. ck. 2L .
) ’ PCB's In Lake 'tichigan 7

It has been establ ishad that Lake Hichigan is unique in that it
coniains much highm concentralions of aaricul tura) pesticides than ths
other Great Lakes due, in part, to the jerge useage in the watershed in
coiparison to the flushing pariod for the lake and to the relatively
low biomass dansity. Pravious studies hava shawn that £he fish from
Lake ifichigan aporoached tha FOA action levels for dieldrin i 1969 and
that a major fraction excaedad th2 action levels for DDT (Reinert, 1970).
lore r2cent ‘data (Leinert, ]972) frea carafully desivnad monitoring
(veineri, 1571) indicaics that ihe aversge UDT concontration in Lake
Michigan fish remainad essentially the sane between 1957 to 1970 and
supsested that the Tevals have begun to decrease.

Although not realized in the early analyses by Reirert, othar work

(Veith, 1970) has shoun that the concentration of PC3's (similar to
Chroctor 1254) vera greater than 15 ug/gm in large fish collected from

Lake itichigan in 1969. Thus, it is anpparently in Lake ichigan rathep
than tihe other Great Lakes that th2 potaniiclly hazardous and nersistent
chemicals frem our 1nJu<tv1allzeJ tacknology are most concentratad. It
follows, ther, that consiceration must b2 given to the offoct these
chemicals have on the biological communitics sustained by Lake !lichigan
and the possibility of stemming or even reversing the trend of incraesing
Tevels of organochiorine compounds in tho Leke Hichigan-system.

Despite the coaparatively higil levels of DOT, dieldrin and PCB's
in Lake Michigan, thore is no diroct danz2 that thz chemicals are
endangoring th2 aquatic 1472 in th2 . The conceniration of cach
of the clieaicals appears to b2 bzlow 10 n3/1 in tho palagic wters and
*less than 102 ng/1 in the ne2rshove waters, all of hoare belos tha
"no effect" level for th2 respactive chamicais for most aquatic
organisms,  Houever, thz lack of direct evidonce of damage may sinply
reflect the difficultly in adaqudtely m2asuring such eifacts in Lhis
environmant,

There is considerable indirect evidence which suggests that tha
buitdup of oroanochlorine compounds w2y be a tiweet to the future of the
binlogical rosources of the lake, it is bavond the scope of this
introduction to reviaw the literature confn‘ning the pesticides and
PCB's, and the reader is verarred Lo existing comprehensive raviews
(2itko and Choi, 14713 NIN, 1972; Quinhy, 1972; Task lorce, 1972).
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1t is important to note that those accumulations occurred at water concen-
trations of PC3 that killed tihe fish in 15 to 45 days.

Also similay uere the accumulation ratios of 26,000 to %6,000 for
bluegills (L 60 chi ) chronically exposed ta 2-15 ug/1 of
Aroclor(R) 1 head minnows (Pimeohales promelas) chroni-

RPN
cally cxposed to Aroctor(it) 1242 and 1254 for 8 monins concenfrated PCB's
100,620 and 200,003 times the exwposure levels, respoctively. Residues

Cof 50 uyz/l (whole tody) resulicd from exposure for & months to 0.3 ug/1

frozlor (R) ¥254, These experisients with bluagills also indicatod that
the rmaximun levals of PCB ware generally r2lated to the concentration
v the vater (50,000 - 280,000 times higher) to which thoy were
exposed (Stalling and Huckins, unnublishad data, 1971),

Effects on Peoroduction

PCB residues in salmon eggs are apparantly related to mortality
of egys. In preliminary investigations in Sweden, Jensen, Johansson,
and Olsson {1970) reported thzt when residuzs in groups of eggs ranged
from 0.4 to 1.9 ug/) on a whole weight basis (7.7 to 34 ug/g on a fat
basis), related mortalities ranged from 16 percent up to 100 percent

As indicated in Table I, Aroclor 1243 was the most toxic of the
eight aroclors tested to Daphni ana in static tests, with a 3-week
LCS0 of 25 ug/Vliter. Aroclor 1224 was most. toxic under continuous-vlovy
conditions with a 3-week LC50 of 1.3 ug/liter. The Aroclors were more
toxic under continuous-flov than static conditions, with 16 percent
impairment of reproduction caused by 1.0 ug/liter Aroclor 1243.

* The calculated 96-hour LCEO values for newly-hatched fathead
minnows were 7.7 ug/) for Aroclor 1254 and 15 ug/1 for 1242. Three-
month-old fatheads had a 96-hour LC30 of ca. 300 ug/1 for 1242,
Reproduction occurred at and below 1.8 ug/l 1254 and at and below
5.4 ug/1 1242. Polychlorinated biphenyls were acutely toxic but
exhibited much greater chronic toxicity at very low levels, due to
their cumulative nature, Newly hatched young were th2 most sensitive
Tife stage. Young fathead growth was also affected above 2.2 ug/)
1248 and none survived above 3.1 ug/1 after 30 days. Young flagflish,
Jordanclla floridac, did not survive above 5.1 ug/) 1248 and did not
grow well above 2.2 ug/l. )

six hour LCS0 values for Aroclor 1242 and 1243 with
Gammarns pssndo) ianaeas were 73 and 29 ug/liter.  Survival afler 30 days
was b3 percent al 8.7 ug/l 122 and 52 percent at 5.1 ug/) 1243,  Good
-reproduction and survival of young occurred at 2.8 ug/) 1242 and

2.2 ug/1 1248, : '

The ninbty-

Abndant adult emergence of the midge Tanytersus dissimilis
did not occur above 5 g/l 123 o 305w/ 1254 Tha caTenTatzd
3-vieck 1.C 50 (50 percent reduction based on control -as 100 porcent)

for Aroclor 1254 was 0.65% ug/l for larvae and .45 ug/) for pupac.
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) hoplication factors of 0.10 for 1212 and 0.15 for 1248 wore

[— calculzicd Tor the PC8's and Gamaarus. Application factors of 0.2
for 1254 and 0.10 Tor 1242 wore calculated for fathead minnows using
newly hiatchad fish to obtain the 96-hour LC30. .

