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Table A. Summar

- VI _

y of contaminant concentrations in the sediment, water andfish of Lake Erie. Details may be found in appendices 1,2 and 4.

Arsenic

Cadmium

Chromium

Copper

Lead

Mercury

Nickel

Zinc

PCB'S

Water

(000)

0.35
(0.1-0.6)

0.20
(N.D.-0.20)

1.60

(N.0.-la.0)

1.75
(l.0.-17.0)

1.50
(0.15-12.0)

0.61 .
(N.D.-0.61)

3.50
(2.0.-4.0)

5.50
(2.0-9.0)

0.03

Sediment
(ppm)

2.28
(0.2-60.0)

2.55
(0.1-13.7)

54.22

39.53
(3.0-207.0)

73.02
(a.5-299.0)

0.59
(0.01—7.5)

48.42
(9.0-121.0)

129.22
(12.0-536.0)

0.14
(0.004~0.80

Fish

(ppm)

0.05
( 0.01-0.12)

0.13
(0.19—0.78)

0.22

0.53
(0.18-1.56)

0.21
(0.09-0.52)

0.56

(0.0l—3.6)

1.16

4.84
(4.27-6.05)

1.31
(N.D.—14.0)
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Table B: Inventory of sources of contaminants in Lake Erie (fluxrate kg/yr).

Contaminant

Arsenic

Cadmium

Chromium

Copper

Lead

Mercury

Nickel

Zinc

PCB'S

Point

Source

7.87xlo3

3.56x102

7.54xio3

2.33x104

1.o7xio4

6.20xlOl

1.80x105

4.73xlo4

-data not available

Tributaries

5.

l.

2

62x10“

05x105

.ozx196

.56x106

.oex106

.23x105

.88x106

.43x107

.o7xlo5

- VIII -

Shore

Erosion

8.50xlo4

1.10xlo4

3.29xio5

1.33x105

1.50x105

1.65x102

1.6Ox105

3.9axlo5

Dry Wet
Fall

2.00x104

8.oox104

,l.50x105

7.50x105

a.ooxlo3

8.00x104

100x106

3.10x103

Dredge
Material

1.10xio4

5.82xlo3

7.49x104

6.45x104

6.30xlo4

6.80x102

7.94x104

2.43x105

8x10

Discharged into
Lake Erie

7.02xlo4

1.76x105

l.76x105

5.27x105

1.75x105

1.76x103

5.27x105

1.05x105

8.78x102
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Such factors include pH, redox potential, and methylation. The form of the
contaminant exists is important as it strongly influences its toxicity and
mobility.

V. The impact of dredging on the Lake Erie ecosystem.

Studies have documented a change in benthic invertebrate community
structure following dredging activities in Lake Erie. These studies have
concluded that the alteration in community structure is a negative impact
whose effects have been observed to last at least 5 years. However, these
studies lack certain data which weaken their conclusions. First, while all
document a change in numbers of individuals, none document the change in
biomass of the benthos, a critical measure of productivity. Second, none
partition the effects due to burial and contaminant release making it
impossible to determine which process is responsible for the observed
alterations. Third, these studies make conclusions which are not based on
ecological concepts regarding community structure. A change in the
distribution of species abundances of the benthos over a relatively small area
is not necessarily a damning flaw. There are no guidelines for "quality of
benthos" indicating desirable species, community structure, or productivity.
There are no studies on the impact to the rest of the ecosystem resulting from
a change in the species composition of the benthos.

The sediments of Lake Erie may hold potentially toxic levels of many
contaminants, with many of the more often dredged areas, particularly harbors,
being the most contaminated. Before dredging disposal decisions can be made
the protection of the ecosystem should be ensured with carefully designed and
monitored pilot studies which will determine if there are deleterious effects
to the ecosystem including changes in productivity and the release of harmful
contaminants to the higher trophic levels.
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l)

2)

3)

4)

5)

OQNCLUSIONS

The sediments of Lake Erie represent a sink for the majority of
contaminants entering the lake each year. Regardless of consideration as
a redistributor of in-place contaminants or an original source, on the
basis of available data dredging activities play a relatively minor but
controlable role as a contaminant source. However, on-land and confined
disposal represents a significant means of removing the contaminants from
the lake.

While advances have been made in our knowledge of physical and chemical
parameters associated with contaminant availability the relationship
between these factors and dredging activities remains poorly understood.

It is widely recognized that bioaccumulation of contaminants occurs at
all trophic levels. However, the role of dredging in the release of
contaminants is uncertain and conclusions regarding the impact of
dredging activities are tentative, but suggest that dredging plays a
minor part in bioaccumulation of contaminants. While the contaminants
have all been shown to have potential deleterious effects on the biota of
Lake Erie, the weakness of the data base allows for uncertainty on the
role of dredging activities in the release of potentially toxic
concentrations of contaminants.

Dredging activities have a direct impact on the immediate areas involved,
$22., the dredge site and dredge materiel disposal site. While there is
some evidence that the dredge disposal site may exhibit alterations in
community structure even after 5 years of disuse, there is no evidence
regarding the change in quality of the benthos or whole lake ecosystem
due to dredging activities.

The fact that there is limited evidence relating dredging to any sort of
ecosystem impairment does not mean that dredging has no impact. Rather,
there has simply been a laEE'of scientific studies which have been
designed to show the extent of the impact.
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II LAKE ERIE - AN INTRODUCTION

Lake Erie is the second smallest of the Great Lakes in surface area at
25,657 km2 and smallest in volume at only 483 km . These values represent
10% of the total surface area of the Great Lakes and only 2% of the total
volume. It is the shallowest of the lakes with an average depth of 19 m. The
drainage basin for Lake Erie is relatively small, 58,800 kmz, but includes
areas of intense agricultural and commercial activities and is heavily
populated. Bordered by four states and the province of Ontario, several large
cities rest on the banks of Lake Erie including Toledo, Cleveland, and Buffalo
along with smaller population centers such as Erie, Ashtabula, and
Leamington. Lake Erie serves as a link between these cities and as a
thoroughfare to the upper lakes. The heavy use of Lake Erie for shipping, the

shallowness of the lake, and the heavy siltation load from its tributaries has
necessitated dredging activities surpassing that in all the other Great Lakes.

In 1979, 66.3 million tonnes of cargo moved through the Welland Canal at

the eastern end of the lake, 40% of which was grain with an approximate value
of $2 billion (Misener, 1981). Iron ore and other bulk material comprised
most of the rest of the cargo. Between 1979 and 1985 shipping is expected to
increase by almost 35% (Misener, 1981). These figures do not take into
account the value of shipping entering Lake Erie through Lake St. Clair or
intra-lake shipping. The cargo industry of Lake Erie is responsible for the

direct employment of more than 15,000 people. Shipping expenses for the four
major commodities (iron ore, coal, limestone, and grain) accounted for almost
$4,340 million in 1970 (International Working Group on the Abatement and
Control of Pollution from Dredging Activities, 1975). Dredging in the Great
Lakes is a major industry employing 2,500 people with annual payroll of
approximately $26 million (International Working Group on the Abatement and
Control of Pollutidn from Dredging Activities, 1975).

 

Table 1. Annual commercial fish harvest in Lake Erie. (000's kg)
Year 0.5. Harvest Canadian Harvest Total Value $000's)

1976 4,107 11,570 15,670 5,990

1977 4, 392 16,154 20, 526 7, 737

1978 * 18,072 * 9,884 +

1979 * 18,475 * 17,592 +

1980 * 19,490 * 14,024 +

sources: Canadian harvest - Owtario Ministry of Natural Resources, 1981

0.5. harvest « Baldwin at al., 1979

+ Canadian harvest value

*data not available
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Dredging plays a major role in maintaining the lake for the shipping
industry. The dredging activity in Lake Erie represented over half the total
volume dredged in the Great Lakes (Table 2). Historically, a vast majority
(90%) of dredging in Lake Erie has been for navigational purposes (International
Working Group on the Abatement and Control of Pollution from Dredging
Activities, 1975). During the period 1975-1979 dredging activities decreased
63% in Canadian waters and 28% in U.S. waters for a total decline of almost 1
million cubic meters place material (Guidelines and Register for Evaluation of
Great Lakes Dredging Projects, 1982). Considering the large volume of material
dredged annually and the economic importance of the lake, the impact of dredging
activities on the lake needs to be investigated thoroughly.

One of the critical factors in determining the extent of dredging in a
given area is the cost of disposal options. 'Removing dredge materials to sites
far removed from the dreging location can add $2 to $5 per m3 to the cost of
the dredging project (International Working Group on the Abatement and Control
of Pollution from Dredging Activities, 1975). In addition, the cost of
preparation or construction of disposal sites should also be considered. The
decision of where to place dredged material must, therefore, balance economic
and environmental concerns.

Dredging in the Great Lakes has come under close scrutiny in the last
decade as awareness of the effects of this activity has increased. Dredging
activities have a number of potential negative impacts including disruption of
spawning sites, creation of turbidity, disturbance and destruction of aquatic
organisms and habitats, resuspension of contaminated materials into the water
column, dissolved oxygen depletion, release of nutrients and other material
entrapped in the sediments, and the creation of floating scum and debris. Not
all of these effects are necessarily harmful to the environment. Floating scum
resulting from dredging activites offend our aesthetic senses more than they
harm the environment, but the significance of some of the other effects remains
largely unknown.

Because of the potential damage to the aquatic environment, guidelines
have been established (Guidelines and Register for Evaluation of Great Lakes
Dredging Projects, 1982) to regulate both dredging and disposal activities.
These guidelines take into account the type of material dredged, contamination
levels in the material, and the impact of the dredged material on the proposed
dumping site. Depending upon these factors, dumping is suggested in the open
lake, upland, in confined areas nearshore, or as beach nourishment.
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physical, chemical, a,‘ uifllvf' at at «vities that might reSuseenn the
sediments {Helen and elermay ; 42). lnis work is summarized in sable 5. The
results of these calculation; s re tta‘ multiplied by the average
concentration of pollutant in :ne sediment of each basin. Values of
concentrations in the sediment were derived by averaging those values in the
literature which did not represent harbors or ports where pollutant levels are
generally much higher than typical lake sediments. Like the data fer the
water borne pollutants, these are weakened by the fact that They rapesent many
sources, originally collected for a variety of purposes, tram 6y sites, by
many methods, and analyzed by many means. The same caveat reg ruing a rough
estimate must again be made for these values.
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necessarily a major reservoir of these contaminants. A probl,n with an
estimate of the biotic reservoir heavy metals is that there few
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IV. CONTAMINANT BUDGET FOR LAKE ERIE

I) Introduction

Mass balance studies attempt to identify the principle points of
material storage and movement within a system. Such knowledge allows for the
calculation of such parameters as retention times and sedimentation rates.
For this report the mass balance approach is used to put dredging into
perspective with the other major sources and exports of contaminants of Lake
Erie. It is not meant to be the definitive mass balance study of the
contaminants of the lake.

For any lake, the simplest equation to describe the mass balance of
an element within the system is:

T=R+I-C

where T is the total mass of the element in the lake, I is the loading from
all sources, R is the resident mass of the element in the water and sediment,
calculated in Section II, and C is the mass of the element leaving the lake in
its outflow. For this project, the three variables I, R, and C, have been
further subdivided so that all major processes in the pollutant cycle can be
identified. In so doing, weaknesses in the data base have come to light, a
matter which is discussed in the final section of this chapter.

2) Contaminant loading into Lake Erie

For this report the loading into Lake Erie is defined as (modified
from Jennett gt,gl., 1980): I

I = P + A + E + D + S
where P is direct point source loading, A is tributary loading, E is loading
from shoreline erosion, D is the amount of material entering the lake via dry
and wet fall, and S is the amount of heavy metals introduced from dredge
material. An important consideration in contaminant load assessment is the
large dilution capacity of the lake. Consequently, large loadings are
required before contaminants are analytically detected. Significant changes
may therefore occur before a change is noticed.

a) Point Source
Point source loading for this report has been defined to include

industrial and municipal discharges into Lake Erie. Unfortunately, current
municipal data for the heavy metals in question are either not collected in
the United States or are unavailable. Industrial loadings for the United
States are found in an IJC report (1979). Point source loading estimates for
the Canadian portion of the lake are available (Sudar, 1977) which include
both municipal and industrial loading for all heavy metals with the exception
of arsenic and mercury. The combined data from these sources can be found in
Tables 6 and 7. Nickel is the most abundant heavy metal, primarily from
industrial sources, followed by zinc and copper. Mercury and cadmium have the
lowest levels of loading from these sources. For all heavy metals in question
the importance of this loading source is minimal (Table 7) accounting for no
more than 4.5% of the total loading. It is doubtful that the inclusion of
municipal loadings from the United States would significantly affect the
results. Data for PUB loading from point sources are not available:  



 

b) Tributary
It has been a tgmarac we: toe tributaries of Lake Erie contribute atleast 95% of the contaminants :x7» 2ie iAKB "wriagc at al., lET9». The

importance of the Detroit RAVE; tanner o eraemphasized as :he source for

   

  

  

 

most of the heavy metal loading :hto Lake rie. The Detroit River serves as
the link from the upper Great Lahes ehd is consequently carrying the waterborne pollutants from Lakes Super ... Michigan and Huron as well as receiving

gee rrom Detroit and the surrounding
hate relatively minor amounts of the

the industrial and muricipai dis he
communities. Other tr eateries
contaminants. This is no; to sav Chat They do not have localized impacts, but
by comparison they do not add a ligfiifliant amount of contaminants to Lake
Erie; most contaminants e”* r Lake Erie via the Detroit River. The Detroit  
River carries 3.43xio‘ kg of Zinc eacr year, some 89% of the total loadingfor this metai. Virtually the entire mercury load, 99.8% (Table 7), also
enters via the river. The only exteprirn is arsenic, with the river
contributing only 31% of the total load. Over 96% of the PCB's enter the lakevia the Detroit River

c) Shore erosion
Data for Canadiah shore erosion and its contribution of heavy metalloading into Lake Erie is detailed in Thomas and Haras (1978). Data for the

United States shore e.osioh are not available. Only arsenic has shore erosionas a significant source, yielding A7% of the total load into the lake (Table7), though only 8.5x184 kg are added each year. Zinc has the greatest massloaded into the lake each year, 3.981105 kg (Table 6), but this represent
only 2.5% of its total load. Mercury has the lowest actual load, 1.65x10
kg (Table 6) and per cent load, 0.03% (Table 7), added from shore erosion.

d) Dryfall and wet fall
It is only within the last decade that the atmosphere has been

recognized as a significant source of heavy metal loadings into lakes.
Eisenreich (1982) has conpiied most of the existing information on atmospheric
loading into the Great Lakes. Data for arsenic loading are from Traversy eta1. (1975) and data for zihc are from Kuntz (1978), while there remains no*_
details on the loading for chromium. The atmosphere is a significant source
of cadmium (39.6%), lead (37.12%), and arsenic (11.11%) loading into Lake
Erie. Zinc has the highest mass loaded (l.DxlD6 kg) but this does not
represent a significant source. Of the seven heavy metals for which data are
available, nickel is least affected by the atmosphere as a loading source.
Though atmospheric deposition is the major source of PCB to Lakes Michigan
(Murphy & Rzeszutko, 1977) and Superior (Swain, 1980; Eisenreich, et a1.
1981), Lake Erie receives a far smaller proportion due to its much smaller
surface area, receiving PCB loading from the Detroit River.

a) Dredge material
The addition of contaminants into Lake Erie from dredge material was

discussed in the recent "Guidelines and Register for Evaluation of Great Lakes
Dredging Projects" (1982). Using dredge data found in that report in the
present evaluation, the conclusion is that dredging is not a significant
source of heavy metals into Lake Erie, with no metal having a percent load
greater than 6.5% (Table 7). In comparison, the 1982 'Guidelines' found that
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many of the contaminants contributed by dredging were in excess of 10% of the
total load. The difference in estimate of importance relegated to dredging in
this report and the 1982 report is due to the inclusion of more loading
sources in the current study. When placed in the perspective of the total
loading from all sources, dredging becomes a relatively minor source
regardless of consideration as dredging as a new source of contaminants or

re-suspender of in-place contaminants. However, this is not to discount the
importance of a source responsible for 5.42 x 105 kg of heavy metals in Lake
Erie each year. While representing a small portion of the total volume of

heavy metal loading (Table 7) dredging might best be regarded as a highly
controlable point source which may result in significant localized impacts.

