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SUMMARY 

AIM Ecological  Consultants Ltd. initiated a  study in the fall of 1987 to examine  the  levels of 
specific umtaminants in the Fnuer estuary; in tbe water oolumn, in tbe sediments, and in various 
plant species. "be objectives of the study were to establish tbe range  of  contaminant  accumulation 
in the  vascular plants and to determine the suitability  of  using  these plants as indicators of general 
environmental  conditions.  Hydroponically grown plants  were also analysed to determine 
background  contaminant  levels and the rate of contaminant uptake.  The research was  funded  by 
Supply and Savices Grnada and Environment Canada. 

In September  1987,  February  1988  end  July  1988  water, sediment and plant samples  were 
collected  at 4 sites across the Fraser estuary, selected to reflect  a  variety of environmental 
conditions. In the fall and summer aboveground  and  below ground plant components were 
collected and analysed. In February, only belowground  components  were  available.  Tbe chemical 
analyses were carried out by Analytical service Labaratarks Ltd. (ASL) of Vancouver. 

SEDIMENTS 

Results of  the sediment sampling  revealed consistent patterns across tbe estuary. The 
highest  levels  of  cadmium  sampled  were  from  Musqueam marsh in September. 
However, on average, Woodward Island had the h i g h e s t  cadmium levels of tbe stations 
sampled.  The  opposite  was  true  for mercury, copper,  lead ind zinc. Results  were 
variable between sampling dates, bur for any given  sampling date, Woodward Island 
had tbe lowest levels of mcrcury and lcad in tbe sediment. The kvels of led sampled 
at Musqucam Marsh were atmost two t i m c s  that  of  the otbn sampling locations.  The 
highest levels of T i c  am taminants werc also detected in Musqueam mu& with m e  
notable exception, that of high TCP levels detected on the Richmond foreshore. In 
contrast, &e  Richmond foreshore produced  the  lowest  levels of PCB's detected. 

WATER 

Contaminant levels in the  water  sampled were well within -table concentrations, 
and in some cases werc below detection h i k .  No relationship was determined 
between the contaminant concentrations in plants or scdimtnk and  the watcr ~ m p l c s  
collcctcd. 



VEGETATION 

Vegetation  analysis  sbowed  tbat  tbere were significant  differences in chemical 
accumulation between species. Of the 4 species  sampled, Corex lyngbyei, Scirpus 
vdidrts, scirprrs anen'cmus d scirpus mmitimur, the latter two 6bowed very s h & ~  

patterns of chemical accumulation which was also similar to, b u t  less than tbe Scirpus 
vdidus. Tbe sedge [C'orex lyngbyei ] showed significantly  greater accumulation of 
metals and  organic contaminants, than did the rushes [ S c i p u  spp]. 

Tbere were h&Jy  signXmt differences detected between the  plant components within 
species.  The  concentration of chemical was consistently  greater in the  belowground 
components than in the shoots. Tbere was much greater variability within the rhizomes 
than the  shoots,  possibly  due to adhering  sediment  particles,  and  possibly  due to 
variations in chemical  concentrations with depth. The  sediment was sampled from a 
relatively small area mpared to that  which  the r o o t  systems  extend  over. It is also 
possible that  there is selectivity in pumping  the  chemicals to the  shoots.  Only PCBs 
were found to be concentrated in plant shoots at kvels exceeding  that of the substrates. 

Although sediment contaminant levels  varied according to site, this was not reflected in 
the  plants to any  significant degree. 

seasod variability in the concentration of c b e m i c a l s  within the plants to a b e  wknt 
refleck their annual cycles. High kvels of cadmium, mercury and PCB detected in  the 
belowground system in the fall may indicate  the culmination of a season's pwth sod 
collection of contaminants within the  plant.  Changes in the  concentration of some 
chemicals over the winter may r e f l e c t  leaching.  Hydroponic  studies  and  transplant 
experiments indicated that there may be a more rapid response to changing 
environmental conditions than initiaIly  expected. 



Concentration of cbemicals within plants 

Those contaminants which were being accumulated in the  vegetation to levels  above 
that found in the sediments included:  cadmium,  mercury and PCB.. PCBs were the 
only contaminants to be concentrated in the  aboveground plant components to levels 
above [up to 6 tknes] that found in the sediment. PCB levels in tbe rbimmcs were up to 
14 t i m e s  that  of the d i m e n t .  Mercury wa6 found in the  rhiznmes at or slightly above 
the  levels  found in the  sediments. Cadmium levels in the plants were up to 4 times that 

found in the  sediments.  The  hydroponic  results were consistent with the  field results 
with the  exception of lower concentration levels  found in the shoots. It is likely  that 
P C B s  are absorbed  directly by the plants from  the water column as well as the 
sediments.  The greenhouse experiment  did not flood the  plant shoots therefore uptake 
was restricted  to  the root systems and sboot levels  reflected translocation from 
belowground components. 

The  other  chemicals were found in the plant shoots at  up to 20% of sediment con- 
centrations  for Cu and Zn, and 8% for  lead. Ln plant roots the concentrations were, 
Cu-uptolOO%,  Znupto40%andPbupto22%.  ForPCPandTCP,thebalance 
between mots and sboots was more even than for metals and the avaage concentrations 
ranged between 40 and 80% of sediment  levels. 

M e r e n t  plant s p e c i e s  concentrate environmental contaminants to different  degrees.  Although 
there is considerable  variation,  the  various  species  and  components  of  these s p i e s  follow 
discernible patterns of concenfTatjon for qxcific cbemicals. Intersite variability did not prove to be 
sufficiently great to merit a broad  sampling program. However  the  concentration of mercury, 
cadmium and PCB's by the  plants merits further investigation. 
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1. INTRODUCTION 

Coastal submcrgent  and  emergent vegetation has long been identified as implaccable fish and 
wildlife  habitat along all of C a n a d a ' s  coastlines. In  British  Columbia,  most intertidal vascular 
plants are nstriictad to esfuaries. Estuaries also provide tbe l0cak for most of tbe industrial activity 

in coastal B.C. but little attention has been focussed on the c5& of cbemical accumulation in the 
biota. Although monitoring of water quality docs ~e place in the vicinity of industrial sites, this 
sampling reflects  the  environmental condition for only that instant in time during  which  the  sample 
was  collected. Winds, wave action,  currents, and river flow all influence the dispersion of 
contaminants. The  fauna  exposad to these contaminants are ale0 mobile  and the results of any 
tissue  analyses  are therefore difficult to interpt. 

Algae have been used to show, by tbeir  presence or absence,  the  level of contaminants in their 
immediate  environment. In some cases the algae have also been  analysed to determine 
concentrations of metals and 0th contaminants in tbeir t issues. Vascular plants 011 tbc other hand, 
have  received  little  attention in terms of their  role as accumulators of environmental contaminants 
and as integrators of the  average  conditions  at  any site. Vascular  pIants.not only reflect conditions 
in the  water  column but tbey also draw up nutrients and otber chemicals h m  the substrates. 

The high annual productivity of i n t e r t i d a l  marshes  makes  them a vital component of many f d  
webs. All parts of tbe living plants may be consunred by Bnall mammaLs and watcrfowl. As the 

plants decay during the fall and winter, the resulting detritus is conmunod by bactaia, invertebrates 

and  fish. Heavy metals such as mercury have an affinity for organic particulates, so in many 
instances the organic detritus becomes enriched with metals as it is washed  around in the  estuary or 
wben it lies on contaminated substrates. 

Terrestrial plants have been f o d  to selectively  accumulate heavy metals h m  the substrate. On 
the Atlantic coast, salt marsh species have been shown  capable of concentrating mercury within 

the plant roots to levels higher than those found in the sediments. An examination of mercury 
accumulation  within tbe vascular  plant  components  and  associated sediments on the Squamish 
r i v a  estuary [Moody and Moody 19851 showcd that  although mercury kvcls were not being 
concentrated to levels gnatex than those found in the sediments, mercury was accumulated to 
different degrces m the various plant -am. 7berc was also an indication that the plants rmght be 
pumping mercury from d e e p  hycrs in the substrate to the marsh eurfac+. This process would 
occur wbcn mury was a b d d  at the m o t  a d  rhiLomt depth, translocated to the aboveground 
comgonents and fmally deposited on tbe marsh surfact as the abovtgrouad  tissues were broken 
d o w n .  Studits of S p w t i ~  denifom on tbe Atlantic seaboafd have r c v d o d  that this species is 
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capable ofnmoving hcavy metals h m  sediments and also of moving those metals into the coastal 

waters through txpox~ of the dead grass. 

In 1987 AIM Ecological Consultants Ltd. undertook an investigation 'of toxic  chemical 
accumulation within the vascular plants of tbe Frascr River Estuary. The study was funded by 
Supply and Services can ad^ in conjunction with Environment Canada, Conservation and 
Protection. The objectives of the study were  to  determine  which chemicals were being 
accumulated by the vegetation and to what degree. We &o eought to determine differences in 
accumulation between plant species and between various locations in tbe estuary. The study also 
amsidered tbe possibility of using vascular plants as i n d i c a t o r s  of environmental quality. 
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2. BACKGROUND 

Metal concentrations in estuarine waters are usually  derived from riverine s o u r c e s .  The Fraser 
River estuary is sunvunded by highly urbanized and indu-4 areas, whicb discharge effluent 
iato tbe river m d  estuary. Industrial murw of contaminants are: pulp, p p e r  and lumber mills, 

woad treatment plants,  ccme.nt plants, metal finishing and fabricating  plants,  landfill  leachates, 
sewage treabnent plants and stormwater discharges. 

Elevated  levels of metals bave been found in the vicinity of the lona Island sewage treatment plant. 
Lead and zinc levels arc higb in the North Arm due to industrial  input and stormwater discharges. 
Crabs collected in the Fraser River estuary have been found to have  elevated  levels of mercury and 
capper and frsh occasionally e x 4  the Health and  Welfare Canada guidelines for m e r u r y .  PCBs 
have  been  detected at low  levels  throughout  the  sediments  of  the Fraser River  estuary and 
chlorinated  phenols  have b e e 1 1  a s s o c i a t e d  with tbe sediments and biota adjacent to wood  treatment 
plants. 

CBLORINATED PHENOLS 
Pentachlorophenol [PCP) and tetrachloropbenol m] are used for wood treatment. The 
Fraser estuary area ~ o n t a j i n s  some 20 wood treatment plants in addition to 13 pulp, paper 
and  lumber mills. PCP is tbe m o s t  envitonmentally persistent form and may cause both 
acute and chronic  effects. Acutely toxic  levels of sodium pentachlorophenate in fish, 
especially salmon have ranged fium 0.03-0.3 mg/l [Sa hr LCSO]. Chronic effects have 
been detected at 1/20 the macentration of the LC 50 values. PCP bas b a n  shown to dTect 

growth and food conversion  efficiency in salmon at concentration as lou as 0.00174 mg/l 
[Garret t  19821. 

POLYCHLORINATED BIPHENYLS [PCBs] 

PCB8 are toxic to almost all  ani isms and accumulate in aquatic organiems at high 
concentrations. Invertebrates arc particularly sensitive during their molting period. 

Bioassay results have pruductd LC50 tests as low as 3 mg/l far grass shrimp. 
to 1.0 pg/l or greater has bexx shown to decrease the population of arthropods, amphipods, 
bryozoans, crabs and molluscs. PCBs bave been shown to inhibit growth in 
phytoplrrnkton aod aquatic plants [Gamtt 19821. 
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METALS 

Cedmium M used in electroplating aod tbe coating of metal products and p r b ,  for pigments 
in paints, and as a contaminant in phosphate fcrtiliLcr. It is considered  one of most toxic 
metals to aquatic  organisms; salmon are  particularly  sensitive.  Sublethal  effects  are 
d d  fecundity,  reproductive h p i r m e n t  and reduced survival of young. Larval and 
juvenile  stages of aquatic  invertebrates are more susceptible to toxic  effects of cadmium 
than ddk. 

Copper is used for pesticides,  pigments, catalysts, p a i n t  additives and  in the electrical 
industry. It is an essential  element for plants and animals but high levels can be toxic. In 
plants, copper deficiency i s  identified at 3-5 ppm, n o d  range is 5-15 ppm. Although 
levels  above 20 ppm are considered excess [depending on the Fe-Cu ratio], high levels  of 
copper are well t o l e r a t e d  by many kn-estrial plants busenbuiller 1972). 

Lead is used for  electric  storage batteries, paint  additives,  gasoline  additive, lead shot, 
metal plating etc. Its toxicity  somewhat  lower than zinc. Various invertebrate p i e s  are 

sensitive to lead, and chronic  exposure to levels as low as 0.0076 mg/l caused spinal 
curvature aad tail blackening in rainbow trout [Garrsst  19821. 

A major producer of mercury is the  chlor-alkali  industry.  Mercury is also contained in 
electrical equipmenf pesticides, pints, dental amalgams etc. Mercury QLD be biomagdied 
thrwgb the food chain and a m v d  to a highly toxic metbyzated f m .  Juvenile stages of 
aquatic mvcrtebratcs arc gcncrally more susaptiblc tban addk. Mercury is charactcrincd 

by a lcmg retention time in tissues. 

Zinc is used in galvanizing, paints, plastics, rubber etc. It is an essential micronutrient for 
plants and a  lack of zinc in the soil causes intaveinal chlorosis and stunting of growth. 
The n o d  range of zinc in soils is considered to be 200500 ppm. Levels of 15 ppm are 
considered  deficient for plant pwtb and 200-500 ppm is considered excess. " b e  effects 
of cxctss zinc are considered rare in t e m d  plants [Hausenbuiller 1972). Zinc is 
considered essential in animals far thc synthesis of protein and carbobydratc m e t a b o l i s m .  

levels are toxic and have been related to problems such as tbe destmctioa of fish gills. 
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ECOSYSTEM INTERACTIONS 
Tbe primary pathway  for exposure of animals to high levels of trace elements is often by 
ingestion of plant m a t e d .  B b s a y s  of invertebrates and fish to determine lethal doses of 
ha mctals ar oshcr cootaminants arc conducted by using known quantities of‘ contaminant 
in the water c o l u m n .  However, many of the organisms rely on the  breakdown of marsh  
vegetation,  detritus, for their food. Although the levels of contaminants in the water 

column may be very bw, in some cases these contaminants are concentrat4d to high levels 
by  the plants.  Tbese high levels of contaminants are tben passed on through the food 
cbain. To date  we  have had a poor understanding of which species of plants are capable of 
biomagnifkation,  whicb elements are concentrated and to what degree. Even though high 
levels of a metal may be tolerated or a b 6 o W  by a plant,  the amsumas of the  vegetation 
may be placed at risk through ingestion of high mtal lcvels contained in the plant. 

