficiency  symptoms  (except in 
alfalfa  pastures on coal  w,wte).  Manganese  deficiency  symptoms  may  be 
encountered in cattle grazeti on crested  wheatgrass on fly  ash,  colluvium 
and  topsoil,  and  molybdenum  deficiency  symptoms  may  be  found in cattle 
grazed on crested  wheatgrass on coal  waste,  gritstone,  colluvium  and 
topsoil. 

Toxicity  symptoms  may  be  encountered  in  livestock  grazing on 
any  species on any  substrate  but  are  unlikely  to  manifest  themselves, 
because  element  levels  are, in general,  well  below  the  toxic  levels. 
As indicated  below, however,, the  physiology  of  trace  elements in diets  is 
not  well  understood  (Table 4-3).  In the  case  of  molybdenum,  the 
copper/molybdenum  ratio  is  very  important  (Erdman  et al. 1978) .  Five  ppm 
is  the  approximate  upper  limit  tolerated by cattle,  although  values  of 2 
ppm  have  been  considered  important in molybdenum-induced  hypocuprosis. 
It  is  possible  that  it  is  r.ot  the  levels  of  molybdenum per se  that  cause 
the  development  of  hypocup~rosis  symptoms,  but  rather  the zpper/molyb- 
denum  ratio.  Hypocuprosis  symptoms  result  from  abnormally  low  levels  of 
copper  and  moderately  high  levels  of  molybdenum;  molybdenosis  symptoms 
result  from  abnormally  high  molybdenum  levels  and  normal  copper  levels. 
A  recommended  copper:molybdenum  ratio  for  cattle  is 6 : l  (Erdman  et  al. 
1 9 7 8 ) ,  although  Buckley ( 1 9 8 2 )  recommends 4 : l .  Assuming  that  the  copper 
levels  are  normal,  a  ratio  of 2 : l  will  probably  result  in  the  development 
of  molybdenosis  symptoms.  The  copper:  molybdenum  ratio  varies  for  each 
species in each  substrate  and  different  symptoms  will  develop  depending 
on the  ratio  (Table 4-4) .  

" 

" 

consequently very  complex,  not  only in their biochemical pathogenesis  but 
The syndromes  produced  by dietary molybdenum in ruminants  are 

in the  variety  of  effects;  produced,  both  che  ical  and  clinical.  A 
syndrome  may  have  two  interrelated  components:  copper  deficiency  per  se 
arising  from  the  interference  with  copper  absorption as a result of the 

molybdenosis arising  from high  molybdenum intakes  and  normal  copper 
interaction of  molybdenum and  sulphur  in the  alimentary  canal;  and 

intakes.  Molybdenum  and  copper  affect  copper  metebolism  by  interacting 
in the  rumen  to  form  molybdates. 
availability  of  dietary  (copper  and,  if  absorbed,  they  impede  the 

These  compounds  decrease  the 

metabolism  of  tissue  copper  and  inhibit  copper  enzymes. Thus, because  of 
the  complexity  of  these  reactions  it  is  difficult  to  draw  any  firm 
conclusions  as  to  the  likely  effects on grazing  cattle  absorbing 
molybdenum  and  copper  from  plants in the  field - too  little  of  the 
different  interaction  is  known  at  present  (Underwood 1971, Buckley 
1982) .  It  must  be  emph.nsized,  therefore,  that  Table 4-4 outlines 
possible  symptoms,  not  necessarily  probable  symptoms. 

to  define  in  terms  of  ratios.  Many  interact  with  each  other  and can,  in 
Other  interactions  between  the  different  elements  are  less  easy 

some  cases,  partially  substitute  for  each  other in certain  physiological 
reactions.  Some  of  the  more  important  interactions  between  plant 
nutrients  (micronutrients  and  macronutrients)  are; 
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TABLE 4-4 

Copper:  Molybdenum  Ratios in Plant  Shoots 
and  Their  Pot:ential  Impact on Livestock 

