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Baseline Concentrations of Polychlorinated Biphenyls
and DDT in Lake Michigan Fish, 1971

Gilman D. Veith ®

ABSTRACT

Responding 1o the recommendations of the Lake Michigan
{utersiate Pesticide Committee, the author aimed to estab-
lish baseline data on polychlorinated biphenyls (PCB's) and
DDT in Lake Michigan fish in 1971. Because the past 2
years had witnessed unprecedented legisiative action fo prp-
tect food resources and other aquatic species near the rop
of the food chain from persistent hazardous chemicals, the
author also artempted 10 gauge the impact of cuoperative
legislative action on the quality of large lakes.

Thirteen species of fish taken from 14 regions of Lake
Michigan (n the fall of 1971 were analyzed for PCB's and
DDT annlogs. Mean wet-weight concentrations of PCB's
similar to Aroclor 1254 ranged from 2.7 ppm in rainbow
smelt 10 15 ppm in lake trout. Most trout and salmon longer
than 12 inches contained PCB's at concentrations greater
than the tolerance level of 5 ppm established by the Food
and Drug Administration, U.S. Department of Health, Edu-
cafion, and Welfare. Mean concentrations of total DDT
ranged from less than | ppm in suckers to approximately 16
ppm in large lake trout. The presence of the major chlorin-
ated hydrocarbons was confirmed by gas-liquid chromatog-
raphy/mass spectromerry; additional PCB confirmations
were oltained through perchlorination. The most abundans
PCB's were tetra-, penta-, hexa-, and heptachlorobiphenyls
which are similar 1o commercially prepared Aroclor 1254;
lesser chlorinated PCB's were present in fish from nearshore
wafers.

' Supported by U.S. Fnviconmental Protection Agency Project 16020
PRE, University Engineering Experiment Stution, and University of
Wisconsin  Department of Civil and Environmental [ngineering,
Madlson, Wis.

*Nalonal Waler Quality 1abaratory, U.S. Fnvironmental Prolectinn
Arpency, 6201 Congdon Boulesard, Duluth, Minn. 55804,
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Introduciion

This paper identifies and quantifies the most abuodant
organochlorine compounds, particularly polychlorinated
biphenyls {PCB's) and DDT, in Lake Michigan fish in
1971, By cstablishking data on PCB's and DDT in Lake
Michigan fish as recommended by the Lake Michigan
Interstate Pesticide Commiittee, the author of the pres-

ent study aimed to develop a 197! bascline to predict

trends of these chemicals in the lake. Lake Michigan
contains much higher concentrations of potentially
hazardous and persistent organic chemicals than the
ather Great Lakes, in part because of their widespread
usage in th2 watershed and their disp-oportionally brief
flushing period and low biomass density. Previous stud-
ies have shown that fish from Lake Michigan approach
the action levels for dieldrin set by the Food and Drug
Administration (FDA), U.S. Department of Hecalth,
Education, and Welfare (/); a major percentage of
Lake Michigan fish cxceeded the S ppm action level for
DDT in 1969 (2). Similarly, Veith (3) has shown that
PCB concentrations similar to Aroclor 1254 werc
greater than 15 ppm or thee times the FDA action
level in large fish captured from Lake Michigan in
1969.

Despite the comparatively high levels of DDT. dieldrin,
and PCB’s in Lake Michigan, there is no unequivocal
evidence thut they are endangering aquatic life. Concen-
trations of these chenicals appear to be below 10 parts
per trillion (ppt) in the pelagic water and Jess than
100 ppt in nearshore waters. However, considerable in-
direet evidence suggests that the buildup of organo-
chlorine compounds may threaten biological resources
of the lake. Other reports have reviewed the chronic
1ovicity of pesticides and PCB’s (4-7).
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States surrounding I.ake Michigan have made a major
effort to restock the luke with brown. lake, and rain-
bow trout and coho and chincok salmon. Between 1963
and 1970, over 600.U00 ruinbow trout were released by
Wisconsin alone (8,9). However, Reinert (2) previous-
ly noted thut DDT and dieldrin levels in epgs of these
fish wre simitar to concentrations which inhihited repro-
duction in the studies of Burdick et al. (/0) and Macek
(71). Johansson et al. (/2} have shown that !5 ppm
PCB’s_(lipid basis) in salmon eges produced mortality
in 50 percent of the samples tested. Death can be ex-
pected in all eggs when the PCB lipid content reaches
25 ppm.