3) Contaminant exports from Lake Erie

a) Tributaries
The major outflows from Lake Erie are the Niagara River and the

Welland Canal. Kuntz and Chan (1982) have reported on the heavy metal

concentrations in the water leaving the lake. Annual mass values were

computed by multiplying the annual river discharge by the concentration of the

heavy metal in the water. The Welland Canal was not considered due to its

relatively small outflow in comparison with the Niagara River. The Niagara

River is the major hydraulic outflow from Lake Erie for mercury (96%), cadmium

(91%), nickel (80%), and copper (73%), and is significant for the other metals
as well (Tables 8 and 9).

b) Fish harvest
‘ One source of contaminant export not usually considered is the loss

due to the harvest of fish from the lake. Mean values for the contaminant

concentration in the flesh of each of the commercially important species

(Appendix 4) was multiplied by the latest data for fish harvest. The results

of the analysis (Tables 8 and 9) suggest that this is not a major source of

contaminant loss from Lake Erie with most contaminants losing less than 0.1%

in this manner. Mercury and PCB's are the sole exceptions with exports of

0.17% and 0.33%, respectively. In all cases but zinc the total mass loss was

less than 30 kg.

c) 0n-land or confined disposal
Heavily polluted dredge materials are normally disposed of on land or

in confined disposal sites in the water. The most recent data for this type

of disposal including estimates of the mass of heavy metal exported are

reported in the 1982 Dredging Guidelines. From these data, it can be

concluded that of the contaminants removed from the lake each year, on-land

and confined removal of spoils is a significant means of contaminant export

from the lake. This is especially true for PCB's (82.89%), lead (57.69%),
chromium (55.67%), and zinc (50.70%). Little mercury (3.99%, 7.3x102 kg) or
cadmium (9.64%, 1.87x10 kg) is lost in this manner.

d) Volatilization -
Mercury is unique amongthe heavy metals investigated in that it is

relatively vglatile (Bertine and Goldberg, 1971). Using an estimate of

1.7x10‘ g/m /yr (Environment Canada, 1981) as the flux of mercury from   
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open water, there is a loss of 4.36 x 102 kg from Lake Erie each year.While representing 14.9% of the total export of mercury, this is a very crudeestimate whose value is dependant upon the concentration of mercury in thewater and the water temperature.

4) Heavy metal and PCB retention time calculations

The mass of contaminant retained in a lake annually is calculated by:
=I—C

where Mr is the mass of contaminantMgetained annually, and I and C are themasses of the contaminant loaded and exported annually, respectively. Theresults of this calculation give a value which is presumed to represent theamount of contaminant sedimenting each year. It is generally accepted thatsediments act as sinks for contaminants (Mathis and Cummings, 1973; Mathis andKevern, 1975; Enk & Mathis, 1977; and many others) and that the vast amount ofcontaminant entering the water accumulate in the bottom sediments (Gardiner,1974). The results of this analysis are presented in Table 10. These valuessuggest that almost all of the mercury is retained annually in the sediments(99.41)%. This result is due primarily to the low concentration of mercuryfound in the headwaters of the Niagara River, the main discharge from the lakeand is in agreement with the conclusion of Thomas (1974) who suggests thatlittle of the mercury input leaves via the Niagara River. In addition, thisvalue has been corrected for mercury leaving the sediments and entering thewater due to volatilization (Environment Canada, 1981) at a rate of 1.73 x10‘3 g/mz/yr. Cadmium, in comparison, has a very low retention value(3.96%) indicating that it is in near equilibrium in the lake. Values for theother metals fall within this range with most in the 65-85% retained range.In comparison Nriagu a: a1. (1979) calculated-values of 35%, 50%, and 65% forzinc, copper, and lead while in this report values of 87%, 65% and 80% wereobtained. Baier and Healy (1977) calculated a 70% retention level for lead inLake Washington. The actual values for mass of heavy metal retained are verysimilar to those reported by Nriagu at El. (1979) who report mass values of1.15x105 kg and 1.25x105 kg for copper and lead, respectively. Theretained PCB's represent 95% of the input. This result is almost identical tothe per cent value calculated from the data of Eisenreich et 31. (1980) forLake Superior. Nisbet and Sarofin (1972) also suggest that—most of the PCBinput to freshwater is bound to the bottom sediments.

The retention time of a contaminant in a lake is calculated by
(Bowen, 1975):

t: W/I
where‘t is the retention time, w is the total mass of contaminant in thelake's water (calculated in Section II), and I is the total annual input ofthe contaminant into the lake. The residence time of the contaminant relationto the lake water residence time is then

tr = t/R

(Stumm and Morgan, 1970). The value of the residence time for lake water is2.10 years, as calculated in Section II. The results of these calculationsare presented in Table 11.
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Values obtained rang; arom ttat for arsenic of 333 days (0.91 yrs) to
that for zinc of only 59 day: '- 16 yrs). Most of the retentisc dimes range
between 113 days (0.31 yrs) ah? l99 days (0.55 yrs). These va ,2; do not
differ significantly from those calcu‘ated by Nriagu et al. (lef9). As
suggested by these authors, the short retention time 5? these metals compared
to the flushing time of the lake’s we? :s (2.10 yrs) indicates that the
biogeochemical cycling of the; metal; is rapid. The relative resident time
values all smaller than 1 indicate that these heavy metals are readily
incorporated into sediments and become unavailable (Stumm and Morgan, 1970).
The transfer at heavy metals iota the sediments generally exceeds the transfer
out (Jennett at al., 1980). Though the retention times differ markedly, the
very low value for relative retention time of PCB is very similar to that of
Lake Superior (0.03 vs. 0.056, calculated from Eisenreich at al.. 1980). The
value is influenced by the biota, mixing relationships, and extraoge with the
sediments (Leckie and James, 197A). It should be remembered that calculations
of such characteristics are :2 ; on m~.;ures subject to a great range of
error, so that the values for :genticn .ime are often imprecise (Bowen,
1975). Retention times withir toe same order of magnitude are generally
recognized as being similar (Bowen, lesl.

   

 

  

 

  

5) Weaknesses in tre data case

As suggested in the last chapter, the calculations can be no better
than the date upon whichthey are based. In this instance there are a number
of variables which have not been discussed or which have been poorly
considered due to the paucity of data. One example of this is the lack of
information on inputs via non~point source loading. Also absent are data on
loading due to shoreline erosion on the United States portion of Lake Erie's
shores. Considering the importance of loadings estimated from Canadian shores,
the lack of data in this area may be critical. There is also a lack of data
on point source loading, primarily from municipalities. This may not merit as
much attention as estimates suggest that municipal loadings are not an
important relative to the other loading sources.
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1). Introduction
The ultimate fate if “omrl27;ants in Lake Erie, or any lake, is the

result of integrated processes latcrohng p ysical, chemical, and biological
mechanisms. Within each of these ‘swad ca egories of mechanisms, there are a
number of processes whicn feed to c“ *whsi ered. These are detailed in Table

 

       

  

   

l2 (modified from Jennett. f . The physical and chemical factors
have been studied with 1 2s* ,. r'iity in the last decade so that, for
instance, the aquatic str‘ 1f rany metals is fairly well understood.t -

Table 13 lists the posslz l arms 1? which metals may occur Ln the aquatic
environment. The fart l: uh;ct row heavy metals occurs strongly influences

to ‘i “e ; emu howard, l977). Because of the
Jr i past of contaminants on ecosystems it is

of dredging and the p :cesses
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d ite influence of dredging on the Great Lakes. He
1 '1' ‘ Le settling and dilution, elevated
ntani . : «axed rapidly and background conditions
I were gene;rl‘; lamestablished within a few hours.

Because of wave activity i *-~' the dumped materials were rapidly
redistributed and no evidence - t, aided to indicate a long term influence
on water chemistry”. The same u; w on regarding the effects of dredging
has been reached by Lee (l977k sly (1977 also states "Dredging effects and
ship turbulence are undoubtedly significant at the local level in the Great
Lakes; however, the scale cf everts iemrllc small in comparison to sediment
resuspension resulting from wind—wave actgon.”‘ The purpose of this section
will be to review physical, chemitgi arc biological processes with which
dredging activities may in .2 ’ 2*1 ;1ieflpt to out these considerations in
perspective to Sly's commehto
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2} Physico~themir H , ,
a) Particulate matter and assorptiow

Much of the following ahalysifi will emphasize the role of
fine-grained sediments and irs*: ‘> *gns;ip with contaminantsl Such
sediments compose 90% *“ narerial in Lake Erie ‘Kemo at al.,
1976). Fine-grained " . ,v l1”JTfiEWCE due to their large surface
area and hence large , a _ u d«::;“ idea. at al., 1981). Dredging
resuspends large ouant'rne: T“ s R '- .;Res at both the dragging site and,
in the case of open 19»; “lg; " disposal site. This is an important
fact as smaller~=i2ag ““:*T" he slowest settling time and are
therefore subject to v» at both the dredging are disposal
sites (Weber e: 35.,
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Table 12. Mechanisms regulating the fate of contaminants in Lake Erie.

Physical Factors
Temperature
Hydrodynamics and mixing

Chemical Factors
Acid-base (pH)
Complexation
Oxidation-reduction (redox, Eh)
Sorption-desorption
Precipitation—dissolution

Biological Factors
Methylation

Degradation
Bioturbation
Accumulation

 

Table 13. Forms of heavy metals present in the sediment—water system (Gambrell
gag, 1976‘)

Soluble free cations

Soluble organic or inorganic complexes

Easily exchangable cations

Precipitates of metal hydroxides

Precipitates with ferric oxyhydroxides

Insoluble organic complexes

Insoluble sulfides

Residue metals
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xi m1xi'g if large quantities of oxygenated surfacewater with r add interstitial water may effect pH and redoxnotentials a the solubility of trace and toxic metals. Inaddition, th waters and dredged solids may be altered due tooixirg of ma r4“‘ oh JiYiHU dredge material disposal or bychemical tress“
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l; ides 1n sortace water DH during dredge materialdisposal has been noted an :ry from slight increases to slight decreases(May, 1973; 3974; O'Connet‘ 1976; aeher Aai,, i982). The oxidation of
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b, remgaya or, _ iani .orobes is temperature dependentand thi‘ r;r a , Iatio' rates. The rate of methylationdoes seem to ;‘ ~‘; ‘1' A range a? 10-300C (Bis chi andLawrence, 197i 3x5 :3- *e- * n often cooler than 165;.Redox DOtcfitluii ‘t LUw aura Latentiais (-200 my) mer:urv ions combinewith so. it;;* “¢4,nry ;:u“ide which is unavairaure ’ormethyla
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Methylatior or me: Lav ;_ ,im fol; 380 by the normal bacterial Floraof the gills and guts of ti:# "Wuh~'” and silver, 1978). wwaver, the rateof synthesis of methyimerctrx Ln tvo assimeats does not here in be very rapidfor Fish to accumulate oargr~~ ~*" 5 c, 1973) from the ater. Inlocations where sediments »~ g .,.
chlorinated nydorcarbOhs fish r= 7"~nu to :ncumulate very g1- remethylmercury as the enzyme :ystem: recpcnsi is for methylmeri;rvare inhibited (Wood at al., 1968;L Fish r fore, may accu"u1methylmercury From within acu witpr~t,'
re-emphasize the importance of unoerstendino L»environment.
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are unavailable though it a u a be “or determinant in dredgingdecisions. However, tn, ’1" f. "uncentratior rt methylmercuryin the sediment is not 7 er? a refiect the r? of synthesis(Wood, 1974). instead, V :2 r ICNfa - Mfent anc rr a ofmethylmercury accumulation in fist axe r r for meaningful decisions(Hood, 197a).

b) Biodegradation of 933‘s
The degradation oi ~29

accomplished by the fungus 1
strains of the bacteria {at
1975), Alcalioenes (Fy”
and Sudo, 1980)?fi§§i:k
and Colwell, 1976; Won
(Lunt and Evans, 197 ; Baxter\.
1975; Clark et a1,, 1979) mixef

   

   

     

  

  

   

'1n hrs been reporteo to be
3 :Wailnofer at £1". 1973) and

re,” and Focht, 1973; Wong and Kaiser,
1',s; .urukawa and Matsumura, 1976; Yagia a ’ ' r 1978), Pseudomggag (Sayler
'3; uaxtcr at al., 1975) and Norcardia

' 1

 

l

c
\

.. n twoustudies (Wong and Kaiser,
.Jges of microorganisms were utilizedand found to be capable of "afils. Wong and Kaiser (1975) concludedthat less than 1% o? the u . lake water were capable of utilizingPCS's for growth. 7%? ‘2: 9? mixes cultures results in more rapid degradationthan pure cultures per - 9; t,« n eserce cf micro—organisms that couldaid the degradation 0 by removing potentially inhibitory intermediates(Clark at al., 1979). Moreovar, the mixed culture method is probably a muchmore accurate representation 0 the activities in a lake than pure culturestudies. Both of the 1 tar at” ‘Aw ”uded that PCB degrading microbes arecommonly present, though in 1:“ aruhuence, in soils and lake sediments.
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irrigatin: 'isid worms reduced on in the upper 1-2
cm ann increiaeo on 3a..” r , ., H, r:.ments (Davis, 1974). as :reviously
OESCEluEd ,.:: oH cha gas in ;~w;unction with other factors such as redox and
dissolved oxygen can result if changes in heavy metal availability. Oxygen
exchange is ninimal during periods of low oxygen concentration, such as
stratification, and activity of tubificids is minimal. With an increase in
oxygen concentration activity resumes. The mass transport of oxygen into the
sedimenta ny oioturbation can be of considerable inportance wnere large
densities of bioturbating organisms exist. At 50,000 tubificids/me the
oxid’zeo zone of the sediment exteno“ at least 15 cm into the sediment
{3chnmacher, 1953). increases in renew in the sediment have also been
:eoortea where oenthic organisms are Very active (Edwards, l958; Hargrave,

    

  

   

   

   

,7. .-—y m ‘9/Z/ 4ith the oxidized zone deepened by 0.3-to l.6 mm (Davis, l974).
Clearly, bacterial activity, such as methylation of heavy metals, will be
effected. Both tubificid worms and molluscs have been shown to release the
netnylmercury formed by microbes in the sediment as they burrow through the
sediment (Jernelov, l970). Bioturbatlon in productive areas will result in
higher methylmercury concentrations in the overlying water (Petr, 1977) as
both inorganic mercury and merhylmerCury have high affinities for organic

r

substances (Jerneldv, 1975}.

Bioturbation is a significant event in the Great Lakes (Robbins and
Edgington, 1975). Robbins (l980) suggests that the benthos can play an
important role in the cycling 9 i a nutrient critical to limiting the
development of diatoms. In paka r JQDiFEX tubifex have been found to feed
over a range of 0~l0 cm in t» r 1 though most feeding occurs between 5—8
cm (Fisher et_al., 1980), wi.h mixin occuring from 6-9 cm as a layer of
sediment above the zone of -’ ‘ " ng roves downward. The process causes a
significant amount of sedin
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sediment—water thEIle 3y tie: lCid feeding is greats. than its
upward velon' y du= to H-ation. Consequently, tubiflcids alone are
capable of mixjflj the sediments of the western basin. most of the

regf.na of the eastern basin (Fisher 3; al., 1980).
‘ ;siimated to mix 2-6% ot the top 10 cm

,ach week at 190C (McCall §t_§l.,
such heavy metals as mercury, chromium,
some instances (Kovacik and Walters,
'ng activity is an important phenomenon

below 5 cm where unionid clams are
H roar sediment mixing (McCall at al.,

1 _ to seoarate the reworking effects of the

ram ohysical factors such as waves and currents.

 

      
  

  

    

   

In addition, .

layer of sediment in the
1979). The uniformity of
lead, and zinc, to a d
1973) is taken as avid
in Lake Erie. Mixing profi"
absent suggestinl their inndrt
1979). However, it is not '
different benthic components

  

o) Bioaccumulaticn
Having discus ;: physical, chemical, and biological factors which

play a role in detennining the availability of contaminants, the next relevant
question is whether or not organisms are capable of accumulating these
pollutants. The effect: that the contaminants may have is discussed in

  

Section VI. Bioaccomulation data for species found in Lake Erie may be found
in Appendix III. The majority of these studies. while dealing with taxa found
in Lake Erie, were not carried out in Lake Erie.  
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3  One significant poi~ a: wuv f the literature conc‘r“. semantics,
in particular the use of the ’-"=s ii; ccumulation and biomagni‘icatinn.
While often used todescribe the same events, they are actually seaarable
processes. Bioaccumulation is the extent to which an organism collects a
compound from its surrounding environment by all processes, while
biomagnification indicates that a compound is concentrated thrn.'i the
consumption of lower by higher food chain organisms with a :mcriase in
tissue concentration (Isensee at al., 1973). The two BIOCtrtt“ iiji CE
discussed in the following sections. fiioconcentration feetwr EGTV is the
concentration of a chemical in an organism, or in the tissue c; a~ :rjanism,
divided by the concentration in the water {Kenega and Goring .‘Gfil.