Plant 
Substrate  Species 

cu Mo  Cu:Mo  Possible  Symptoms 
Level  Level  Ratio in Livestock 

Fly  Ash  Wheatgrass 
Alfalfa 

Coal  Waste  Wheatgrass 
Alfalfa 

Baked  Clay  Wheatgrass 
Alfalfa 

Sandstone  Wheatgrass 
Alfalfa 

Colluvium  Wheatgrass 
Alfalfa 

Topsoil  Wheatgrass 
Alfalfa 

Houth Meadows  Bluegrass 
Locoweed 

P  em  Ppm 
12.2  4.6 2.7 Molybdenosis* 

12.5 0.3 41.7 Copper  toxicity** 
8.2  1.4  5.9 - 

14.2 2.2  6.5 - 
7.6 4.2  1.8 Hypocuprosis*** 

11.3 0.3  37.7 Copper  toxicity 
8.1 3.2 2.5 Hypocuprosis 

11.9 0.2 
9.6  9.5 

59.5 Copper  toxicity 
1.0 Molybdenosis 

10.0 0.6 16.7 Copper  toxicity 
9.6  3.3  2.9 Molybdenosis 

0.2  0.7 
9.6 

0.3 Hypocuprosis 
3.6  2.7 Molybdenosis 

Normal  Cu  level in vegetation: 1 1  ppm 
Normal  Mo  level in vegetation: 1.7 ppm 

* Molybdenosis  symptoms  result  from  abnormally  high  levels  of  molybdenum 
and  normal  levels  of  copper. 

** Copper  toxicity  symptoms  result  from  abnormally  high  levels of copper  and 
abnormally  low  levels  of  mol.ybdenum. 

*** Hyposcuprosis  symptoms  result  from  abnormally  low  levels  of  copper  and 
moderately  high  levels  of  nc'lybdenum. 

4-7 



- zinc  with  phosphorus,  copper,  nitrogen,  magnesium  and  iron; 
- iron  with  phosphorus,  manganese,  molybdenum  and  copper; - copper  with  phosphorus  and  molybdenum; 
- molybdenum  with  phosphorus  and  sulphur;  and 
- boron  with  calcium. 

No doubt  similar  interactions  between  elements  exist  in 
livestock  and  wildlife.  These  are  less  well  documented  because  of  the 
complexity of the  interactions  as  in  the copper/molybdenum/sulphur 
interaction. 

In cases  where  deficiency  symptoms  result,  these  can  be 
corrected  by  adding  the  deficient  element  as  a  feed  supplement.  Element 
supplements  to  salt  blocks  are  usually  not  used,  because  of  chemical 
reactions  with  salt  ions. In cases  of  the  element  being in deficient 
quantities in the  plant,  it  is  added  as  a  fertilizer  (Buckley 1982). 
Such  additions  of  boron  are  commonly  applied  to  forage  crops in the 
British  Columbia  interior  every  three  to  five  years  (Van  Ryswick 1982). 

4 . 2  COMPARISON  OF  TRACE  ELEMENT  ACCUMULATIONS IN CRESTED 
WHEATGRASS AND ALFALFA 

To  determine  whether  creasted  wheatgrass  and  alfalfa  accumulate 
significantly  different  quantitites  of  trace  elements  when  grown on the 
same  material,  a  paired  Student's  t-test  was  performed  using  the 1981 
concentrations.  Values  were  compared  from  crested  wheatgrass  and  alfalfa 
samples  grown on coal  waste, baked  clay,  gritstone,  colluvium  and 
topsoil.  Fly  ash  was  not  included in the  comparison  as  data  for  alfalfa 
grown on this  material  were  not  available.  The  results  of  this 
comparison  are  shown in Tab'le 4-5. The  mean  value  for  each  element  is 
given f o r  both  crested  wheatgrass  and  alfalfa,  along  with  the  respective 

value. From  this comparison  it is  evident  that alfalfa accumulates 
Student's t value and  the  level of  significance associated with  this 

approximately  twice  the  lev(3ls  of  boron,  chromium  and  manganese,  and  six 
times  the  levels  of  molybderlum  and nickel;  crested  wheatgrass  accumulates 
significantly  more  copper  than  does  alfalfa  when  grown on these 
materials.  All  other  trace  elements  analysed do not  vary  significantly 
between  these  two  plant  species. 