Although continued stocking of fish may maintain a
food resource, many fish contain residue body burdens
which make them unfit for consumption. The. effect of
these fish on mink preduction in the North Central
States has bren studied in detail: before DDT and
dieldrin concentrations in these {ish had been well docu-
mented, Hartsough (J3) indicated that the fish were
suspected to inhibit mink reproduction; Aulerich et al.
(/4) clearly demonstrated that the fish had been the
cause of the minks' reproductive failure; and Aulerich
and Ringer (J5) reported that DDT and DDD did not
have significant adverse effects on mink. Furthermore,
dieldrin was lethal to mink at 2.5 ppm in the food when
fed for extended periods. but did not appear to affect
reproduction at twice this concentration during the ges-
tation period. Aulerich et al. concluded that feeding
coho salmon to mink did not cause reproduction prob-
lems, but that the disorder is associated with other
species of fish and “. . . appears to be dependent upon
the species of fish and its environment”™ (76). Finally,
after the earlier reports that PCB's were present in Lake
Michigan fish, Ringer et al. (]7) demonstrated that
10 ppm Aroclor 1254 in coho salmon produced 71 per-
cent mortality in mink and that a mixture of 10 ppm
PCB's and 0.5 ppm dieldrin in coho feed produced
100 percent mortality. No kits were born alive when
the diet contained 5 ppm or more Aroclor 1254 alone.
This clearly indicates that biological resources of Lake
Michigan may seriously endanger other species even
though concentrations of toxicants are not severe
cnough to produce readily discernible effects within the
aguatic communities.

Equally important is the coincidence of high chlori-
nated hydrocarbon levels in herring gull and other bird
populatons coupled with reproductive failures and sub-
sequent population decline (/8). Anderson (/9) found
that the epgs of the Great Lakes herring gull contained
the highest chiorinated hydrocarbon levels ever re-
ported for that species. He also found that the degree
of eggshell thinning in the Lake Michigan gull, whaose
population declined dramatically in the ea-ly 1360's,
varied from 9 percent in 1953.56 to 18 percent in 1965.
In comparison, cggs of gulls on Lake Huron and Lake
Superior have exhibited shell thinning of 7 percent and
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8 pereent. respectively. and those from gulls un the East
Coast have remained essentialy unchanped. Double-
crested cormorants from Wisconsin had cpushells 20
percent thinner than those of pulls, and their eges had
the highest DDE concentrations of any cormorant cpgs
sampled from interior North America. Golden cagles.
which feed primarily on mammuals, do not show cgpshel
thinning as dramatic as that of bald cagles, which feed
on fish (19).

Lake Michigan is the only Great }.akes watershed wheré

‘major persistent chemiculs have been curtailed. Al-

though use of chlorinated pesticides in agricutture was
probably diminishing in the late 1960, the Lake Michi-
gan Enforzement Conference recommended regulutary
actions on many uses in 1968. This recommendation
led to restrictions on DDT including its sale in llinois,
Michigan. and Wisconsin. A more detailed summary is
presented by Lueschow (20). Monsanto Company, the
sole producer of PCB's in the United States, restricted
PCB sales in 1970; by April 1971 they werc sold only
to close-system users.

To measure the impact of the unprecedented coopera-
tive legisfative action regarding these chemicals, and to
establish bascline data, the Lake Michigan Interstate
Pesticide Committee recommended that this study be
funded.

Sampling Procedures

Fish were collected jn September and Octoher 1971
with gill nets and pond nets from the four regions of
Lake Michigan outlined in Figure 1. Whole fish were
stored frozen (—20° C) in aluminum foil or polyethy-
lene bags for 60 days or less and homogenized while
frozen by repeatedly passing themn through a meat
grinder. All metal surfaces were rinsed with acetone,
polyethylene bags were examined for interferences, and
the grinder hearing and seal were checked periodically
to assure that the sample was not contuminated during
storage or preparation.

Analytical Procedures
REAGENTS
Sodium sulfate (Fisher Scientific Co.) was washed with
three volumes of 1:1 hexane-acetone and dried at
130° C. To prevent further contamination from cap
liners or containers, the Na,SO, was stored in large
glass bottles with aluminum foil tiners in the cap.

The florisil (Kensington Chemical, Fisher Scientific Co.)
was extracted in an all-glass Soxhlet extractor for 24
hours with the azeotrope of hexane and acetone to re-
move traces of organic impurities. The solvent was
evaporaled from the florisil at 100° C, and the solid
was heated at 650° C for 2.5 hours for activation. If
not used jmmediately after heating, the flovisit was
heated to 105° C before use.
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detecters ("HL 250 mc). Columns were 2.0-m-by1 8-
mm-1D gluss coils packed with 3 percent UV-IUY un
120/ 140-mesh Gas-Chrom Q. The carrier gas. punified
N_.owus maintained at 20 mb min: the injector. column,
and detector temperatures were 2407, 180°. and 220° C,
respectively. Chromatograms were recorded on a Varian
model A-25 dual pen recorder.

Previous work (27) showed that fish from Lake Michi-

gan contain mixtures of PCB's that closely resemble the
i Arocler 1254 produced by Monsanto Compeny, al-
though PCB's both heavier and lighter than those most
abundant in Aroclor 1254 were also present. The fish
extracts contain predominantly those PCB’s which elute
at 70. 84. a doublct of 98 and 104, 125. 126, and
176: peak height of p.p"-DDE is represented herc as
100 (Fig. 1). The presence of DDE preciuded the usc
: of the 938 and 104 PCB components in the quantita-
tion. and PCB's based on Aroclor 1254 were deter-
nmined by summing the heights of the 70. 84. 125, 146,
i and 174 PCB components when peak height of DDE is
| 100. This method also decreased the effect of minor
; compuysitional variations on the analytical result.