 

  

i) Bioaccumulation
A critical point is that mary s JdlES, on all trochg“ :e»s;s, have

been performed solely to measure concew rations of contaminants the
organisms. Such data are insufficient it determine the abi‘:it av irnanisms
to accumulate contaminants via absorpti;n, adsorption, or 51. “ 'ication.
What is required for the BCF t: be calculated is the concentra.iv< in the
water, sediment, and the organism in question. Without knowing
parameters in the environment the cones tratien in the organism
value. Concentration values for contaminants in fish are preseh‘ 4 in
Appendix 4. Information was not avaiiatle to allow the calculati.: of BCF's
of these fish.
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to bind heavy metals is well knawn (wdans gt_al., 1973 . it 'rrrv at al.
(1977) demonstrated that the bacteria f"eudomonas fluorescens -; actually, per
unit surface area, much more activ, in adsorbing mercury ita' ' the
sediment particles. They found that the sediment containec a ,ively small
number of very high affinity binding siies whereas bacteria hemizinec many

Both the mass balance data arc ahysico-chemical data suggest that
heavy metals and PCB's are not evenly distributed throughout LaKE Erie but are
instead associated with suspenied part ties er with the sediments. Bacteria
and algal cells represent living :usce deg particles that have been

demonstrated to be effectivw his ccwmv4atcrs. The abilitw n‘ micrsorganisms
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more binding sites. Pseudomonea sp. been shaWn to accumrlate 10 times the
amount of cadmium as sediment " or, neig basis (Titus ann efi“t»r,
1982). Remacle (1980} f-"n3tv. ' the? at? an bacteria are 3 times as

"'* ”*“ ng cadmium. while he pointsefficient as free floatiip-
out that cadmium remcvai
shown (Titus and Pfister
1977) that the accumulai
condition of the water

'iacl

.erial productivit; it has been
4., l977; Cherry and Guthrie,

wwjfented by the ohysicn4chemical
sediment particles are: i.e.,

J Ile high pH values allow
0 that a cumulation is limited.

‘
fl _

lowered redox values accelerate cadmiav

a ‘ e scadmium to form insolubl

Tornabene and Edwards {l97ZF 'i":nstrated that the accumulation of
lead by bacteria was actua;1y can t" ;, “ration rather than absnrction.

  

,. tL

Aquatic fungi similarly adsorb cadmium *ead, and zinc (Duddridge and
Wainwright, 1979). Of the lead assoc“ tea vith Micrococcus luteus and
Actobacter sp., over 99% was assaciaten . the cell wall and membrane
{Tornabene and Edwards, 1972). They a;sn snuwed that the bacteria were

  



 

.,;co«~nruical oharast~*‘g“;tg of the
'dela ion has been a: 2:n*,; under
need to assess the ‘” ‘

'.eld situations.

giwslation of heavy metals dependent on
environment (Has ett a; 61., 1980).
lead, and mercury more

_ , ,._,, flagella act as si ,
‘omolation I: o'; ~ *:3 a=' ’hifyflgflfij fHessler, 19749“
km: lation, as in o , . . , sue to adsorption, at

"=i fliuflkiifll; species “;; w'dg ;: nhi, tileugreens, and diatoms

éi-9 1980: Denny and Welsn, 1:/”: '.c av and Williams, 1979; Lanna "
1979)~ Mercury, lead, and :Houi_: hr» 411 accumulated (Hass ”' '
out neither zinc and arseni: e;e, chi: ‘ it
quickly adsorb zinc to its '3 ~w; .
in solution (Broda, 1972 . ;_ ‘_ jgrmosa adsorbs are 13 also as a
function of its concentration . 1 a3, 1978} although this is not the case
with PCE's (cederman and R? =. i 1", algae also have the shiliry to adsorb
various chlorinated hyd' r' '5 ’ fv“r et_§la, 1977) as demonstrated by the
fact t.at dead cells 1 _ ..t. ‘flnels as live cells U;
1976). Chlorinated organ 3; a at”; Le .zznmtlaten by adsorptio
partitioning {Sodergren, 1;1 ‘ 4* g i 31 Re, 1973; Reinert, 197
Bioaccumolation of these or a: 5
alga in question (Keil . , ‘7, w and Khan, 197a; nol e
1975; Neudorf and Khan, ;. 2. yrs Her and Wildman, 1977; i. is 33 Lewis,
1976; Wright, 1978; rding q inif , 1978; Hansen, 1979), Benohic algae
may also act '5 bi:.c~wmn7; : 4 flgwora, common in tie Great Lakes,
accumulates z fll. estelrm ~;3 ooet (Keeney at 31.,

‘3 01‘x'

'/4.

ft

Moilusrr m:~v:i»"f Lidfic, rave been considered as anv’=ahmental
monitors due to 1” 1;“; ; 1.1on:iate contaminants, this and Cummings
(l973) found three so» .: u- o in songs irate 8 different heavy metals,
in amounts exceeding 3? van: 17;‘u3 in water, but less tnan their
sediment concentratins- v';77 191*wda were somewhat irregular in that whole
clams were analyzed, i.u‘~h;»j 'nr¢;~ sediments and undigested Food in the
intestine, and :: ‘ :un;?~13u A586 whole ashed animals in nis study

i“: low values for acromulation as the
shell conta; low heavy ms r: :5r.ao,rarions. In a more detailed study
(Anderson, 19x7b) it was Fa 'a '31; buoy concentrations of heavy metals were
higher than the shel sa out ,. c the shells were possibly acting as an
adsorbing so :1, 'Le gills sore Found to have the highest heavy metal
concentratin: . r~x~ivn as w 32*: to; Voth adsorption and absorption. Cooper,
cadmium, and To V2»" 11 ;a inner Cuphfifitration than in the sediment,
whereas zinc ‘.- ’,: <;:.;fly hiyherh Adams at al. (1981) obtained similar
results regar .ng In; :,wrww stion son the importance of the gills as the
site of highes; has“: 1: t’ .o”= ion. Mathis at al. (1979} found that
snails and tin ” ‘
lead than sediments.  



 

w 3:5 -

Despite the importan'a of the zooplankton Component in aquatic food
webs there is a paucity of information on contaminant accumulation in these
organisms. Only Daphnia magga has received attention specifically in terms of
bioaccumulation (Biesinger at al,, 1982; Poldoski, 1979), and this only for
mercury. Accumulation of mercury was found to be highly dependent on the form
of mercury in the water with methylmercuric chloride accumulated 20 times more
than mercuric chloride. However, about half the mercury was lost within four
days of exposure. Denny and Welsh (1979) looking at the zooplankton fraction
of their field samples found lead to be significantly accumulated but give no
indication of the mode of accumulation. Mathis and Kevern (1975) in their
zooplankton samples found cadmium to be accumulated but also included gut
contents of the zooplankton in their analyses. It is clear that further work
is needed on biaccumulation in the zooplankton, especially in previously
ignored groups as the copepoos. ’

Tubificid oligochaetes are an important part of the lake Erie benthic
community. Mathis and Cummings (1973) found that tubificids were accumulating
metals at levels very similar to those in the sediments, a finding supported
by Mathis et a1. (1979). Chironomid larvae, who share a similar niche, were
found to accumulate copper, lead, and zinc in levels greater than found in the
sediments, while chromium was accumulated less so (Namminga and Wilhm, 1977).
It was suggested that zinc accumulation is by surface adsorption and that low
values for zinc in this study may be the result of frequent melting and the
consequent elimination of adsorbed metals. In both these studies, and those
of the zooplankton, the animals were not given an opportunity to clear their
guts before analysis. The gut contents of these animals undoubtedly make up a
high proportion of their total weight and apparent bioaccumulation may
represent nothing more than ingested sediment-

Fish, though intensively monitored for contaminant levels, have not
been studied to yield bioaccumulation data. Data on the concentration of the
contaminant in the water wherethe fish have been caught is usually absent so
that the means of accumulation of the contaminants cannot be determined.
Mathis and Cummings (l973) found that fish were accumulating heavy metals in
their muscles at levels above that found in the water but less than those in
sediments. Omnivorous and carnivorous species accumulated lead and cadmium at
similar levels, but omnivorous fish had significantly higher concentrations of
copper, nickel, chromium and zinc. Murphy at al. (1978) found a similar
difference between omnivorous buegill and carnivorous largemouth bass with the
bluegill having higher concentrations of heavy metal than adult bass.
Juvenile, omnivorous, largemouth bass similarly had higher concentrations than
did adults. Mathis and Kevern (1975) found that mercury was accumulated in
fish but were unable to determine the relative importance of the source, water
or food. Essentially all mercury accumulation is as monomethylmercury (Kamps
g3 31., 1972) although inorganic mercury can be absorbed through the gills,
intestine or skin (Jerneldv and Lann, l97l). While mercury concentrations in
fish were correlated with length no such correlation was present with cadmium
or lead (Mathis and Kevern, 1975). Accumulation of mercury is also highly
dependent upon temperature (Camber at al., 1978). Similar results have been
obtained for cadmium (Lovett at al., 1972) and zinc (Mount, 1964). Arsenic
(Sorensen, 1976), cadmium (Mount and Stephen, 1969), and zinc (Mount, 1964)
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Fragilaria crotenensis, both fieflCECS if the Bacillariophyta, ft: toxicity of
cadmium (Conway and William , :9793. Differences may even exterd to the genus
level with different species within a genus having different sensitivities
(Wong at al., 1979). Again, there may also be differences within species and
between habitats. Zooplankton toxicity tests frequently feature Daghnia magna
as suggested by the EPA. However, this organism is not representative of its
genus (Winner and Farrell, 1976) for sensitivity to contaminants, and
certainly not representative of the freshwater crustacean zooplankton in
general (Wilson, 1980; Marshall, 1979; Marshall and Mellinger, 1978).

Wilson (l980) has summarized the problems of toxicity tests as:
1) Little research is done on naturally occurring species with

extrapolation between species difficult or impossible (Borgmann et
31“ 1980); '—

2) lack of information on temperature effects exists; 2.3, the effects
of zinc on bluegill with a 1098 temperature shift noted by Cairns
and Scheier (1957) versus the results of Rehwoldt at al. (1972);

3) The preponderance of static bioassays;
a) The extreme overcrowding in test chambers represents unnatural

conditions for organisms ranging from bacteria to zooplankton; and
5) The lack of replication, and has been previously described, both

within and between laboratories.

Hendrix et a1. (1982) have suggested that current toxicity tests
attempt only to determine the effects of toxicants on particular organisms but
fail to evaluate the ecological effects that may 1) arise due to multispecies
and species-environment interactions, or 2) propogate through natural systems
with consequences far removed from the test organism. Such consequences
include altered grazing and predation rates, elimination of key species, food
chain magnification, and inhibition of microbial processes. Rather than use
single-species assays, they propose that more realistic and ecologically
meaningful results might be expected from a testing protocol that builds upon
bioassay data with experiments in multispecies microcosms. Increasing
complexity of microcosms could be the appropriate scheme, i e.,
1) Relatively small, static microcosm;
2) Flow-through microcosm; and
3) Detailed but selective studies in more complex microcosms.

2) Evaluation of the elutriate test
For dredging projects, the most important tests have been those which

determine the release and availability of contaminants from sediments. To
this end, three types of tests have been designed. The bulk chemical sediment
analysis of the EPA and elutriate test of the U.S. Corps of Engineers have
been discussed in detail by Lee and Plumb (1974) and Prater and Anderson
(1977a, b) as well as by numerous other authors. Biologically, the bulk
chemical sediment test may not be directly related to the impact of the
sediment on the aquatic environment because a substantial fraction of the
constituents that it measures are in forms that are unavailable to the
ecosystem (Prater and Anderson, 1977a, b). The utility of the elutriate test
for the evaluation of possible ecological effects due to dredge material
disposal on benthic fauna is suspect as well (Hoke and Prater, 1980). The
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differences associated with 2‘ ..1
of bioassay {Wong et fi;., 1979). Nickel is known to inhibit algal growth
{Hutchinson and Stokes, 1975: FeZy $3 $1,, 1979) at concentrations as low as
1.7 umol Ni/l when water chemistry favors the presence of free Nizt, its
most toxic species (Spencerrand Greene, 1981). The free metal ions are most
toxic species of copper (C113t « Anderson and Morel, 1978; Petersen, 1982),
cadmium (852+ - Sugda §£_a1 , 1978, and zinc (ZN2+ - Petersen, 1982). In
the presence of Nie+ diatoms decrease in abundance while filamentous greens
and blue~greens algae increase in abundance and diversity (Spencer and Greene,
1981). Blue-green_algae are more tolerant perhaps due to the production of
extracellular organics whicn can detoxify nickel, a process previously
identified as used by Aphanivcmenon flos-aquae to complex copper (McKnight and
Morel, 1979). Mangi at 31. (1978) cultured algae from natural collections to
study the effects of Cr(6+)w While inhibition occurred at 10 ppm, some cells
were apparently healthy after 2 weeks of exposure. The uptake of chromium was
found to vary with the chromium concentration and it was suggested that
adsorption was responsible for the uptake, even on dead cells, proving to be a
means of detoxifying the cultures. The effects of zinc have been studied on
the green alga Chlorella vul aria (Rocnlin and Farrah, 1974; Coleman at al.,
1971), Scenedesmus quadricaud (Petersen, 1982), and Pediastrum tetras
(Coleman et al., 1971) as well as the euglenaphyte Euglena virdis (Coleman gt
al., 1 7177 While Coleman et a1. {1971) showed that the dry weight of algae
increased at concentrations up to A.z ppm during a 3 week test, Rachlin and
Farrah (1974) found that 2.1 ppm retarded growth by 50% after only a days. In
nature the problem of zinc toxicity is complicated by possible additive or
synergistic effects wi+h ather contaminants such as copper (Petersen, 1982;
Anderson and Weber, l;‘,; Sprague and Ramsay, 1965; Brown and Dalton, 1970;
Lloyd, 1961). Synergiatic effects wilw be discussed more fully in the
following part of the report.

  

A natural oh tcplanktnn assemblage was subjected to various heavy
metals, singly and in mixture, followed by either sediment or bog water (a
natural chelator) to determine the effects on photosynthesis (Hongve at al.,
1980). In this instance mercury toxicity was the greatest followed by copper,
cadmium, lead and zinc. a result similar to Bechter (1976) who reversed the
ranking of lead and zinc. The addition of sediment caused the greatest
reduction in the toxicity of mercury, the metal most readily sorbed, and the
least reduction in cadmium and zinc, the metals least readily sorbed.
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warn that laboratory resu may also be influenced by algal Cui are density
and age. Using Euglena c #WWM_ Ewald at El, (1976) found that there was no
inhibition of population growth :c ". gem and could not get ehough AROCLUR

H. v :7, There was a decrease in carbon
fixation aha chlorophyl" ' ‘ AHUCLDR 1221 though no difference for
oxygen consumption was ,2 l. a. y suggested that population growth
inhibition was the a“ gép'lr “c photosynthesis or chlorophyll
production perhaps . '7“ ::;T w of cell wall permeability as PCB's
have been shown to bind t “77' is u at these

A number of “ c ha', uni. .ouad to have negative effects on algae.
Euglena gracilis is “ ‘s,=_. in :5 To . up to 10% lubricating or diesel oil
and is found at oil p"”x or 71 v; xvii écehedesmus guadricatca exhibits
reduced growth and pop on sf 6 it “ iar oil concentrations and is found
primarily at unpolluteo es ’“:.u.w' 3‘ 33 gl., l975). A one minute
immersion in oil of their sutst :: ~ ~ .und to reduce the population of red
algae and increase the greeh : 2“ ir a study of a stream ecosystem (Lock et
al., 1981). However, the re .** 1‘ 'e algae was highly variable and it_wes
concluded that the "‘ i.- u i. La La ent upon the species or even strains
present? a .c :ku‘ii; in_:;;.:_ v” airr. (Kauss at al., 1973; PuliCh et al.,
1974; Kauss and Vx' H; gdm, E“V’; Parsohs at gig, 1976). In geheral, BE‘EEéat
shift in commu vi ct' . 1 found, Gaur and Kumar (198l3 found that all
test oils exer' ’ ’" “ ‘ acts on algal growth, a result similar to

 

Soto at al. (1975), ; .; . {197mb and Hsiao (1978) though stimulation
of algal growth by a sur’ . scum {35 been observed by Gordon and Prouse
(1973), Dunstan et al, ‘lfii?r and Dar" “ __ (1976)“ The inhibition of
growth is thought L .6 7~. in ~ somber :3 u7,tcrs including alteration of
cell membrahes, ion ;> ;r :; >3ms, photosynthesis, mucleic acid
synthesis, or other metabolic W?" .l. : daaer, l970; O'Brien and Dixon, 1973;
Karydis, 1979),

gagggig are the most frecuenty used zooplankton species for toxicity
tests. In a study of chronic cadmium stress of Q. galeata megggtate it was
found that the test copulations exhibited increased turnover rates, temporal
variability, probabil tv of extihcrion. and proportion of ovigerous females
(Marshall, l978). Ih ividuals ha. increased prenatal mortality, average
weight, and brood size. It we concluded, however, that barring synergistic
interactions with other factor ‘ lake, 0.15 1g Cd/l would probably not
have a detectable effect on the population dynamics of this species. An
interesting observaticn was that since cadmium stress favors increased size,

(1 



  it may have a synergistic Tfifjl j"¥“;: with fish predation on larger

 

zooplankton (Hall 33 §;.. lx‘n aertras and Hart (1979) found that cadmium
did not affect time to maturity -: f ooancy of broods in Daphnia Eulex but
did affect the percent of adoits arsoncing young, the number of broods per
adult, the number of young per brood, total reproduction per female, the rate
of population growth, and the generation time. Cadmium in solution or
adsorbed onto Chlorggia_hao the 'ame affect. Kettle et a1. (l980) found that
Daphnia culex increa 2r

  

i the: oxy consumption in the presence of cadmium
while another caldoceran, figmoceohalos serrulatus, decreased oxygen
consumption, again illusl." log the difficulty of the 'representative'
species. Qaphgia gale: Mad increased longevity and fecundity in the
laboratory portion of this study but did notshow a response under field
conditions. Simocephalus serrulatus was much more sensitive with no
reproduction and limited life span oath in the lab and field. Winner and
Farrell (l976) concluded that larger species of Daphnia (magna and pulex) are
significantly less sensitive to cadmium stress than smaller species ( arvula
and ambiogg) though the four species did not differ in their susceptibi ity to
chronic stress. As another caveat, Canton and Adema (1978) found no
difference between three species of Daghnia in their toxicity tests but did
find that the results of experiments run in two different laboratories were
more divergent than the results of multiple replicates in one laboratory.