The plants may also have a useful purpose as indicators of environmental  quality. ” An 
indicator organism should fulfil the following requirements, among others: be of 
rcasonablc size, be sedentary, be easily collectable and be abundant in the study arca 
lphillips 19801. 

Plants have been referred to as “living filters of trace elements flowing througb the cstwy”  
bgsdale  and Thorhaug 19803. The  large  expanse of marshes in the intertidal area, and 
the  density of plants in them provides a huge  surface area for cbemical  element  cycling. 
Plant cell walls and membranes allow a flux of trace elements in and out of plant tissues. 

’ h e  physiology of individual species may lead tu active uptake and accumulation of tram 
clancnts. 

TRACE METAL ACCUMULATION BY PLANTS 

Trace metal uptake by a plant is influenced: externally by pH, redox potential and the 

organic content of tbe sediment and interndy by stage of growth, nutrient availability and 
oxygen  supply to belowground organs lDrifmeyer and Redd 19811. In general, a lower 
pH, oxidizing conditions, lower organic matter and clay content make metals increasingly 
availabk for uptake by plants. MacTonutriemt and metal interactions haw bccn identified as 
important in m e  cases pecftink et. al. 19821. Under tbe strong reducing  conditions 
a ~ y p r e s t n t i n a ~ , l a r g e p o R i o n s a f m e t a l s m a y b e r e t a i n e d i n t h e o c d i m e n t m t h e  
form of ineoluble metal sulfidee [Giblin et. d. 19801. Large amounts of metale may be 
ded in high mush  arcas due to strong reducing conditions. Low marsh arras may low 
metals due to the pea& frequency  and duration of innundation compared to tbe hi@ 
marsh. 



The  capacity of cacb plant  species to accumulate metals in its tissues is  determined 
genetically and varies for different metals. Substantial amounts of Cd,  and Zn m a y  be 

mobilized from the  sediment and taken up by biota, whereas  Fe  and Pb are often retained 
in forms  unavailable  to  plants  or  animals  [Giblin et. al. 19801. Lead is not easily 
translocatable  and is therefore not accumulated in aboveground  tissues. A lack of 
ccarelation between levels of Pb, Fe and h4n in sediment and the grasses has been reported 

by  various i n v t s t i g a ~  [T)unstan and Windom 1975, Lee et al. 1976, Giblin et. al .  19801. 
It bas been reported that 98% of the lead entering the marsh remained m situ, whereas 33% 
of the cadmium was taken up  by  the  vegetation  et al. 19763. Annual species and short 
lived pcrcnnials have been reported to accumulate more cadmium than long-lived grasses  

lBeeftinli et. al. 19821. !Seasonal changes eppeared to be stronger with cadmium than with 
the other metals. Cadmium showed  reduced  levels in living plants and  was  rapidly lost 
h plant litter late in the: year through leaching  by sea water [Giblin et al1980, Beeftink 
tt. d. 19821 

Metal  uptake  by  plants  varies  highly in magnitude between species and  generally increases 
with increasing metal content of the soil -eyer  and Odum 19751. Generally,  tbe mots 
and rhizomes reflect much higher levels of trace metals than do  the  above  ground o r g a n s  

mgsdale and Tborhaug 19801. Some  metals [Cr,Pb, Hg] are much more concentrated in 
tbe roots than in leaves or stems while others [As, Cd,  Cu, Nil can be readily t m q x n ~ !  
from the roots to the tops of  plants b s t  1974, Peterson 1975, Pileg4 1978, Ragsdale 
and  Thorbaug 1980, Bretelcr  et al. 19811. Although all plant parts of Spartinu have k n  
found to increase in Hg as tbe sediment  levels rise, the  differential concentration between 
foots and other parts suggests presence of blocking mechanism [Breteler  et al 1981 1. 
Heavy metals  may be taken up along with nutrients,  inactivated  by  the  plants, sbsorbed 
and finally accumulated in plant  tissue matre et. al. 19801. Species which are able to 
accumulate metals without internal damage will tolerate higher levels of environmental 
am tamimtim and may therefore have a competitive d g e  in coataminatad habitats. 

In general it bas been found  that  metals are associated  with  organic materids in marsh 
sediments [Lindberg et a l .  19751. However, Beeftink et al. (19821 found  that atl metals 
with  the  exception of cadmium showed better correlations with clay tban with Poc content 
Clay-metal conelations were  highly signifhnt for Ni, Cu, and Pb [Beeftink et aL 19821. 
Significant correlations for Cd corresponded to its low clay-matrix  bonding and high 
exchangeability [Dum et al. 1975, Beeftink CI al. 19821. "be higks! Evels of merclpy 
bave been found to accumulate in light textured soils with low organic content however, 
mercury in sediments bas also been strongly associated with €'OM, and the decomposition 
of vegetation produces detrital material rick in Hg than tbe ariginal live  plants [Brekler et 
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al. 19811. The accumulation of Hg in sediments may result fiom adsorption and 
dimentation of  suspended matter and the precipitates may Hg to the  sediments after 
co-precipitation or adsorption by hydroxides.  Adsorption can  be influenced by ionic 
strength thus causing the  adsorption process to change throughout an estuary system as the 
salt water influence  changes [Reimers & Krcnkel 19741. Cranston [1976] found that 
mercury levels  were higher in portions of the eshu~y which  were s i f l m t l y  influenced 
by salt water  and  where tbe diments amtained higber bvels of  mganic &. 

Marsh grasses [Sportinu spp. J which occur widely on the eastern coasts of the  United 
States and Canada are noted for  selective  ion  uptake, high internal osmotic pressure, and 
ion-specific  removal mechanisms [Epstein 1969, Waisel, 1972, Smart and Barko 19781. 
Studies  undertaken witb spar ti^ spp. have shown varying results. No correlation  was 
found to exist between between heavy metal  concentrations in Spartinu tissues and 
concentrations in sediment or waters fiom 6 different  estuaries in the eastern U.S. "he 

metal  concentrations in plant tissues were low compared to those  of  sediments and water. 
However, tbe early  life stages of  the plants were most significantly affected by metal kvels. 
Germination of Spartinu was found to be inhibited by  methyl mercury but not by other 
metals], whereas reedling toxicities were attributed to copper, lead and methyl  mercury 
concentrations Wstan and Wiodom 19751. 

In a study in Europe, Beeftink et al. [1982] found  that spar ti^ was able to tolerate 
concentrations  of  heavy metals several times the  average  background  concentration. " b e  

range of metals found in Spurtino was quite narrow in comparison to the  range  for each 
metal in the  water  and marsh sediment. It was  concluded  that either Spcarino was 
"saturated"  in its tissue concentration of heavy metals or that by 6omc mechanism it was 
able to control metal levels m its tissues. The ratio of metal m plant to mctal m sediment 
was  cloee to 1 for most me&&, with the  exception of mercury which was up to 4 t i m e s  that 
found in sediments. 
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Various hypotheses have b a n  suggested fm tbe variability in metal accumulation. 

i] Organic andlor inaaganic  cbelating  compkxes m tbe substrate may influence 

ii] Differences m mdal tolerance between spxies may influena tbeir ability to 

iii] Antagonistic  effects [ea. between Cd and Zn] in the  uptake and internal 
transport of metals may influem metal concentration m the  plant [Beeftink 
d aL 19821. 

iv] Specific  element  tolerance in plants may confirm or refute common 
physiological mechanisms of tolerance for these metals [Cox  and 
Hutchinson 1979, b t  19741. 

v] The concentration of metals within a plant is genetically  determined 
eccording to species [Mhatre et aL 1980 , Aulio and Salin 19821. 

the ion cmccntration available to the  plants [Jensen et. al. 19741. . 

store metals pGmb& 19801. 

Ragsdale and Tborhaug  [1980], in tbcir syntbcsis of trace metal cycling concluded that Mn 
and Fe are generally  present in the  highest quantities within the  plants [for sedge - 341 and 
2,400 pprn respectively].  Present in moderate amounts are Copper [lo ppm], Pb [97 
ppm], and Zn [45 ppm].  Cadmium and mercury wen determined to be present in the 

lowest  quantities. However, all of tbesc concentrations reflected the availability of the 

metals within the  sediments.  The only metals to be  bioamplified  were Cd and Hg 
mgsdale and Thorhaug 1980, Beeftink et. al. 19821. In contrast, Gallagber and  Kibby 
investigating Carex kyngbyei concluded  that plants grown in substrates contaminated witb 
Cd did  not  have  significantly  higher  levels  of Cd than in n o d  soils. They statal that 
either the  plants  did  not  have  the  ability to absorb Cd or it was not in an available form. 
Gallagha and Kibby  do  not  provide any growth results in their pape~ but it is interesting to 
note that all of the sedges grown in dredge  materials [which contained high levels of 
contaminants] had lower  levels  of contaminants than those pwn in tbe uncontaminated 
eoils. It may be possible that the intcractims with other contaminants in the  dredge matraial 
reduced the  availability of Cd to the  plant. "he bioavailability of dissolved Cd was found 
to be suppressed  when kvels of Zn and Mn were high Pman 19851. In Spartinu 
dtemjrlom Cd uptake was reduced at elevated Cd conceatrations m dredged material and 
zinc was identified as a complicating factoa d at 19781. 

Results of wwtb experiments with various concentrations of Cd on busb beans revealed a 
rignifiurnt dccrurst in yield at highcr concentrations of Cd but a &"tic incrcasc in the 

plant  concentration of Cd as the concentration in the culture solution was increased. 
Despite washings of tbe mts with 0.1 N HCI to remove Cd adsorbed onto roots, most of 
the Cd wm associated with tbe roots rather &an stems and leaves [Wallace and R m e y  
19771. It bas also bccn shown that uptake of Cd by rice was increased as the ndox 
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potential ind to modcrately oxidized a m d i t i o n s .  This uptake was enhanced by acidic 

soils meddy  and Patrick 19771. Even under aaobic soil c~oditims and altaline pH  values 
Cd mobility  could be unexpectedly high as Mn oxides btcome mobilized @%ser and El 
Bassan, 19811. 

A lack of cOrrelatiOn between levels of Pb, Fe and Mn in sediment and tbe grasses has been 
reported by various investigators Dunstan and Windom 19751. h n  can become 
unavailable  when there is an excess of cornper or  manganese (or vay low  level of Mn]. k, 
M n ,  2% and Cu arc rapidly  irnmobilizad  by the soil, in particular  Fe is noted for rapid 
conversion  to  compounds of low availability  [Hausenbuiller 19721. "Interactions of Fe 
with Cu and Mn, and sometimes with Zn, appear to be physiological in nature.  They 
r e f l e c t  the joint participation of these nutrients in some of the same biochemical  systems, 
the proper functioning of which depends on tbc relative Propartons of each of tbc nutrients 
present"  mausenbuiller 19721. If the soils are Mn deficient,  Fe  converts to its oxidized 
f a m  thus reducing mobility m plant.  However, if the mils are h4n abuodant, Mn o c c u p i e s  

Fe position in plant  system  without taking over its normal physiological function. Zn and 
Fe  deficiencies  have b e e n  associated with heavy application of P fertiliLcrs, and  Fe 
deficiencies  have been associated with excess Cu in soil WausenbuiUer 19721. Excess 
iron has been  implicated as a factor in  preventing  nutrient transport into plants in 
waterlogged mile. Tbe roots m y  bme coated with an iron oxi& layer which m y  beve 

caused pbosphorous,  potassium,  calcium and magnesium  deficiencies  [Howcler 19731. 
However,  tbe iron layer  may also be beneficial in protecting mots h m  sulfide  toxicities 
[Amstrong and Boatman 1%q. 

Lcad has been found to accumulate in large quantities in roots of bush beans with vcry little 
translocation to shoots whereas iron, copper and  cadmium, although concentrated in the 

roots, is also transported to tbe shoots [Wallace and Romney 19771. Zinc sppurrs to be 
evenly  distributed  throughout tbe plant. The studies with bush beans ident i fd  Cd in 
association with roots, with little translocation to sbook, bu t  other studies have s h m  that 
the transfer  of Cd fiom roots to shoots in other s p e c i e s  may be considerably p t e r  [John 
1972 and Pettersson 1975 cited in Wallace and Romney 19771. One of tbe factors 
affecting correlations between metal levels in sediment and plants is the b e  specific 
difference in metal uptake and transport towards tbe shoots of tbe plants. A lack of 
correlation was found between mdal levels in sediments and plants, with the exception of 
Cd which showed inad accumulation in many plant  species sampled from higher 
oontaminated RyuBbes [Baeftink et. aL 19821. The CY scarmulation was paTtiany sttn'butcd 

to thc fact  that cd is adsarhcd mainly m cxchangcabk p i t i o n s  in marine scdkk. 'Ibcy 
also found tbat ~ ~ u a l s  and sbort-livad ~ n n i e l n  ac~~mulatcd h@~m l ~ v t l s  Of Cd than the 
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lmg-lived species. Tbe study concluded that tbe mjor plant groups displayed three rnain 
@ways of translocation: 

Artemesia-Aster group - high cd, c u  
FeeWnglochin - high Hg, Ni and Pb, 

At+kx/spartina -rclah’v~ly bw C O O C C O ~ ~ ~ ~ ~ C X I  ofd m t h t l s .  