The sccond generation fry from adults previously exposed to the
PCB mixtures were cxposed to the raspective mixtures for 30 days after
~hatching.  Preliminarvy data amalyses indicated that 3 ug/1 of Aveclor(R)
1248 ceused no mortality but a 20 percent raduction in the weight of
the fry. Similarly, froclor(k) 1260 caused no mortality when the fry
“weve exposed to 2.1 ug/l; however, the uzight of the fry was reduced
by 33 percent.

The resiuue data from thz trout exposed for 27 weeks indicata
that approximately 0.55 ug/1 of Arcclor(2) 1254 will rasult in 5 ug/gm
of the PCC mixture in the fish (whole fish basis). The concentration
in the fillet of fish exposed to 0.84 ug/) Aroclor(R) 1254 was
1 ug/gm. The lipid content of the fillet portion of th2 trout was
less than two percent.

Dietery exposure to PCB seems to b Vess of a direct hazard
to Tish than exposure in vater. Coko salewn (Oncorpavnchus kisutch)
fed Aroclor(R) 1254 in varying amounts up to 1%,500 ug/hg body veight
per day accumulated whole body resiguas which ware only 0.9 to 0.5
of the level in the food after 240 days of dictary exposura. Growth
rates vere not affected. - However, all fish exposed to the highast
treataent died after 230 days exposure; and thyroid activity was
stimulated in 211 except the group treated at the Yowast concentraticn
(Mehrle and Grant, unpublishad data, 1971),

The massive {rout and salmon stocking program in Lake Hichigan
‘has produced an unparalleled spcort fishery and provides a valuable
protein source for human food as w211 as animal feeds. Essential to
the estallishnent and maintenarce of this fishery is the successful
reproduction of the adult fish. Houever, Reinert (1970) has previously
pointed out that DOT and dieldrin levals in eggs are similar to those
which inhibited reproduction in the studies of Purdick et al. (1964)
and Hacek (1958). In addition, Jensen et 3l. (1970) have shown that
15 ug/gm of PCB's (1ipid basis) in salmon 2gys produced 50 percent
mortaility and complete mortality can be cxpected when the egys
contain 25 ug/gm PCB's (1ipid bzsis). All of these data concerning
the effects of ovganocnlorine conpounds on reproduction were obtained
individually, and little is knoun of possible combincd effects when

+ tha tissue contains mixtures of the toxicants. 2
Even though the continucd- stocking of fish may maintain a food Y
resource in spite of possible adverse 2iiects of the residues on 3
reproduction in Lake Hichigan fish, wany fish contain hoady burdans
which naice the Fish wifit as a food resource for humans. The )
V.S, Foad and Drug Adainistration has established a tolerance level g
of b ug/ym, 5 wg/Zum and 0.3 ug/ea for DOT, PUB's and dictdrin, x

respectively, in food to be sobd for hunin consunntion. Since the

Yake supports a sizeable commercial fisicry in addition to the spert
fishery, tie presence of these chenicals Leloa the "no effect” leve)

in water may still endanger these industries duc to the lavge partition
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coefficicnt for lipid/water systems. Indued, nunerous catches of
commercial fish being shipped to markels haive be2n seized, and tons
of lavge salmon have h2en withdrawn from state give-asay frograms in
Michigan because the DDT and PCB residues exceeded the 5 ug/gm
concentration,

Concern has also arisen with respect to the impact the organochlorine
compounds in the Lake Hichigan biata (principally fash) is hav1ng
on other animals which use this food supply. liost notably is Lhﬂ
effect of Lake ilichigan fish on mink reproduction in the florth Central
states. Before DT and dieldrin levels in these fish were \ell docu-
monicd. H]ItSOUUh {1985) indicated that Lake Hichigan fish war
suspected as the factor Teading to poor mink reprodnctwon‘ uulcr1ch et al.
(1970) clearly demonstrated the 7ish had been the cause of the repro~
ductive failure, Awlerich and Rinter (1970) found that DDT and DDD
did not have significant adverze effects on mink. Furtharmave, dieldrin
vas Jethal at 2.5 ug/¢n in the food for extended periods but did not
appear to effect reproduction at twice this level during the gestation
period. Aulerich et al. (1971) concluded.that coho salimon per se did
. : not cause reproduct]on n problems but that the disorder is associated
' with othar species of fish and "appzars to ba dependzni dpon the

. species of fish and its environment.® Finally, after the earlier

veports that PCB's were present in Lake lichigan fish, Ringer a2t al.

(1972) demonstrated that 10 ug/gin of Aroclor 1254 in coho salmon

produced 71 percent mortality in mink and that a mixtwre of 10 ug/ga

" PCB's and 0. 5 ug/gm dictdrin in coho faed produced 100 percent

mortality. Mo kits vare born alive when the diet containad 5 ug/um - e

or greater Aroclor 1256 alone. This ovidence clearly indicates that

the biological resourcas of Lake idichigan may seriously endanger

other species even though tha levels of toxicants are not sufficiently

Jgreat to produce a dramatic effect within the aquatic communities.