 

  

 

Temperature may play an important role in determining the toxicity of
cadmium and lead to Daphnia and the copepods Cyclops bicuspidatus thomasi and
Diagtomus sicilis (Wilson, 1980). Copepods have the additional complication
of having differential sensitivity between sexes. Though Wilson (1980) found
copepods to be more sensitive to heavy metals than Da hnia, other studies have
shown the opposite to be the case, at least for cadmium (Marshall, 1979;
Marshall and Melinger, 1978) and chromium (Baudouin and Scoppa, 1974), an
element copepods do not seem to absorb (Baudouin at al., 1972). Another
factor to be considered in field studies is the time of the year as Borgmann
at al. (1980) found that copepods showed a cycle of sensitivity being most
sensitive in late fall and winter and least sensitive in early summer, to
cadmium, copper, mercury, and lead. It was also found that extrapolation of
lab data to the field may be difficult due to the number of factors effecting
toxicity in nature.

PCB's are relatively toxic to Daghnia ulex with concentrations as
low as 0.02 ppm toxic to juveniles (Morgan, 1972 . It was shown that PCB
adsorbed to algae caused mortality to Q. pulex in only 4 days indicating that
Poa's may be passed along the food chain. 011 and water soluble fractions of
such hydrocarbons as #2 fuel oil and coal tar creosote greatly depress growth
and reproduction in g, oulex as well (Geiger, 1979; Geiger 55 al., 1980;
Geiger and Buikema, 1981). Changes in filtering rate may be a sensitive
indicator of sublethal stress by these contaminants (Geiger and Buikama,
1981). Wong §t_al. (1981) examined the effects of small oil particles (of
phytoplankton size) on Q;_pulex. They found that the toxic effect increased
with concentration, and that weathered oil, which had lost most of its
volatile and toxic components, was less toxic than fresh oil.
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A recent study that has oarticular bearing on these :ytes of studiesis that of Foster (1982a; t‘ who ta: IUUWd that algae of the same speciescollected at sites with vaf/lmg hasty metal concentrations had correspondingsensitivities to these me: “ Htl .2 i were the algae found to ca moretolerant in contaminated areas not 1‘9 foierance was found to be geneticallybased. The implication is twat last itory studies using algae from culturecollections may not reflect a’c; ‘w mature whereby natural selection hasresulted in algal popo;aw‘

  

  
ions at greater contaminant tolerance, While the useof natural assemblages may yield results of mixed value, algal clones derivedfrom the aquatic habitat in question would seem desirable.
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l 47 _  habitat requiring a careful sampling ssheme for accurate population
estimates. This was also hated by Sweeney (1978) in Lake Erie. It was
concluded that dredging caused:
1) Significant siltation in adjacent areas near the dredge site due to

prop wash by the dredge and the inefficiency of the dredge to remove
all suspended particles;

2) Removal of the benthic organisms by the dredge; and
3) Alternation of current patterns and sediment distribution.

Regarding the effects at the disposal site they concluded:
l) The population covered by disposed material recovered after 7 days;
2) There was a decline up to 50 m from the disposal site of the benthos

due to siltation. This will vary with the specific dredge operation
depending upon site depth, currents, and the type of dredge material;
and

3) Most individuals of the benthic community were not grossly impaired.

Again, the effect of pollutants that may have beenreleased by the dredge
operation were not monitored in this study so there is no way to determine if
this was a possible cause of any of the observed effects.

In a study of a Lake Erie disposal site out of use for 5 years it was
found that the disposal site remained more polluted than the control sites and
still exhibited "lower quality" than the control sites (Sweeney 23 al.,
1975). It was found that heavy metals, with the exception of cadmium, and oil
and grease, were in higher concentration at the disposal site. This would
seem to be good evidence for the ability of the sediments to retain
contaminants out of the water column. The benthic community remained
disturbed with a greater evenness in species diversity occurring at the
control sites, though the species composition at both sites were indicative of
a sediment containing a high degree of organic matter. There was, however, no
actual difference in the calculated species diversity index. It was concluded
that a prohibition should be placed on open lake disposal for dredge material
from polluted sources, specifically the Cuyahoga River and Cleveland harbor.

A more comprehensive survey conducted at the Ashtabula River disposal
site (Flint, 1979) similarly found that the control sites were more diverse
and their population densities more evenly distributed among the species
(iyg., no dominant species). It was concluded that the benthic community at
the disposal site had substantially changed after deposition representing a
less stable community structure exhibiting larger population fluctuations than
at the control sites. The disposal site changes were related to substantial
increases in individuals of the oligochaete genus Limnodrilus (especially
,5. udekeminus and L. hoffmeisteri) and a decrease in Individuals in species of
the genus Aulodrilus. It was also found that river and harbor dredge material
mediated different responses at the disposal site, perhaps due to differences
in the sediment texture. With both types of dredge material there was an
increase in the number of oligochaetes, particularly those species considered
most opportunistic (such as Peloscolex multisetosus multisetosus). The
predominance of oligochaetes at disposal sites has also been reported by
Kinney (1972) in Lake Ontario.
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Appendix 1

 

a. Summary figure of contaminants in the Lake Erie system in parts

per billion (ppb).

b. Concentrations of contaminants in the water of Lake Erie

in parts per billion (ppb).
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Metal

Arsenic

Cam: ium

Ulfflhtum

Copper
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Whole lake
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Western

lele lake

Western

Western

Western

Western

Whfll ‘1‘ 1.432.”:

Western

Whole lake

Year

1975

l976~?

1967

Mean

Concentration

(ppb)

 

1,75

1.18

0.59

15
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Appendix 1. Continued

Metal Basin Year Mean Range Reference Remarks

Concentration (ppb)

(ppb)

Copper Whole lake 1976-7 1.0—2.5 PLUARG, 1978 in

Konasewich §£‘§1., 1978

Western 1967 17 Chawla & Chau, 1969

Western 1973—7 3—45‘ Mich. DNR, 1978 in Monroe intake

Konasewich‘ggva1., 1978

Central 1967 15 Chawla & Chau, 1969

Eastern 1967 14 Chawla & Chau, 1969

Eastcrr: 1973 11—17 MOE, 1973 in Port Colborne,

Konasewich §£.§1., 1978 Algoma-Inco effluent
Eastetn 1973 4-20 MOE, 1973 in Nickel Beach

Konasewich e; 31., 1978

Eastern 1973 6—17 MOE, 1973 l_ Welland Canal

Konasewich_§£ 31., 1978

Lead Whole lake 1967 2.8 1-12 Weiler & Chawla, 1968

Whole lake 1967 4 Chawla & Chau, 1969
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Continued
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Appendix 1. Continued

~ Metal Basin Year

Nickel Eastern 1967

Eastern 1973

Eastern 1973

Eastern 1973

Zinc Whole lake 1967

Whole lake 1976—7

Western 1967
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Concentration (ppm)
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Konasewich §£V§1., 1978

MOE, 1973 ;g

Konasewich §;_§1., 1978

Chawla & Chau, 1969

PLUARG, 1978 in

Konasewich eg a1., 1978

Chawla & Chem, 1969

Mich. DNR A113

Konasewich et 31., 1978

Chawla & Chau, 1969

Chawla & Chau, 1969

1.Renuaxks

,

We11an0 Mama.

 

MOHIU? ‘ a»;

 



  
Apgcndix 2

Ql>tiflLIdLiULS a? contaminants

in fra Eadiments of Lake Erie

in parts per m11110n (ppm).

17951.:63f1t;a:15%;“: PCB'S in ppb

  



Metal

Arsenic

 

Basin

Whole lake

MMJie lake

Western

Western

Western

Western

Western

Central

Central

Central

 

vars

1974

1975

1979

1974

1974

 

1.2

3.0-4.0

3.2—12.U

0.2-7.0

7.0—25

 

i L':fv“:i'j'*: Remaka

4,.

  

Surge, 197A unpublishii v

in Konasewich et al., 19/T

Walters t al., 1974

t 81., 1975Traversy

MOE, l98l

{homes Migratrha ‘- "9

Walters et §:., 1974

Burge, 1974 ;Q Asntabuie Harbor

Konasewich et al., 1978

 



  

Appendix 2.

Metal

Arsenic

Cammjwm

Continued

Basin

Central

Central

Central

Central

Faeten

Eastern

Vita; -1 :3 1 tié<ta

Western

Western

Western

Year

1975

1975

1975

Mean

Concentration

(ppm)

3.A

0.14an

O.d5

 

Range

(ppm)

7.0—15

2.0—5.5

11—16

6—16

0.2—3.0

?.0—4.U

0.1—10.8

2.2—13.7

1.4—10.8

Reference

Burge & Elly, 1974

in Konasewich et al., 1978

Traversy §t_§1., 1975

EPA, 1975 in

Konasewich at al., 1978

EPA, 1975 y;

Konasewich et_a1., 1978

Thomas & Mudroch, 1979

Walters et al., 1974

Traversy it “1., 1975

Thomas & Mudroch, 1979

MOE, 1951

Thomas & Mudroch, 1979

Mich. DNR g2

Konasewich et 1., 1978

Remarks

Conneaut Harbor

Ashtabula Harbor

Fairport Harbor

north region



Appendix 2. Continued

Basin

Western

 

Central

Central

Central

Eastern

Whole lake

1973

1974

1 4;"!

1974

1975

1975

 

Concentra

 

M".

  

Konasewich gt

EPA, 1975 in

Konasewich

EPA, 1975 ;Q

Konanewicr

 

Remarks

  

1
in; le

t al., 1978

 

Thomas & Mudroch, 1979

Thomas & Mudroch, 1979

  



   

ReferenceMean Range
Concentration (ppm)

(ppm)

453+U£

,’ {-139

 

  

1mmmd: & Mudruuh.

Walters g; g;.; 1974

UPI—3 Y‘Fhf‘ 77 ‘ IFEUTth

 

Konage ivh et 51‘;

 

«A
.

 

fightahuie Hazbnr

 

[bnneaut rarbor

  



 

Appendix

Metal

Chromium

Copper

2. Continued

Basin

Central

Mmfle iake

Western

Western

Western

Western

Western

Year

1975

i9?3

Concentration

Mean

+a
H

+
3

(ppm)

r
\

(\P

25

   

‘nwmx.& Mnknch,

v1 81

 

Thomas & Mudroch, 1979

Walters §£_§i., 1974

Mich. DNR 33

hwnasewiflrxfi

Konasewich gt gl., 1979

  



Appendix a. Continued

Metal Basin

Copper WEeiern

Western

Central

Central

P
_8ntra!

txfllidi

 

'1‘? F -:

Central

Central

Year

1979

1971

1972

1974

:9 14

1974?

1975

1975

Mean Range
Concentration (ppm)

(ppm)

(3

51 _+_ 30 10—97

52 i 22 18-207

40

15—54

1o~30

$0.4~44.8

1416—19,5

26—48

26-46

 

Reference Remarks

Burge, 1974 in Port Clinton

Konasewich gt 31., 1978

MOE, 1981

Thomas & Mudroch, 1979

Walters et a1., 1974

Burge & Elly, 1974 1Q Conneaut Harbor

Konasewich et 31., 1978

Burge, 1974 in Ashtabula Harbor

Konasewich et a1.; 1978

MOE in Konasewich gt a1., Port Stanley

MOE in Kpnasewich et a1., Port Burwell

EPA 11 Konasewich et a1., Ashtabula Harbor

1978

EPA in Konasewich et 1., Fairport Harbor

1978

  



 

Appendix 2.

Metal

Copper

Mercury

Continued

Basin

Eastern

Eastern

Eastern

‘5 “
turret): é:

Whole lake

Whole lake

Whole lake

Western

Western

Western

Western

Western

Year

1971

1972

lV/j

Mean

Concentration

(ppm)

(0.05 (dry wt)

 
Range

(ppm)

5~57

245—351

ibib«44.5

0.008-2.929

0.013—7.488

0.8—2.1(wet wt)

Reference

Thomas & Mudroch, l979

Walters et al., 1974

MOE, 1973 in #:r; Lwiba"

Konasewicn et al., l97b run

MUL, 1973 39 L.

kenasewrtn g; 51.,

MOE, 1973 i9 is

Korm,ewrgh et ai., l979

Thomas & Jaquet, 1976

Thomas & Mudroch, 1979

Thomas, 1974

Skoch & Turk, 1972

Skoch & Turk, 1972

MOE; 1951

Kinkeap & Hamdy, 1978

Fed. Water dual. Admin“, 1970

in Konasewich §t_§l., 1978

 

island area

island area

Remarks

 



Western

Western

fiestern

 

Year

1971

j97i

1971

1972

f97fl

Mean

Concentration

(ppm)

1.622 1 0.694

0.44

Reference

Walters_§t‘§l., 1972

U>065~2.?29 Thomas & Jaquet, 19/6

0.484—2.929 Thomas & Mudroch, 1979

Walters et

Surge, 1974 in

knnasewieh et

Remarks

Port Clinton

4-?!4hula Harbor

  



 

Appendix 2.

Metal

Mercury

Lead

Continued

Basin

Central

Central

tastern

Whole lake

Whole lake

Whole lake

Whole lake

Western

Year

.,\rxO
\
M

N
.

I
\
‘

F
'
h

—
J

1972

1971

1971

1971

1970

94'~.

Mean

Concentration

(ppm)

 
Range

(ppm)

(U.4~U.6

(0.1

U.UQ§—O.977

00045—0.812

9—299

4.6—120

30—173

 

Reference Remarks

Burge, 1974 ;g Pairpurt Harper

Konasewich gt _;‘, 1978

EPA, 1975 in ,.r.7
~r-9
(U
LL.

 

Konasewich et 1., 1978

 

EPA, 1975 i“

kunasewien §£_g;u, 1978

Thomas & Jaquet, 1976

Thomafi & Mudroch, 1979

Walters et g1., 1974

PLUARG, 1977 'Cl

Konasewich et 1., 1978

PLUARG, l977_;_ non—depesrtjcnal zeue

Konasewich et al., 1978

winnpu aqu 1, re: anal 1.1i‘-y l« h‘ ‘ 1.2-»

 

a

Knnaiewith at 7?

Hrichinson 6 Fitchko, 1974

MOE, 1981



  

Metal Basin

Western

Western

Western

 

€£ntra1

Year

1971

1973

1973

 

»

h
r‘ ‘J I
:

Mean

Concentration

(ppm)

61.6 + 14.7

17.2 + 5.5

Range
(ppm)

69—299

.4{‘3

43-194

10—20

 

Reference

PLUARG7 1977 in

Konaeewicn gt 1., 1978

Mich. DNR ;n

Konasewich g3 g1., 1978

Mich. DNR in

Konasewich et a1., 1978

MOE in Konasewich et_a1.,

    

195

mums? 1977

Konasewich et ale, 1978

Surge, 1974 ;n

Konasewich et_al., 1978

Remarks

nearshore north region

nearshore south region

£3ort L1inton Marne:

reamington

Ashtabula tbrbor

    



 

Appendix 2.