MECHANISM OF ACCUMULATIOIS IN THE PLANT 

Plants may  absorb me& directly from the air, fn>m flooding water, m from sediments 
deposited  directly on leaves and etems of the plant. Most studies of emergent plants have 
suggested t b a ~  the prinary source of metals is h m  tbe substrate, with the exception of lead 
which  may be absorbed in significant amounts through the stomata 

Algae appear to absorb mercury directly from the water column and Wh 1986). 
Mangrove studies  showed that trace elements  were  accumulated quickly in submerged 
leaves and  more  gradually through the roots [Ragsdale and  Thorhaug 19801. Water 
hyacinth, a h e  floating aquatic, essentially grows hydmponically, taking up metals from 
the solution. Increasing the root mass of the p h t  iocreases coppea uptake. As the amount  
of free copper in solution decreases, the amount of copper removed from solution by  the 
plant ckcmses [Lee and ltiardy 19873. 

Zinc content in eelgrass is derived from the ambient water for  the aboveground parts and 
interstitial  water in belowground parts, but  translocation is insignificant  [Lyngbyei et al. 

19821. In the tmpical sqrass, Thahsia, the cooccntration of zinc was detmnined to be at 
tbc lcaf tip ratbcr tban at tbc base [Rand 19801. Coaantrstions of kad,  zinc and cupper, m 
eelgrass  reflected sediment levels wbereas cadmium concentrations reflected wata kvels 
[Lyngbyci  and Brix 19821. Cadmium appears to be translocated from the leaves to the 

root-rhizomes of eelgrass, but not in tbe opposite direction [Brix d. al. 19831. Therefore, 
the concentrations in the aboveground parts and the belowground parts of eelgrass may 
pvide a guide for  the bioavailab~ty of CeRain tract mctals in the  ambient and interstitial 
water, but for otha metals, translocation in tbe  plant m y  be mahe ;mpaitant. As eelgrass 
above and belowground parts have Sbcnt lifespans 155-83  days and 193 days respectively, 
Jacobs 1979, Sand-Jensen 1979, &e trace metal concentration in tbc plants rcpresenk 
bioavailabilrty in a relatively short paiod. 

Sediments ovalain by shallow water are characterized by a thin [a few mm to a few an in 
depth], surfaceoxidized horizon ovalying a thick, reduced borizoa. Tbe nutrient and trace 
metal exchange  which takes place in this zone is similar to that of oxidized soils. The 
surfacc-oxidized boriun may serve as a barrier to phospboroas movemtnt fran sediments 
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to the watcr column and may also d u e  levels of pesticides and tram metals in the water 
[Gambrell and Patrick 191. Pellenbarg [I9841 concluded  that  there  was a metal-rich 
microlayer on the marsh surface whicb was distributed with tidal water movements into 
litter covered areas, thus enriching the litter with metals .  

Trace element ions may be adsorbed onto the  plant surfaces or onto particulate material in 
the water or sediment s&. Tbose ions which do not fix or chemically precipitate may 
remain in tbe  water column and be lost from the estuary with outgoing tides. Elements 
attached to particulates may be deposited on the sediment or the plant surfaces or may 
remain suspended in the water column where, again, they  may be lost fiom the estuary. 

The  plant community may filter elements  surficially or internally [cellular absorption], 
Surface sdeorbed elementw m y  reenter the water over a d v e l y  sbort time epan due to the 

changing chemical  gradients of estuarine water.  Tbese  elements  may  alternatively  be 
moved across the cell wall and membranes into the plant  tissue.  Although  the  absorbed 
elements may  be  leached h m  the  plant, it is more likely  that  they reenter the  estuarine 
system as the  plant  tissue  decays at the  end of the growing season. Plants  exchange  trace 
elements both with sediment and  water  and  may act as a pump or diffusion  straw  when 
high concentration g r a d i e n t s  occur. The  plant roots absorb  elements  from interstitial water 
which  may  be  stored in the root, translocated to the  aboveground  organs or to the 
rhizomes. While  subject to tidal flooding  the stems and  leaves  may absorb trace elements 
d d y  fjurn the watcr and epiphytic  biota  may incrcax the plant surface area significantly 
b d  19801. The  plants  which  inhabit  litter-enriched high marsh areas may translocate a 
greater amount of metals than those growing where plant debris are removed by tidal action 
peefiink et al. 1982). 

G e d y ,  trace element c o ~ ~ e ~ t r a t i o ~  is increased in standing  biomass of dead plants and 
also in plant detritus. Tbe decay of intact plant m e m b s  apparently in- the cbarge- 

unsaturated organic d a m s ,  dowing an increase in trace clement concentdim 011 and in 
plant tissue. Adsorption of mctaEcnrichcd organic substanas occurs during tidal flooding 
of the m h  surface pretelcr and Teal 198 I]. Active  metabolism of microorganimns may 
also incrutse trace element  concentration in dead plant tissue. Concentrations of Hg, Zn, 
Cu and Fe in litter of Spurfino in- pportimately with the ltagtb of time the litter is 
cxposcd to the marsh surface. Trace mebd enrichment m ageing spcptina dcpcnds on the 
extent to which tbe sorbed metal complexes are beld by tbe litter [Brctclcr d al. 1981b). 

Concentrations of Cd, Cr and Mn in live  plants  have been found to change throughout the 
growing w o n .  However, concentrations of Pb, Zn, Cu, and Fe remain rtlatively 
constant [Rand 19801. On the der hand, Kavetskiy et al. [I9841 found that during thc 
vegetative period, levels of Hg and Pb decreased in water but increased in plants, they 
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concluded all of the  beavy metals [Hg, Pb, Zn, and CUI were  accumulated in aquatic 
plants. A coacentration of most trace metals was found to occur st the end  of  the growing 
season when the plants tuxxne senescent [Drifmeyer and Redd 1981 1. Fe, sad Cu were in 
greatest  concentration at the end of the  growing ~eason. Cd concentration  increased 
through part of the growing period and then daAined coatinually through the  standing dead 
litter stage m d  19801  probably as a result of leaching  by sea water  [Giblin  et al 19801. 
The  loss  of  metals is promoted by dissolved  complexants, to which Cd and Zn become 
easily bound [Long and ALngino 19771.  Elevated  levels  of Cu and Pb have been found in 
Spcplinu litter [Giblin et d. 19801  which may indicate an ability by spcprinu to accumulate 
large amounts of metals ,  at  least  temporarily [Beeftink et al. 19821. Consistently higher 
concentrations of metals found in dead plant material than live  have  been  attributed to the 
fact that the dead tissues may be more porous and interstitial spaces may be contaminated 

with sediment [ G a l l a g h e r  and Kibby 19801.  The porous structure may provide surfaces for 
adsorption  of  ions  while  decomposition may be removing other  components. In addition 
the microbial population of detritus may  contribute to the  precipitation of metals [Rand 
19801.  The  lowest metal values were  found in s u m .  "%e  dilution 865ociBtcd with  rapid 
spring and summer growtb was considered a possible  explanation for this phenomenon 
[ G a l l a g h e r  and Kibby  19801. 

EFFECTS OF CONTAMINANTS ON THE PLANT 

Long-term pollution by heavy metals can be toxic to a variety  of spec ies .  The  toxicity can 
result in: population  changes  [Eevouring tolerant species]; evolution of metal-tolerances; or, 
eublethal effects manifesting  themeelves by  lower growth rates, lower  reproductive 
capacity or otbcr characteristic  toxic  symptoms  [Beeftink et al. 19821. The addition of 
heavy metals to a hydroponic growth solution in sorne s p e c i e s  suppressed the yield of plant 
tops,Iootsandrhiu>mes;reducadtbenumberoflive~~numberofneweterrrs;and 
suppressed the height  of  plant bps for various marsh specie8 [Lee et nl. 19761. In other 

cases, plants  did not show MY uptake of huwy mctsls [Lcc et al. 19761. The results of 
this study should be interpreted with caution as the plants were transplanted from field 
conditions into tbe lab and  the  researchers admit there may have been problems with 
transplant shock. In a different study, yields of most  vegetables  except tomatoes and 
equasb were una& by applied digested  sewage  sludge [GiordaDo ~d Mays 19771. 
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BETWEEN SPECIES VARIABILITY 

The  accumulation of metals within plants  appears to be specific to the metal and to  the 
s p c c i c s  of  plant. Evcn within a genus then: arc dramatic differences in the selective uptake 
of contaminants.  Five  species of pondweeds [Pofamogefon spp.] tested fim a uniform 
environment,  showed  &at the amount of uptake was species sptcifc and no relationship 
was found among lifeforms.  The high concentrations  found in the  plants reflected the 
highly  contaminated  environment [Aulio and  Salin 19821. In contrast Dunstan and 
Windom [ 19751 found DO correlation between heavy metal concentration in S p d ~  tissue 
and in the concentration of sediment or waters from 6 different estuaries. The 
concentration of metals was low compared to that of the  sediment and water.  They 
concluded that the metal mctntratim in  the p h k  was  either saturated or amtrolled by the 

Plant 

NUTRIENT  FACTORS 

Mendelssohn [1979] indicated  tbat  nitrogen  fertilization  of Spnrtinu may overcome  the 
effects of stress.  Nitrate  concentrations in  the tall zone of Spmtina were sigxScantly 
greater than thoee  ,of the shorter forme. Root and  leaf  nitrate concentrations in general 
showed higher  concentrations in the tall form. Seasonal changes in led tissue 
concentrations were similar between forms with late  winter concentrations high,  dmeasing 
inMarchafterspringgro~begananddecreasinggraduallytoaminimummtbefall. The 
field  concentrations  were very small compared to that  which  the plants  were  shown to be 
capable of absorbing in the lab.  Absolute  concentrations  available to the  plants were 
relatively low  therefore it was assumed  that  nitrate  played  a minor role in the  nitrogen 
nutrition of SpmI". However, if nitrate is d e  available  the  plant  species may UM it. 
The major source of  interstitial  water  ammonium is the organic  detritus of  the marsh 
compounded by the  poor  drainage  in this  zone. Ammonium a p p n  to be the  dominant 
inorganic nitrogen source used by Spartinu. 

ORGANIC  CONTAMINANTS 

P C B s  have been shown to sccumuIate in aquatic biota  [Woodwell et al. 1%7]. However, 
very few studies  have been conducted to identify  the  role of plants in the  movement  of 
organic contaminants through the aquatic ecosystem. SF'M alrempm has bea~ found 
to bave  the the capacity far uptake,  translocation  and  accumulation of PCB's &om 
cootaminateddimeDts. Tbisproccssappearstobemodulatcdbytheplant~kdal. 
19821. Selectivity by the plant epptars to be for tbe lesser chlarinatad  components of tbc 
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[Mrozek  and  Leidy 198 1, Mrozek et al. 19821. Belowground plant component 
concentrations of PCB were  found to be an order  of  magnitude g r e a t e r  than soil samples 
m k  and Leidy 19811. The rate of PCB uptake was reduced  by  organic soil which also 
probably affects the potential total uptake wozek et aL 19821.  Accumulation of PCBs by 
S. dternifloru rcprcsents  a pokntial pathway  for the mobiliLation of sediment bound 
chlorinated hydnxarbns fran sediments into the estuarine food chain [Mrozek and Leidy 
1981, Mrozek d al. 19821. 

FOOD CHAIN EFFECTS 

b m p i n g  plant litter is in general considered highly  enriched with heavy metals .  This 
has been explained by 8 lower  turnover rate of metals as opposed to carbon [Tyler  19711. 
Metal-enriched substances may also be adsorbed to the senescent vegetation  during tidal 
flooding of the marsh surface  [Breteler  and Ted 19811 or through the aqutous surface 
microlayer pallenbarg 19781.  Therefore,  detritus retains metals which  have been largely 
extracted from marsh sediments. Following a pattern set by Windom  [1975]  the  average 
annual uptake  of metals through major marsh species can be calculated using average 
mcentratians of  leaves and stalks and the average rate of  production and assuming it to be 
coastant over the rnarsb environment.  Windom's calculations showed that if all the metals 
taken up by S. dternjclomr were releaeed to the water  column, there would probably be no 
mgnificant iocrcasc in mctal levels with the cxaptioo ofmcaarry.  

In e heavily Cd contaminated marsh, uptake occurred in marsh and aquatic  plants and all 
p i e s  of animals tested m e i p  and Hazen 19793.  The  distributions found in the tissues 
of plants and animals showed sipificant availability of cadmium to the biota despite its 

relative stability in sediments. Cd uptake by two filter-feeding mussles depended pnmarily 
on percent total sedimentary organic matter and the amounts of metal desorbed. Mercury 
uptake was dependent 00 amounts of ecid leachable metal and amounts of metal desorbed 
from  the sediment pretek and Saksa 19851. Altbougb bioma%nification  of mercury 6-om 
lower to higher trophic  levels, appeared not to be taking place overall, increases were 
occurring along several direct consumer routes Elliott and Griffiths [1986]. 
Biomagnification from seaweed to grazers represented a two fold increase [Bryan et al. 

19831. 
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3. JMETRODOLOGY 

The  objeztives of this study were to determine  levels of specflc contaminank in tbe  environment, 
both in the  water c o l u m n  and in the substrate,  and to relate  these to the  level of contaminants in 
various plant spccies. in order to mcct tbcsc objectives four sampling stations wcre established 
across the  Fraser estuary [Figure 3-1 1. The  northernmost station was at Musqueam marsh, 
adjacent to the North Arm of the Fraser River.  Two  stations  were  established on the foreshore 
marshes,  one  at  Richmond and the other at Reifel  Island. The fourth  station  was in the mainstem 
of tbc Fnrscr River at Woodward Island. 

3.1 Field Methods 
The  field studies. consisted of collection of water  samples, sediment samples and  plant 
components. The biomass as well as tbc phenological state of tbc plant wcrc evaluated at each of 
three sampling dates [September 1987, February 1988 and July 19881. Four species of plants 
[Carex lyngbyei, Scirpus validus, Scirpus rnaritimus, Scirpus mericanus ] were chosen for 
evaluation because they were among the most common species in the estuary and represented 

major contributions to the csfuarine food web. 