4 . 3  TRACE  ELEMENT  DISTRIBUTION 

four  basic  interdependent  factors; 
The  concentration  of  trace  elements in plants  is  dependent on 
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TABLE  4-5 

Comparison of  Trace  Element  Accumulation  in 
Crested  Wheatgrass  and  Alfalfa  Shoots 

Element 
Crested  Calculated 

Wheatgrass:  Alfalfa t Significance 

Arsenic 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 

Lead 
Fluorine 

Mercury 
Manganese 

Molybdenum 
Nickel 

Tin 
Selenium 

Uranium 
Vanadium 
Zinc 

0.70 
0.03 
24.38 
0.24 
0.52 
0.25 
11.98 
2.56 
1.44 

0.72 
0.03 

0.30 
0.7 

0.07 
0.76 

17.1 
1.2 

37.6 

0.82 
0.03 

0.17 

0.48 
1.. 02 

8.62 
4.2 

83.0 
1.10 

4.32 
0.02 

0.7 
2.0 

0.78 
0.08 

21.1 
1.0 

50.4 

1.63 
1.49 
2.62 
1.76 
7.07 
1.33 
3.25 
1.11 
1.33 
3.21 

2.47 
1.33 

3.42 
1.63 
0.34 
2.05 
0.99 
1.3 

N.S .  
N.S. 

N.S. 

N.S. 

N.S. 
N.S .  

N.S. 
+ * 

+ 
** 
* 

* 

N.S. 
N.S. 
N.S. 
N.S. 
N.S. 

** Very  significant  (t>4.604,  99%  confidence  at  df=4)  difference  between 

* Significant (t>2.776, 95% confidence  at  df-4) 
+ Marginally  significant  (t>2.122, 90% confidence  at df=4) 
N.S. Not Significant  (tc2.132, 90% confidence  at  df-4) 

species 
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- the  genus,  species  or  strain  of  plant; 
- the  soil  type  in  which  the  plant  has  grown; 
- the  conditions  during  growth;  and 
- the  stage  of  maturity  of  the  plant. 

Not  all  elements  'occur  in  equal  concentrations  in  all  parts  of 
the plant. Copper,  for  example,  usually  occurs  in  all  plant  tissues  but 
concentrates in the  leaves  and  seeds.  Zinc  and  vanadium  also  occur in 

order  from  most  to  least:  roots,  stem,  leaves,  and  fruits.  Molybdenum, 
all  plant  tissues  but  usu;llly  vary in  concentration in the  following 

in stems,  leaves  or  seeds  (Sauchelli  1969,  Pratt  1973a,  Brewer  1973b. 
lead  and  chromium  generally  occur  in  greater  quantities  in  the  roots  than 

National  Research  Council of Canada  1973 1976.) Jones  (1959)  and  Cannon 
(1976)  reported  concentrations of lead  in  roots  with  limited  transloca- 
tion  to  the  shoots.  Arsenic  has  also  been  reported  to  be  more  concen- 
trated in plant  roots  than Ln above-ground  portions  (Liebig 1973). As a 

provides little information on plant toxicity, since root rot  as a  result 
result, analysis of  the  above-ground parts  of plants for arsenic usually 

of  arsenic  toxicity  will  t,ake  place  before  the  symptoms  are  manifested 
above-ground.  Cobalt  concentrates in the  root  nodules  of  legumes,  but 
most  other  plants  have  greater  concentrations  of  cobalt  in  the 
above-ground  parts  (Vanselow 1973). The  generally  high  concentration  of 

been  interpreted  to  indicate  the  atmosphere  is  the  principal  source  of 
fluorine  in  the  above  ground  parts  of  plants  compared  to  the  roots  has 

fluorine  for  plants  (Brewer 1973a),  although  some  fluorine  is  taken  up 
from  the  soil. 