Metal

Lead

 
Continued

Basin

Central

Central

Central

Central

Central

Central

Eastern

Eastern

Year

1974

1974

1974

1974

1975

1975

1971

1973

Mean

Concentration

(ppm)

81 + 35

Range

(ppm)

10—50

20-50-

341628

18.8-29.9

12-36

13—57

18—128

305-398

Reference

Burge, 1974 in

Konasewich et 1., 1978

Burge, 1974 in

Konasewich _t__1., 1978

MDE_1D

Konasewich §t_§1., 1978

MOE in Konasewich et al.,

1978

EPA, 1975 in

Konasewich _tA§l., 1978

EPA, 1975 13

Konasewich et a1., 1978

PLUARG, 1977 19

Konasewich §t_§l., 1978

MHE, 1973 in

Konasewich gt al., 1978

Remarks

Conneaut Harbor

Faiffifizt farmer

Ashtaoula throor

Fairport Harbor

Port Yolborne

 



 

Apflf-‘ifii x

Metal

Lean

Nickel

'J floorinued

Basin

Eastern

€astern

Whole lake

Western

estern

WP?tETfi

wggfern

Central

{Entral

Year

1973

1973

1971

1971

1972

N
J >

Mean Range
Concentration (ppm)

(ppm)

18.9—57.7

59.4-73.4

45 1 21 9—121

71 i 20 31421

65

AU

54 1 11 24-80

as

110n130

Reference

MOE, 1973 in

Konasewich §£_§1., 1978

MOE, 1973 in

Konasewich eg a1., 1978

Thomas & Mudroch, 1979

Thomas & Mudroch, 1979

Walters et 31., 1974

  

:1 l9?8

4 9‘ N? K

l‘h ft 53 :78

  

Konasewich_g§ al.. 1978

1homas & Mlnroch, 1979

W3 v.
4 tera et 3}. 197a

Burge‘ 1974 4Q

Konasewich et al. 1978’

Remarks

Nickel Beach

Welland Canal

nearshore north region

ziezirsfu1rsl sl3u111 :~,

 

1 .
1knri C1 1nrrn1

Ashtabula Harbor

  



 

Appendix 2.

Metal

Nickel

Zinc

Continued

Basin

Central

Cantral

Central

Eastern

Eastern

Eastern

Eastern

Eastern

mole lake

Whole lake

Western

Year

1974

1975

1975

1971

1972

1973

1973

1973

1971

1974

1970

Concentration

Mean

(ppm)

45 + 17

32

166

224

Range

(ppm)

110-270

19—38

16-40

16—68

4800—5630

115—796

97.2—257

16—536

l2—252.5

54—530

Reference

Burge & Elly, 1974

Remarks

Conneaut Harbor

in Konasewich §t_§l., 1978

EPA, 1975 in

Konasewich §t_al., 1978

EPA, 1975 ;_

Konasewich 2; al., 1978

Thomas & Mudroch, 1979

Walters §t_§l,, 1974

MOE, 1973.;_

Konasewich at al., 1978

MOE, 1973 in

Konasewich §t_§l,, 1978

MOE, 1973 ;g

Konasewich §t_al., 1978

Thomas & moroch, 1979

Hutchinson & Fitchko, 1974

MOE, 1981

Ashtabula Harbor

Fairport Harbor

Port Colborne * Algoma

Inco effluent

Nickel Beach

Welland Canal

 



,
H

 

WHQFRTD

western

\ ¢ , . \
'Vt,‘5uLt?l I:

Year

x, 7
33" /

.n 1

1973

 

Mean ‘ ‘w
ConcentratiOn

(ppm)

 

69 i 1.3

'n.H

Range

(ppm)

   

3~IAU

 

Reference

 

Remarks

Shamas & Maureen, 13??

  

nearehore north region

Konasewich §£.al., 1978

M50hI ; , DNR 33

Konasewich

UL: It, ,

    

7-? ., 2",“,‘3

nearshore south region

I g;., 19?8

in Part Clinton ierbor

 

1‘ 103’:
\Jlny .LQ'Jv‘:

gg tonneaut «Erbar

xn Fairport Vbrbor

= 2t ‘ ,, 1,9 :78

  



 

Appendix 2. Continued

Metal Basin

Zinc Central

central

Eastern

Eastern

PCB's Whole lake

Whole lake

Whole lake

Whole lake

Western

Central

Eastern

 

Year

1975

1975

1971

1972

1971

1971

1971

1978

1971

1971

1971

Mean

Concentration

(ppm)

178 :_98

12

95.: 114

6a :_105

115 + 114

252 + 156

74 + 56

86 + 85

Range

(ppm)

106-156

80—161

33—332

4—800

8—800

4—660

74-252

4-660

12—330

12—320

Reference Remarks

EPA, 1975_11 Ashtabula Harbor

Konasewich et 1., 1978

EPA, 1975 in Fairport Harbor

Konasewich §t_§1., 1978 1

Thomas & Mudroch, 1979

Walters gt a1., 1974

Frank gt a1., 1977;

Thomas & Mudroch, 1979

Frank et 1., 1977 non—depositional zone

Frank et 1., 1977 depositional zone

PLUARG, 1978 in Kaiser, 1978

Frank §t_§l,, 1977;

Thomas & Mudroch, 1979

Frank 2; al., 1977;

Thomas & Mudroch, 1979

Frank §t_§1., 1977;

Thomas & Mudroch, 1979

  



 

fitmendix 3

ElCaCCufluictiOfl of contaminants

in the biota of Lake Erie

Veneentratians in pbm unless

otherwise indicated

gapendix Ba. — heavy metals

3b. — POB'S

 



 

Appendix XL

Organism

Micxucnccns luteus

Azuhacter 5p.

bacterial

counulxity

fseudomuna a
fluorescens

 

natural bacterial

population

natural bacterial
population

Metal;

A; (‘d l:r l’ u

HCF whole cell

[] in Cells

{1 in Cufllluln
{] hluwdiu

BCF

[] in cells

[] in cnntrul
[] in media

BC? ranges (I

[] in cells 5/.

[] in media l

BCF

[] in cells
(] in water (inltlal)

BCF

[] in cells
[1 in water
[I in cells
(Cu added)
[] in cells 0.5 0.9

(Hg added)

Q
N
M

W
O
O
D

BCF 2 6

[l in cells 0 b5

[] in water 0.25
[lin cells 0 75

(Cu added)
[] in cells 1.0 10.0

“(Jaddcd)

 

IQ N1

896.6

1.45

N
M
N

M
O
O
C

G
O
O
D

Hemdrk. Reference

uaclerla from Fort Collins Park lurnabene &

‘ {dwarum 1972

          

tdrv wl.}
1_ (my;

¥urt fulllns Park

wt.

day:

hatteisd

whn V€ r‘ Lgtzl

  

uncle dullevted flum River Remarsh .

filrthe (lie'el belglunfl

{Siufiu due tu ranges in initial

Ua‘lnrla dilution
‘nr free bacteria}

BC! (n1 aduering bacterld : 6100

  

fltlawa River water

?? h). expusur:

20% i053 uf'tu from system nver
72 hl

Ramamudzthg

et al., 1977

 

Savannah River Guthrie gt al.,
14 day exposure 1977
(wet wt.)
Cu added 2.0 parts/106m added

Hg added 0.04 parts/106 Hg added
incr. [] of Cu, Cr & Hg

L. HlUSlHH (ash basin effluent) Guthrie 23 31.,
wet wt. 4 14 day exposure 1977

Cd added—2 parts/106 Cu added —
incr. [] of Cr, Cu, & Zn
Hg added—0.04parts/106 Hg added —
lncr.[] of all metals

 



wt: was Ellun 61

39m) f‘fisic), (£181

In (,cllt, Hunt 5 J Rh] (ml to 5:11;)le n! LU

I in water 1 (dry M. [18:19) 14 day expnau‘u

pH tC—I’; '25 61 260C

at pH 7 5 erJL.‘ BFF .7 fiUU (test. from gmph)
at. pH 8.5 & Xfi‘ll‘ BC? : [50 (est. frum gme)

1990 l 6 Wang“: Held (Uta I‘npclzm ’\ Hy 1‘5,
iiu'z

‘(i N)hdt«cwl(ifl

(unway 5,

i’UUH Williams, {Ea/‘1

  



  

Appu.’ mi x )4.

 

Urgul lib”:

 

nytuplanktun _

(+ Ratifers) l] in piani;
1 water

 

U x"

isnl [ ial uptdkc
{wt ‘1 [until id tor

 

 

max. [I 15‘: pulls

  

(fi‘ggiyptfiig HL.‘ 11v:

: BC? cold

 

Hi 1.: jtlumunas 5p. {if

fig wedeugnu 5 BU

9h] iquus BCF

910113113 BL‘F
EYEBnoidusa

 

Ichllli It)

:2 19mm

  

in win c,

 

 

L‘U Li CI 1

  

54m:

2 .700
105

16,100«32,000

 

1"!) Hg Ni

Axll /I MEMO"
J2~2/u

my”

  

m»; u i 9

not sig

Lafipgb

5 180

054...}

319

2430047900

  

Plum“:

    

1"21'9‘1' W Idli'. _‘ "1‘

 

n {my old—culture} ; m

44 day old—culture laboratu;~

expOSJh

 

old—culture ‘2 :1.

old-culture} labor-ail

exposurm

 

  

 

laboratory experiment

11 day old cultures 3 m: 19:51;
exposure, varying pl;

BU max. ()LJ'CUZ at. of;

01.14:! a! £13!

   



2 m

   

{ll ax)lhfla
“* jlfiMéfata

 

“’d‘u llll “(Jr

   

l, .« :lCll

W7m plant:

Fl“In plants

BCF

[] in plants
I] in water

Bl]:

[} in plants
[I in wattr

  

[Sin Waldf

[]ln bfid moot;

DEF

[]in plankton

n Wdltl

BCF

[]ln plankl n

lli
[] in semi

    

ll t»

.bxlU“
v.5

1.9x105 2.0x104
1’) 7‘_.A.

677.11

2.1
0.0031

0121.5

1. I
0.002}

     

aa :a (near Kingston)

Main Duck Island area (L. Ont.) Keeney at.
field data (unpopulated)

control pond — Illinois River

values except water estimated

        

    

  

Keeney ct 5L1. ,
1976

 

1976

Mathis (it

1979

experimental pond—Illinois River Mathis et 31.,
values except water estlmated 197‘)

  

lam) cl

Aycls, 1537.7

_1_Q Kunasewinl‘,

et al., 1978

 

Mathis; I: Kever‘n,
l‘175

flu; sp. a" Bfflll'mla 5p.

  



 

Appendix 3a.

Organism

Zooplankton

Da‘flnia mama

(1431'mia mama

Physa sp.

Physa sp .

MJyndiul

transveran '

thscul il-

tr answera-

Fusconia flava

 

continued

in animals

I ]in water

[ ]in animals

[lin control
[lin water

Bin animals

[)in cmtl‘ul
[Iin water

animal 5

rater

[110 animals
[lin tater

[ lin animals

in water

animals[lln
[lin water

Metals

3529

0.0017

4521
6.33
0-0014

1764

010017

6928
9.7
013014

1150 366 1700
0.69 7.7 1.7
0.6 ppb 0.021 0.0cn

Pb Hg Ni Zn

1 gxlna—6.3xio4
2.0—19.0
0.2- - 50351)

7000

21.7

0.0031

12333

33. 3

0.0027

10870
33.7
0.0031

10962

29.6
0.0027

1850

3.7

0.002

1.7x104—2.0x104
8.59-23.28
1.26
0.36-2.7ppb

3.95x105—7.0x105
16.42—183.75
0.92
0.04—0.26pp0

1050 2129

0.002 0.031

Remarks (Physical Parameters)

3 English lakes — field data
(ranges of values)

laboratory experiment—21 day

exposure; inorganic mercuric

chloride

laboratory experiment—21 day

Re ference

Denny & Welsh,

1979

Blesinger

at 21-.
1982

Biesinger

exposure; organic methyl mecuric gt a1. ,

chloride

control power plant pond

(Illinois R.)

1982

Mathis et al.,

1979
[] in animals estimated from graph

experimental power plant pond
(Illinois R.)

mthis et al. ,

1979
[]in animals estimated from graph

control power plant pond
(Illinois R.)

Mathis et al.,

1979
[Jin animals estimated from graph

experimental power plant pond

(Illinois R.)
mthis et al. ,

1979

[lin animals estimated from graph

Illinois River
mean of 17 samples

Mathis &

Cunnings, 1973

 



 

  

    

UK}

{Jim dnl! Lil:-
[ lin watcr

UCF

[]in animals
Him water

acuum. rate

{fin wutm‘

  

U7

hu{?mti§leriij§n dHlmd}5
' fin waft

Mn suksu'imu K.‘

     

m.

unlmak:

  

.Ji;

(11

1200
1 '>

0.0m

1700
1.7
HAHN

   

{11111015 River
mean of 25 samples

Illinois River
mean of 20 samples

 

:‘utory exposure Hicl‘ 5 Walter,

  

  

  

     

  

   

(,H'Lgl gmwiéz‘ H‘rH!

    



 

Appendix 5a. L.‘

 

Urgani bill

[Engines mammal-'1

mm” i'ttlg 5p.

(hirumnullh

henthus

glosslgiolli‘g
heterncl ita

   

Lilossiflugnia
hr: Lt; l

 

benthus

f inued

[Mn water
elutrlatl: H
{lily bell

 

ML!

Hill animal;
[ Iin water
[ Tin Stft'llmt

 

BLF (water)
8H (sediment)
[]in animals

BL‘F

[lin animals
[]in water
Hin sediments

Fl!"

i 1’:

  

vat: ;

sediu int:

 

[]in animals
[]in water
[)in sediments

 

As

ZUUU

2.0

 

Cl] [1

15. 54351. 5

1.45 VM

1.51
11547115441)
‘i.>5~35.4

 

< 554,0
< ‘11le

175

2960
2.96
1.11351!)
7.6

 

2.3 50.5
A! 9./
12 0.16

.7 36

Metals

Cu

540
1.91
5. 5ppb

1.8

Q: 1401]

79.5
31

0.39
81

 

(LUU'X/
11.3

Ni Zn

1121).] 21922.4
241—388
127
.59. 5—216.9ppb
18}‘~’/'/1§

22U—249
20]

220

 

0.39
6.4

  

Remarks (Physical Parameters) Kcrr,

7 day exposure (caged clams;
field data; williamson Ditch #
Trimble Creek, Ind.
Cuntaminated by electroplatinn; ml.
BEF : ([whale body]~[contiz=i
—clams nut allewed uurgi

 

    

Asntabula River sediments tes a; =

4 day expLisure
t0 sediment
:an purged — gut purged {L}; , 40.»
prior to analysis

Skeleton Creek , Cklahoma Nammfl‘r: <chironomld data Wilt]...
‘was given for only i of 5 sites

(in August)

L. Michigan ~ field data

 

control power plant pond Mir: , 2;:
(field data); Hln animals 519/?
ed? imafeu’ i'r, graph (lllinol? ‘r »

 

ginwer pl mt pony

{lilfinnit H...‘

; estimated “1 .

  

 

bavannah River i‘hc‘ ‘- 5.
1974 (before dredging)
benthos incl. chironomids,
odonates and coleopterans

L1%L..r

Crayfish, l’)‘

     



     

  

.SUE SP-
rhaairpia 5p.

  

y
wirnhomidae

   

animals

water

sediments

animals
animals

animals

animals

animals
animals

animals
animals

animals

 
dwilalg

Huntiwla

  

Hf) AX.)

2.5 5.b

11.09 1.1.3171

5.8 54

5.58

40.5

2.17

(0.5

14011

1/.«13

(0.7
2.9/

1.'d

3

1.2“

l.‘fi

‘s‘. \

 

16/.5
67
0.40
52

17. 55

11.29

13.05

19.117

116.6;1

99.19

YU. 71.

22.01

18.1?

  

‘x’ilfri l 1 s]l,,/./

71111»

    

10
11.2

(1J1?

0.8

30.04
29.12

?9.74

19.31
x’i‘u‘fll

224U5

$4.110

21.na

  

 

8111111. i~1-’4‘)11:.’.9

 

Ni

5

/.b

252.92
177.83

144.21

172.78

€U/.12
l"4.9li

1111.19
h9.95
‘3"). 38

’ :9

     

Rival.l:

1975 (altar dredging)

   

Cherry &
lehrle, 1977

bentnos incl. chironomids, urayfifln

ndunates, & coleopteians.

Fox River, Wisconsin & Illinois Andermxu

field data, (dry wt.)

missing [lin H20

nu UHF run be calculated at

 

(SK; 3111.:

i m; .:.‘ .ilill‘i

  

 

lclfici v urq, l, 4
.‘i ‘ k ‘
Alli ‘.-‘-l , "l-L v

 

13C? Jul “ML plflltzm

linw {hinuqh
{n1 unill

1; il{:\‘ nfifmgun“

d

      
    

n.1ifhi/llll‘Jltil

l

luad hdnfi paint Chlpu.

 

4111:”: in

   

1977a

this lime

 

Nghliflg, 19/5

in A PM) nainial
‘ . l 1;) '*

inn inuk vnnlamindlion by

    



 

"jM Am {I} wumm

{8.1 21mm: 19,; A.

  

t: rmrmya «mm 7 7'
up» :2

    

W“ 7,?

3m 'x

  

    

‘ >1 713W?»

Jr:wa

:,v,n[[l\

  

,~ infirmunm
(if? mefiiri

  

w? 1 I, 19510

“QWHIUHJ 'm; Xumaddw

 



   

jjin fish

Hin water

[]in sediments

BL‘f' 'ZDUU

[] in fish

DC?