Equally important is the coincidenze of high levels of chlorinated
hydrocarbon in herring guil and other bird populations with reproductive
failures and subsequent population declino. Rateliffe (1970) and
Anderson (1970) have clzarly shoun that major changes in eggshel)
thickness have occurred sincz2 1645 and that the phenomenon may be a
major faclor in the decline, if nat extinction, of many species of
birds. 1In general, egg shell thinning of 10 to 15 percent (relative
ito prc—1940 egys) may produce an 2ffect in the population, 15 to 20
percent is associated with readily observable egy breakage, and 50 percent
thinning has bzen associated with virtually total reproluctmvc failure
(Risebrough et al., 1970: Keith et al., 1970).

Andcr50n {1970) found the Great Lakes llerring Gulls contained the
highest ch]or\naked hydrocarbon Tevels in eyus ever reported for that
species. HE also fnunl that the Lake Nichinzn qull, vhxcn declinad
Qramatically in the carly 1960"s but recoverad in the late 1960°'s,
had eqg sh211 thinning wiich varied froa nine perceat in 1963-1956
to 18 percent in 14905, llovever, since 1565, the degree of thinning
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has decreased to eight percent in 1969,  In comparison, gulls on Lake
turan and Lake Superior have exhibited thinning of seven and cight
percent, respectively, and thase from the east coast have remained
essentially unclanged from earlier egys.

Anderson (1970) also showed that double-crested cormorants fiom
Wisconsin had 20 pcrcnn‘ thinner eges and produced eggs with Lhn highost
DOL concentrations of this species from interior North Aaerica. Golden
cagles which pritarily feed on manmals do not siow as dramatic egg shell
thinning as do the Bald Eaales which feed on fish. Despite the lack of
detailed data in the Viterature, it is not unreasonabic to suggast that

the disappearance of Bxld Eagles frem the shores of Lake iichigan may
also be 1linked by correlation to the thor)natcd hydrocarbons in the

- food resources of the lake.

The Lake itichigan system is 2150 uniqua in that the usa of the
major persistent chemicals have been curtailed in the watershed by a
variety of actions. Alihough it is 1ikely the use of tha chlorinated
pesticides in agriculture was diminishing in the late 1960's, the Lake
Hichigan Cnforcement Conference recozmended regulatory sctions on many
uscs in 1963, 1his recommendation lad to restrictions on DDT in 11linois,
Hichigan and ilisconsin, including thz sale of this compound. A more
detailed sunmary is presented by Lueschow (1972).

The rcalization that the v1d°spread use of PCB's has resulted in
the widespread occurrence of these poteniially hazardous chemicals in the
environment moved ionsanto Company, the solz producer of PCE's in the
United States, to restrict the sales'of PCB's in 1970 end by April,

1971, only "close sysiem" uses were able to purchase PCB's from ionsanto.
Houcvor. there is no data to coniimm th° fact that PCB uscages are
significantly reduced. . ;
|
As previously discussed, the FDA has placed a % ug/um action level

‘on PCB's in food for human consumntion., doresver, on derch 18, 1972,

this restriction was extended to frod packaging materizls. On ifay 2,
1972, the Environuental Protection Agency announced that all discharges
to the aquatic envirowient involving PC3's will be restricted to the
lowest possible level and that the desirad limit will be 0.01 ug/l
PCB's. Thase restrictions were re-enforced by the recomrondation of
the joint task force headed by the Council on Lnvironmental Quality

and the Office of Science and Tecimoloay (Task Force, 1972) which called
for all current uses of PCB's, except capac1»or and transformars, to
be discontinued,,

In suanarv, the use of chlorinated hydrocarbons in th° agricul ture

and industry in the Lake ifichigan watershad over the last few decades

has resulted in the contamination of this valuable, mesotrophic body

of water. Indircet evidence exists that these chomicals are having
sublle detrimenta) effects on the species near the top of the food
chain, and some of the food resources hve been deemed unfit for human
consuption. thever, the Leke iftichigan watershed has also vealized
unpllallv 2 Teyislative action rcjnndlnj tha usc of these hazardous
persistent chemicals in the last two ycars. The following scctions
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of this yeport swwmarvize the activities of the States in the Lake Michigan
watershed concerning PCB's and the results of its activities.

L. e e - . . . ' . N
Table . The Comparative Toxicity of Eight Aroclors® {in py/liter)
I to Dophnia magna in Lake Superior Water as Determined

in Static Test Conditions

{
’ : R . Reproductive Imnairmant
Three Yeck Confidence Confidence Coniidence
~hroclor LC50 Limits 504  * - Limits 16% Limits
. |
1221 180 © 158-208 I] 125 N6-135 - 8s 85.6-92.6
' e 2. 62.6-82.8 ‘ 66 . 60-72.6 .53 50.5-55.7
V2 o 55401 | .63 56.3-70.5 . 48 45.5-50.9
e % A-202 . 2t 16 13004
s L 3 258372 \ .2 23.0-33.9 18 .5-22.3
heo i - zgaes | T3 215306 22 w1
1 f . R )
wee .43 97-49.9 ' 40 33533 20 17.6-22.6
1268 " 253 - orzeom 206 185-228 162 116-179

"‘l’ulyclllorinatcd Giphenyls:  Aroclor 1221-]268.. tionsanto Chemical Company, St. Louis, 1o,

bl.‘incty-fi\'c pérccnt confidence limits,

B
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Prograws Underuny

Minois .

Water semples were colleclied routinely at four YTocations in 1971 and 1972,
Two sewage treutu-:nt plants and two tributary sources were samoled during
this poeriod, 2 locations samplad wora tho 'auleqa'n River,yPettibone
Crecelk, Horth S‘mc Sanitory District plants at Haukegan and Horth Chicago.
during 1971, thirty-seven sediment samples wore collectad at tributary
streams, ravines, and offshore (withia two miles) lake bed stations.
Composite samples from Tish weire aiso analyzed during 1971 and 1072,

In 1957, the State of Indiana initiated a water quality (rom..armq progran.
The original sampling network included two stations on Lake Michigan.