The  distribution  of  beryllium,  chromium,  cobalt,  manganese, 
nickel,  selenium,  tin,  uranium  and  vanadium  does  not  differ  from  the 
plants  grown on the  two  waste  materials  tested  (fly  ash  and  baked  clay) 
and  those  grown  at  Houth  Meadows.  However,  vanadium  concentrations  in 

Meadows. The distribution  of  arsenic, boron, cadmium,  copper, fluorine, 
roots on the two  waste  materials  tend to  be higher  than  those at  Houth 

lead,  mercury,  molybdenum arid zinc in the  plant  varies  between  substrates 
(Table 3-7). Boron  concen,:rations  are  higher in the  infloresence  than 
either  the  roots  or  leaves on all substrates.  This  is  possibly  because 
boron  is  readily  trans1ocat:ed  through  the  xylem  but on arriving  in  the 
apices,  it  becomes  one  of  the  least  mobile of  the  elements  (Mortvedt  et 

crested  wheatgrass  plants g:rown on fly  ash  may  be  due  to  the  relatively 
high  concentrations  of  boron  found  in  this  substrate  (Monenco  Consultants 
Pacific  Limited 1981). Alchough  218  ppm  of  boron  concentrated  in  the 
infloresence is higher  than  the  upper  limit  in  plants  before  toxicity 
symptoms  occur, no such  symptoms  were  noted in the  plants in the  field. 
There  are no data  available  to  determine  whether  this  level  of  boron  is 
toxic  to  livestock. 

- al.  1972). The high  concentration  of  this  element in the  seedhead x 

Cadmium  uptake  and  accumulation  by  crested  wheatgrass  differs 
between  fly  ash  and  baked  clay.  The  roots,  leaves  and  inflorescences of 
plants  growing on fly  ash  all  have  different  levels  of  cadmium.  The 
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level  of  cadmium in plants  growing on baked  clay  is  statistically  the 
same in leaves  and  infloress-ences  and  is  different  from  the  level in  the 
roots. 

Grass  plants grom on fly  ash  and  baked  clay  accumulate  much 
higher  levels  of  copper  in  roots  than  the  comparable  tissue  at  Houth 
Meadows: 377.5 and 51.6 ppm  fly  ash  and  baked  clay,  respectively, 
compared  to 19.6 ppm  at  Aouth  Meadows,  respectively.  This  may  be  a 
result  of  the  higher  copper  levels in these  two  substrates  (Table 3-5), 
or  because  crested  wheatgrass  may  concentrate  copper  more  than  does 
bluegrass.  Copper  levels in the  above  ground  portions  of  these  plants  do 
not  vary  significantly  between  substrates. 

The  fluorine  level in the  crested  wheatgrass  grown on fly  ash 
is  in  equal  concentrations;  throughout  the  plant,  but  for  the  plants 
growing on baked  clay  and in the  native soil of Houth  Meadows  it  occurs 
in a  higher  concentration  in  the  roots  than  in  the  leaves  and 
inflorescences.  Just how much  these  observations  mean  is  debatable 
because  the  atmosphere  is  considered  the  principal  source  of  fluoride  for 
plants. In addition,  Davison  et al. (1979) have  shown  that  the  fluorine 
content  of  forage  varies  during  the  year,  and  that  there  are  significant 
changes in fluoride  content  from  day  to day.  They  further  question  the 
use  of an  single  sample  for  the  analysis of  plant  fluoride  content. 

" 

and  the Houth  Meadows  is  highest  in  the  roots  and  is  found  in  equal 
The lead  concentration  of  the  plants  growing on the  baked  clay 

concentrations in the 1eavt.s and  inflorescences. In the  tissue  taken 
from  plants on the  fly ash there  are  different  levels  of  lead in the 
different  parts  of  the  plant. In all  cases  however,  there  is  a  tendency 
for  lead  to  accumulate  in  the  roots,  a  trend  which  reflects  the  typical 
situation. 