FIGURE V. Sampling regions jor collecting fish,
Lake Michigan—1971
Cther analytical components inctuded: '
Silicic acid: Mallinckrodt Chemical, AR grade,
Ramsey and Patierson. Used directly
from resgent bottle, .
Hexane: Skelly B. Redistilled in glass from Dri-
Sodlum, Fisher Scientific Co.
Acelone:  Fisher Scientific Co.. MCB. Redis-
tilled in glass from Dri-Sodium, Fisher -
Scientific Co. . z
Ethyl cther  Mallinchrodt Chermical. Pesticide-qual- ' 2
and mehylene chioride: ity solvents, Used directly from re- | «
agent bottle efter periodic checks t
showed no intet{erences, §
Glass wool: Soaked in acetone, tinsed with 1:1 E
acetone:hexsne mixture, . ; -
Glassware:  Waihed thoroughly with hot detergent; ' .
rinsed once with hot water, twice with ot
distilied water, again with {:1 mixture
of redistilied acetone: hexane. :
PREPARATION OF SAMPLES .
Procedures 1o extract and remove the bulk of the :
lipids have been described previously (2/). Because of I
the high relative concentration of pp'-DDE in Lake
Michigan fish. DDE was quantitated directly by dilut- l
ing 10 percent of the nonpolar florisil cluate to the |-
apprapriate volume  for gas-liquid chromatographic ! \
(GL.C) analysis. PCB's were separated {rom TDE and |
DDT isomers with a modifiecd Armour and Burke pro- !
cedure which omitted Celite 545 (22). ; RETENTION VOLUME
Quantitative gas chromatographic analyses were con- L_, _ _
ducted on an Acrograph 1745-20 gas chromatograph FIGURE 2. Chromatograms of PCB mixiures in
cquipped with  duad  concentric-tube  clectron-capture Aroclor 1254 and fish from Lake Michigan
VoL. 9, No. I, June 1975 23
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Recovery of PCB's from fish tissue averaged 85.1 * 4.3
percent, whereas rccovery of DDE was greater than 90
percent, The precision of the method outlined above is
summarized in Table I, which lists means and stan-
dard deviations of the analyses of six replicates of scv-
cral fish species for PCB's, DDT, and lipids. The stan-
dard deviation for PCB analyses ranged from 5 percent
in smaller fish to 14 percent in large coho salmon. The
deercase in precision in analyses of large coho resulted
from the difticulty of homogenizing larger fish. Pre-
cision was poorest in DDT analyses, where the standard
deviation ranged from 8 to 23 percent with a mean of
approximately 14 percent. This reduced precision re-
sults from losses during silicic acid chromatography
which is used to quantitate the TDE und DDT isomers.
The precision of DDE analyses was greater than those
for DDT analyses, which was anticipated because of
the fewer manipulations of the extracts. The standard
deviation ranged from 7 to 18 percent, but the average
deviation was approximalely 10 percent. Because of
the relatively simple procedure, lipid analyses were most
precise, exhibiting standard deviations from 5 to 7
percent.

TABLE 1. Precision of chlori;rntrd hydrocarbon
determinations for PCB's, DDE, DDT, and lipids in
selected fish, Lake Michigan—1971

No.
REPLI-| AROCLOR

SrECiES CATES 1254 r.p’-DDE p.p-DDT Lirio, %
Coho salmony

(25 1In.) 6 15.2+2.2 7.54+0.6 3.2+0.6 4.2+0.2
Coho salmony

(27 in.) 6 JA1+13 5.8+0.4 1.820.4 10.0+0.6
Whitefish )

(13 in.) [ 41402 0.35+0.04 0.56+0.04 16.2+0.9
Bloster

(10 in.) 6 5.1+0.4 3.4+0.2 2.2+0.3 182413
Alewlile

(8 lo.,

composite)) 6 4.04+0.2 1.1+0.2 1.0+0.2 5.7+0.3

NOTE. In columns 3-6, first number tepresents mean, second repre-
sents standw d deviation.
Residues are ppin wet weight,

The determinable limit for PCB analysis was approxi-
mately 0.1 ppm; limits for p,p’-DDT, o,p’-DDT, p.p'-
TDE, and p,p’-DDE were approximately 0.05 ppm.