At the present time, there arg 16 sempling stations located on tributaries
to Lake wichigan. In addition, five water treatment plant intakes on
Lake lichigan are sampled as part of ths program. This program provides
data that are used to measure general characteristics of Indiana waters

in the Lake itichigan Basin at 1..nortant tocations and to record irends

in water quality.

The following table indicates the location and frequency of the routine
sampling for PCO's:

Station ) Type of Sample Fraquency

L.ake Michigan-Hamnond .M. grab monthly

take Hichigan-Uhiting W. Y. grab monthly

Lake iHchigan-East Chicago grab monthly
Wy, .

Lake Michigan-Gary L. grab monthly

l.ake Michigan-~iich. City grab monihly
W.u. :

Ind. Narbor Canal -Dickey Rd. grab wonthly

Grant Calumet River-Indpls. grab quarterly
Blvd,

Grant Calumet River-Kennedy . grab ’ ’ ‘quarterly
Ave. .

Burns Ditch-pD-1 grah monthly

Buras Ditch- Portage grab quarterly

loat Vard _

Burns Dilch-Cheisman d. grab quartarly

Trail Creex-Mranklin St. . gral wonthly

St. Joseph River-Auten Rd, grah monthiy

Elkhart itiver-at wouth grab quarterly

In addition Lo the reqular water quality monitoring proygram, sampies of the
ef fluant from all municipal sewge troatsent plants in the hasin will be
cotlocted (e timos during 1973, Yhen pogsible those samples will be
caponited over a 2-nour pariod.
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P

.areas of Lake liichigan in 1973-74 according to the following schedule:

-8~

This progvam will bz cxpanded Lo include the collection of samples from
various industrial outlalls and runuffs froca landfalls, For the most
part, thase samples will be collected during comprehensive 24-hour
surveys of point discharges which are voutin2ly conducted in the Lake
Michigan Basin,

Hichigan ' ot : : 4

Michigan instituted 2 monitoring program for polychlorinated biphenyls
(PCB's) eawly in 1971. Thz initial program consisted of a state-wide
water sampling survey for determination of concentration in inland
waters and tributaries to the dreat Lakes. Suppleuentary szmpling

has since bzen conducted on strpam sediments, municipa) vaw uater
intakes, groundwatar drinking supplies, sanitary Yandfil) runoffs,
municipal wastewater treatment plants, industrial discharges, and fish
from both inland and Great Lakes waters. Samdling s bzing continued
on a periodic basis for establishaznt of trends.

4isconsin

The Hisconsin Departnent of Natural Resources is surveying th2 waste
effluents of some 55 communities in the Lake “ichigan Basin., Those
municipalities showing significant levels of toxic materials will be
investigated to deterimine the source.

U.S. Bureay Sport Fishories & Wildlife ) o T

Great Lakes Fichery Laboratory propram of analysis for PCB's in lLake
Michigan fish will continue with selectad.species of fish from two

Years of

Tine of Collection Size ° Continuous
" Collection  Species Site Numbar of Fish Range Analysis

Spring Chubs Saugatuck 200 240-280 min 2

Fal Lake Trout  Saugatuck 30 500800 mn 3

Fall Chubs Saugatuck 200 240-280 rm 5

Fall Coho Ludington: 30 500-800 mm 6
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Data Summary - Lake Michigan,

JNingis

Sediments (<1-3 miles
offshore)

-24 samples, 1971

Water Intakes
15 samples, 1973

Open Vaters and Sediments

- Aroclor (pph)
1242 1254
Hean  Rams tican  Renge
737 (I0-T05.1) T4 (2.5-36.9)

Pca b

He: Range
0.02 (<.017-0.09)

PCB concentrations in drinking water supplies from 45 intakes on the Great
Lakes and connzcting waters and an additiona) 20 on intand lakes and streams
have gznevally been less than 0.01 ppb.  Limited szmpling of grounduater
drinking supplies in southarn dichigan has indicated that groundwaicr has

not been significantly contaminated with PC3's

katar Int Date Aroclor 1254 ppb

South laven /9 ! <0.010
Holland AN/ <0.010
Grand Rapids 414/ <0.010
Muskegon .3/9/N1 <0,010
Ludington 3/9/N <0.010
Traverse City 372/ <0.010
Escanaba 2125/ 0377
Gladstone 2/25/11 <0.010
vienominee .3/23/N <0.010
Bridgeman ANAIN <0.010
Lridgaman 5/23/72 <0.010
St. Joseph 518772 <0.010
Benton Harbor 5/18/72 <0.010
South Haven 5/18/72 <0.010
Holtand 5/18/72 <0.010
Grand Rapide 5/18/72 <0.010
Kuskegun . 518772 <0.010
Ludington ‘ 5/19/22 <0.010
Horthport Point 6/21/72 <0.010
Traverse City 6/21/12 <0,010
Iscanaba 8/23/72 <0.000
Glidlstone 8)eil12 <0.010
Menominee

8/26/72 <0.010
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Data Summary - Lake tiichigan Fish . -
L 4

JNinois .
Twenty-nine composite samples fren five species of lake fish (yellow
perch, chubs, carp, coho selron, and alewives)were analyzed for PCB's

in 1971, Concentrations in tho composite samples ranged from 0.1 to

4,0 pp:n with an average concentration of 2.1 ppm. The highest average
concenlrations of I'C3's by sex and spacies ware 0.4 pom for yellow

perch mates, 3.4 ppn for chub males, 2.3 ppn Loth carp males and females,
2.2 ppa for coho salmon males and 3.1 ppm for alowife males. Tihe concen-
trations were below the-U.S. Food and Drug Administration's interim
action level of 5 ppm.