Mercury  levels in leaves  from  crested  wheatgrass  plants  grown 
on baked  clay  are  much  higher  than in any  other  portion  of  the  plant  but 
are  still  below  the  upper  limit  of  concentration in plants  of 180 ppb at 
which  toxic  levels accummdate in  livestock  (Underwood 1971). The 

the  same on the  three  substrates.  This  may  be  a  result  of  species 
accumulation  of  mercury  in  the  crested  wheatgrass  and  bluegrass  is  not 

differences  but  the  mercury  accumulation  in  crested  wheatgrass  alone  is 
also  different on fly  ash  and  baked  clay. 

Molybdenum  concentrations  tend  to  be  very  high in crested 
wheatgrass  roots  grown on :fly ash. Levels  in  above  ground  tissues  are 

Meadows,  however,  they  are  below  the  upper  limit  of  concentration  in 
also  higher  than  those founsd in plants  grown on baked  clay  and  at  Houth 

plants  at  which  toxic  levels:  accumulate  in  livestock  (Underwood 1971). 

Manganese  levels :in roots  from  plants  sampled  at  Houth  Meadows 

Matocha (1973) but  within  the  limit  defined by Labanauskas (1973). 
are  above  the  upper  limit  for  plant  toxicity  defined  by  Martin  and 
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the  roots  than in the  inflorescences  or  leaves. In the  plants  grown on 
Zinc  in  all  three  cases  is  found  in  greater  concentration  in 

the  baked  clay  the  zinc  accumulation  is  higher in the  inflorescences  than 

of the  Houth  Meadows  the  leaf  and  inflorescence  concentrations  are 
in the leaves; in the  plant:;  grown on the  fly  ash  and  in  the  natural  soil 

equal.  With  increasing  maturity  the  levels  of  zinc  may  increase in the 
leaves  and  the  more  typical  situation  be  adopted  in  the  plants  growing on 
the  baked  clay.  At  the  time  of  sampling  however,  there  was  a  tendency 
for  the  inflorescences  to  have  higher  zinc  concentrations  than  the 
leaves,  although  this  difference  is  not  significant  except on baked  clay. 

Table 4-6 shows  the  ratio  of  the  average  shoot  concentrations 
and  average  soil  concentrations  of  each  element,  as  calculated  for  each 
substrate.  Although  these  accumulation  percentages  vary  widely,  they  are 
generally  of  the  same  magnitude  for  each  element  for  all  species  across 
all  substrates.  Interpretation  of  these  values  must  be  based on the 
realization  that  the  soil  values  represent  total  concentrations,  of  which 
only  a  small  portion is available  to  plants.  Elements  which  are  shown  as 
being  concentrated  (ratios  greater  than I O O X ) ,  therefore,  are  most 
assuredly  being  accumulated.  Elements  which  are  indicated  as  being 
excluded  from  plants  (ratio  less  than I O O X ) ,  however,  cannot  confidently 
be assumed  to  be  excluded from plant  shoots. 

Boron  and  cadmiuri  are  noticeably  accumulated  by  all  plants 
growing on all  substrates:  the  only  exception  is  Alfalfa on baked  clay 

elements  (as  indicated  by  shoot  to  soil  concentrations  arbitrarily  set  at 
(where  cadmium  was  not  concentrated). An apparent  "active"  exclusion  of 

less than 10%) may  be  occurring  for  arsenic,  beryllium,  chromium,  cobalt, 
fluorine,  nickel  and  vanadium.  The  remaining  elements  showed no marked 
deviation  between  soil  and  plant  shoot  value. 

exclus,ion of certain  elements  are beyond the  scope of this  report. The 
The  physiological  explanations  for  the  accumulation or 

ratios  reported in Table 4 - 6  are  largely  useful  for  roughly  predicting 
expected  elemental  concentrations  in  plants on the  basis  of soil 
analyses. 
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5.. 1 CONCLUSIONS 

Creek  have  been  compared  with  natural  soil of Houth Meadows f o r   t r a c e  
All waste mater ia l s   be ing   eva lua ted   for   rec lamat ion   a t   Hat  

e lement   concent ra t ions .   S igni f icant   d i f fe rences   be tween  the   subs t ra tes  
were as fol lows:  

1. 