[lln fish
h n wal er

H ’

  

ll
rI

 

44.4
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BU dead hexagh lorul) lglhenyl
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laboratory experiment Lederrnan 5}
time - live cells hr

— dead cell» “ 19 hr; J: :43 hrs
~ frustulcs } averaged
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[lle llt'dll
UH lruulul
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frflildriu wotnneneig H
laboratory experiment ledeiman & HULL, ;) 4Lime « live Cells

dead eel ls }
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.x 5 hrs.
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? 1253133 lfxl‘tilellL’éi U” Li‘ll‘flbhluro MU!) laboratory experment 1 hr. Urey g: 31., x'o[ hn Cells 32
exposure[lln water 10pm

gig-Eng Uflgfllggg BL‘F huxuchluro 7000 laboratory experiment — 1 hr Urey §_l_ Q‘l:[ Jin (:el 1:) 70
exposure[]in water 10pm

gigging wriggrgggg BL‘F oetachloro 1600 laboratory experiment — 1 hr Urey et al.[lin cells 16
exposure[]in water 10pm

..._ ..‘ ’

giggling pyrgyrjjiggg BCF 5200 laboratory experiment - 1 hr. Um; at g1. 3%" a
[] in Cells 52

exposureHin water 10pm

L‘hlurella gym:le it"mu BU {filial

 

6200 lahurdLmy experununt Urey 2:1};[Jin dead cells 62
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Appendix 30. continued

 

ORGANISM ORGANICS REMARKS REFERE MiES
PG?) '5

 

ansa s11; BCF lindane A mm 452 - model ecosystem Sanborn, 19714 in Thomas

5460 1975

out 2, 5,2‘ — 5795
trichlorcbimenyl

BCF 2,5,2' ,5‘ 4etra- 39,439
microbimmyl "

BL‘F 2,4,5,2‘ ,5‘— 59,629
pentamlorobidlmyl

Chamborus punctigennis BCF MIIILOR 1254 25076.9 laboratory experiment ~ 4day Sanders ll Chandler, 1972
{lin anilals 30 exposure; organisms collected
[lin water 1.3mm . in field (Missouri)

Urcumctes nais Bi} MIIZLOR 1254 166.7 laboratory experiment — 4 day Sanders 21 Chandler, 1972
[Iin animals 0.2 exposure; organisms collected in field
{]in water 1.2ppb (Missouri); max. observed 80725200

on day 21 (no plateau observed)

 

Gamams BLT #2010}! 1254 24175 laboratory experiment Sanders & (handler, 1972
flSBUdOliflnanb' [] in animals 39 ppm 4 day exposure

U in water 1.6 ppb animals collected in Missouri
from gram BCF max.
3 28500 between day 7 a 14

(plateau)

  



 

Appendix 50;) . cunt i nued

  

OREANISM DRSANICS m5 REP—Emma

PCB'S

ISOMER

Alewife, smelt, BCF MUCLOR 1254 53433.8 L. (htarlo — field data Hille g; 21., 1975 i_

slimy sculpin [)in fish equivalent 3.21: [lin Hater (( 61,-) Ihtlam, 1979.

[]1n water 0.0554pm [Mn fish (net It.)

Lake Trout BCF PLB'S 3.101x106 L. Michigan field data cited _i_Q mtcalf, 1977

[lln fish 28.0

[]1n water 8.2x10“S

  



 

Appendix 4

Concentration of Contaminants

found in the fish of lake Erie

in parts per million (ppm)

 



 

Fish Basin Year Level Range Remarks References

 

ARSENIC

Barbote

Carp

Channel catfish

Snelt

Walleye

mite bass

White sucker

Yellow perch

Yellow perch

Eastern

Central

Western

Central

Central

Central

Central

Eastern

Western

Eastern

Central

Western

Western

Central

Central

Eastern

1975

1975

1973

1975

1976

1975

1976

1975

1973

1975

1976

1973

1975

1975

1976

1w7n

0.03

0.12

0.02
0.03

0.09

0.03

0.04

0.13 — 0.16

0.12

0.02

0.08

0.01

(0.01
0.10

0.09

0.03 — 0.10

0.01

wet wt.

wet wt.

off Swan Creek

Whitlng Power Plant

wet wt.

wet wt.

Wheatley Dock

wet wt.

off Swan Creek

wet wt.

off Swan Creek

Whitlng Power Plant

wet wt.

wet wt.

wet wt.

Traversy gt a1., 1975

Traversy et 1., 1975

Mich. D.N.R. (urpubl.) m
Konasewlch gt 31., 1978

Traversy gt a1., 1975

Brezlna & Arnold, 1977 in
Mmmnmgtflqlwa

Traversy gt 1., 1975

wn.MJLR.(wpmn.)lfl
Konasewich et a1., 1978

Traversy g3 31., 1975

Mich. D.N.R. (unpule 19
Konasewich §t_gl., 1978

Traversy et al., 1975

Brezlna & Arnold, 1977 in
Konasewlch et a1., 1978

Mich. D.N.R. (urpub1.) g;
Konasewld1§§_§1., 1978

Traversy gt a1., 1975

Traversy gt a1., 19/5

Brezina & Arnold, 1977 in
Kona$ewich §t_a1., 1978

  



   

37; sh Basin Year Level Range Remarks References

.‘éflflfi
firown bullhdad a. Central 1975 0.11 Presque Ile Peninsula Brezlna a. Arnold. 1977 y;
manual catfish - Konasewich 9t 31., 1978

:[i’aannei catfish Western 1973 0.78 off Swan Creek Mich. D.N.R. (urpubl.) in
0.02 Whiting Power Plant Konasewlch et al. , 1978

Smelt Central 1976 < 0.1 Wheatley Dock Dnt. H.N.R. (urpule '_n_

Konasewich §_t_ El. , 1978

:‘milc‘yt Western 1973 0.10 off Swan Creek Mich. D.N.R. (urpubl.) _'Q
0.14 Whiting Power Plant Konasewich et al., 1978

Wlte (grapple Central 1976 0.07 Brezlna & Arnold, 1977 Q
Konasewich 5.1 g., 1978

Waite sicker Central 1976 0.05 Brezlna ll Arnold, 1977 in
Konasewlch e_t a_l_., 1978

51094 nerch Western 1973 0.02 off Swan Creek Mich. D.N.R. (unpubl.) 13
0.02 Whiting Power Plant Konasewlch gt EL, 1978

Central 1976 0.01 Brezlna & Arnold, 1977 in

 

Konasewich e_t 11:, 1978



 

Fish Basin Year Level Range Remarks References

  

ClRiMILM

Channel catfish Western 1973 0.18 off Swan Creek Mich. D.N.R. (unpubl) _i_Q

‘ 0.39 Whiting Power Plant Konasewich g 11; 1978

. Central 1976 0.13 Brezlna & Arnold, 1977 £1
Konasewich g; _a_l. , 1978

Coho salmon Whole lake 1978 0.30 i 0.07 Great Lakes Water QJalilty,

1979, App. B

Walleye Western 1973 0.20 off Swan Creek Mich. D.N.R. (unpule 111

0.12 , Whiting Power Plant Konasewich g 511., 1978

Yellow perch Western 1973 0.18 off Swan Creek Mich D.N.R. (urpubl.) 111
0.29 Whiting Power Plant . Konasewlch e_t _a_l., 1978

 

 

 



    

: 15h Basin Year Level Range Remarks References

copra:
Channel catfish Western 1973 0.61 off Swan Creek Mich. D.N.R. (urpubl.) in

0.40 Whiting Power Plant Konasewich gt a_1. , 1978

Channel eatfish Central 1976 0.51 Presque Ile Peninsula Brezina & Arnold, 1977 in
.1 brown bulihead , Konasewich gt g1. , 197B

Coho ~almon Whole lake 1978 1.56 1 2.05 wet wt. whole fish Great Lakes Water Quality,
1979, App. 8

Rainbow smelt mole lake 1978 0.36 i 0.17 wet wt. whole fish Great Lakes Water mality,
(5 fish in composite) 1979, App. 8

Central 1976 0.68 — 0.80 Wheatley Dock Ont. M.N.R. 1976 (urpub1.) 1Q
Konasewich gt §_1_., 197B

lleye Western 1973 0.44 off Swan Creek Mich. 0.N.R. (unpub1.) in
0.32 Whiting Power Plant Konasewich g; 31., 1978

White grapple Central 1976 0.24 Presque Ile Peninsula Brezina & Arnold, 1977 in
Konasewich gt _a_1_., 1978

white sucker Central 1976 0.82 (liter throour, Erie, Pa. Brezina & Arnold, 1977 _i_n.,
Konasewich gt 511., 1978

Yellow perch mole lake 1978 0.70 _+_ 0.53 wet wt. wh01e fish Great Lakes Water mallty,
1979, App. 8

Western 1973 0.30 off Swan Creek Mich. D.N.R. (unpub1.) in
0.41 Whiting Power Plant Konasewich at al., 1978

Central 1976 0.18 Outer Harbour, Erie, Pa. Brezina & Arnold, 1977 i
Konasewich gt g” 1978.—   



 

Fish Year Level Range Remarks References

 

LEAD

Channel catfish

Northern pike

Snelt

Walleye

Wilte suaker

Western

Central

Eastern

Western

Central

Central

Eastern

Western

Western

Central

Central

1973

1976

1978

1978

1976

1978

1978

1973

1978

1978

0.13

0.18

0.09

+

H
”

0.01

0.03

0.01

(0.10 — 0.10

(0.10 — 0.21

(0.10 — 0.16
(0.10 — 0.19

(0.10 — 0.12

(0.10 — 0.16

(0.10 — 0.18

off Swan Creek
Whiting PUwer Plant

Presque Ile Peninsula

Long Pt. Bay

Wheatley Dock

Erieau
Wheatley

Long Pt. Bay

off Swan Creek
Whiting Power Plant

Erieau

Outer tar0001. h ie, Pa.

Mich. D.N.R. (unpule in
Konasewich §t_§1., 197B

Brezina & Arnold, 1977 in
Konaswich 2; al., 1978

ittle, 1980 (unpuhl.) 1g
Great Lakes Science Advisory

80., 1980

Whittle, 1980 (unpule 12
Great Lakes Science Advisory

80., 1980

t. M.N.R. (urpubl.) i_n
Konosewich gt al., 1978.

Whittle, 1980 (unpule 13
Great Lakes Science Advisory
80., 1980

mittle, 1980 (unpule 1g
Great Lakes Science Advsiory
80., 1980

Mich. D.N.R. (unpubL) in
Konasewich gt_§1., 1978

Whittle, 1980 (unpubl.) in
Great Lakes Science Advsiory
ea. , 1980

Whittle, 1980 (unpubi.) 19
Great Lakes Science Advisory

ea. , 1980

Brezina & Arnold, 197? in
Kaneswich gt a_1., 1n a

  



LEAD

¥%110w

Ye 110w

  

Basin Year Level Range Remarks References

Perth Western 1973 0.30 off Swan Creek Mich. D.N.R. (unpubl.) in0.20 Whiting waer Plant Konasewich §£_gl., 1978
perch Western 1978 0.15 I 0.01 (0.10 — 0.28 Whittle, 1980 (unpubl.) in

Great Lakes Science Advisory
80., 1980

Lbntral 1976 0.14 Outer Harbor, Erie, Pa. Brezina & Arnold, 1977 in
Konasewlch gt al; 1978

Central 1978 0.20 1 0.02 (0.10 - 0.40 Erieau Whittle, 1980 (unpubl.) in0.16 1 0.01 (0.10 — 0.28 Wheatley Great Lakes Science Advisory
Bd., 1980

Eastern 1978 0.16 1 0.01 (0.10 — 0.38 Long Pt. Bay Whittle, 1980 (unpubl.) 1n

 

Great Lakes Science Advigary
8d., 1980

   



 

Fish Basin Year Level Range Remarks References

 

MERCURY

 

Alewife

Brown bullhead

Channel catfish

A brown bullhead

Carp

Channel catfish

Whole lake

“1018 lake

Central

mole lake

mole lake

Western

Western

Central

Eastern

Western

Western

Western

Central

1976

1967—1968

1976

1967—1968

1976

1970

1970

i970

1970

1970

1970

197}

1970

0.08

0.19

0.08

0.22

0.03

0.08

0.07

0.12

0.07

0.13

0.10

0.26

0.30

0.42

fillet

fillet

Bono fillet

Sandusky fillet

edible tissue (25 fish
in composite)

edible tissue (17 fish
in composite)

edible tissue (14 fish
in composite

Sandusky; fillet
Bono; fillet
Monroe; fillet

edible tissue (25 fish
in composite) '

off Swan Creek

Whiting Power Plant

edible portlnn {20 fish
ir=cuxnposif‘9

Sherbin, 1979

Thommes t al.
Konasewich _.

Brezina & Arnold, 1977 in

Konasewid) t al

Thommes t al.

Konasewich __

Sherbin, 1979

Fed. Water Quality Admin.,

1970 in Konasewich e; gl.,
1978

Willford, 1971 in Konasewich
Egg” 1978

Willford, 1971 in Konasewich

Egg” 197a

Willford, 1971 in Konasewich

Egg” 1978

Fed. Water Quality Admin.,
1970 in Konasewich gt al.,
1978

Willford, 1971 in Konasewi M
£21., 1978

Mich. D.N.R. (unpubl.) 13
Konasewich et al., 1978

Willford 1971 in Knnasewi
Q: .31., 1973

 

 



If RCUR14

. on: sslmon

 

Gizza rd shad

  

Basin Ye ar Le vel Range Remarks Re ferences

Whole lake 1969 0.36 whole fish Fed. Water Quality Admin. ,
1970 in Konasewich gt 31.,
1978

mole lake 1976 0.20 0.11 — 0.35 Sherbin, 1979

Whole lake 1978 '0.15 1 0.06 ea. sample ~ 5 fish Great Lakes Water Quality,
(whole fish) 1979, fipp. B

Western 1970 0.24 Sandusky; fillet Fed. Hater mality, Mnin.,
0.96 Bono; fillet 1970 in Konasewich Q 511.,
0.96 Monroe; fillet 1978

western 1970 0.69 edible tissue (20 fish Hillford, 1971 1Q Konasewich
in composite) a 511., 1978

Central 1970 0.58 edible tissue (10 fish Willford, 1971 in Konasewich
in composite) §_t_ 11., 1978

Eastern 1970 0.51 ' edible tissue (13 fish Willford, 1971 in Konasewich
in composite) a 31., 1978

mole lake 1967-1968 0.35 1 0.04 0.19 — 0.40 (fillet) Thommes Q; 31., 1972 E
KonasewiCh i g1., 1978

Western 1970 0.67 edible portion (25 fish willford, 1971 _i__n Konasewich
in composite) $1311., 1978

Central 1970 0.62 edible portion (20 fish Willford, 1971 in Konasewich
in composite) fl §_l_., 1978

Eastern 1970 0.30 edible portion (25 fish Willford, 1971 in Konasewich
in composite) e; a_l_., 1978

Whole lake 1967—1968 0.14 : 0.014 0.05 — 0.25 fillet Thommes _‘t_ a_1., 1972 i_n
Konasewic lei” 1978

Western 1970 0.24 Sandusky fillet Fed. Water mality Admin.,

1970 in Konasewich gt g1.,
1978

  



 

Fish Basin Year Level Range Remarks References

 

ifRCURY

 

Gizzard shad

Goldfish

Ralrmow smelt

Sheepshead

Snallmouth bass

Steelhead

Walleye

Western

Central

Eastern

Nwle lake

"1018 lake

CEntral

Eastern

Western

Central

Western

mole lake

Western

1970

1970

1970

1967—1968

1978

1976

1970

1970

1970

1970

1967v1968

1970

0.22

0.21

0.26

0.13 l 0.06 0.01 — 0.20

0.05 + 0.02

0.03 f 0.15

0.30

0.24

0.55

(0.15

0.84

‘
0
0
“

M
N
M

edible portion (25 fish
in composite)

edible portion (15 fish
in composite)

edible portion (18 fish
in composite)

ea. sample = 5 fish
(whole fish)

Wheatley Dock

Whole fish (10 fish
in composite)

Sandusky; fil let

edible tissue (14 fish
in composite)

Monroe; fillet

fillet

Monroe; f111et
Sandusky; fillet
Raison Pt.; fillet

Willford, 1971 1_!_‘I_ Konasewich
gt §_1_., 1978

Willford, 1971 in Konasewich
2911., 1978

Willford, 1971 1Q Konasewich
§£_§1., 1978

Thommes et a1.
Konasewich T :31

Great Lakes Water Quality,
1979, App. 9

1972 lg
., 1978

Git M.N.R. (unpubl.) 13
Konasewich e_t £31., 1978

Willford, 1971 in Konasewich
§t_gl., 1978

Fed. Water Quality Mmin.,
1970 in Konasewich gt g1.,
1978

Willford, 1971 in Konaseuicts
it 81., 1978

Fed. Water Quality Mnin., in
Konasewich _e_t a1., 1978

Thommes et a1.
Konasewich_t_a_l_

Fed. Water finality Admin,
1970 1Q Konasewich gt g1.i
1978

1972 13
., 1978

  



fish Remarks References

 

nmGMY

Walleye

Mqite Bass

Western

Western

Western

Western

Western

Western

Western

Central

Eastern

moi e lake

M1016 lake

Whole lake

N101e lake

Western

Western

0.2 — 1.06

0.15 — 1.98

0.09 — 1.25

edible tissue (25 fish
in composite)

fish tissue

fish tissue

off Swan Creek
Whiting Power Plant

fish tissue

fish tissue

fish tissue

edible tissue (25 fish
in composite)

edible tissue (25 fish
in composite

fillet

Bono; fillet
Sandusky; fillet
Raison Pt.; fillet

edible tissue (25 fish
in canposite)