Water  samples w m  collected from wata flooding the marsh [whenever  possible]. In m e  cases 

pond water adjacent to the  sample  sites  was used. Replicate  samples,of abovepund vegetation 
were clrpped at each site. Replicak cores of belowpund vegetation  and  sedimenk were mllected 
within the same plots as the  aboveground  components. The plant samples were packed in food 
storage bags and refrigerated until processed.  Sample processing consisted  of washing all 
adhering sediment from plant components and in isolating the rhizomes fran the remainder of the 
belowground components. Fhccssed samples wcfc rcfiigcratal and transferred to the laboratory 

for analyses. S e d i m e n t  samples were collected from tbe centre of the cures and stored in glass jars 
for laboratory analysis. 

Two species of phts,  C m  Zyngbyei and Scirpus validus were germinated from d collected 
at tbe sampling sites and c u l t u r e d  hydroponically in a p e a t  and vennicullite subssate far 4 months. 
As the cultured plants reached maturity, contaminants  were iotroducad into the nutrient solution. 
Samples of nutrient  solution and bo& above  and  belowground  plant  components were sampled 
periodically to determine uptake of  contaminants. Specimens of greenhouse grown plank were 

transferred to each of the sampling sits in May 1988 and collected in July 1988 to determine 

w e .  
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F'igUm 3-1: Toxic Chemical Sampling Sites in the Fmser River Estuary. 
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Tbe zaboratory analyses undertaken included tbe following: 

3.2 bboratoc  Methods 

Water 

Conventional Parametens and Metals 
Analyzed in accordance with  "Standard  Methods for the  Examination of Water  and 
wastewater" published by  the Amaican Public Health Association, 1985. 

Polychlorinated Biphenyls 
The  samples  were  analysed in accordance with U.S. EPA Method 608. This procedure 
involves the extraction of the sample witb dichloromethane [DCM] followed by c o l u m n  
chromatography cleanup. The concentrated extract is then  analysed using a gas 

chromatograph equipped with an electron capture detector [ECD]. 

Chlorinated Pbenols 
The samples were analysed using the prcx;tdure outline m U.S. EPA Method 604 (40 CFR 
Part 136, 19841 with additional clean-up of the sample by ionexchange chromatography. 
"be resulting extract was analysed by gas chromatograpby with electron capture detection. 

Sediment 
Samples were analysed using procedures  acceptable to regulatory agencies  including 
appropriate quality control measures. After homogenizing the  sediment, representative 
aliquots were removed for  analysis as follows: 

Moistum 
Determined gravimetrically after drying tbe sample for 12 born at 103OC. 
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Metals 
Subsamples  were digested using a combination of  nitric and hydrochloric  acids  then bulked 
to volume  with  deionized-distilled  water. Copper, cadmium, lead and zinc were 
determined in the extract by direct flame Stomic  absorption  spectrophotometry [AAS].  
Mmury was dctcrmincd in tbc a h a c t  by cold vapoar M S .  

Chlorinated  Phenols 
A representative &n of each sample was extracted using a modification of the procedure 
given in the  Puget  Sound IRotocols. This procedure involves the soxhlet extraction of the 

sample with acidified bexandacetone  followed by solvent partitioning. Tbe crude  extract 
is tben c l d u p  using Sephedex QAEi-A25 ion  exchange resin. Tbe resulting extracts tm 
derivatized using acetic  anhydride  and  analysed by gas chromatography with electron 
capture &tcction. 

Polychlorinated  Bipbenyls 
The  sarnples  were  extracted using acetonitrile. The  extract  was transferred to a separatory 
f!unnel and back extracted into hexane. After florid ooh chromatography  cleanup and 
sulfur removal  the  samples were analysed by gas chromatography with an electron capture 
detector. 

Plants 
Samples  were  analysed using procedures acceptable to regulatory agencies  including 
appropriate quality control m c ~ s u ~ t s .  P l a n t  tissue samples were bomogcnizcd using a 

blender and a Tissuemiza. Representative &quo@ were ranova! for analysis as follows: 

Biomass 

Determinad gravimetrically after drying tbe sample for 12 burs at 103" C. 

Metals 
Representative aliquots of tissue were bomogenizad and digested  using  a  combination of 
nitric  and perchloric acids. Capper, cadmium, kad and zinc were analysed  by  graphite 
furnace atomic absorption equipped with automatic background correction. Mercury was 
determined in the cxtmct by cold  vapour  stomic dmxption s p e c s a p b o t ~  [ M S ] .  
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Chlorinated Phenols 

A representative pOcfion of each sample was extracted using a  modification of the procedure 
given in the  Puget sound ~rotocols .  TLS proctdure involves the s o x h l c t  extraction of the 
sample with acidified hexanJacetont followed by solvent partitioning. Tbe crude  extract 
is tben cleaned-up using Scphadex QAEA25 ion exchange resin. “be nsulting extracts are 

ckrivatized using acetic anhydride and ~ a l y s c d  by gas chromatography with electron 
capture detection. 

Polychlorinated Bipbenyls 

The samples were extracted using acetonitrik. The extract was transferred to a scparatory 
funml, back extracted into bexane, and furtber partitioned to remove bids .  After florisil 
column chromatography cleanup and sulfur removal  the  samples were analysed by gas 
chromatography with an electron  capture detector. 

Total Kjeldahl Nitrogen 

Tbe samples were analysed in Bccordance with Method 2.055 of tbe Association of Offkial 
Analytical Chemists, 1984. 
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4. RESULTS AND DISCUSSION 

4.1 SEDIMENTS 
4.1. I Mcan Levels of Coataminants 

Zinc was found at the h i g h e s t  concentration of all the elements sampled. Copper and lead showed 
tbe next highest concentrations [Table 4.1.1-1 1. Tbe  average levels are provided  above in order to 

place tbe Frrrsea River CStuary in perspective with other cstuarics. 

Table 4.1.1-1: Avaage: Sediment Contaminant Levels bs/sl 
Pb Zn PCB PCP TCP I 

I Mumuearn 0.26 0.074  50.41 29.36 113.3 0.013 0.004  0.007 I 
I Reifel 0.26 0.064 49.53  13.48  103.0 0.007 0.002 0.004 1 
I Richmond 0.23  0.073  48.63 18.12 112.3 0.004 0.004 0.017 I 
I W d w a r d  0.31 0.057 44.73 11.07 97.4 0.007 0.002 0.004 I 
I*-GE 0.26 0.067 48.33 18.00 106.5 0.008  0.003 0.008 I 
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Cadmium 
"be  highest levels of cadmium sampled were from a Scirpus validus ~taod in the  Musqueam 
marsh in September [0.5 ppm] However, on average, Woodward Island had the highest 
cedmium levels of the s t a t i o n s  sampled. Avaage values of cadmium ranged h m  a low of 0.22 
at Richmond to B high of 0.31 at Woodward Island. 

Figurp 4.1.1-1: Variation in Cadmium Concentration According to  Site 
Avemged  Over Three Dates [is.d] 

, 1 

WOODSED  REIFSED RIO.1-SED HUSQ-SED 
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Copper 

Average copper levels increased from south to north. The lowts ;t leveb were  detected at 

Woodward Island and the  highest levels at Musqueam Marsh. Copper values  declined slightly 
from nartb to south with Muqueam having the highest values and Woodward Island the lowest. 
"be range of copper in the e e d k n t s  would be considered excessive for plant growth in terrestrial 

plants W o p p m ) .  

Figure 4.1.1-2: Copper Levels Detected in Sediments According to Site 
[average of 3 dates] 

70.0 I 

60.0 

50.0 

40.0 
P9'9 

30.0 

20.0 

10.0 

0.0 



23 

Average lead values  declined fmm north to south. The levels of lead sampled at Musqueam Marsh 
were a l m o s t  two times that olf the  other sampling locations. Woodward Island bad the lowest 
b e l s  sampled. 

Zinc 

Zinc levels  were the highest of all the metals sampled with a distribution pettern similar to that of 
kad. 

Figure 4.1.1-3: Copper, h a d  and Zinc Levels  Detected in Sediments 
(average of 3 dates]. 
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Mercury 

Mercury levels followed the  me pattern as lead and zinc with the h i g b e s t  levels being found at 
M u s q u m  mar& and &e lowcat levels at Woodward Island. 

F'igurp 4.1.1-4: Mercury Levels  Detected in Sediments  [average of 3 dates]. 
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ORGANICS 

The h i g h e s t  levels of organic contaminants wu-e detected in Musqucam marsh probably as a result 

of the  wood products industries rclated to the North arm. Thae was  one notable exception, that of 
high TCP levels detected on the Richmond foreshore. In contrast, the lowest levels of PCB's 
detected were from the Richmond foreshore which probably has tbe k t  riverioe influenoe. 

Figure 4.1.1-5: Organic Contuninants Detected in Sediments 
[average of 3 dates]. 
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4.1.2 Seasonal Variability 

Results of tbe field sampling have  revealed  considerable variation acfoss the estuary. For 
cadmium, the grcatfft M;aaonal cxtrcmes were seen at Mu4uurm marsh and tbc g r c a & e s t  uniformity 
at Woodward Island. Mercury results were highly variable between sampling dates, but far any 
givm sampling date, Woodward Island had the bwest kvels of Mercury m the sediment. Because 
of the high degree of variabikty, no trend was apparent in the mercury bels. In general terms lead 
levels reflected tbe same seasonal patterns at tach site 8s did the mercury kvels, possibly indicating 
sampling variability. M e n  averaged over time, the pattern followed that of Cu, Pb and Zn, with 
lowest kvels found at Woodward Island. 

Figure 4.1.2-1: Vuiation in  Sediment Cadmium Levels Over Time 
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figure 4.1.2-2: Variation in Sediment Lead Levels Over TEme. 

M-f 

Pd8 

" 

35 -. 

25 -. 

20 -. 

15 -- 

lo -- 

5 -. 

0 " 

Sep-87 

kt48 

JUl-88 

I 



. 
28 

Organics 

Seasonal changes were obeerved in PCB levels in the eediment. Although there were eignificant 
differences between tbc Stptcrnbcr and July sediment PCB levels, there was virtually no 
variability between sites at tbose dates. Tbe February sampling on the other hand showed a high 
degree of variability betwetn sites. 

F'igurp 4.1.2-3: Seasonal Change in  Sediment PCB Levels. 
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4.2 WATER 

Contaminant levels in the water rrampled were well within acceptable concentrations, and in m e  

cases wcrc below detection f i b .  No relationship was determined between the contaminant 
coocentrations in plants or sadimots and the water samples collected. 

The most consistent pH levels were at the Woodward Island station. Tbe general pattern appeared 
bobcalowcrpHinthcsummearandhilSherinthewintcr. 

Figurp 4.2-1: Seasonal pH Changes in Marsh Water. 
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The highest  salinities  were measured at Richmond, followed by Reifel and Musqueam. The 
seasonal effects reflected the low river flows in the fall and winter with high salinities. The lowest 
salinities were reuxded during July. 

Flgurp 4.2-2: Seasonal Salinity Changes in  Marsh Water. 
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The highest sulphate levels were &ad in the fall and winter. Musqutam Marsb (followed by 
Richmond) yielded  the highest sulphate levels in February. Reifel Island showed the most 
consistent sulphate kvels. 
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Figure 4.2-3: Seasonal Variation in Sulphate  Concentrations. 
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Nitrates were found at very low levels with the exception of a high reading at Richmond in July. 
Nitrite levels  similarly, were higbest m Richmond in July. 

FTgulp 4.2-4: Seasonal Concentrations of Nitrate and Nitrite in Marsh Water. 
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Total Wosphatc and Ortho-pbcsphate c o o c c n ~ o n s  wcre higher at the Reifel and Richmond locations 
than in the riverine locations. Ibe w e s t  MePbosphate ooncentrations were found in Richmond in 
July, whereas the &hest Total Phosphate concentrations occd at Rcifel Island in July. 

Figure 4.2-5: Seasonal Phosphate Concentations in Marsh Water. 
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Ammonia followed the same pttern as tbe other nutrients witb the h i g h e s t  coacu~trations occuring 

in the summer, and at Richmond. In contrast to the other sites, Musqutam showed a decline in 
unrmnia in July. 

mgum 4.2-6: Seasonal Ammonia Concentrations in  Marsh Water. 
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Table 4.2-1: SUMMARY OF WATER SAMPLE RESULTS 

[pH, Salinity, Nutrients] 

I Woodward Reifel  Richmond ' Musqueam I 
PH[@wl  7.67  7.51 7.23 7.61 I 
pHlMB81 8.24 7.57 7.69 7.67 I 
PHIM1881 7.27 6.94 7.31 7.31 I 
salinity[09/871 0.8 9.6 15.8 5.9 I 

,salinity[07/881 0.5 6.0 4.5 3.5 
Salinity[M/88 J 1.1  6.7  10.7  16.3 

l E 2 $ 2 -  339 
55 495 873 243 I 

1162 65 1 846 

Iortb0-p r o 9 m  0.03 0.047 0.034  0.074 I 
lortbep rmml 0.017  0.058 0.03 0.088 I 
IortbeP [07/881 0.018 0. M 0.15 0.06 J 
C ~ o t a l  P r o 9 m  0.1 0.42 0.37 0.17 I 
ITOtaI P r m 1  0.028 0.089 0.14 0.15 I 
I Total P 107/881  0.089 0.64 0.18 0.21 1 

I Nitrate1091871 0.01 0.01 0.07 0. 02 I 
0.09 0.14 0.10 0.08 I 

0.17 2.94 0.08 

Nitritc[09/87] 0.001 0.001 0.014 0.009 I 
NitritdW881 0.001 0.009 0.020 0.046 I 
Nitrite[07/88] 0.003 0.01  5 0.062 0.0 

Amm>nia(o9/87J 0.005 0.046 0.03 0.063 
Atl.rmOnia[~/881 0.051 0.64 0.026 0.012 
Ammonisl(nlS81 0.18 0.22 0.38 0.037 

Sulphidt[09/873 0.01  0.01 0.01 0.01 
SnIphidclM/88] 0.01 0.01 0.01 0.01 

Sdphide@7/88] 0.02 0.02 0.02 0.02 I 
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Cadmium kvels in tbe water, unlike tbe sediment, tended to be lower than or qual to other 
locations at Woodward Island. The higbest single result for Cd was at Musqueam marsh 
[0.003mg/l]. Howevez, tbe h i g h e s t  avmge water level Cd was at Reifel Island [0.0015mg/l]. 