CONFIRMATION OF MAJOR COMPONENTS

Major components of Lake Michigan fish extracts were
characterized for a Jimited number of composite sam-
ples by standard gas-liquid chromatography/mass spec-
trometry techniques, In addition, the presence of PCB's
in sunples from each collection area was confirmed by
perchlorination of PCB’s to decachlorobiphenyl and
subsequent analysis of the product by GLC (23). Ali-
quots of the hexane fraction of silicic acid columns
were evaporated to dryness in a S-ml vial fitted with a
teflon-lined screw cap. Antimony pentachloride (0.2 ml)
waus added to the residue, and the vial was sealed and

24

held at 180" C for 6 hours. Approximately I m! 6N
MCI was added to the products to remove the SbCl-
and the solution was extracted with five 1-ml hexane
portions. The hevane was passed through a disposable
pipette containing anhydrous Na,SO, to remove lraces
of the aqucous solution. The sample was collected in
a graduated centrifuge tube and diluted to the proper
volume for GLC analysis. This technique also provided
scmiquantitative information for PCB's to supplement
direct GLC analysis of the cxtracts. For those samples
which contained PCB's similar to Aroclor 1254, esti-
mates of total PCB's by perchlorination were within
15 percent of direct GLC analysis.

Results and Discussion

Approximately 8§50 fish were analyzed for PCB mux-
tures most closely resembling Aroclor 1254; a summary
is presented in Table 2. Mean concentrations ranged
from 2.7 ppm in smelt to 15.5 ppm in lake trout.
Larger fish, such as brown, lake, and rainbow trout and
chinook and coho salmon, contained PCB's at mecun
concentrations two to three times the 5 ppm action level
established by FDA (/). Mean PCB concentrations
in redhorse suckers, smelt, and whitefish were con-
siderably less than 5 ppm. Mean concentrations in the
alewife, carp, chub. and yellow perch were approxi:

_ mately 5 ppm; the range was 4.2-6.0 ppm. As expected,

PCB levels increased with the percentage of fat and
size of fish.

In Lake Michigan fish the mean concentration of total
DDT, the sum of p,p"-DDT, 0.p-DDT, p.p"-TDE, and
p.p’-DDE, ranged from 0.9 ppm in carp to 7.! ppm in
lake trout (Table 2). As with PCB's, fish with higher
lipid concentrations contained greater concentrations of
DDT.

The ratio of PCB’s ta tota] DDT ranged from 1.3 in
redhorse suckers caught primarily in the northern waters
to 7.6 in carp. The ratio of PCB's to DDT in the ma-
jority of the fish was between 1.7 and 2.8, and only in
the carp, redhorse, yellow perch, and white sucker did
tlee ratios fall outside this range. This ratio may become
important in future studies to determine the rates at
which the chemicals are eliminated from the l.ake
Michigan system.

Mean ratios of o0,p"-DDT to p,p’-DDT ranged from 0.1
to 0.3; this ratio in the majority of the fish was 0.2.
Since technical DDT generally contains about 30 per-
cent of the o0.p-DDT isomer (ratie, 0.4), data from
Lake Michigan fish suggest that degradation, other re-
moval mechanisms, or both in the lake are slightiy
greater for the o.p" isomer than for the p.p" isomer.
More than 80 percent of the total DDT residue is
accounted for by p,p’-DDE and p.p’-DDT.

Not only did PCB concentrations vary considerably
among the 13 species captured, but the range of PCB
concentrations in a single lake species was generally
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greater than 100 pereent, The concentration range in
red suckeis was Jess. but all were captuied in the same
region of the lake. Although some variation in concen-
trativns is expecied because of the noimal analytical
error. the much larger ranges in Table 2 are undoubt-
edly due to other factors that limit usefulness of the
mcian concentrations presented. Previous rescarch has
shown that the lipid content, size of fish, season of cap-

-tuie, and concentration in the water may affect con-
siderably the observed concentration of chlorinated
hydrocarbons in tissue (2).

CHLOROBIPHENYLS

Regional variation in PCB concentrations and variations
" due to lipid content for each species are showa in