In 1972, fourteen composite samples (69 individual fish) from two

species of lake fish (yellow perch and chubs) were analyzed for PCB's
Concentrations in the coaposite somples ranged from 0.3 to 3.1 ppm with
an average concentration of 1,7 »pm.  Th2 highest concentrations of PCB's
vere found in chub samples. Concentrations of 3.1 ppn were found in
sampies of Vemale chubs, Samples of mala chubs were siwmilar with
maximum values reaching 2.8 ppu. - These concentrations were also bzlow
the FOA's interim action level, .

Hichigan .

In 1672 itichigan developed a cooporative State~Federal study of contaminant
levels in Great Lakes fish spacies including lake trout, saimon, whitefish,
chubs, menominee, ycllow pérch, alewife, carp, and suckers., Fish from
Lakes ilichigan, Huron, Erie, and Superior are systematically b2ing

sampled on an annual basis to obtain information on arcas where contami-
nants approach or axceed FDA guidalines Tor consumer protection. The
project, developed by the State agencies in cooperation with the

U.S. Food and Drug Administration and the Burcau of Sport Fisheries and
Uitdlife Great Lake Laboratory, will establish patterns of residues of
marcury, PCB's, DDT and dieldrin in Gr2at Lakes fish., The following

table shows the concentrations of PC2's datected in fish from Lake (lichigan
during the first year of this study. PCB's in Salmonids (lake trout,
steelhead, coho salion, and chinook salrion) and chubs were showum to exceed
the FOA quideline of 5.0 ppa while concentrations in other species did

not exceed this-guideline.
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- Fish cont'd .

-

. % Datd from Bichioan's Great Lakes Environ

12

Concc.'tr.\tmns of polychlorirated lviphon"]s (l‘”B &) found in fish ﬁp"cus
tal en f|0'1 Hichigzn waters of Lake )nclng n daring w/z'

¥*  Zones of Leke Hichigan within liichigan Lu\ndanes

K43« Porthern Basin

T 1444 - Grand Traverse bBay
b & 16 - - Conbral Basin
1%7 & 18 - Southern Basin

. PCB's by Dlttr\ct*”n ppa ( samp ;e size in parenthesis) mﬁ‘ f tiean
. Species [ K] Bl I st ‘.3 ’ 17 1733 S Sempled Loncentrat icn
Menife 1.7 (3) ' 2.3Q1) 2.7(6) 2.7{(6): =6 2.4 2 0.6
~ Carp ' ’ . ’ o 5.9 (6) ’ [ 3.9 2.0
Chub - ’ 32@ 85 6500 18 7.0 142
Henominee ', i ‘7' 0.8 (1) 1.2 (2) 3 IR
.,l’crc.h . . . c.s'(l)» 0.4 (5) 05 (M) W 0.4 0.4
. . :Cnhu Sa]ron i 1.2 (3) » ’ . 30 N2
T thinook ¢ T T R L
Saluon C <. 2.4 (10) 10 12.4 £5.0
 Suckers 0.6 (6) 0.7 (2) L5(3) 10(6). V 1.0 t0.7
Steelhead 6.0 2 60
Lake Trout n 1(3) 6.4 (3) 322 57(6) 9.2(6) 20 7.4 +4.0
Wiitefish 0.6 (a) 0.8 (2) v.l.l 1) - 6 0..7 +0.3

ntal Contaminant Survey, 1472.
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Fish Cont'd . . ) .
U.S. BE&Y

Polychlorinated Riohenyl

Approximately 800 of the fish collected from Lake Michigan vere analyzed
for PC3 mixtures resembling that of Aroclor 1254. A generalized suamary
"of these results is presented in the accompanying table in which the
range and average concentrations of PCD's (as Aroclor 1254) is reported
for 13 spccies'of fish. The mean concentrations ranged from 2.1 us/ gin
in smelt to 15 ug/gm in chinooX salmon., The data show that the larger
fish such as brown, lake and rainbow trout and chinook and coiw salmon
contained PCR's at concantrations two to three times the 5 ug/om action
level established by the FDA. Tlhc mean PCB concentrations in suckers,
smelt and whitefish were considerably less than 5 ug/gm and the mean
concentrations in the alewife, carp, chub and perch were approximately

5 ug/gm, ranging from 4.7 to 5.9 ug/gn. As is expected, the larger

fish with greater percentage fat contain greater concentrations of PCB's.

* .. &3 u— Suamary of TCB Concentrations in
the 1971 lake Nichizan Fish

Concentration of FC3
(pa/en as froclor 1254)

. R ' . Nunber of . o 5
Medte .76 T amsesy L ma

‘ Broun Trout . 'f' 16 6.7 -12 8.8
Cazrp . bz L ogg-n C 55

B I L 8.1 .53

Chinook S2l3on o2 ’ i 9.9 - 24 15
Coho Salmon i _:55 ’ . 3.6 -7 .12
Lake Trout T am , 8.4 - 21 S
Pereh " PRS- B me-11 sy
Painbow Trout R U v CBB-12 "y0
Rtod Sucker, 16 o\ " 2,9 -3.2 2.9

. snent C . Tas © o -3z '2.1_‘.