Willford. 1971 in Konasewich
23 al., 1978

Kinkead & Hamdy, 197B

Kinkead & Hamdy, 1978

Mich. D.N.R. (unpubl.) lg
Konaswich §_t_ gin 1978

Kinkead & Hamdy, i978

Kinkead & Hamdy, 1978

Kinkead & thmdy, 1978

Willford, 1971 in Konasewich
e; g;., 1978

Willford, 1971 in Konasewich
gt gl., 1978A

Thommes et a1.
Konasewich t 51_._.'l

1972 lg
1978

Sherbin, 1979

Sherbin, l979

Sherbin, 1979

Fed. Water QJality Admin.,
1970 in Konasewich gt al.,
1978

Willford, 1971 in Konasewich
gt al., 1978    



 

Fish Basin Year Level Range Remarks References

 

DERL‘URY

White bass

White crapple

White sucker

Yellow perch

Western

Western

Western

Western

Western

Central

Eastern

Central

Western

Central

Central

Eastern

mole lake

mole lake

1971

1972

1975

1976

1977

1970

1970

1970

1976

1970

1967—1968

1978

 

1.19

0.53

0.77

0.31

0.21

0.72

0.43

0.12

0.55

0.56

0.09

0.35

0.42

0.09

0.05

0.05

0.49 — 2.12

0.08 — 1.96

0.12 - 1.57

0.26 — 0.37

0.06 — 1.06

0.29 — 0.61

fish tissue

fish tissue

fish tissue

fish tissue

fish tissue

edible tissue (25 fish
in composite)

edible tissue (25 fish
in canposite)

Presque Ile Peninsula

edible tissue (24 fish
in composite)

edible tissue (8 fish
in composite)

Outer tbrbor, Erie, Pa.

edible tiSsue (25 fish
in composite)

fillet

ea. sample : 5 fish
(whole fish)

Kinkead & Hamdy, 197a

Kinkead & Hamdy, 1978

Kinkead a Hamdy, 1978

Kinkead & fbmdy, 1978

Kinkead & Hamdy, 1978

Willford, 1971 i
KonasewiCh et a1., 1978

Willford, 1971 in Konasewich
§t_g1., 1978

Brezina & Arnold, 1977 in
Konasewich §t_§1., 1978

Willford, 1971 in Konasewich
$11., 1978

Willford, 1971 in Konaseuich
et a1., 1978

Brezina & Arnold, 1977 in
Konasewich §t_§1., 1978

Willford, 1971 in Konasewich
gal... 1978

Thommes et a1. 1972 in
KonasewiEh _t $1., 1978

Great Lakes Water Quality,
1979, App. 8

  



  

figfiCURY

Basin Year Level Range Remarks References

Vellum perch Western 1970 0.44 Bono; fillet Fed. Water mality Admin.,
0.32 Sandusky; fillet 1970 in Konasewich gt 13.1.,
1.7 Monroe; fillet 1978

Western 1970 0.61 edible tissue (25 fish Willford, 1971 in Konasewich
in composite) gt 1L, 1978

Western 1973 0.55 off Swan Creek Mich. D.N.R. (urpubl.) in
0.57 Whiting Power Plant Konasewich g; g” 1978

Central 1969 0.25 meatley Dock Fed. Water Quality Admin.,
(whole fish) 1970 _1_g Konasewich Q g"

1978

Central 1970 0.49 edible tissue (25 fish Willford, 1971 in Konasewich
in composite gt g" 1978

Central 1976 0.28 Outer harbour, Erie, Pa. Brezina & Arnold, 1977 £1
Konasewich gt g” 1978

Eastern 1970 0.29 edible tissues (25 fish Willf‘ord, 1971 £1 Konasewich
in composite) 2:11., 1978

  



 

Fish Basin Year Level Range Remarks References

 

NICKEL

Channel catfish

Channel catfish

& brown bullhead

Walleye

White Crappie

White sucker

Yellow perch

Western

Central

Western

Central

Central

Western

Central

197}

1976

1973

1976

1976

1973

1976

0.13
0.20

0.68

off Swan Creek

Whiting Power Plant

Presque Ile Peninsula

off Swan Creek

Whiting Power Plant

Presque Ile Peninsula

Enter Harbour, Erie, Pa.

off Swan Creek
Whiting Power Plant

Outer Harbor, Erie, Pa.

Mich. D.N.R. (unpubl.) in

Konasewich gt 31., 1978

Brezina & Arnold, 1977 in

Konasewich 2; al., 1975

Mich. D.N.R. (unpule i_n_
Konasewich et_al., 1978

Brezina & Arnold, 1977 in
Konasewicn gt al., r

Mich. D.N.R. (unpuh,}
Konasewich et al., 10..

 

Brezina & Arnold, 19?? i3

Konasewich et al., é‘fi:

 



  

mannel catfish

intaow smelt

Walleye

w 3 t E El :cker

‘¢':‘-liow nerch

Basin Year Level Range Remarks References

Western 1973 6.05 off Swan Creek Mich. D.N.R. (urpubl.) in

5.35 Whiting Power Plant Konasewich et 11., 1978

Central 1976 5.50 Brezina & Arnold, 1977 in

Konasewich gt g1. . 1978

Central 1976 20 — 21o Ont. M.N.R. (urpubl.) m
Konasewich e_t_ g" 1978

Western 1973 4.34 off Swan Creek Mich. D.N.R. (ur‘publ.) _i_n_
4.36 Whiting Power Plant Konasewich gt 311... 1978

Central 1976 4.31; Brezlna & Arnold, 1977 in
Konasewich 9t a_l., 1978

Western 1973 4.59 off Swan Creek Mich. D.N.R. (unpule in
4.27 Whiting Power Plant Konasewich §_t_ 31., 1978

Central 1976 4.8 Brezlna 6: Arnold, 1977 in
Konasewich e_t_ a1., 1978—

 



 

Fish Basin Year Level Range Remarks

 

References

 

PGB's

Alewife

Bass

Black crappie

Bluegill

Brown bullhead

Burbot

Carp

Western

Central

Eastern

Eastern

Eastern

Eastern

Central

Eastern

Eastern

Eastern

Eastern

Central

Eastern

Western

Western

Western

1975

1975

1971

1978

1968

1976

1978

1968

1976

1968

1976

1971

1976

1974

1975

1977

0.4

3.0

0.57

(0.1

N.D.

1.9 — 3.7

0.37 — 0.86

(0.1 — 0.1

0.02 — 0.23

N.D. — 0.02

(headless and eviscerated
(21 fish in composite)

headless and evlscerated

(22 fish in composite)

headless and evlscerated

muscle; Port Dover

{headless and eviscerated

muscle

muscle; Rondeau Bay

headless and eviscerated

muscle

headless and evlscerated

muscle

muscle

Monroe (5 lbs.

75 lbs.

(5 lbs.

)5 lbs.

whole body

Frank t l.) 1978

1978o
.
4(‘1Frank et

1978

Am

Frank et 1|

Rees, et

:3 ., 1979

Frank 1978

ElH

Crawford & Brunato, 1978

Rees, et al., 1979

Frank 3; 1., 1978

Crawford a Brunato, 1978

Frank 2; al., 1978

Crawford & Brunato, 1978

MOE, 1976 (unpubl.) 1g
Konasewich gt al., 1975

Crawford & Brunato, 1978

Mich. D.N.R. (unpubl.) lg
Konasewich et al., 1978

Mich. D.N.R. (unpubl.) lg
Konasewlch gt al., 1978

Herdendorf gt al., 1978 in
Knnasmwtch et al., -’

 



   

4 r.) Basin Year Level Range Remarks References

395.:

Eastern 1970—1971 2.0 0.3 — 5.3 MOE, 1976 (umub1.) i_n
Konasewlch gt a_l. , 1978

Eastern 1976 0.0)} N.D. — 0.01 muscle Crawford A Brunato, 1978
""‘annel catfish Western 1968 0.2 (0.1 — 0.2 headless and evlscerated Frank gt _1., 1978

Western 1971 5.0 4.2 — 5.7 headless and evlscerated Frank gt _1., 1978

Western 1971 5.0
MOE, 1976 (01110131.)
Konasewlch gt a1. , 1978

Western 1974 2.97 length >17" Mich. D.N.R. (urpubl.) £13.0 length 17 — 20" Konasewich gt g” 1978

Western 1975 0.16 _+_ 0.13 length )17“ Mich. D.N.R. (urpubl.)_1_r10.30 length 17 — 20" Konasewich gt a_1_., 1978

Western 1977 3.59 dressed fish Herdendorf 2; g" 1976 in3.14 carcass Konasewich __t_al_., 1978

Central 1976 0.93 fillet analysed Penn. D.N.R., 1977 m
Konasewioh _e_t___1., 1978

Eastern 1970—1971 4.4 1.4 — 7.8 MOE, 1976 (unpule m
Konasewich $21., 1978

Chinook salmon Central 1977 0.135 muscle Crawford & Brunato, 1978

mm salmon Whole lake 1978 0.91 L 0.66 wet wt. whole fish Great Lakes Water Quality,
1979, App. 8

Western 1975 1.4 0.6 ~ 2.7 headless and evlscerated Frank 5% a: , 1978

Central 1968 0.3 0.2 — 0.4 headless and eviscerated Frank 4 £11., 1978

Central 1970 4.0 1.0 — 14.0 headless and eviscerated Frank t 1., 1978

   



 

Fish Basin Year Level Range Remarks References

 

PCB's

Coho salmon Central 1971 1.7 1.5 — 2.0 headless and eviscerated Frank et 1., 1978

Central 1975 0.7 0.4 ~ 2.0 headless and eviscerated Frank et 1., 1978

Central 1977 0.52 0.23 — 0.98 muscle Crawford 5. Brunato, 1978

1.13 0.785 — 1.55

Central 1977 0.53 0.17 - 1.21 muscle; Port Stanley Crawford & Brunato, 1978

Eastern 1976 0.3 0.1 — 0.5 headless and eviscerated Frank et 1., 1978

Eastern 1978 1.89 'muscle Reese, 534., 1979
Inner Long Pt. Bay

Drum Western 1968 (0.1 headless and eviscerated" Frank 2; a1. , 1978

Western 1971 1.4 0.7 — 3.5 headless and eviscerated Frank gt _1., 1978
(9 fish in composite)

Western 1975 0.6 0.2 — 1.8 headless and eviscerated Frank gt 1978
(23 fish in composite)

:

"'1 m

Central 1971 3.7 2.2 — 4.7 headless and eviscerated Frank

,4col“I m , 1978

Central 1975 0.7 0.4 — 1.4 headless and eviscerated Frank

2:!u

19 78

Eastern 1971 1.3 0.6 — 1.8 headless and eviscerated Frank 1978

P
1(‘5

a
n

Eastern 1975 0.4 0.2 - 0.6 headless and eviscerated Frank

El4—) 1978

Emerald shiner Western 1975 0.6 0.5 — 0.7 headless and evlscerated Frank A 31., 1978
(60 fish in composite)

Central 1975 0.4 0.3 - 0.6 headless and evlscerated Frank et a1., 1978

‘ (12 fish in composite)

Eastern 1975 0.4 '5. ‘1 < r; 4'; headless and e‘lx era-ted Frank at al.. 1978

(12 “1.1:: is) > ‘ Malta)

 



it!)

 

fitiEi

1i: eram shincr

L? . zero: shad

58mm ‘ th bass

Pumpk inseed

Rainbow smelt

Basin Year Level Range Remarks References

Eastern 1976 0.69 N.D. — 2.5 muscle Crawford 4. Brunato, 1978

Western 1968 0.3 (0.1 — 0.6 headless and eviscerated Frank g a_1., 1978

Western 1971 2.6 2.1 — 3.5 headless and eviscerated Frank 431., 1978
(6 fish in composite)

Western 1975 0.7 0.6 — 0.9 headless and eviscerated Frank gt a_l., 1978
(27 fish in composite)

Central 1971 3.4 2.4 — 4.7 headless and eviscerated Frank g 31., 1978
(9 fish in composite)

Central 1975 0.5 0.4 — 0.6 headless and eviscerated Frank _e_t a_1. , 1978
(7 fish in composite)

Central 1977 0.64 0.36 — 0.93 muscle Crawford 4 Brunato, 1978

Central 1978 0.12 0.01 ~ 0.45 muscle; Rondeau Bay Rees, gt a_l., 1978

Eastern 1975 0.1 0.1 — 0.3 headless and eviscerated Frank _g _l., 1978

Eastern 1976 0.003 N.D. — 0.01 muscle Crawford a Brunato, 1978

Eastern 1968 < 0.1 (0.1 s 0.1 headless and eviscerated Frank et a1. , 1978

Whole lake 1978 0.231 0.10 wet wt. whole fish Great Lakes Water
(5 fish in composite) Qlality, 1979, App. 8.

Western 1973 0.5 headless and eviscerated Frank gt a_1. , 1978
(10 fish in composite)

Western 1975 0.4 0.2 — 0.6 headless and eviscerated Frank _et _l., 1978
(60 fish in composite)

Western 1976 0.06 Ont. M. Agr. Food (urpubl.)

 

1Q Konasewich gt £11., 1978

 

«-

 



Fish Basin Year Level Range Remarks

 

References

 

PCB‘s

Rainbow smelt

Rainbow trout

Western

Central

Central

Central

Central

Central

Central

Eastern

Eastern

Eastern

Eastern

Eastern

Eastern

Western

1978

1968

1971

1973

1975

1976

1978

1971

1975

1976

1976

1978

1978

975

0.65

0.2

1.3

0.5

0.1

0.59

0.63

1.3

0.3

0.32

0.60

0.44

0.70

0.36 — 1.16

0.2 — 0.3

0.32 - 0.85

1.2 — 1.4

0.1 — 0.6

0.25 — 0.95

( 0.1 — 1.4

0.4 — 0.76

0.33 — 0.56

whole fish

theadless and eviscerated

(13 fish in composite)

,headless and eviscerated

(70 fish in composite)

Whole fish

headless and eviscerated

(7 fish in composite)

headless and eviscerated

(23 fish in conposite)

Long Pt. Bay

headless and eviscerated

whole fish; Port Dover

muscle; Inner Logg Pt. Bay

Rees, et 1., 1979

Frank et 1., 1978

MOE, 1976 (unpuo1.) in
Konasewich gt a1., 1978

MOE, 1976 (unpub1.) lg
Konasewich gt a1., 1978

Frank et 1., 1978

Ont. M. Agr. Food., 1976 in
Konasewich et a1., 1978

Rees, et 1., 1979

Frank et 1., 1978

Frank et 1., 1978

Git. M. Agr. Food in
Konasewich §t_al., 1978

Frank et a1., 1978

Rees, t al., 1979

Rees, t a1., 1979

Mich. D.N.R., 1976 (unpool.}
in Konasewich et a1., 1978

 



  

r i-sn Basin Year Level Range Remarks References

P1315;

Rainbow trout Central 1974 0.3 (0.1 — 0.8 headless and evlscerated Frank §_t_ 91., 1978

Ventral 1977 1.18 0.6 — 2.4 muscle Crawford 11 Brunato, 1978

Eastern 1978 0.77 0.34 —- 1.29 muscle; Haldlmand- Rees, 2; a1“ 1979

Norfolk area

;:k be Eastern 1968 0.2 (0.1 ~ 0.5 headless and evlscerated Frank a; a1" 1978

Eastern 1971 0.3 0.2 — 0.6 headless and evlscerated Frank _t _l., 1978

auger Central 1977 0.07 0.05 - 0.1 muscle Crawford & Brunato, 1978

mllmouth bass Central 1977 1.0 0.25 — 2.69 muscle Crawford a Brunato, 1978

Eastern 1968 0.3 0.2 ~ 0.84 headless and evlscerated Frank gt 9., 1978

Eastern 1971 5.8 2.3 — 9.3 headless and eviscerated Frank 2: _l., 1978

Eastern 1972 0.7 0.4 — 1.2' headless and evlscerated Frank _g a1” 1978

Eastern 1975 0.3 0.2 — 0.4 headless and evlscerated Frank _t __1., 1978

Spot—tall shiner Western 1975 0.06 0.04 —.0.07 headless and evlscerated Frank _t al., 1978
(60 flsh in composite)

A) Western 1975 0.85 1 0.140 Point Pelée (wet wt.) Suns & Rees, 1978

Eastern 1975 0.08 1 0.03 Port Colborn (wet wt.) Suns (1 Rees, 1978
0.05 1 0.03 Port Rowan (wet wt.)