Table 3. The wet-weight concentration of PCB's in ale-

TABLE 2. Major chlorocarbons in fish, Lake Michigan—1971

MEaN ' MEAN | Meas | Mean
No. Fisu Fisu Mean MEAN MEAN MEAN PCB/ DDE " {o0.p'-DDT/
Sqecies? ANALYIFD | WEicuT, © Lirro, % PCB's DDE IDODT *DDT IDDT |p.p-DDT
Alewife 8s 100 6.5(3.9] 4.6(2.1) 1.710.8} 22081 24 (;3 0.2
Binater 287 249 *.0(5.9) 6.0122) 2.5(1.1) 3.8[2.8) 2.2 0.7 0.2
Rrownirout 17 3,650 iy $14.1) 1.3{2.8) 2.7(1.0] 4.2(1.6) 18 06 0.1
Carp 42 2,160 10.0{7.0] 4.2(3.6) 0.7(0.9] 0.9(1.2]) 16 0% 0.2
Chinook satmon 2 3,100 5.013.9) $1.4{4.0} 5.2(1.5) 6.8{2.5) 1.7 0.8 0.2
Coho saimon 36 2,720 6.5(2.1] 11.5{5.7) 4.8{2.3] 6.3(2.8) .1 0.7 0.2
lake trout 134 1,620 16.6{4.3) 15.5(3.3) 5.n2.8) .17 2.8 0.7 0.2
Yellow perch 44 148 6.111.7) 5.8(3.%) 1.0(0.6]) 1.6{1.1) 48 ot 0.1
Ruinbow trout 11 4,190 18.4(3.3) 9.3(4.1] 3.4(1.3) 4.2(1.8} 2.3 02 0.2
Redhorse sucker 16 902 R611.2) 1.0{0.7} 1.6[0.5} 2.6[0.7) 1.3 0.6 0.2
Smelt 8 5t 5.8(1.8] 2.711.3] 0.8(0.4] 1.2{0.6} 2.6 6.7 0.1
White sucker sl 1,130 5.912.8} 3.9(3.6] 1.0{0.5} 1.6(1.2) 34 0.7 0.1
Whitefish 43 1,170 17.6{4.4) 3.0{1.9] 0.8(0.3] 1.4]0 6} 28 0.7 02
;JOTE: Expressions in brackets represent xtandard deviations.
Residues are ppm wet welght.
! Sclentific names appear in Table 3.
TABLE 3. AMean concentrations of PCB's and DDT in fish, Lake Michigan—1971
PERCENT- o ‘Poxcest
AGE FIsSH AGE FisH
No. ABOVE |PCBH's, Anove
CaAPTURE FisH 5 peM LIPID p.p- p.p'- p.p'- o,p’- ToraL | Srem
LocattoN Date | ANaLYZTD JL PCB's | PCB's |9TICHT DDE TDE DDT DDT DDT DDT
ALEWIFE {Alosa psewdoharengus)
Michigan City 10/15 10 4.412.0] 40 164 1.4 0.19 0.5 0.08 22 10
Benton Harbor 9/2 14 4.8(1.1) 40 & 1.8 023 Q.5 0.08 27 0
Waukegan 8/23 2 2.5(0.1) v} 47 1.0 0.18 0.5 0.07 1.6 ]
Saugmtuck 4711 12 5.312.2) 41 £1 1.8 0.22 0.8 Q.10 piy § 11
Shebnygan 10/18 4 5.5(1.4) 50 ” 2.2 0.20 0.7 0.07 32 1]
J.udington 1/3 16 4.4(1.4] 18 207 ND ND ND ND ND ND
Frankion 10/8 10 1.711.2] 20 62 1.3 0.16 0.4 0.06 1.9 Q
Maunitou lsland $/10 3 3.8{2.2) 3 s1 3.2 0.33 1.3 0.16 f0 30
Rock Island . o k] 8.9(12.0] 66 182 11 0.11 03 0.04 .5 o
St. Martin Island 9/18 6 3.5(11,31 16 &2 1.0 0.14 0.3 0.05 1.8 q
: BROWN TROUT (Saimo frutta)
—l;lcmnh Chy 10/18 1 11.9{0.0} 100 =1 .7 0.70 1.7 0.22 & 100
Sheboygan /13 s 1.9{3.0} 100 2.6 0.46 1.2 0.18 43 5
Gilla Rock /16 10 6.7(2.5] 70 34 2.8 0.48 1.0 0.14 4. 40
Care (Cyprinus carpio}
Michigan City 11729 2 11.00.2] 160 7 33 0.81 o.;uw 0.14 6 50
Saugatuck 10/15 15 4.6(4.8] 26 mn 0.6 0.20 0.t 0.02 09 1]
Sheboygan 7/23 11 1.7(0.8] 0 30 0.2 0.07 0.0 001 0.3 0
Pensaukee Bar 11/1 9 4.2{1.4] 33 10 0.8 0.19 0.0 0.01 1.0 Q
Manitou Island 9/16 s 5.8(0.8] 80 20 ND ND ND ND ND ND
i BroaTter (Coregonus hoyi)
B_;:umu lehm-_ 9/2 10 £.011.2} 60 24 2.8 031 1.3 0.19 123 Rl
Saugstuck 6/16 18 8.1[1.9] 88 45 1.9 0.47 18 0.19 4.2 37
Saugatuck 6/18 24 7.8(2.2} 9 43 2.4 0.63 2.4 0.25 87 o4
Saugatuck 6/19 15 6.911.8) 26 bR 1.5 0.3 Z.5 0.31 21 65
Milwaukee 9/19 11 4.6(1.2) 16 Z 14 Q.36 20 016 60 8%
Sheboygan 713 13 S.1{1.5} 61 51 1.3 0.40 22 0.24 -1 50
Sheboygan 722 13 6.111,8] 6 2 14 0.34 74 .24 ‘9 81
(Continued next page)
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TABLE 3 (coni'd.). Mean concentrations of PCB's and DDT in fish, Lake Michigan—1971