2. 

3 .  

4 .  

5. 

6 .  

Fly   ash  had s i g n i f i c a n t l y   h i g h e r   c o n c e n t r a t i o n s  of t h e  
fol lowing  e lements:   arsenic ,   beryl l ium,  boron,   copper ,  
molybdenum, nickel.,  uranium  and  vanadium; 

Baked c lay  had s i g n i f i c a n t l y   h i g h e r   c o n c e n t r a t i o n s  of a r s e n i c ,  
beryll ium,  copper and n i c k e l ;  

Col luvium  had   s ign i f icant ly   h igher   concent ra t ions  of c o b a l t ,  
coppe r ,   l ead ,   n i cke l  and z inc ;  

G r i t s t o n e  had s i g n i f i c a n t l y   h i g h e r   c o n c e n t r a t i o n s  of beryl l ium, 
cobalt ,   nickel,   uranium  and  vanadium; 

Trench A t o p s o i l  had s i g n i f i c a n t l y   h i g h e r   c o n c e n t r a t i o n s  of 
c o b a l t ,   f l u o r i n e ,   n i c k e l  and zinc;   and 

Coal waste d i f f e r e d   s i g n i f i c a n t l y  from  Houth Meadows t o p s o i l   i n  

Houth Meadows) and  chromium  and  manganese (lower  than Houth 
terms of i t s  concent ra t ions  of a r s e n i c  and  mercury  (higher  than 

Meadows ) . 
It was found   t ha t   t he   concen t r a t ions  of cadmium. selenium  and 

t i n  do not   vary  s ignif icant1.y  between  substrates .  

rangeland  does  not   indicate  that  t h e   l e v e l s  of trace elements i n  a 
A s imi la r i ty  in elemental concent ra t ions  with undisturbed 

p a r t i c u l a r  waste ma te r i a l   a r e   no t   po ten t i a l ly   dange rous ,   s ince   t he   na t ive  
topso i l   t ends   t o   have  boron.,  manganese, molybdenum o r   z i n c   d e f i c i e n c i e s  
as well. The r e s u l t s  of comparisons  to   reported  def ic ient  and t o x i c  
l e v e l s   f o r   p l a n t  and l ives tock   growth   a re  summarized f o r   t h e s e  c r i t i ca l  
e l emen t s   i n   Tab le s  4-3 and  5-1, and a r e  more relevant  than  comparisons 
be tween  the   subs t ra tes   and   na t ive   topsoi l .  Boron  from f l y   a s h  i s  t h e  
only   e lement   found  in   concent ra t ions   tox ic   to   vege ta t ion ,   a l though no 
t o x i c i t y  symptoms were n o t i c e d   i n   v e g e t a t i o n   s a m p l e d   i n  1981. Although 

of ion ic   compos i t ion   and   ava i l ab i l i t y  make it d i f f i c u l t   t o  assess whether 
chromium i s  accumulated i n   p l a n t s  t o  above  normal   levels ,   the   quest ions 

have  been  rated as not  being; dangerous ,   bu t   fur ther  work needs  to  be done 
t h e s e   l e v e l s  would be t o x i c   t o   w i l d l i f e  and l i ves tock .  Chromium l e v e l s  

on th i s   e l emen t .  