) - Uhito Suchox © g PRI ) ht.
\-'hituf.&'r,h h3. : 1.5 - 6_.1 . 345

. . . o -

Sndicaten range of averaged Jevel of JTB of a glven smypceica nt o
Given axnpling Rosation--uelight ot eols .

v average of ©ll docations caupled MONS 048360
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Fish Cont'd ‘

fot. only does the PCB concontration vary considerably among the 13 species
capturad, but also the renye of concentrations in a single species in the
lake was generally greater than 103 percent (the rang2 in rod suckers

was less; however, all were captured in the same region). Although some
variation in concentration is expectcd because of the normal analylical
precision, the table reveals nuch larger ranges witich are uwdoubt*d]y

due to other factors which limit the usefulness of mean concanralions
presented.  Previous research has shown (Reinert, 1570) that the lipid
content, size of fish, season of capture and concentration in the water
may effect Lheeobserved concentration of chlorinated hydrocarbons in
tissue considerably. Accordingly, the data in the table must b2 considercd
in nore detail.

The conzentration of PCB's in alewives {on a fresh w2ight basis) were
greater in soutlhzra Lake Nichigan tivn in the northarn rogions, although
anomolies arc apparent. It is apparent that most of the alewives

capturad south of a Vine betwzen S>u33tucP and Sheboyyan contained

betwzen 4.4 and 5.5 ug/gw PCB's wiereas those caught north of the Yine
contained between 3.5 and 4.4 ug/om, An interesting exception is Lhe high
concentration, 8.9 ug/¢m, in the alewives from Rock Island just off the
Door County Peninsula in Yisconsin,

The analyses of brown trout suggested similar treﬁds in that those from
Michigan City at the southern end of the lake containad 11.9 ua/gm while
those from Sheboygan and Gills Rock contained 7.9 and 6.7 ug/gm, respec~
tively.

The cavp from Wichigan City also had higher levels of I'CB's than did those
from the north2rn region. In contrast to the 11.0 vg/gm found in the
Michigan City carp, those frmw Saugatuck and Sheboygan containad 4.6 and
1.7 ug/ygn, vespectively.

The PCR's in chubs in sotithern Lake #ichigan ranged from 4.9 ug/gm n2ar
Milwaukee to 8.1 ug/gm near Saugatuck. In general, the chubs from the
norihern regions were below 5 ug/gm., The concentration of PCB's in the

Tive groups of chubs collectaed over thre2 months n2ar Sheboygan varied
without trend batween 3.7 and 6.1 ug/gm, although the mean was below

5 ug/gm. The variation is somewhat less when the data is expressed on

a Vipid basis., [lor cxample, the PCE's in the §/27 and 10/15 chubs vas

5.0 and 2.7 ug/gn--wet weight, rvespoctively, In contrast, the conzentration
of I'CB's in the 1ipids was 23 ua/gn and 21 uq/gm, rﬂsn~ctivc1/ Thus,

- much of the obscrvad variabitity is due to lipid content of the fish

analyzed.

One hundred percent of the chinook salmon captured in 'lisconsin contained
yreater than § ug/gm PCR's and m2an concentrations ranged from. 24 ug/gm
in Hilwaukee to 9.9 ug/ga in Strawberry Crack.

Little trend in the concentration of PCH's in coho salmon was obsorved
with sampling region,  Hith the exceplion of coio caught carly in 1SN

car lichigan City, the mean concontration of PCE's ranged from 11 ug/gm
in those near Ludington to Y1 ug/ga in those n"w ichigan City,
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l'ish Cont'd

Thu PCB's in lake tvout vare wmast cententrated in the trout (ron Nichigan
City, Saugatuck and Mihwauxe2 whare nean concentrations voere generally
betveen 15 end 22 ug/gm,  The trout frow the norihorn areas such as
Sheboaygan, Ludington, Srand Traverse Hay and Gill's Rock ware considerably
Yowar, and the wean concentrations vanged boetw2en 8 and 15 ug/ga.

The concentration of PCL's ware unexpzctodly high in the perch caught
near IiiTwaukee in that thz.mean of the 10 fish was 11 uwg/gm.  In contrast,
perch from othor ragions appear to b2 Yess by a factor of tuwo,sand Lhase

from lower Green Pay conteinced only 2.7 ug/gn.

Rainbou trout f2re only caught naar "1ch1gan City and Gi11's Rock. The

Michigan City trout had 12 ud/uw PCB's while those from Gill's Rack
averaged only 6.8 ug/gm PCB . :

The concentration of PCB's in suckars and sm21t vere gernarally Latueen
2 and 4 ug/gm, clinough th2 averace conzentration in the threz2 white

suckers from Sauoatuck was 6.0 ug/gw “ith the cxcaption of whitefish
caught at Grand Haven and lichigan c:tj, the PC3 concentration in whitefish
was less than 3 ug/gam. .

Additionz) Data froa U,S. BSFLU Great Lekes Fishery Lzbaratory

Poan PCO levels in Lake iichiozn Fish

Ruzber r:upi\er Hean ican Yewn

Time of . Location of of Length Woight Lipids

Species Collection of Collection Analvsis Fish {r=) fvrans)  (oorcent)
)

Lake Trost  fall, V97} . Gd. Traverse Goy o3 B 647 3,033 K10
Lake Trovt Fa)), 1972 Sauqa tuck, M1, 20° T2 638 3,199 8.5
Coho © Rl 1972 Ludington, f. 10 1 0.0 0.AD 2.3

Yihitefish Fall, 101 6d. Traverse day 3 ‘15 505 1,3% ll.“l.@
Rloater Chub Sprivg, 1972 Saugatuck, Mi. 20 ’ 200 256 160 16.8
Lloater Chub  Fall, 1972 Saugatuck, Mi. 12 120 255 am 21.6
Lloater Chub  Fal), 1972 Savgatuck, i, ' * 80 229 20 18.8

[0) ILIL * not neasured .