) T Foatents - T e T o s e
AcE FTIsH :
No ABOVE PCB's, Ai\snr’,;”
Caryuze FisH S PrM LIPID p.p- no oo a.p- YoTaL 5 reas
LocatioNn DATE [ Avuvzeo PR PCD's WEIGH) DD TDE DoT DLT DDLT DLT
Sheboygan 8/19 . Iy o s | 2 e 171 016 T
Sheboygan 8/27 7 su(1.y 57 P2 32 [ i bk 0.28 6.2 RO
Sheboygran 10/15 6 10K} o 2) 24 2% 19 0.7 45 Q2
Ludington 1/3 42 74(1.8) 9) 41 2.0 .y 2.2 0.8 LK 46
Frankfort 10/% K 4.7{0.7} 12 28 2.2 3 1.2 Q6 38 1]
Mantiou hland 9/10 1 4.6(1) 30 24 kB | 0.%0 I8 n.26 5.6 50 '
Whashington Jsland 9/9 3 £.1[0.6) [ 16 32 .24 19 0.8 56 8U ;
Rock Island 9/ 6 5.8(2.5) 66 97 28 0.26 1.1 Q.08 44 F{] :
Rock [sland 9/14 3 $.641.6} 57 3 2.7 012 | 20 0.22 PP o
Rock Jsiand 9716 4 40{0.7) 12 i8 2.8 0.29 i 1t 0.14 4.8 i
St. Martin Isizand 7719 9 2.4{0.6] 0 16 22 0.4 1.1 Q.17 38 0
Manistique $/27 9 4.8[0.7) 3 26 29 0.e2 J 18 014 52 80
CHINOOK SALMON (Oncorhynchus tschawyrscha)
Milwaukee 10/15 ! 24.0(0.01 100 117 6.6 167 4.7 0.53 13 K. 100
Manitowoc - 10/21 & 11.3{3] 100 209 6.3 0.62 1.2 0.1 83 10
Sirawherry Creek 10/2? 10 9.9(2.8} 100 m 45 0.39 1.0 017 20 8
Giils Rack 9/16 2 12.710.7} 100 278 3.5 0.24 1.2 0.20 1.3 100
CUHO SALMUN (Oncorhiyachus kisuich)
Michlyan City 417 & 16(1.7] 12 51 038 017 9.6 0.08 16 )
Michigan City /27 ' 17.3(8.4) T 87 285 3 .46 12 020 7.2 85
Michigan Chiy 10/7 6 14.0(4 0) 100 349 45 0.41 1.4 0.18 6.5 60
Sheboygas 10/2) 9 12.1{2.5) 100 276 6.6 0x? 1.4 .27 8.8 100
Ludington 8/28 4 11.2[3.3) 100 108 6.8 .39 0.9 0.1% L) 100
Platte River 10/7 10 12.9[1.3} 100 226 5.5 048 1.4 0.24 16 100
Gills Rock 9/16 1N 12.6(4.1) 90 166 4.9 .45 1.2 0.20 67 87
LaAKE TROUT (Salvelinus namaycush) )
Michigan City 10/18 4 14.9{2.0) 100 89 2.9 VEB kN 0.35 13 100
Michigan City - 9/8 L) 21.216.8) 100 121 9.5 1.12 39 0.45 149 100
Saugatuck 6/21 14 13.913.8) 100 70 4.7 [ 21 0.27 16 38
Saugstuck /10 7 15.512.4) 100 78 6.9 .50 2.0 0.24 9.8 100
Saugatuck 10/1 9 18.7{3.7) 100 113 6.7 28 0.27 10.6 100
Milwaukee 9/14 1 21.2{0.0} 100 90 10.1 3.0 0.47 14.8 100
Milwaukee 9/19 7 21.116.0) 100 114 10.6 33 0.45 15.4 100
Milwaukee 10/1% 12 10.4[3.6) 100 127 23 1.2 015 4.2 20
Shehoygan /% 1 13.910.0) 100 58 ND ND ND ND ND
Sheboygan 7/13 36 12.5[2.2) 100 82 4.3 1.7 0.28 6.8 64
Ludington 7/4 1y B.3(1.8) 100 5 33 1.6 0.22 5.6 60
Ludington 7/4 & R.5().7) 100 58 3.2 20 0.30 &1 66
Grand Traverse Bay 10/19 ] 11.35.3) 75 56 6.0 20 0.30 9.0 7
Green Island 7/2% 134 9.u[.7} 100 48 3.8 1.5 0. 6.0 ”
Gills Rock - 9/16 10 i 14.7]6.4} 100 83 55 19 0.24 B 2
YELLOW PERCM (Perca fluvescens)
Michigan Chy g 10/18 L 4.2{0.7} 14 e 0.8 012 0.4 0.04 1.3 0
Waukegan 8/28 9 6.11.5} B8 78 ND XD ND ND ND ND
Milwaukee 10/13 1 10.9{2.1} 90 203 1.1 (U 0.7 a0a 21 0
Ludington /6 2 6.211.3) 100 139 2.2 030 09 0.13 36 o
Frankfort 10/12 2 5.4]1.8] 50 69 1.7 23 2.2 0.14 4.5 Q
Pensaukee Bar 8/25 10 2.912.1) 10 49 04 0.i0 0.0 601 0.5 o
RaiNBOW TROUT (Salmo gairdneri)
Michigan City 10/15 i 12000 0} 100 66 ND ND ND ND ND ND
Gills Rock 9/16 9 8.8[4.3) 1 47 34 (UK 0.9 0.16 45 40
ReoHorse {Moxvsioma sp.)
Rock lstand 9/11 7 2.8[0.9) ] 33 1.7 0.20 0.6 0.09 2.7 o
5t. Mastin Island 9/11 9 3.2{0.5) [ 37 15 0.1% 0.8 0.9 2.7 0
1
RATNBOW SMELT (Osmerus eperlanus modrax)
Michigan Cliy 10/18 15 3.210.9]) 0 45 09 aat 0.4 0.03 1.4 0
Sheboygan 10715 3 0.7{0.2) 0 18 0.6 012 - 02 0.03 1o [i}
Green Jsland 7/21 L) 2.6[1.1] 0 57 0.7 032 02 0.02 1.0 1}
Rock Istand /11 L] 2.9{1.7) 25 49 1.0 0.14 0.5 0.95 16 0
St. Martin Island 19 4 1.1[0.3} 0 3t 6.7 0 0.2 0.04 1.0 0
WHITE SUCKER (Calostomus commerioni)
Michigsn City 10/15 6 10.6{4.0} 100 100 1.5 0.32 1.8 Q.08 T 4.6 &6
Saugatuck 10/15 3 6.012.9} 66 149 0.7 0.1 02 0.0} 1.0 0
Saugatuck 10/18 N 2.3[0.4) ] 40 ND ND ND ND ND ND
Peosasukee Bar 8/6 ? 3.213.1) 14 57 0.3 .15 0.2 0.04 0.7 4]
Grand Traverse Bay 10/19 14 2.2{0.7) i} 68 0.4 0.3 0.4 003 2.1 Q
Green Jsland 1/21 1 2.1{0.0} o 20 0.7 0.19 04 0.08 1.3 [}
Rock Island 9/11 14 2.4{0.9) 0 46 0.9 0.20 01 0.04 14 0
(Continued next page)
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TABLE 3 (cont'd.). Mcan concentrations of PCB's and DDT in fish, Lake Michigan—1971