Flgurp 4.2-7: Cadmium Levels Detected in Marsh Water. 
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Copper lev& in the water appurrtd to sbow a sursonal distributian with tbe lowest levels detected 
in February at all stations. The h i g b e s t  copper kvels were found at Reifel Island [O.OOS rnd] in 
September. 

F'igum 4.2-8: Copper Levels Detected in Marsh Water. 
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Zinc levels were similar to copper in that tbe lowest levels in the water  were found during the 

winter. The highest zinc level [twice that of the closest at Reifel and Musqucam] was found at 
Richroad  marsh in September. 

F'iguro 4.2-9: Zinc Levels Detected in  Marsh Water. 

Mercury, lead and the  organic contarninants were found at extremely low levels in the water. 

Mercury levels in the  water st all s i t e s , a n d  dates were less than 0.00005 mfl. "be highest h d  
levels were  detected in the water  at all stations in September [0.002mfl], witb tbe exception of 
Woodward Island where tbe highest lead level  wtu de& in Febnrary. 
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Table 4.2-2: SUMMARY OF METAL LEVEU IN MARSH WATER 

Water levels of organic contaminants were consistently below ddection limits at all sites and dates. 

Table 4.2-3: SUMMARY OF ORGANIC  CONTAMINANTS IN MARSH WATER 
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4 .3  VEGETATION -- FIELD RESULTS 

4.3.1 Biomass 

Biomass determinations were only made during the peak growtb period in July. The highest 
biomass occurred on Reifel Island, followed closely by Musqucam marsh,  Richmond, and 
Woodward Island. No significant difference between sites was detected at a 95% significance 
level. 

Table 4.3-1: Aboveground  Biomass of Marsh Vegetation 

Lncation Range [n=5] Std. Dev. Mean Biomass 
Wm21 

woodward 

705-978 loo. 0 838 Musquuvn 

7 19-898 79.8 805 Richmond 
798-960 73.1 87 5 Reifel 
725-857 56.2 798 

Figure 4.3-1: Abovegmund  Biomass [k 8.d.J of Clrrcx lyngbyci. 

70 1 

c1 w C1 Re c1 RI c1 n 

Biomass determinations arc dX1cdt to relate to d u d  growth as a coosequence of metal of 
organic contaminants due to the high d e p  of natural variability mxoss &e estuary. This type of 
determination would best be carried 001 Mdcr laboratory conditions in which the variables can be 
cbsely monitcxcd. 



40 
4.3.2 CONCENTRATION OF CHEMICALS WITHIN PLANTS 

The metal levels examined could be segregatal into two besic g r o u p s :  

il T h e  which were eccumulated within the plants at levels close to or above how of 
sadimcnt kvcls, i s .  d m i u m  and r n c r a q  and 

ii] those in which  plant  levels  were  significantly  lower than sediment levels, i.e. 
copper, lead and zinc. 

Cmex lyngbyei rhizomes showed the greatest concentration of all metals with  the exception of 
mercu~y for which Scirpus mun"t ims rhizomes showed the greatest concentration. 

Table 4.3.2-1: Average Contaminant Concentration of Plant Components 
in the Fraser River Estuary. 

3 

c u  Pb Zn Cd Hg PCB  PCP TCP 1 
PPm Wb 

SEDIMENT 48.33 18.00 106.52 280.0 67.0 8.0 3.0 8.0 . 

CL RHK 26.87  3.39 36.25 750.0 57.0 14.0 2.0 2.0 I 
SARHQ 10.98 0.50 18.75  100.0  13.0  14.0 5.0 7.0 

SM RHLZ 10.36  1.78 22.60 120.0 48.2 8.0  1.0 2.0 I 
SVRHLZ 13.13  1.97 25.39 320.0 60.0 18.0 1.0 2.0 

CLSHOOT 8.82 1.38 23.54 80.0 30.0 8.0 2.0 3.0 I 
SASHOOT 6.00 0.85 14.00 80.0 18.0 20.0 2.0 9.0 I 
SMSHOOT 4.40 0.61 11.46 30.0 32.0 11.0 1.0 1.0 I 
SVSHOOT 3.85 0. 06 10.88 60.0 29.0 7.0 1.0 3.0 I 
WATER 0.0029 0.001 3 0.0089 0.9  0.1  1.0 0.8 0.8 

C L - C m  lynglyeJ;SA-SCJ~US bmt?ACwUS;Stl-SCf~ marttlm;SV-Sclv V U l f b u s  
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Cadmium 
For  cadmium,  rhizome  concentrations  were 28 to 288% and shoot concentrations  were 
approximately 11-31% of sediment concentrations. Carex Zyngbyei and Scirpus validus both 
showed cadmiurn amantrations in excess of 4 - t  lcvel~ in belowgniund components. 

Figure 4.3.2-1: Cadmium Levels in Vegetation and Sediments - July 1988 

L r I 8 r 

SEDINENTS C.L. SH C.L. R S.V. SH S.V. R 

Despite the apparent concentration of cadmium by the plants, the regression of plant cadmium 
levels on sediment cadmium kvele showed very weak relationships 88 shown in the following 
figures. The lack ofamdatim b c t w a n  s e d i m e n t  Evcls and plant lcvtls is probably related to two 

major factors. The plant  components analysed are once removed h r n  the site of uptake, i.e. the 

roots would  probably reflect sediment levels more closely than do the shoots and the rhizomes to 
which  the ions are transloc~ted. Secondly, although the concentration of metals was assessed at 
the rhizome kvcl in the sediments, the root system can take up the metals o v a  a much broadcr 
area. Therefort the sediment values identified may or may not reflect the concentration of metal 
available to the plant, and high levels of zinc may interfen with cd uptake by the plants. 
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F'igurp 4.3.2-2: Regression of Curex lyngbyci Shoot Cd on Sediment Cd 
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F'igurp 4.3.2-3: Regression of Curex fyngbyci Rhizome Cd on Sediment Cd 
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Figure 4.3.2-4: Regression of Scirpus validus Shoot Cd on Sediment Cd 
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Mercury 
For mercury,  average rhizome concentrations  were 19 to 90% and shoot concentrations  were 
approximately 2748% of sediment conccntraticms. Cam lyngbyei, Scirpus validus and Scirpus 
moritimus all showed levels approximating those of sediment levels in the belowground organs. 
Carex lyngbyei, Scirpus validus and S. mm'timus all showed approximately  the same 
concentration of mercury in the aboveground  components. Althougb the average  figures do not 
show it, during pcak biomass, C'aex lyngbyei rhizome mury values on both Woodward Island 
and Reifel island exceeded  the sediment values  almost two fold. At other sites the  concentration 
was less. At Richmond in July  the  mercury concentration in the rhizomes was m r e  than 82% of 
sediment levels while at Musqueam it was approximately 72%. The concentration of mercury in 
the rhizomes was actually  relatively uniform across tbe estuary, whereas the sediment leveb at 

Richmond and Musqueam were distinctly higher than at Woodward and Reifel Islands. 

F'igure 4.3.2-6: Mercury Levels in  Vegetation and Sediments 
Averaged Over All Dates and Sites'[fs.d.] 

- SEDI~ENTS C.L. Sit c.1. R S.V. SH S.V. R 

Despite tbe apparent concentration of macury by the plants, tbe regression of plant mercury levels 
on saditnent mercury kvels showed vexy weak relationships as shown m the following figures. 
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Figure 4.3.2-7: Regression of Carex fyngbyci Shoot Hg on  Sediment Hg 
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Figure 4.3.2-8: Regression of Corex lyngbyci Rhizome Hg on Sediment Hg 
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Figure 4.3.2-9: Regression of Scirpus vufidus Shoot Hg on Sediment Hg 
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Figure 4.3.2-10: Regression of Scirpus vdidus Rhizome Hg on Sediment 

Hg 
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figure 4.3.2-11: Regression of Carex fyngbyci Shoot Hg on Rhizome Hg 

0 .o 2 .O 4 .O 6 .o 8 . 1  .12 -14 
C.L. ROOT 

figure 4.3.2-12: Regression of Scirpus vrclidus Shoot EIg on Rhizome Eig 

c 



48 
Copper 
For copper, rhizome concentrations were roughly 23 to 509h and shoot concentrations were 
approximately 8-18% of sediment concentrations. Carex lyngbyei was the  species showing the 
pdmt oopper cumcentrations in either sboveground or belowground components. 

m g m  4.3.2-13: Copper Levels in Vegetation and Sediments 
Averaged Over All Dates and All Stations [ks.d.]. 
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Lead 
For lead,  rhizome concentrations were roughly 3 to 19% and sboot concentrations were from less 
than 1 to 8% of sediment concentrations. Carex Iyngbyei was the species showing the greatest 
lead coaantratjoas in cithcr a b o v u n d  or bclowpund mpcmcnts. 

Figure 4.3.2-1'4: Lead Levels in Vegetation and Sediments 
Averaged Over All Dates and All Stations [fs.d.]. 
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Zinc 
For zinc, rhizome concentrations  were roughly 18 to 34% and shoot concentrations  were 
approximately 1@2296 of sediment Concentrations. CM tyngbyei wm the species showing the 

grcatsst zinc amantrations in eithcr aboveground or bclowgmund components. 

Figure 4.3.2-15: Zinc Levels in Vegetation and Sediments 
Averaged  Over All Dates and All Stations [&s.d.]. 
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ORGANICS 
An of the organic contaminants were accumulated in the plants at levels  close to those found m the 
sediment. 

PCB 
Sediment levels of PCB’s were met or exceeded by all of the abovepound and belowground plant 
ccnnponents with the exception of S. vdidur shoots which were slightly less than eediment levels. 
Scilpus men‘cmus rhizomes showed higher than sediment levels of PCP and shoots showed 
higher than sediment levels of Tcp. 
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4.3.3.BETWEEN SPECIES VARIABILITY 

Vegetation analysis showed that there were  significant  differences in the  chemical  accumulation 
between species. Of the 4 specks sampled, Caex tyngbyei, Scirpus validus, Scirpur unmicmus 

and Scirpus maitimus, the l a th  two showed very similar patterns of chemical eccumulation which 
was also similar to, but less &an Scirpus vdidus. The sedge [Cmex  Zyngbyei] showed 

significantly greater accumulation of all metals  and  organic  contaminants, than did  the rushes 
[Scirpus s p p ]  . 

"be capacity of each species to accumulate or magnify metals within their tissues is determined by 
the  genetic  make-up of that  particular  species.  The  tolerance of plants for heavy metals is 
genetically controlled, varying for different mtals. Heavy metals taken up by plants along with 
nutrients, may be inactivated by some mechanism in the plants, absorbed, and finally accumulated 
in plant  tissue m a t r e  et al. 19801. Species which are able to accumulate metals,  tolerate higher 
levels of environmental Contamination and may therefme out vte other w s .  

Table 4.3.3-1: Typical Metal  Concentrations Found in Marshes of the Northeast 
and Northwest Coasts of North America 

Sediments 
I Cd Pb c u  Zn HQ I 
I NE marshes 0.034.1 l2 ! 
I 8 78-146 46-63 78-146l 0.27- 1. 73 I 
(NW marshes 0.3 18 48 106 0. m5 

~~ 

Carex lyngbyei 0.2 8 94 101' 0.02615.? I 
Sdicomia sp. 0.5 13 87 86' I 

Vegetation 
Cd . Pb c u  Zn Hg 1 

NE  marshes 0.17U.S2 I 
I 0.12-0.15 26.0 3.0 31' 0.07-1.47d I 
NW m m b e s  I 
Ccra lyngbyei 0.08 1.4 8.8 23.5 0.035 

Ccrex lyngbyei 6 0 . 0  97.0 10.0 45' 0.04-7.9 rt4 
Sdicornia 4 . 0  2.8 13.0 60' 

~~ ~~~ ~~ 

21kmtrnmdWin&m1975 Wirrdom d. d. 1976 
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From the  above  table it is apparent that Carex tyngbyei, the  species  sampled in the Northwest 
marshes.  effected a much greater concentration  of Cd and Pb than Spartinu in the  Northeast 
des despite tbe lower concentratim of mttals in the sediment. Cmx tyngbyei had the h i g h e s t  

concentration ratio tissue/rrubstmte of dl the gpecies sampled. 

The highest cadmium levels  were  detected at Woodward Island in the  rhizomes of sedge (2.85 
pg/gJ. In September, at all locations with the exception of Musqueam marsh Carex lyngbyei, 
hizome concentrations of cadmium far exceeded  the sediment concentrations at rhizome depth. 
Because the Musqueam rhiu>me result was 80 low [O. 15 pg.g - comparable to sboot levels] it may 
xnean that the  sedge is not mmntmting cadmium to above sediment levels, ratha that it is drawing 
00. higher conoentrations in deeper eediment levels. This m y  be oonfirmexi by looking at the rod 

mass of Carex lyngbyei, compared to the Scirpus species. The rooting system of the sedge is 
many-fold larger than that of the rushes. which would indicate tbat it has a much larger metal pool. 
to draw on from all the sediments the roots come into contact with. The fact that C. tyngbyei is 
the species which concentrates the metal to the  greatest  extent  would confirm that there must be 
some relationship between the surface area of roots and the concentration within the  plant. It could 
also reflect young rhizom which hwe not had a chance to accumulate as much as older rhizomes 
or it could re$Iect sampling or analytical erm. 
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4.3.4 PLANT  COMPONENT  VARIABILITY 
In virtually all cases, belowground  organs contained higher  levels of contaminants than did the 

aboveground components. This implicates the scdimcnt as the murcc of the contaminant. 
Previous studies  have i n d i c a t e d  an ability on the part of the  plant to selectively  take  up  ions from 
the  sediment. Although aquatic plants are able to take up contaminants from both the soil and 
water column, for  submergents the major uptake is through the  leaves, and for  emergents  it is 
through the roo t  systems lRpgsdalc and Thorhaug 19801. Various studies have  shown  that for 
terrestrial plants, the  level of amcentration is much  greater in the mts than in the rhizomes and 
that the rhizome level is often more similar to the shoot level than to tbe mot concentratioas. In this 
study, roo$ were not aaalyeed for eevd reasom: 

-itisvcrydifficulttosqparatethelive~dead~~inaplugofmarsbfibre,  
- it is also very difficult to remove all traces of sediment adhering to the  fine roofs 
- analysis was focussed on l ime parts of the  plants which could be passed on in 

the food chain w y  the aboveground components in detritus, and 
the Ihizonr=s as c m s d  by watcafowg. 