Walleye Whole lake 1976 0.11 edible portion Penn. D.N.R., 1977 l_n
Konasewlch _e_t a1. , 1978

Western 1968 0.2 (0.1 — 0.3 headless and evlscerated Frank E #1., 1978

Western 1971 1.0 0.5 — 1.6 headless and eviscerated Frank et 31., 1978

    



 

 

Fish Basin Year Level Range Remarks References

 

PCB'S

Walleye

White bass

 

Western

Western

Western

Western

Western

Central

Eastern

mole lake

Western

Western

Western

Western

Western

1971

1974

1975

1975

1976

1977

1971

1976

1968

1971

1971

1972

1974

1.0

0.22 1 0.4

0.34 i 0.42

1.3 0.3 — 5.1

4.6

0.13 0.02 —.0.45

0.6

0.32

0.1 (0.1 — 0.3

2.2

2.2 1.1 — 4.8

5.6

2.18 11.22

  

headless and eviscerated

(14 fish in composite)

muscle

headless and eviscerated

edible portion

headless and eviscerated

headless and eviscerated

MOE, 1976 (100001.) in
Konasewich gt al., 1978

Mich. D.N.R.. 1976 (unpubl.)
in Konasewich e; 11., 1978

Mich. D.N.R., 1976 (unpule
in Konasewidw et a1., 1978

Frank et 31., 1978

Ont. M. Agr. Food, 1976 in
Konasewich gth1., 1978

Crawford A Brunato, 1978

Frank et 1., 1978

Penn. D.N.R. ;_ Konasewich et
a1. , 1978

Frank et 81., 1978

MOE, 1975 (unpubl.) in
Konasewich 2; a1., 1978

Frank et al., 1978A

MOE, 1976 (urpubl.) fl
Konasewich et al., 1978

Mich. 0.N.R., 1976 (urpubl.)
in Konasewich gt g1., 1978

 



  

{ .43. Basin Year Level Range Remarks References

“9}:

White bass Western 1975 0.55 Monroe; 10" Mich. D.N.R., 1976 (urpubL)
1.78 i 1.10 Monroe; 10" 1Q Konasewlch 2:31., 1978

Western 1976 0.26 Ont. M. Agr. Food., 1976 1_n
’ Konasewich e_t 11., 1978

Western 1978 0.59 0.17 — 1.54 muscle; Pelée Island Rees, $4., 1979

Central 1971 1.6 0.9 - 2.2 headless and evlscerated Frank gt 511., 1978

Central 1971 1.6 MOE, 1976 (unpub1.)£1_
1.5 Konasewich e; 91., 1978

Central 1972 0.96 MOE, 1976 (unpule Ln
Konasewich at g” 1978

Central 1976 0.1 Ont. M. Agr. Food 13
Konasewich a 31., 1978

Central 1978 0.79 0.39 — 1.39 muscle Rees, g _l., 1979

Eastern 1968 < 0.1 headless and evlscerated Frank g; 31., 1978

Eastern 1970—1971 2.1 1.4 — 413 MOE, 1976 (unpubl.) E
Konasewim _e_t §_1_., 1978

Eastern 1971 0.8 0.5 - 1.4 headless and evlscerated Frank _§ _1., 1978

Eastern 1972 5.6 MOE, 1976 (urpubl.) m
1.0 0.6 — 1.7 Long Pt. Bay Konasewlch eta}, 1978

Eastern 1972 1.0 0.5 — 5.4 headless and eviscerated Frank e_t_ 4., 1978

White Crappie Eastern 1976 N.D. muscle Crawford & Brunato, 1978

White sucker Central 1969 2.5 MOE, 1976 (utpubl.) _i_fl

 

Konasewich et a1. , 1978

 



 

Fish Basin Year Level Range Remarks References

 

PtB's

White sucker Central 1976 0.05 fillet Penn. D.N.R. 1977 1_r_1

' Konasewich at 31., 1978

Eastern 1976 NJ). muscle Crawford & Brunato, 1978

Yellow perch Whole lake 1976 0.18 edible portion Penn. D.N.R., 1977 i_r_1

Konasewlch a 31. , 1978

Whole lake 1978 0.22 1 0.17 wet wt. (whole fish) Great Lakes Water QJallty,
1979, App. 8

Western 1968 (0.1 ‘ headless and eviscerated Frank et 1., 1978

Western 1971 1.0 0.2 — 2.6 headless and eviscerated Frank et a1., 1978

western 1971 0.96 - MOE, 1976 (unpule 1.11
Konasewich 51 £11., 1978

Western 1974 0.0} Mich. D.N.R., 1976 (urpubl.1
i_r1 Konasewich gt an 1978

Western 1975 0.6 0.14 — 0.9 headless and evlscerated Frank gt 5-11., 1978

(59 fish in composite)

Western 1976 0.58 Ont. M. Agr. Food, 1976 lfl

0 6 Konasewich et 11., 1978

Western 1977 0.44 whole body Herdendorf et a1. , 1978 in

0.35 whole body Konasewlch t_1_., 1978

O

1
.25 fillet “
.11 Carcass

Central 1969 2.3 MOE, 1976 (unpule in
Konasewich gt §_1., 1978

  



   

Basin Year Level Range Remarks References

Central 1971 0.34 MOE, 1976 (unpubl.) 1;;

0.65 Konasewich at all. , 1978

Central 1971 0.3 0.2 — 0.6 headless and evlscerated Frank gt 4., 1978

Central 1972 0.25 MOE, 1976 (urpubl.) 1L1
Konasewich gt _a_1. , 1978

Central 1975 0.2 (0.1 — 0.8 headless and eviscerated Frank _t 31:, 1978
(70 fish in composite)

Central 1976 0.29 Ont. M. Agr. Food, 1976 _1_n

0.23 Konasewich g §_1_., 1978

Eastern 1960 (0.1 (0.1 - 0.1 headless and evlscerated Frank _g a_1_., 1978

Eastern 1971 0.6 0.3 — 1.0 headless and eviscerated Frank gt 4., 1978

Eastern 1970—1971 0.8 0.2 — 2.1; MOE, 1976 (ur‘pubL) £1
Konasewich e_t gin 1978

Eastern 1972 0.25 0.18 — 0.33 MOE, 1976 (urpubl.) 19
Konsewich at 31., 1978

Eastern 1,972 0.3 0.1 - 0.11 headless and eviscerated Frank gt ___1_. , 1978

Eastern 1975 0.1 0.1 — 0.8 headless and evlscerated Frank _e_§ gl., 1978
(26 fish in composite)

Eastern 1976 0.2 (0.1 - 0.8 headless and eviscerated Frank g _l., 1978

Eastern 1976 TR. N.0. - 0.001 muscle Crawford & Brunato, 1978

Eastern 1978 0.36 0.055 — 0.52 muscle; Port Dover Rees, it 531., 1979
0.13 N.0. — 0.115 muscle; Long Pt. Bay

0.02 N.D. — 0.05 whole fish; Long Pt. Bay

 



  

Appendix 5

Results of toxicity experiments
found in the literature

 



 

Appendix Sb

Organism

Chlam domonas sp.

 

Chlorella vulgaris

 

Selenastrum
cagricornutum

 

Scenedesmus

guadricauda

Eu lena racilis

 

Daphnia Qulex

Type type PCB's
isomer level

significant 1248

inhibition of

growth

111 ppb

decreased
growth rate

decreased
growth rate

redrmed growth
reduced growth

48 hr 10—50

48 hr 10-50

ARUCLOR 1221 4.4 ppm
ARCCLOR 1252 55 ppm

48 hr LC50

oil and grease
type

furnace oil

Assam crude
UAE crude

Bombay high
crude

furance oil
ASSAM crude
UAE crude

Bombay high
crude .

diesel oil

lubricatirg oil

Naphthalene
HVHmnthrene

level

2 Dub
5 ppb

5 990
30 ppb

2.0 ppb
5 ppb

59:11
5 ppb

(0.1% by volume
10% by volume

3.4 ppm

1.14 ppm

Remarks

algae isolated from L. Michigan

25 day exposure

furnace all most toxic

12 day exposure

% reduction varies

furnace 011 most toxic

12 day exposure

x reduction varies

12 day exposure
Euglena not affected by either

011 at‘levels tested

250C

02 consumption and
Filtering rate also considered

References

Christensen &

 

Gaur & Kumar, 1982

Gaur & Kumar, 198?

Dennington gt al., :07:

Ewald ggr 1., 1975

Geiger A filik~ma, ."g

  



 

Wipendix 53. continued

firganigu Type As

jgge§i§ 5p. 96 hr L050
rwgigltd 3p. 96 hr LC50

"sh ~ several growth

retarded

or death

 

g; glpgpsus 24 hr LC50
48 hr LC50
96 hr LCSO

 

Cd Cr Cu

4.910.25 ppm
85:10 ppb

4412 ppb

2.8 ppm 19.1 ppm 3.5 ppm

2.2 ppm 17.8 ppm 2.9 ppm

1.5 ppm 17.0 ppm 2.7 ppm'

0.4
0.3
0.3

Ni Zn Remarks

as Cd C12
not fed 48 hr
prior to exp't
TOC=230C;
hardness=20 mg/l

as C8003

embryos & larvae

larvae more

sensitive than
embryos
30—60 day exposure

1 ppm 16.4 ppm 25.1ppm TOC = 28°C
9 ppm 12.1 ppm 21.0ppm hardness = 55 mg/l
0 ppm 8.0 ppm 20.1ppm 0.0. 6.9 mg/l

Reference

Fennikoh §£ 3;.,
1978

Eaton e; 1.,
1978

Rehwoldt g9 31.,
1972

u

 



  

Appendix 5a.

Organism

E hemerella

grandis

  

Nals 5p.

 

Gammarus sp.

 

Chirnnomus 5p.

  

Amnicola sp.

 

continued

Type As

14 day LCSO

LC50

LC50

LC5O

LC50(adults)

LCSO

Duqesia doroto—

 

cegwala

Chi ronomus

tendiges

 

5 or 10 day LCSO

#8 hr L850

Cd Cr

4.6—1.7 12.1—9.3

ppm ppm
0.14—0.07 6.4—3.2
ppnl ppm
5.1—1.2 16.5—11.0

ppm ppm
10.1—a.a 10.2-3.4
ppm ppm
5.1»3.8 15.2—12.4

ppm ppm

as Cd C12

25 ppm

Cu Pb

0.18—0.2

ppm
3.5 ppm

2.3-0.9

ppm
1.2-0.91
ppm
0.65«D.03
ppm
1.5—0.9
ppm
4.5—9.3
ppm

“9

1.9-1.0
ppm

Ni

(9.2 pun

15.2—14.1
ppm

0.09-0.01 15.2—13.0

ppm ppm
0.06—0.02 lD.2—8.6

ppm
1.1—0.08 21.2—14.3~

ppm
5.3—2.1
ppm

(aspm

as PbN03 as HgClg

50 ppm 64 ppm

ppm

ppm
26.0—11.4

ppm

Zn

21.2
—18.4 ppm
10.2

Remarks Reference

002 = 7—12 mg/l
conductivity 130—340

umhos/cm
alk. = 30-70 mg/l
(CaC03)

flow through
experiment

Nehrlng, 1976

(24—96 hr) Rehwoldt EL 33.,
1973

Tempo 2 170C

—8.1 ppm

21.5— Hardness : 50 mg/l

18.2 ppm

16.8- pH = 7.6

-la.0 ppm
28.1— 0.0. = 6.2 mg/l

20.} ppm

as Znsoa laboratory exp't

mercury as methyl

mercuric chloride

animals collected

near Fort Collins,

Co. 10C : 2?OC

R80 & Sa>es

 

62.5 ppm pH ; 7; 0.0. = 5 mg/l
Alk. : 216 mg/l

kg est. at [ J used;

100% mortality in

24 hrs.

 



:xluandlx Sa.

Urgani sm

9;: [311113 Qulex

CEXEQ

 

Vrfm 5a 1:132:13

 

inbiflclds
{mixed pop.)

continued

Type

Increase in
02 demand

24 hr LC50

48 hr LCSO

96 hr LCSO
228 hr LCSO

48 hr LC50
96 hr LC50

7 day Lcso
28 day LCSO

28 day Lcso

a day LC50
23 day LCSO

24 hr LC50
24 hr L050

24 hr LC50

Cd Cr

50 PPD

7,510.91 ppm
4.2510.19 ppm
1.3710.21 ppm
0.8310J9 ppm

124 ppb
28.4 ppb

27.5 ppm
49 ppm

Zn Remarks

experimental pond
used at U.of Kansas
cultured animals

adults

immature snails

hardness 45 mg/l
TOC lO—lSOC

 

Reference

Kettle _;‘§;.,
1980

flier & Walter,

1976

Hier & Walter,
1976

Spehar et al.,

1978

Spehar et al.,
1978

Spehar et al.,
1978

Whitley, 1957

u.- .

   



 

Appeme 5a. continued

flrga; :1' 5m

Dapl‘ lg qaleata
mendntae

 

‘ mia mle

$911.12, ‘ulex
Daphnia Qggvula

  

Daphnla ampigiq

Dagnla ambiqja

Dagmla magpa

Damnia mama
9313313 ambigga
Damnla galeata

lype

50% redm: t i or .z;

in Carrying cumuit y

1% redmtiun in
carrying Capacity

LCbU

72 hr LL50
72 hr U50

72 hr LL60

1/2 hr LL50

72 hr U60

72 hr LCSD

72 hr LC50

72 hr LCSO

72 hr [(750

72 hr LCSD

72 hr L150

72 hr LCSO
72 hr LCSD

72 hr LCSU
Beagle lelcara 72 hr LCSO

1.711.2
99'"
5.2118

ppm

Cu H)

86.5 ppb
86 ppb

7? mi)

67.? ppb

131512.72 ppm

21210.42 ppm

51.6 ppm

78.2:16.6 ppm

85.1:163 ppm

12.411.46
ppm
13.312.72
PD‘“

42.118.49 ppm
7.711.)“ ppm
65.61J.75 ppm
110.890.1ppm

Hg Ni Zn Remarks Re f‘erence

L. Michigan water Marshall, 1978
22 week exposure

newborn damnids Winner A Farm)3
Alk.—‘lOU-lll9 mg/i 1976;
00:8.7—11Ja mg/l Winner, 1976

pH : 8.2~9.5
TOC : 203C

CuSO4.5H20 used
in algae

unaerated, filtered Winner, 1976
Standard (ph 6.8—7.9)
unaerated= unfiltered
Standard

aerated, unfiltered
Standard

Medium pH28.2—9.5,

Alk. =110—120;

PDnd pH:8.2—9.5,

Alk. : 100-118

unaerated filtered Winner, 1976
Standard

pH:6.7—7.9

in pond water Winner, 1975

 



  

: ~ JIH‘

14m 01, 10].!va

5.1!] 8'; Wu gnu

Wva 3946 ‘ (JUL
19 39 unxguuaj 813 pg 99

5(V0N)Vw 9U Cu

CflHV'(EUN) U3 su Vfi
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Appendix 5a . continued

Organism Iype As ca Cr Cu Pb ’ Hg Ni Zn Remarks Re ference

Scenedesmus EC-SO 0.1 ppb 519.3 laboratory culture Petersen, 1982

guadr i cauda ppm ms04
- C0504

EDTA in culture
media.

 

mlorella sp. (EC-50 2.4+ laboratory cultures Rachlin & Farrah
0.02 96 hr. exp't 1974

 

Scenedesmus significant 0.1 ppm laboratory tests Spencer a Greene,
guadrciauda growth Ni as MM); 1981
Ankistrodesmus reduction ' 0.1 ppm 14 day biomass

falcatus T0C=200C;

Anabaena flos— 0.6 ppm 16 hr ‘light
aguae ' pH = 7.2

   

Selenastrum initial growth 50 ppb 50 ppb 30 ppb pH 7.1—7.2 Bartlett
capricornutum rate reduction laboratory exp't 1974

complete inhibition 80 ppb 90 ppb 120 ppb —cultures used
algicidal 650 ppb 300 pm 700 ppb

:3!“l

Selenastrum 24 hr lag growth 50 ppb 50+60 ppb 30—40 ppb Bartlett _t al,
capricornutum 48 hr lag growth 70 ppb 50+60 ppb 1974 “

72 hr lag growth 60 ppb

 

I

Chlamydomonas inhibits growth 74.9 ppb algae isolated Christensen &
sp. from L. Michigan Zielski, 1980

25 day exposure

Dagflia Qulex 72 hr LC50 62(54—72)ppb fed Chlorella and Bertram A: Part,
96 hr L020 4715 ppb yeast daily 1979
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Reference

Na arsenite Anderson _t al.,
Na arsenate hr. 1980 in Liu, 1981
Na cacodylate exp't

8 day test Liu, 1981

L Michigan Marshall &

samples Mellinger,

field exp't 1980
21 day exposure

CdC12 used Conway &
Williams,

1979

algal sp.

collected mostly

from

Susquehanna R.
(Penn.—N.Y.)
— amount of

growth inhibi—

tion varied

from plant
to plant

Hanoi slain
1978
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