T T T Percent- { - D ) ; - - PIRCINT.
Ace Fisye it FisH
No, ABOVE PCB's, ABOVE
CAPTURE Fusn S PEM 1irID p.p- p.p- nps 0.p'- TovaL 5 rPM
l.oCANDN J Dare ANALYIED PCB's PCB’s WEIGHT DDE TDE noDT ‘DDT pPOT DDT
Laxe WHITEFISH (Coregnnus clupeaformis)
Michigan Ciry 10/15 < Teps | o0 s | o5 Jom 03 0.06 va 0
Saugatuck 6/19 7 2.70.5) [ is n.é 0.2t 0.4 0.08 1.3 1]
Saugatuck 6/2) 2 11.3] 0 18 ND ND ND ND ND ND
Griand Haven 9/6 7 5.8[0.9) mn 25 0.7 0.38 0.8 0.10 1.9 0
Grand Traverse Bay 10/19 n 1.810.3] 0 13 1.2 0.25 0.4 0.08 2.0 0
Rock Island 9/ 10 1.5[02}) ] 9 0.7 0.16 0.4 0.0% 1.4 o

_.\'UTE: Expressions in brackets represent siandard deviations.
* ND = not determined. :
Revidues are ppm wet welght.

wives was greater in southern Lake Michigan than in
the northern regions, although anomalies arc apparent.
Most alewives captured south of a line between Sauga-
tuck and Sheboygan contained beiween 4.4 and 5.5
ppm PCB's, whereas those caught north of the line con-
tained between 3.5 and 4.4 ppm. An interesting excep-
tion occurred in alewives from Rock Island just off the
Door Ceounty Peninsula in Wisconsin: mean PCB con-
centration was 8.9 ppm.

Analysis of brown trout suggested similar trends: those
from Michigan City at the southern end of the lake
coutained 11.9 ppm PCB's. whereas those from She-
boygan and Gills Rock contained 7.9 and 6.7 ppm
PCB's. respectively.

Carp from Michigan City also had higher levels of
PCB’s than had those from the northern region. In
contrast to the 11.0 ppm found in the Michigan City
carp. those from Saugatuck and Sheboygan contained
4.6 and 1.7 ppm, respectively.

PCB’s in bloaters in southern Lake Michigan ranged
from 4.6 ppm ncar Milwaukee to 8.1 ppm ncar Sauga-
tuck. In general, bloaters from the northern regions
had concentrations below § ppm. The concentration of
PCB's in the five groups of bloaters collected near
Shebovgan during A 3-month period varied from 3.7
to 6.1 ppm. although the mean was below 5 ppm; no
trend was indicated. The variation is somewhat less
when data are expressed on a lipid basis; for caample.
PCB concentrations 'in the August 27 and October 15
bloaters were 5.0 and 3.7 ppm wet weight. respectively,
In contrast, the concentration of PCB's in lipids was
23 ppm and 21 ppm, respectively. Thus much of the
observed variation is caused by the variation in lipid
content of fish.