In OOmpariSOns with a previous study from the Squamish estuary moody and Moody 19851, i t  is 
apparent  that  even  relatively uncontaminated sites in the Squamish estuary produced substantially 
higher mcrcury values than found in the hser estuary. However,  the pattern for eboot and 
rhizome coocentration [Figure 4.3.3-11 in the Squamish estuary appears similar to that found in the 
Fraser. The  example is used here to compare root and rhizome concentrations. Although the 
coocentratioas m roots are slightly higher than m the rhhmes, the difference is not substantial. 



F'igure 4.3.4-1: Mean Mercury Concentrations in Sediments and 
Cmvx fyngbyei fmm the Squamfsh ertuarg on Moody a d  Moody 19851. 
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There were highly significant d.ifferences detected between the plant components within species. 
The concentration of chemical was congistently in the rhizomes than m the ehoots. There 
was also much greater variability within the rhizomcs than the shoots, possibly  due to adhering 
sediment particles, and possibly due to  variations in chemical concentrations with depth. The 
sediment was sampled fmm a relatively Qnau area compared to that which the root systems extend 
over. The root system of a sedge plant m y  extend over 1 me& m depth and over a similarly broad 
area, depending on the  extent of its rhizome network. Although the sediments were sampled at 
rhizome depth,  it would probably  have k n  mre  effective to sample  the  sediments  over  the 
rooting depth, to give an indication of the range of wn$minants the root system is exposed to. It 
is also possible that there is selectivity in pumping the chetnicals to the shoots. 
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The only contaminant identifed which consistently showed elevated levels in both shoots and 
r h i z o m e s  was PCB. 
F'igum 4.3.4-2: PCB b v e l s  In Vegetation and Sediments  Averaged over All Sites 
and Dates (&s.d). 
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In comparison to the PCB levels, PCP concentrations in the plant parts wen all significantly lower 
than the cediment levels. 

H g m  4.3.4-3: PCP Levels In Vegetation and Sediments  Averaged over All Sites 
and Dates [*s.d]. 
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4.3.5 INTERSITE VARIABILITY 

As indicated previously, there were m e  changes in sediment contaminant levels  over the various 
sites sampled in the estuary. However, this variability did not a p p r  in the plants to any 
significant degree. 

Even though the mercury levels changed from site to site the paam of mefcury uptake was similar 
bctwc.cn the species and plant a m p n c n t s  at each site. 

Figure 4.3.5-1: Mercurg Levels In Vegetation and Sediments from Woodward 
Island  Averaged over All Dates [is.d], 
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F'igure 4.3.5-2: Mercury JRvels In Vegetation and Sediments fmm 
Reifel bland AverPged over All Dates [*&dl. 
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Figure 4.3.5-3: Mercury Levels In Vegetation and Sedfments 
from Richmond Averaged over All Dates [is.d]. 

- 1  4 I Y I I I 

. 1 2- . .....̂ ".......... ^ . "̂ .""." ................. .....-.......... .......... ....................... ............................. .. 

................................................................................... I".. .......................................... 

..... 

..."".".......I.....I ."..I 

.04..-". ."."""_ .̂.._""_ .......... 

.... I .. 

R I - C . L ~ H  RI-C.i.R R I -s.V.SH R I -s.V.R RI-SED 



Figure 4.3.5-4: Mercury Levels In Vegetation and Sediments from 
Musquerm Marsh Averaged  over All Dates [*s.d]. 
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The highest levels of PCBs found in aboveground  plant parts occurred in sedge shoots at Reifel 
Island and Richmond. No significant difference was found betwtcn these two sites even though 
there was ~ubstantial variability  between  dates. The lowest levels of PCBs were found at 
Woodward island. In oontraet tbe sedimente at Woodward bland, Reifel and Muquaam marebes 
had similar levels of PCBs. Richmond was the only site which had significantly lower levels of 
PCBs in the ecdiment. 

Figure 4.3.5-5: PCB Levels Found in  Cutex Shoots Averaged Over All Dates [* s.d.1 

P 

................................. ".__ "...... ...._ ..... ............................. ............ ............... .* _..__..". .......-... 

-02 ..... .... ... .... ............. .- . "."" ................................. 

........-..................... I__._ ... ...-..... ........... ........ -0 15 

-0 1- ..... " . .-1. .. - ......_..I". .... ............. ..... 

.... """" 

"00s I I I I 

WOODWARD - C.L... REIFEL - C.L. SH ... RICHMOND - C.L. ..tlUSQUEAH - C.L .... 

Figure 4.3.5-6: PCB Levels Found in  Sediments  Avemged  Over All Dates [i r.d.1 
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4.3.6 SEASONAL VARIABlWTY 
Seasonal variability in sediment amcentratioas m y  be to a large dep be explained by sampling 
mor as the samples were obtainad from below surface layers [a different mix of sediment layers 
(ie. npnsenting different dcpogitional times) at each sampling], and slight changes in location 
fromonesamplingdatetothencxt, 

Seasonal variability in the concentration of chemicals within the plants to a large extent reflects 
their annual cycles. High levels of cadmium, mercury and PCB which were detected in the r o o t  

systems in the fall may indicate the culmination of a seasons growth and collection of contaminants 

within the plant. Changes in tbe concentration of some chemicals over the winter may reflect 
leaching to the d imen te .  Hydmponic d i e s  and  traneplant experheate i n d i c a t e d  that tbere may 
be a mom rapid response to changing cnvironmcntal conditions than we had expected at fnst. 

Table 4.3.6-1: Seasonal changes m Average Cadmium Concentrations [Ilglg] 

in Plant Components and Sediments from the Fraser River estuary. 

Sep-87 Feb-88 Jul-88 
CL SHOOTS 0.0538 
SA SHOOTS 0.0750 
SM SHOOTS 0.0270 
SV SHOOTS 0.1Ooo 0.0288 

SM RHIZOMES O.ls00 0.1258 0.1075 1 
sv RHIZOMES 0.4833 0.2867 0.2844 
SEDIMENT 0.3429 0.2580  0.1860 I 

The highest levels of cadmium m plant components were detected m September. Cadmium levels 
in the sediments of Woodward,  Richmood  and Reifcl naarshcs ranaintd datively nnifimn o v a  the 

three sampling periods. The  results fiom Musqueam  marsh  showed radically different 
concentrations of Cadmium in &e sediment over the seasons probably  due to a difference in 
~linglocationIthe~~fartheariginalsarnplesitewasbst1. 
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Previous studies have shown that cadmium is rapidly leacbed form the vegetation once senescence 
begins. Wedidnatfindthistobetrue,infadcadmiumfalbwedtbepatternaftheothermdalsin 
being most concentrated in the f d .  The relationship between the root concentrations and 
~ubstrat~ concentrations of Cd in the Musqucam marsh appears to be relatively consistent even 
tbougb some fluctuations do occur between the two species 

"be highest cadmium levels were detected at Woodward Island in the rhizomes of sedge [2.85 
pg/g]. In Scptcmbcr, at all locations with the exception of Musqueam marsh Carex lyngbyei 
rhiurme mcentralions of cadmium far exceeded the sediment mncentrations at rhizome depth. 

Figure 4.3.6-1: Cadmium Levels Detected in Vegetation and Sediments 
of Musqueam Marah,  Fraaer River Estuary. 
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Table 4.3.6-1: Seasonal Changes in Copper Levels 

I seP87 Feb-88 Jul-88 I 
ICL SHOOTS 10.310 7.888 ! 

Isv SHOOTS 3.938 3.806 

ISEDI?VlENT 49.808  45.060  52.340 
RHIZOMES 44.714. 23.156 16.7% 

I SA RHIZOMES 10.975 
ISM RHEOh4ES 17.000 9.463 9.600 
I sv RHIZOMES 19.767 13.833 10.444 

The belowground plant components of Carex lyngbyei and Scirpus  validus contained 

significantly higher lcvcls of oappcr during the fall than thcy did during the s u m m a  period. This 
could indicate a translocation of copper reserves within the plant fimn aboveground growth at the 

end of tbe growing seascm. 

Table 4.3.6-2: Seasonal Changes in Lead Levels 

Sep-87 Feb-88 Jul-88 I 
CL SHOOTS 1.2300 1.4813 

SA SHOOTS .. - 0.6500 

SM SHOOTS 0.6100 I 
SV SHOOTS 0.5750 0.5393 

SEDIMENT 16.7617  17.160 24.1000 

CLRHKOMES 2.5857 2.726 4.1922 

SA RHIZOMES 0.5000 

SM RHIZOMES 2.4000 0.870 2.5375 

SV RHIZOMES 2.0500 1.417 2.31 1 1  
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Table 4.3.6-3: Seasonal Changes in Zinc Levels 

Sep-87 F9b-88 JuI-88 I 
CL SHOOTS 22.500 24.188 I 

14.000 I 
lshA SHOOTS 14.000  11.460 I 
1 SV SHOOTS 9.250 11.763 I 
1 CL RHIZOMES 36.571  41.600  34.744 I 

18.750 I 
SM RHIZOMES 25.500  22.300  22.225 1 

20.933  32.500  22.178 I 
SEDIMENT 115.858  100.300  100.320 

Table 4.3.6-2: Seasonal Changes in Average  Melrarg Concentrations 

0.0150 - 0.0390 I 
0.1750 - I 

SM  SHOOTS 0.0200 - 0.0320 

SV SHOOTS 0.0108 - 0.0426 

CLRHIZOMES 0.0529 0.073  0.0824 

SA RHIZOMES 0.0336 0.043  0.0889 

SM RHIZOMES 0.0125 I 
SV RHIZOMES 0.0250 0.025  0.2733 I 

I SEDlMENT 0.0800 0.032 0.071 8 I 

Me~cnry levels in the plant components WQC in all cases highest during the peak of growth in the 

%ummr. This would indicate active uptake during the growing period which was reflected both in 
the shoots and the rhiimts. The m e w h a t  higher levels in winter than fall may reflect 
translocatim which was was occlrrring in the late faIL 
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Table 4.3.6-3: Seasonal Changes in Organic Contaminant Concentrations 

PCB .] TCP PCP 

Sep-87 FoM8 Jut48 Seg87 hab-68 JulSB -7 Fcb-88 Jul48 

CLSHOOTS O.Ol32 0.0066 

0.0010 I 0.001 1 0.0010 SMSHOOTS - 0.01 08 

0.0085 - I 0.001 9 - SASHOOTS 0.02oO - 
0.0070 0.0010 - 0.0022 0.001 2 

SVSHOOTS 0.0108 0.0087  0.0021  0.0010 0.0068 0.0015 1 
CL Wlz 0.0203 .W53 0.0234 O.Oo50 .0014  0.0012 1 0.0042 .Wl6 0.001 1 

I 
SA RHlZ 

0.0091 .0018 0.0010 I 0 . m  -0012 0.0010 0.0390 .0016 0.0043 

0.0068 I 0. #)55 

I SVRHLZ 0.0627  .0018 O.oie6 0.0064 . a 3  0.0013 0.0049 .0011 0.0010 

SEDIMENT 0.0100 .0084 0.0042 0.0164 .m28 0 . m  I 0.0027 .0027 0.0035 

The  highest  levels of organics were measured in the plants during  the fall period. Because the 

contaminant  levels appeared to decline  over winter, we infer that  translocation is not  occurring to 
the same degree as with the metals discussed above. The plants may be responding quite quickly 
do stdimcntand WatcaCQlumn lev&. 
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4.4 VEGETATION -- HYDROPONIC RESULTS 

"be  objective of the  hydroponic experhxats was to produce plants under coatrolled conditions so 
that tbe concentration of coataminants a d d  be altered in the nutrient medium and the effects on the 
plants could be monitored. The most unexpected result of the whole  etudy wa8 the  finding  that 
both the hydraponic fcrtihas used for &e nutrient solution and the growth medium [vtnnicuIlitc 

and peat) contained contaminants at levels approaching that  found in the estuary. This created a 
number of problems for the hydroponics experiment and for tbe production of "clean" plant stock 
for transplantation to the estuary. Thc greenhouse produced plants were transplanted to the tstuary 
and after a period of pwth they were sampled  along with the  adjacent plant communities. No 
sigdicant  dif€erences could be disceroed between the chemical levels in the natural or transplanted 
species at  any site. However, the transplanted stock amtained levels of contaminants prior to their 
move. 