) 0k s B3ta avaitable
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Data Sumnary - Tributafics

Ilinpis

Tributaries .
4 water samwples, 1971
13 water samples, 1972

Sediments

13 samples from

ravines and minor
tributaries, 1971

Indiana

Tributaries ,
6 water samples, 1973

Aroclor (ppb)

1242 1254
Mean Range Mean Range
0.712  (0.140-1.810)  0.253 (0.192-0.333)
0.310  (iD - 0.653) 0.158 (0.033-0.841)
95.8 (WD - 55.30)  32.3 (1.5-232.0)

PCB (ppb) S -

Hean liange - ;
025 (<.01 - .07)
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Tribs., Cont'd :

Hichigan

Quarterly waier sampling in thirty flichigan tributaries showed that about
60 percent of the sanples contained more than 0.01 ppb with.one stream,
the Saginaw River, having a high coacentration of 2.9 ppb, Fish fron the
Saginaw River had PCB concentrations as high as 165 ppa.  Five iichigon
streams had mean concentrations in water samples over 0.10 ppb.. Those
sore all Jocated in the populous soutiheastera lower peninzula which drains
into Jowar Lake Huron, Lake St. Clair and Lake Drie. Nf the Lake lichigan
streams, the C'anJ and Kalamazoo rivars con§1'L"ntlv showod the highost
concentrations'with means of 0.04) and 0,065 ppb, resp"ctlvcly

A study of transport of PCB's to Lake Michigan on suspended solids was
conducted during Harch-liay, 1973, on the Grand, Kalamazoo and St. Jaseph
Rivers.  Sedimont traps sre <uspen1ed 1-2 maters of f the totton of the
rivers and collected at varying time intervals in each river ranging from
3 timas weekly to once a month. Concentrations of PCB's were notably
highar in the scttleable solids from tie Kalamazoo River than froa the
Grand and St. Joseph rivers. The over-all mean for all samples were

3.52, 0.99 and 0.97 ppa (oven-dry basis) for the Xalamazoo, Grand and

St. Joseph Rivers, respectively. This data substantiates carlier results
indicating clevated levels of PCR's in the Kalawazoo River watershed.
Extensive sampling at upsiream scctions of the watershed has identified
past and present westepaper recylcing by paper industries located in the
City of alemazoo as the major source of contamination to tha river. .
Cortain sedimznt d2posits in impoundrionts on Portage Creck, a ’
tributary to the Xalamzzoo River at Yalamazos, were found to contain
PCB's at concontrations cxceading 350 ppa (dry weight basis). Leaching

from -these PCB enrichad sediments appears to bz significant. Fish .
collected immediately downstrzam from thz City of Kalamazoo were found

to contain residues of PCB's in their tissue as high as 110 ppm

(tlesse and Killson, 1972), |

| .

An_cxample of one Yocation in Hichigan where monitoring and subsequent

controel measures have resulted in @ marked reduction in PCB contaninzlion

is th2 Saginaw River basin. Even though §t is not within the Lake

Hichigan watershed, tha Saginaw River PCD situation is worthy of reviow.

tionitoring of major Great Lakas tributaries during 1971-1977 identified

the Saginaw River as having the highost concentrations of PCB's of any

tributary within llichigan toundaries. Intensive sampling throughout

the river basin in s2arch of point sources successfully isolated ten

.major points of PCB discharge to the river systom, Each of tha

industrial sources ware asked to identify the cavse of their losses and

to take correctivé action. Control m2asures, in mast cases, cenvarsion

to nun-pPCB contaln1w, products, havo nroved very ceffective toward

Tovering Lie PCB corcentrations in th2 Seginaw River. A sharp PCH

decline at a monitoring oite near the wiver wouth was observed in

Octobzr, 1972, and concentrations have remained low since that data, 1t

is haped that a corresponding decline in PCH coucantrations in fish frox

the river and Szginow Bay will soon h2 abserved.
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! g PN ?531‘55? Concentratiers dn Rhigan Telbutsries (o 11e Cocat Lavey ya
[ . . .
v reers -
| N VAN V1LY River Lopd 2 1204)
i Bichign T St, Joserh 0.01)
\ Kaltessred 0.055
Grend 0.03)
1 Pusheqsn 0.610
' * tanistes A
Loard:an 0.017
| . ; . 0.012
* .
! " tron Sapieaw e 4
; ! 0.01¢
: e.0n
' 0.¢:9
. : 0.1¢0
©e Bu Sable <0.010
Thunder T2y 0.023
Cheboygen 0.032
St. Clair Clinton 0.150
Llack €.03
St. Clair 0.010
trie Rafsin 0.210
Yurss, 0.0i2 ,‘
Pouged 0.470 0.058-1.(%2
Detvoit 0.020 €0.010-9.65)
“'rlhuluy to Saginaw Piver
T . Vritutary to Petrost River downstreen from netro(t River nmnnrg station
foncentrations of FCk's (r':;y€h\or‘ra(cd tephenyis) in the setilvable sotids collecies frim tre rouths of
the Grerd, Ealz-a7e3, end St. Joseph ivers; Sprirg 1623, for ccparizen of varlahin 3amg
Concenlrations n pa on 3n oven-Cry basis,
. Sarple SarplL Iates . s .
: Hiver Iy he - A2Y M2 M ayr &% &)5 &J9 &/) 413 447y A3r W)
‘ i 3.2 .64 0.95 1.0 <01 0.93 )58 . L0y D
Grand Yoekly 125 0.94 R Vi ods 0
. Liveckly 0.65 . . 0.73 0.%0
Fonthly . . .. 1.41
. .
[ATTRT 3x [ A 2 B 2.00<0.0 2,52 1.33 3.20 <01 - N 3 3 I
Yookly ‘6.63 .0 3.5¢8 3 ‘71 R 2.{4‘
Bivechdy un 2.9 G
nthly . . . . 2.1
0.0} 0.1
St. Joseph . - 2.3 - 0.08 g-';'; 0.6 1.2
. l.‘rlly Iy . 0.05 o-'”'
lm.lmy ..
8 37 ¢ Lyrate eollected Pan, Ved. and Friday , e ey ; .
o “foncentestion I‘-uJ €rn 4 131 retfo of Aroclor 1232 2rd 1251, ANl other contentrations caleulsicd as toclor 1242,
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Tribs. Coni'd