5-1 



Ir 1 

TABLE 5-1 

Rating of Substrate  Deficiencies  and  Toxicities - 
Element 

- 
B Mn Mo Zn Number  of  Number  of 

Ratings 

Substrate  Species  Plant/Animal  PlantlAnimal  Plant/Animal  Plant/Animal 
Deficiency  Toxicity  Total 

(-) (+I Score 

Fly  ash Wheatgrass ++t 

Coal  waste Wheatgrass -- 
Alfalfa 

Baked  clay  Wheatgrass 
Alfalfa 

Gritstone  Wheatgrass -- 
Alfalfa 

Colluvium  Wheatgrass -- 
Alfalfa 

Topsoil  Wheatgrass -- 
Alfalfa 

Houth 
Meadows  Bluegrass -- 

Locoweed 

- " 

" 

" 5 3 a 

5 0 5 - 

" 

" 4 0 4 

- a 0 8 
" 

12 

11 

" 6 0 6 
" 

-" Very  deficient,  mean  and  Confidence  Limits (C.L.) below  deficient  level 
" Deficient,  mean below  deficient  level  but C.L. extends  above 
- Slightly  deficient,  mean  above  deficient  level  but C.L. extends  below 
+ Slightly  toxic,  mean  below  toxic  level  but C.L. extends  above 
++ Toxic,  mean  above  toxic  level but C.L. extends  below 
+++ Very  toxic,  mean  and C.L. above  toxic  level 

Note: No data  on  molybdenum in animals is given  for  wheatgrass on fly  ash,  alfalfa on topsoil  and  locoweed in 
Houth  Meadows  because  the  Cu:  Mo  ratio  may  be  more  important  than  the  actual  value. 



(Table 5-1) based on a  simple  summation  of  the  number  and  extent  of 
A crude  scale  for  rating  the  different  materials  was  developed 

element  deficiencies  or  toxicities  exhibited  by  each  substrate. In terms 
of  overall  trace  element  hazards  therefore,  the  materials  are  grouped in 
the  following  order  (from  worst  to best): 

Colluvium 
Trench A Topsoil 
Fly Ash 
Gritstone 
Houth  Meadows  Topsoil 

Baked  Clay 
Coal  Waste 

Additional  criteria  such  as  the  ability  to  support  plant  growth 
(Monenco  Consultants  Pacific  Limited 1982) must  of  course  be  used in 
assessing  the  overall  suitabllity  of  materials  for  reclamation  purposes. 
In general,  none  of  the  materials  pose  any  trace  element  problems  which 
could  not  be  overcome  through  treatment  and  proper  management.  None  of 
the  potential  deficiency  problems  are  serious  from  a  practical  point  of 
view,  especially  since  they  tend  to  occur  naturally on undisturbed 
materials  throughout  the  region. 

accumulate  in  plant  shoots,  levels  which  would  be  toxic  to  cattle  were 
Although no toxic  1.evels  of  copper  or  molybdenum  were  found  to 

found  in  crested  wheatgrass  roots  growing on fly  ash.  Furthermore, 
because  of  complex  copper arid molybdenum  interrelationships,  the  levels 
in  vegetation  are  such  that  toxicity  or  deficiency  symptoms  may  appear in 

eating solely  vegetation  growing on fly  ash, colluvium, Trench  A  topsoil 
cattle grazing  solely on that material. Molybdenosis may  arise  from 

or  Houth  Meadows topsoil.  Copper  toxicity  may  come from plants  grown on 
coal  waste,  gritstone,  colluvium  or  Trench  A topsoil.  Hypocuprosis  may 
result  from  vegetation  grown on baked  clay  or  gritstone. 

that  alfalfa concentrated boron, chromium, manganese,  molybdenum  and 
In terms  of  element  distribution  and accumulation,  it  was  found 

nickel  more  than  crested  wheatgrass;  conversely,  crested  wheatgrass 
accumulated  copper.  Boron  and  cadmium  were  concentrated in plant  shoots, 
at up to  ten  times  the  total  concentration  found  in  the  soil. 
Distribution  within  the plan,:  typically  showed  higher  concentrations in 

lower  and  not  significantly  different  from  each  other  (except  for  boron, 
the  roots,  while  concentrations in the  leaves  and  inflorescences  are 

which  tends  to  accumulate in inflorescences). 