Table 4.4-1 Concentration of Contaminants in Hydroponically Grown 
Marsh Plants [pg/g] 

Cd Hg Pb Cu Za PCB PCP TCP I 
CUsh 0.05 0.043 0.25 3.02 226 0.005  0.001  0.001 e: 0.3 3.2 14.1 0.004 0.0015 0.0026 1 

0.7 13.1 3018 0.005 0.001  0.001 I 
Svlsh 

svh 0.34 0.03 0.5 8.35  25.2 0.003 0.001  0.001 1 

Table 4.4-2 Range of Contaminants in Hydroponic Nutrient Solution 
and Growth Medium [pg/g] 

Substrate 

0.005-0.012 
0.m5-0.oQoo5 0.016 

Pb 0.ooo24.01 1 .o 
cu 0.51-0.07 5.87 
zn 0.96-0.02 34 
PCB 0.0001-0.001 0.001 

0.0027 I 
0. m-0.002 0.0039 I 



The ratio of plant concentration of elements to substrate  concentration displays the same pattern 
evident in the  field sampling. Cadmium, mercury and PCBs were being concentrated by the 
plants. However, in the case of the greenhouse stock, shoot mercury levels exceeded that of the 
rhizome concentration. It may be possible that  leaching of aboveground  material is o c c k g  in 
the natural state which did not OCCUT in the grccnhouse. AU of the ckmnts absorbed by the plant 
in the greenhouse would have been absorbed through the m o t  system from the substrate or the 
nutrient solution. Airborne lead may have been a coataminant in the @use due to its location 
near a moderate!ly traf€iiked mad. 

Table 4.4-3 Ratio of Plant Concentration to Substrate Concentration 
in Hydroponically Grown Marsh Plants 

l c v r Z  4.3 2.4 0.7 2.2 0.9 5.0 0.4 0.3 I 
I Svlsh 0.4 2.4 0.3 0.5 0.4 4.0 0.6 0.7 I 
[ svhz 1.2 1.9 0.5 1.4 0.7 3.0 0.4 0.3 1 
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Figure 4.4-1 Concentration of Heavy  Metals in  Hydroponically Gmwn Marsh 
Plants, Nutrient Solution and Growth Medium  (average vdues]. 
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Cadmium and mercury concentrations exceeded substrate and water concentrations in both Cum 
and Scirprts rhizomes. The only metal concentration in aboveground plant components was of 
mebcury, for both species. 

Copper and zinc were found in the hydroponically grown plants at levels approximating the 

substrate ooncentxa~ns. 
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Figurn 4.4-2 Concentration of Copper and Zinc in  Hydroponically Grown 
Marsh Plants, Nutrient Solution and  Growth Medium  [average  values]. 
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P C B s  were conccntratcd in both the abovcground and bclowground parts of both plant spccics. 

Figure 4.4-3 Concentration of PCB,  PCP and TCP in  Hydroponically 
Grown Marsh Rants, Nutrient Solution and Growth Medium  [average  values]. 
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The average mcentratioas of tbe hydroponidy grown plants were as follows. 

cd Hg PCB 

4.3X 2.5X 5X 

I RUSH RHIZOME 1.2~ 
~~ ~~~ ~ 

1.9X 3X 
[RUSH SHOOT 0.4x 2.4X 4X 

. 
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This study has shown that marsh vegetation is capable of concentrating mercury, cadmium and 
PCB's to levels bigha than those  detected in sediments. The other metals and arganics were  taken 
up at  levels  less than those  found in tbe substrate.  The mercury levels  detected in the sediments of 
the Fraser River estuary ranged from a low of 0.035 to a high of 0.11 pg/g  of  sample.  These are 
significantly  lower than  nearby areas such as the Squamish estuary (0.03 to15.7 pg/g) or 
Bellingham  Bay (0.8 to 10.7 p@g) which  contain  chlor-alkali  plants as sources of mercury 
(Moody & Moody 1985). The mercury in the  water flooding the marshes  was in all cases below 
detection limits (<o.ooOo5 pg/g). The  mercury  concentration  of  the  plant  components also 
reflected  the  relatively  low  level of mercury in that  plant mercury levels  approximated  that of the 
sediments, but m general  did not exceed sediment levels. 

In both field and hydroponics  experiments,  the Carex lyngbyei rhizome  concentrations  of 
cadmium  were  up to 4 times that of the  substrate  levels  whereas Scirpus vdidus rhizomes  were a 
maximum of 1.2 times substrate  levels. The levels  detected in the  plant shoots of the  Fraser 
Estuary wexe among the lowest e in the literature. This reflects the levels  of cadmium found 
in the  sediments. Of concern is the fact that  the plants are capable of concentrating cadmium. 
Should  ambient dmium levels  change, tbe implications of  concentration of cadmium in the food 
chain are Signfjcant 

Unlike mercury and cadmium which  appear to be taken up h m  sediments and are concentrated 
primarily in the  belowground  components  of  the  estuarine  plants, PCBs were  concentrated in the 
plant shoots as well.  The higher concentration of PCBs in the shoots of the  field  experiments as 
opposed to the  hydroponic trials may  indicate  that a considerable portion of PCB uptake  occurs 
directly from the  water c o l u m n .  

Copper, lead, zinc and mercury levels in the rhizomes fnxn the  hydroponic  experiments exceeded 
two-fold  those found in the fEld conditions  even though the metal levels in tbe hydroponic  solution 
and substrate were much  lower than found in field  conditions. Major differences between the field 
and laboratory growth conditions  were  the  substrate type and oxygen  environment.  The  natural 
marsh substrates are made  up of a mixture of  organic  components,  clay, silt and sand. The 
binding of metals to the fines and  organic  components in these  substrates may reduce  their 
availability to the vegetation. Tbc nutrient  solution in the greenhouse was constantly  circulated  and 
oxygenated  whereas in the  field,  anoxic  conditions  prevail. Previous studies  have  indicated  that 
oxidizing condihns make metals more available to the plants. 

This study was a relatively broad brush approach to identifying  which species and which metals 
were of concern in the local environment. Cadmium, mercury and PCB have been identified as 
Contaminants  which  are  concentrated by the plants both in the  field and laboratory  situation. 
Further  studies are required to refme our understanding  of  uptake by the  plants,  residency of the 
metals and organics m the  plants  and fktk implications to the f d  web. 
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"be one s p e c i e s  which  consistently  sbowad metal and organic concentrations greater than other 
species was Carex lyngbyei. This is a ueeful  species for  further investigations due to its 
ubiquitous  distributioa and its ;nportanct in the tstuarine food web. 

Given  the  relatively  rapid response of the  plants  to changing contaminant kvcls in the  substrate, 
and the possibility of  significant  uptake  of P C B s  from the water colmnn it dots not eeem feasible 
to use  the estuarine plants as indicators  of  average  environmental  conditions.  However, due to 
thcir sianificance in &e f d  web, monitoring of  contaminant  levels  [cspacially Cd, Hg, and PCB] 
in the  plants  may pvi& an early waming system far potential fd web concerns. 
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": I: Cadmium Detected in Vegetation Sampler @&dry weigbt) 

I. 07/Ss wss 09/87 I 
0.350 
1.uO 
0.160 
0.200 
0.480 
0.500 
0.750 
1.000 
0.100 
0.090 
0.210 

0.470 
0.320 
0. m. 
0.600 
0.120 
0. 120 

0.160 
0.460 
0.100 
0.160 

0.300 
1.910 
0.480 

0.480 
0.280 
0.180 
0.21 0 
0.073 
0.130 

0.340 
0.240 
0.250 
0.280 
0.100 
0.310 

0.500 
0.330 
0.310 
0. 100 

1.350 
2850 
0.150 

4.800 
1.600 
1.550 

4.050 
1.150 

0.150 

0.150 
0.150 

0. so00 

M-sv2D-Rhizome 0.450 0.130 
W<.L l-shoot 0.140 0.150 
w-c. 12-sbwt 0.080 0.150 
W-N I-ShOOt 0. OQO 0. as0 
W-rVlDsboot 0 . 0  
W-rv2-Sboot 0.020 0.100 
Racll -shoot 0.045 0. Qso 
RC42-ShOOt 0.045 
Re-~l-shoo( 4.025 
Re-rm2-sboot 8.025 
RC-SVl" 0.030 0. a50 
Ran-Shoot 0. QK) 

Ri-cll" 4.025 4.050 
RL-cllITShOOt 4.025 
Ri-SVlshOot 4.025 
Ri-rvz-shoat 4.025 
Ri-UIll-Shoa( 0 . 0  
Ri-dshoot 0 . 0  
Ri" 4.025 
Ri-$8-shoot 0.100 
M-cll-shoot 0.035 0.200 
M-cE-Sboot 0.035 
M-r~l-sboot a m  0.150 
"W2-SbOOt 0 . 0  0. Is0 
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Appendix la: Cadmium LAvelr Detected in Water Samples (mgh) 

J L 07/88 02188 09/87 

w-w 0,0005 4.o002 4.0005 

Ri -W 0. ooo2 0.0010 <0.0005 
M- w 0.0005 0.0030 4.0005 

Re-w ' o.bo21 0.0018 4.0005 

Appendix lb: Cadmium Ltvels Detected in  Sediment  Sampler  (pg/g dry weight) 

I 07/88 02/88 09/87 
W c d  0. no 0.340 0.330 
Ra&6 0.240 0.210 0.333 
Ri-red 0.220 0.180 0.275 
Ri-&dD 4.100 
M-d 4.100 0.m 0.433 
h4kd.D 0.320 

Abbreviations Used in Appendices 
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2: Copper Detected i n  Vegetation Samples (pg/gdry weight) 

I 07/88 ouss 09/87 
W 4 l - R  10.800  14.000 29.500 
W4!-R 22.400 61.600 47.000 
W-cv 1-R 5.900 18.000 11.m 
W - S V D R  6.500 
W-rV2-R 9.650 2o.OOo 19.800 
Racll-R 19.400 14.500 62. OOO 
Racl lDR 22.800 11.500 58.500 
Rc&-R 22.800 14.300 
Re-1-R 12.100 4.850 
"R 9.250 7. ooo 
R a s ~ l  -R 18.200 
h - R  4.450 
Ricll-R 8.300 27.500 94.m 
Ri-Cl2-R 13.400 28.500 
Ri-r~l-R 7.650  15.700 
Ri-W2-R 14.600 12.300 
Ri-rn1-R 7.950 19.500 17.000 
Ri-olLD-R 9. 100 10.500 
R i - d - R  6.500 
Ri-R 17.500 
M-~l l -R  13.700  19.500 11.500 
"Cl2-R 17.200 17.000 10.500 
M-Wl-R 5.400 13.900 28.500 
M-M-R 6.300 10.000 
M-rv2D-R 19.800 7.000 
WC.11-s 15.600 9.500 
W<L2S 9.750  7. OOO 
W r v  1s 4.900 3.900 
warns 4.500 
W M - S  4.550 3.700 
Racll s 7.500 6. OOO 
Rbcf2-s 8. 500 
Re-rm1-S 6.000 
Re-mn2-s 6. OOO 
-1-s 3.950  3.250 
Rbps 5.500 
Ri4l-S 3.650 4.050 
RicllDS 3.100 
*I-s 3.350 
RkV2-S 2300 
Ri-nnl-s 3.300 
Ri-pn2-S 3.000 
R i " S  3.300 
Ria4 6. SO0 
"dl4 a200 25.ooo 
M 4 2 - S  6500 
M-nl  S 3.050 4.900 

I M - s v ~ S  3.850 
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Appeadix 29: Copper  Levels  Detected Is  Water Sampler (mg/l) 

0.002 0.002 
0.001  0.005 
0.002 0.004 

0.004 0.001 0.003 

Appendix 2b: Copper Levels Detected i o  Sedimeot  Sampler (pg/g dry weight) 

I W d  46.600 47.2000 40.400 
Rasbd 48.600 50.5OOo 49.500 
&sed 48.m 46.40oo 51.000 
Ri-&D 165.700 
"sed 52300 40.6oOo 58.330 I 
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-E 3: Lead Dttected in  Vegetation Sampler @g/g dry weight) 

07m 02m 09/87 i 
Wdl-R 0.93 1.25 260 

1 

WCt2-R 1.65 1.86 205 
W-sv 1-R 0.50 1.50 1.00 
W-SV~D-R 0.15 
W-M2-R 0.90 0.60 1.80 
Rwll-R 1.65 1.30 205 
RbcllDR 1.65 0.65 1.80 
W f 2 - R  1.65 1.02 
R ~ s m l - R  1.00 0.53 
R e d - R  0.85 0.85 
RGSVl-R 1.95 
RM-R 0.15 
Ri-cll-R 520 6.50 7.50 
Rlct2-R 8.00 3.80 
Ri-svl-R 290 1.35 
Ri-SV2-R 7.50 271  
Ri-sm 1 -R 1-80 0.80 240 
Ri-rmZ-R 6.50 1.45 
Ri*-R 0.85 
McI 1 -R 11-00 5.50 1.05 
M42-R am 265 1.05 
M-rn1-R 0.90 1.54 3.35 
M-SVZR 1.40 0.80 
M-wZD-R 4.60 
wc.11-s 215 1.50 
wc.12-s . 1.40 0.95 
W-N 1-s 0.01 0.65 
WaVlBS 0.60 0.70 
W 4 - S  1.40 
Rbclls 1.20 1.45 
RaCl2-S 1.35 
Re-ml-s as 
k - d - S  0.60 
Re-svl-s 0.60 1.10 
k-SVlDS 0.35 
b * S  0.60 
l i d - s  0.75 0.20 
UcllDS 0.50 
timl-s ass 
W - S  0.25 
ti-ml-s 0.23 
ti-SUO-S 0.45 
U-lUll2BS 0.30 
ki-i-trs 0.70 
dCl1-S 2.M 205 
kr2-s 2.00 
d-W1-S 0.4s 0.35 
d--rvz-S 0..45 0.30 
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Appendix 3a: Lead Levels Detected In Water Samples (mg/I) l r r l  0.0010 4.001 . 0.002 

d.0010 CO.001 0.002 
d.0010 CO.001 0.002 

Appendix 3b: Lead Lcvelr Detected lo Sediment Samples (pg/g dry reigbt) r;:: RMed 14.00 20.60 14.90 13.00 

Ri-redD 38.60 
wed 39.30 18.60 30.2 
"Sam> 18.70 I 
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4: Zinc  Detected In Vegetation Sampler @g/g dry weight) 