All chinook salmon captured in Wisconsin contained
mare than 5 ppm PCB's; mcan concentriations ranged
from 9.9 ppm in Strawberry Creck (Sturgeon Bay) to
24 ppm at Milwaukee.

In concentrations of PCB's among coho salmon. autho.s
observed little evidence of a trend dependent upon sam-
pling rezion. Except for coho caught carly in 197)
near Michigan City, mean concentrations of PCB's

Vor. 9, No. 1, June 197§

ranged from 11.2 ppm in salmon near Ludington to
17.3 ppm in those near Michigan City.

Among lake trout PCB concentrations were greatest in
those from Michigan City. Saugatuck, and Milwaukee,
where mean concentrations were generally between 1§
and 21 ppm. Trout from the northern arcas such as
Sheboygan. Ludington. Grand Traverse Bay. and Gills
Rock contained considerably less, and mean concen-
trations ranged between 8 and 15 ppm.

Mean concentration of PCB's was unexpectedly high,
10.9 ppm, in the 10 yellow perch caught ncar Milwau-
kec. Perch from other regions averaged less by a factor
of two, and those from lower Green Bay contained 2.7
ppm.

In seven Rock Island redhorse. PCB residues averaged
2.8 ppm. In nine specimens from St. Martin Island,
mean concentration was 3.2 ppm. '

Rainbow trout were caught only near Michigan City
and Gills Rock. The Michigan City rainbow trout had
12.0 ppm PCB's, whereas those from Gills Rock aver-
aged only 8.8 ppm.

Concentrations of PCB's in white suckers and smelt
were gencrally between 2 and 4 ppm. although the
average conccntration was 6.0 ppm in the three white
suckers from Saugatuck on October 15 and 10.6 ppm
in the six from Michigan City the samc day. Except
for whitefish caught at GGrand Haven and Michigan City,
the PCB concentration in whitefish was less than 3.1
ppm.

DDT AND ANALOGS

Concentrations of p,p"-DDT, 0.p"-DDT. p,p'-TDE, and
p.p'-DDE uic presented in Table 3 ajong with the total
DDT and percentage of fish that contained residucs
above the Sppm actlion level established by FDA (/).
Total DDT in alewives ranged from 1.6 ppm ncar Wau-
kegan to 5.0 ppm near the Manitou Islands. There was
no trend in the variations according to region. A hrown
trout from Michigan City contained 8.4 ppm total DDT,
whercas those from Sheboygan and Gills Rock averaged
4.4 ppm. Except for the carp from Michigan City,
which averaged 4.6 ppm total DDT, average concentra-
tions in Lake Michigan carp werc 1.0 ppm or less.
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Total DDT in bloaters ranged from 3.8 ppm at Frank-
fort and St. Martin Island to 6.2 ppm ot Shebovgan,
There are no treads for DDT in chubs (Table 3).
Except far cight coho sadlmon caugzht near Michigan
City i the spring, which averaged 1.6 ppm total DDT,
total DDT in 1his species varied hLtile throughout the
lake. Mcan concentrations ranged hetween 6.5 and
8.8 ppn.

Lake trout fromy Michigan City avcruged 14.9 ppm total
DDT on September 8. 1971; those caught October 15,
1971, averaged only 7.2 ppm. The discrepancy is likely
due to size differences. For example. the lake trout
caught near Milwaukee in September also contained a
mean concentration of approaximately 1S ppm: how-
ever, the smaller trout caught near Milwaukee in Octo-
ber averaged only 4.2 ppm total DDT. DDT concentra-
tioos in lake trout from northern areas of the lake were
less than 8 ppm: approximately 60-70 percent of the
lake trout contained over 5 ppm total DDT.

Yellow perch from Pensaukee Bar in lower Green Bay
had the lowest DIDT content. 0.5 ppm: perch from other
arcas contained between 1.3 and 4.5 ppm total DDT.
None of the perch contained more than 5 ppm total
DDT.

Concentration of DIDT in smeh, whitefish, and white
suckers averaged approximately 1.2 ppm. although
white suckers from Michigan City averaged 4.6 ppm
total DDT.

Swunumnary

Concentration of PCB’s ranged from lzss than 2 ppm o
small fish with low lipid content to over 20 ppm in larg-
er fish with higher lipid content. The concentration of
PCB’s in l.ake Michigan coho salmen is two to three
times greater than in coho from Luke Huron. approxi-
mately 1.5 times greater than in Lake Omtario coho
salmon. and approximately 10 times greater than in
coho from Lakes Erie and Sup-rior. Essentially 100
percent of large salmon and trout. both popular food
sources, and 50-80 percent of bloaters from Lake Michi-
gan contain PCB concentrations greater than the § ppm
tolerance level set by FDA. Additicnal monitoring of
this watershed is nceded 1o determine whether tissue
concentrations will reflect restrictions in domestic PCB
sales and possible decreases in PCB usage in the water-

shed even though U.S. production of Aroclor 1254 has _

remaincd essentially the same as in 1969 (24).
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