All evaluations  of  plant  uptake  and  accumulation in 
relationship  to  soil  concentrations  are  greatly  limited by  the  fact  that 
total  concentrations  have  been  assayed  for,  and  these  values  do  not 
necessarily  reflect  the  amount  available  to  plants. 
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5.2 RECOMMENDATIONS 

Since  there  are n3 severe  trace  element  hazards, no special 
management  techniques  need  be  applied  to  ameliorate  their  potential 
danger. To offset  the  boron  toxicity  of  fly  ash,  it  can  be  buried 

manganese,  molybdenum,  zinc and  copper  deficiencies  and  possible  copper 
beneath  other  materials  or treated  with  sulphur  and  manure.  Possible 

toxicity  can  be  avoided  by  never  feeding  cattle  solely on forage  from  the 
Hat  Creek  or  interior B.C.  area. A  more  realistic  alternative  is  to 
provide  mineral  supplements  to  their  diet,  but  appropriate  blends  and 
doses  would  have  to  be  carefully  studied  first.  Copper  to  molybdemum 
ratios,  their  effects on cattle,  the  effects  of  sulphur on copper 
availability  and  methods  of  controlling  these  ratios  deserve  particular 
attention  for  further  investigation. 

Further  field  samp:ling  programs,  literature  reviews  and  labora- 
tory  studies  should  emphasize  the  following  elements:  boron,  cadmium, 
chromium,  copper,  manganese,  molybdenum,  selenium  and zinc. All future 
soil  samples  should  be  analyzed by  methods  which  more  closely  estimate 
available  concentrations  of  elements,  and  all  should  measure  the pH  of 
the  soil  samples  since  th3.s  very  often  can  be  used  as  a  guide in 
determining  the  availability of elements.  More  sensitive  analytical 
techniques  are  needed  to  properly  evaluate  selenium,  as  methods  used in 

occur.  Buckley (1982) has  suggested that  hydride  generation is  the  most 
this  analysis  can  not detect  the  low concentrations  at  which deficiencies 

efficient  method  of  selenium  detection.  Further  investigation  of  the 
literature  would  be  worthwhile  in  order  to  better  determine  what  levels 
of  chromium,  fluorine,  lead,  mercury,  nickel,  tin,  uranium  and  vanadium 
are  toxic  to  plants,  what  levels  of  cobalt  and  selenium  are  deficient  to 
plants,  and  what  levels  of  beryllium,  boron  and  uranium  are  toxic  to 
animals. 

As far  as  levels of  trace  elements  are  concerned,  the  baked 
clay material would most likely provide the best  substrate  for  plants. 
Colluvium  is  likely  to  be  the  worst  substrate , and in  between  these  two 
extremes  lie  the  other  substrate,  grouped  from  worst  to  best:  Trench A 
topsoil,  fly  ash,  gritstone,  Houth  Meadows  topsoil and  coal  waste.  This 
rating  should  be  combined  with  productivity  ratings  (Monenco  Consultants 
Pacific  Limited 1982) to  select  the  most  suitable  materials  with  which to 
surface  the  waste  dumps.  Such  an  assessment  would  have  to  weigh 
potential  trace  element  problems  against  productivity,  and  any  resulting 
recommendations  would  have t o  be  based on cost-benefit  assumptions  and 
risk  analyses  that  are  beyond  the  scope  of  this  document. 

Any  additional  studies  into  the  physiology  of  trace  element 
uptake,  accumulation  or  exclusion  should  be  done on the  basis  of 
controlled  experiments.  Once  quantitative  estimates  of  flow  rates  and 
physiological  responses  are  desired,  a  sampling  survey  approach  is  not  as 
useful  as  an  experimental  approach  conducted in a  controlled  laboratory 
setting. 
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APPENDIX B 

COMPARISON OF  MEANS AND CONFIDENCE LIMITS WITH PUBLISHED VALUES  FOR 

ALFALFA, CRESTED WHEATGRASS AND SOILS 
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