I 07/88 ouss 09/87 
Well -R 12 70 29.00 31.500 
W42-R 23.60 38.90 m.m 
W-cv I-R 9.20 26.00 15.500 
W-CV~D-R 9.10  21.300 
W-d-R 1200 27.50 
W l l - R  39.80 46.00 45.000 
RacllDR 41.50  37.50  44.000 
RWD-R 37.50 50.50 
R e m 1  -R 23.10 17.00 
Re--R 24.00 17.00 

Re"R 7. OOO 
RICll -R 56.30 54.00  46.500 
U l 2 - R  35.20  51.00 
Ri-ov1-R 26.00 54.10 
Ri-~v2-R 50.60 45.70 
Ri-ml-R  2200 28.50 25.500 
R i - d - R  19.80 26.50 
Ri*R 30.300 
M41-R 27.60 36.00 34.m 
"Cl2-R 38.50 31.50 34.000 
M-Wl-R  17.70  32.20  26.000 
M-sv2-R  18.60 25.40 
M-sv2D-R 96.80 16-00 
W-c.11-s 30.00 19.000 
WG L2-s 17.30 14.500 
w-6v I-s 9.25 10.500 
WJvlDS 9.40 8.500 
w 4 - s  9.25 
Racll-s 25.50 23.500 
RbCf2-s 26.50 
RC-1-S 13.00 
k - d - S  14.00 
ReNl-s 9.30 7.500 
R e n l D S  7.500 
bS8-S 14.000 
Risll-s 2280 19.500 
RiC1lD-S 21.70 
Ri-NI-s 18.80 
Ri-rvll-S 17.15 
Ri-rml-s 8.45 
R i - d - S  8.75 14.000 
Ri-tm2D.S 13.10 
Ri-n-S 
Mcll-S 25.60 36.OOo 
M-cl2-S 24.10 
M-cv~ -S 9.75  11.000 
M-M-S 11.20 10.500 

Re6vl-R 19.60 



Appendix 48: Zinc Lerelr  Detected in Water  Sampler (mg/l) 

w-w 0.010 4.005 a 0 0 5  
R6W 0.01 1 4.005 0.01 2 
Ri-W 0.009 4 .005  0.024 
“W 4 . 0 0 5  4.005 0.01 1 

Appendix b: Zinc Levt l r  Detected in Sediment  Sampler (pg/g dry weight) 

97.90 %. 10 
10200 105.00 

104.00 110.00  123.00 

1m.00 94.70 139.33 
Ri-SadD 

MaedD 97.10 
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Wdl-R 
Wen-R 
W - ~ V  I-R 
W n D R  
W-M-R 
RMll-R 
Rac l lDR 
RacD-R 
Re-sml-R 
R e d - R  
R a s ~ l - R  
R " R  
Ricl l  -R 
Ricl2-R 
Ri-rn1-R 
Ri-"R 
Ri-rn1-R 
R i - d - R  
Ri*R 
M 4 l - R  
"Cl2-R 
M-SVl-R 
M-Sv2-R 
M-cvZD-R 
W-C.Ll-S 
wc.12-s 
W-N 1-s 
W J v l D S  
W"S 
-1-s 
RecTL-S 
Re-anl-s 
Re-am2-s 
R e n l - S  
RCrVlDS 
Rams 
RicllS 
RiCl1D-S 
Rial-s 
"S 
Wml-s 
Ri-mll2-s 
Ri-rm29s 
Ri-n-S 
M4lS 
McBS 
M-rn1-S 
"N2-s 

0.110 0.040 
0.082 0.070 
0.0411 0. ms 
0.015 
0.068  0.030 
0.098 0.m5 
0.120 0.030 
0.082 0.040 
0.098 0.01 9 
0.829 0. (#o 

0.038 0.055 

0.090 0.055 
0.075  0.045 
0.120 0.024 
0.100  0.012 
0.068 0. OK) 
0. m 0. (130 

0.068 0. 040 
0.075 0. 03s 
0.045 0. rn 
0.075 0.039 
0.110 0.020 
0.060 
0.054 
0.045 
0.060 
0.057 
0.038 
0.033 
0.030 
0.030 
0. OM 

0.025 
0.026 
0.017 
0 . a  
0.W 
0.038 
0.022 

0.044 
0.032 
0.035 
0.W 

.01500 

.03000 

.m 

. leooo 

.04m 

.a500 

. 0 1 m  

.m 

.o2500 

. O m  

. 0 1 m  

.01500 

.m 

. 0 1 m  

. 0 1 m  

.OlOoO 

. 0 1 m  

.01000 

.OloOo 

.OlOOo 

.o#K)o 

. 0 1 m  

.m 

.01500 
,03000 

.OlOOo 

.01m 
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Appendix 5.: Merruq Lcrslr Detected In Water Sampler (mg/l) - 
w-w d.oooo5 a.oooo5 4 . m 5  
R G W  <o.oooOS < o . m 5  a. 00005 
Ri- W d.oooo5 d.ooo05 a. m 5  
M-w d.oooo5 4 . m 5  d.oooo5 

AppcndixSb: MerctvyLerelr Detected in Sediment  Samples (pg/g dry weight) 

0.0660 0.0660 0.0390 
0.0710 0.0780 0.(#33 
0.0650 0.0820 0.0725 
0.1100 
0.1m 0.0660 0.0567 

0.0740 



A-11 

APPENDIX 6: PCB Detected in Vcgetntion Sampler (pg/g dry weight) 

r 

I 

1 

1 
1 
1 
I 
1 

1 

1 

1 

1 

1 
1 
1 
1 
1 
1 
J 
1 
1 
1 
1 
1 
I 
1 
I 
1 
I 
I 
I 

07/88 09/87 
W d - R  0.0630 0.0010 0.0260 
Wcl2-R 
W n  1-R 
W-nlD-R 
W - d - R  
-11-R 
RbcllDR 
k l 2 - R  
R-1 -R 
"R 
Rbw1-R 
b R  
k l l  -R 
Wl2-R 
Ri-ml -R 
R i 4 - R  
Ri--1-R 
R i - d - R  
Ri"R 
McI 1 -R 
K42-R 
M-ml-R 
M - d - R  

v2D-R 
wc. 1 l-s 
WCL2-s 
W n  1-s 
WJVlDS 
W&-s 
Re-cll -S 
R d - S  
Re-ml-S 
Rem243 
h l 4 3  
Ke-lvlD-s 
b # & S  
Rid4 
U€llDS 
ti-wl-s 
U"S 
u-rml-s 
ti-pm2-S 
ti- 
U& 
HCUS 
bkt2-S 
H-SVlS 
bf-SV2-S 

0.0010 
0. m 

0.0190 
0.0190 

0.01 70 
0.01 00 

4.0010 
a0010 

0. oo30 
0. oO60 

d.0010 
d.0010 
0.0050 

4.0010 

0.0120 
0.0660 
0.0230 
O.Oo90 

0.0010 
0. m 
O.OO60 

0.0060 
O.Oo80 
0. o080 
0.0270 

8.0010 

. 0 . 0 0 9 0  

aooso 

8.0010 
0.0220 
0.0130 
0.0180 
0 . m  
O.OO80 

O.Oo60 
0 . W  
O.Oo90 

- O.oOs0 

0.0010 
0.0010 
0.0010 
0.0010 
0.0013 
0.0012 
0.0016 
0.001 5 
0.0012 
0.0029 

0 . W  
O.Oo30 
0.0025 
0.0018 
0.0013 
0.0023 

0.0034 
0.0018 
0.0023 
0.0026 
o.0021 

0. (x230 

0.0280 

0.1300 
0.01 70 
0.0140 

0.0150 
o .om 

0.0390 

0.0130 
0. ouo 
0.m0 
0.03oO 

4.0010 
0. a)94 
0.0082 
0.01  10 
0.0130 
0.0270 

0.0110 

0.019 
0.0120 

0.0210 
0.m 
0.0084 

d.0010 
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Appendix 6a: PCB Levels  Detected  in Water Samples (mg/l) 

d.0010 d. 001 d.0010 
4.0010 co.001 <0.0010 

Appendix 6b: PCB L c ~ c l ~  Detected  in  Sediment  Samples (pg/g dry weigbt) 

4 . 0 1 0  4.0100 4 .  01 
<0.010  4.0100 4 .01  

d.0010 <0.0010 4 .01  
4.0010 

d.0100 

0.01 70 0.0110 d. 01 



Well -R 
WCYZ-R 
W-sv I-R 
W-SVDR 
W-N2-R 
-11-R 
RecllDR 
Ra~l2-R 
Rc-1-R 
Re&-R 
Rc-NI-R 
h - R  
e l l - R  
Ri-CO-R 
Ri-s~l-R 
Ri-SV2-R 
Ri-~ml-R 
R i - d - R  
Ri*R 
M 4  1 -R 
M42-R 
M-gvl-R 
M - 4 - R  
hi-gv2D-R - 
wc. I I-s 
WC.12-s 
w-rv I-s 
WIvlDS 
W M - S  
Racl1-S 
"S 
RGID11-S 
"S 
B e - W l S  

ResvlDS 
Fb-S 
Ri-cll-s 
R l c l ~  
Ri-Bvl-s 
R i d - S  
Ri--1-s 
Ri-rm2-S 
R i " S  
Ri-n-S 
M 4 S  
M&S 
M-rv1-S 
. M-N2-s - 

0.0018 
4.0010 
<0.0010 

4.0010 
0.0010 

4.0010 
d.0010 
4.0010 
4.0010 

4.0010 
d.0010 
4.0010 
d.0010 
4.0010 
4.0010 

<0.0010 
#.0010 
#.0010 
4.0010 
<0.0010 
d.0010 
4.0010 
4.0010 
4.0010 
8.0010 
#.0010 
4.0010 
4.0010 
4.0010 
40012 

0.0012 
al.0010 
8.0010 
d.0010 
4.0010 
4.0010 

0.0013 
0.0017 
4.0010 
8.0010 

A-I3 

m a  7: PCP Detected i o  Vegetation Sampler (pg/gdry might) 

I 07/88 09/97 1 

d 

d.0010 
0.0014 
0.0013 
0. o009 

<0.0010 
0.0015 

<0.0010 
4.0010 
0.0016 

4.0010 
0.0010 

#.0010 
0.0059 
0.0015 

d.0010 
#.0010 
0.0013 

d.0010 
#.0010 
0.0013 

4.0010 
<0.0010 

#.0010 
0.0029 
0.0017 
0.0081 

d.0010 
<0.0010 

0. 0050 
4.0010 

0.0030 

0.0059 
0. ow6 
0.0052 

#.0010 

0.001 8 
0.0027 
0.0013 
0.0027 
0.0023 
O.Oo20 

0.0011 

0.0011 
0.0028 

0.0026 
0.0017 
0.0019 

4.0010 



Appendix 7.: PCP Levels Detected in  Water Samples (mg/I) 

0.0020 4.m 
M-w O.Oo20 4.0020 

Appendix 7b: PCP Levels Detected In Sediment Samples (pg/g dry weight) 

W d  4.m 8.oO20 4.002 
Rwed 4.m 4.m 0.002 
ELwedD 4.O020 
Riaad O.oOs0 <o.oou) 0.0037 
Ri-redD 0. am 
w 0.0048 0.0055 0.003 

. 
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m m  8: TCP Detected in Vegetation  Sampler @g/gdry weight) 

i 07/88 02/88 09/87 
Wall-R 
W42-R 
W-N 1-R 
W-N~D-R 
W-d-R 
RMll-R 
RacllDR 
RMD-R 
Resml-R 
R e d - R  
Rem1 -R 
RM-R 
Rlcll-R 
WE-R 
Ri-Wl-R 
Ri-SV2-R 
Ri-rn1-R 
Ri-rm2-R 

I:<;: 
~ M42-R 
1 M-svl-R 
M-d-R 

0.0012 
8.0010 
4.0010 

4.0010 
0.0023 

4.0010 
4.0010 
4.0010 
0.0032 

co.0010 
<0.0010 
4.0010 
4.0010 
co.0010 
8.0010 

4.0010 
4.0010 
4.0010 
4.0010 

4.0010 
0.0026 
0.0015 
0.0012 
0.0016 
0.0018 

4.0010 
4.0010 

0.003 1 
4.0010 

co.0010 
0.0016 

4.0010 
d.0010 
d.0010 

0.0021 

d.0010 
0.0020 
0. oou 

4.0010 

0.0025 
0.0023 
0.0034 
0.0130 

0.0044 
0.0039 

0.0065 
0.0044 

0.0091 

0.0070 
0.0085 
0.0091 
0.0028 

M-rn2D-R <0.0010 <0.0010 
W<L 1-s 4.0010 0.0062 
wc.12-s 8.0010 0.0082 
W-rv 1-s 4.0010 0. oow 
WJVlDS 4.0010 0.0064 
w 4 - s  (0.0010  0.0051 
Rbcll-s <0.0010 0.W3 
Racl2-S 4.0010 
RemlS 4.0010 
"S 4.0010 
Re-SVlS 0.0039 
RC-SVlDS 0.w1 
Racr-S 
Ri4l-S 4.0010 
RlCllDS 4.0010 
Ri-rvl-s 8.0010 
Rim-S d.0010 
Ri-rml-s 4.0010 
Ri-pn2-S 8.0010 
Ri-rm2D-S 
Rim-S 0. oo60 
McllS 0.0010  0.0041 
M42-S 8.0010 0. ooso 
M m1-S  0.0018 0.0033 
M-dS 8.0010 

0.0097 

0.0110 
0.0110 
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Appendix 80: TCP Levels  Detected i n  Water  Sampler (mg/l) 

W-w 
RC-W 

Ri-U 

M-w 

4.oO20 4.0o02 4.m 
d.0020 d.ooo2 4.ooo2 
4). m 4. ooo2 4). oO02 
eo. 0020 eo.0002 4. o002 

Appendix8b: TCP Levels Detected in Sediment  Samples (pa18 dry Weight) 

eo.0020 4.0020 0.0066 
0.0033 d.0020 0.0061 

4.0020 
0.0067 <0.0020 0.042 
0.0053 
0.0050 0. oO60 0.0108 

8 
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