Polyemicrinated Motenyls (FIR's) In cosmosite wter sanles
froa \te Segindw Rindr @ Ly Barddr Favina, Barch 1971 -
ay 1973,

Concentraticn

. o parts per tillton v
3-9-71 0.¢30
¢-10-71 <7 0,550
‘e .
8-27-7} Co2.m
10-26-71 1.9
6-8-72 - 0.040
10-13-72 . 0.350
10-23-72 <0.b20
. 10-30-72 +<0.020 ’
n-1-2 0.09}
" n-22 : ! 0.00
1N-4-72 : i .00 -
' : N-6-72 . 0.022
1-26-73 . <0100
. §-24-73 ; 0.210
¢ . Coneentratders of pelvec Siihieoyls (FT3'0) o fleh f10a Sizinas Fiver
. Decerlivr 7, SN (M . .
. . ' .
. N
- . 1 . ’ .
i . 1EB'e Laved
. . Percent vpan 120
’ Soefen Yoeatien i lenpth fat it !
Feveh Varo.eadock Liseharge Chmnel « 9.0 M P 30,
Cary -~ - " - 210 0.9 &,
Cafiin - - " - 0.0 7.0 3.
“Catfich - - .. - 7.5 49 .,
Carp .S, Cozst CLuard Statsea 23.0 — a0
Lerp . - " . o 260 10.5 @ 0.4
Corp .o - - 0.0 ¢.3 [T
. Catp « w - . - 240 vy 4.0
w e - R 1.0 N3 .2
“« W - 7.0 1.6 6.
"oo. - v 2».0° 1.1 [
LoEnal - - " - 140 s FIE
9 . ow . " . €.0 333 3.y
Lhad » - " w 4.3 5.0 11,y
Claiatd Mmaos - - " - - 5.0 11.0 .o
- Gtrezrd Sisue Lee Feldga s 15,2 23
Crtrand & - - 3.0 LN .y
Clramed St ' L s - €7 0.
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Data Surzmary - Discharges

Aroclor (',:;)h).

(0. 268-4. 020)

' © Meap
Sewxge Treataent Plants
6 saaples, 1971 1.443
16 samples, 1972 0.177
Indiam
Hymicinality . Date .
tichigan City /27 & 28772
Hichigan City 12/20 & 21772
Valparaiso 11/27 & 28/72
Valparaiso 12/20 & 21772
Holaort 11/27 & 25/72
fobart 12/20 & 21772
Hasmnond 1M/27 % 28/72
Hamzond 12720 & 21/72
Last Chicago N/21 % 28/12
tast Chicago 12/20 & 21/72
Chesterton 11/27 & 28/72
Chasterion 12/20 & 21/72
Gary 11/27 & 28/72
South dend 3/22 & 23/73
Mishawaka 3/22 & 23/73
Flkhart 3/22 % 23/73
Goshen . 3/22 & 23/73
Happanee 3/22 & 23/73
Kendallvilie 2/28/73
LaGrange - 3/71/73
Ligonier 3/7/73
Mngota 3/7/73
Syracuse 3/7/73

(HD-0. 510)

Flow

L150)

—
W o
wo

——
C:.‘Cﬁf\):\iwl\)b.'s

- W
NOGCO~ ~
o CUNCWO—~ND o

b

00

N2 LT W S

—
D et
w D
SO

764
.305

0.200
0.126

MONS

1259

' fannz

(0.139-0.508)
(0. 055-0.200)

Arotlor 1253
— i)

2.46
0.
0.27
0
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Malyses of surface vater vunoff frem sanitary and industrial landfills in

Michigan supgest that these are a minor source of cnvironmental coutamination,
Five of the 9 samples collected had PCH concentrations ranging from 0,01 to
0.30 ppb while the oihers contained less than 0.01 ppb. ¥

Sampling of tunicipal wastowater treatment plant ((MTP) cffluents throughout
Hichigan in 1571 and 1972 indicated that many U4iP's represent major point
sourcas of PCD loss to swcface waters of the State. The average PCO concen-
tration of 60 ef fluents sampled was 2.55 pnb. Uhile only seven of tho WP
effiaents exceeded 1 ppb, the Bay CiLy WUIP located on the Saginaw River had
an average effluent consentration of 120 ppb (kigh of 340 ppb), skewing the
over-all average for all plants sharply upward. The average concontration
excluding the Bay City WJTP was 0.56 ppb. Those WMTP's with PCB concen-
trations in of fluents exceeding 1 ppb were, with one cxception, located on
vivers already identified as having high Yevels of PCB contamination,
Sawpling of 58 TP effluents in 1973 continuas to show high PCB levels
with an average concentration of 0.52 ppb, including the Bay City plant.

The PC5 discharge Trowm the Bay City |[4TP has been greatly reduced as a
resutt of control measures in industrlies served by the WTP,

Sampling of seage sludge from 57 of the 53 MTP's tested in 1973 showed
Bay City to have the highest concentr;ation of PCB's in the sludge baing
removed by the treataent process. The PCB concentration in the sludge
Trom the Bay City plant was 352 ppn (|dry veight basis) compored to a
state-uide average of 15.6 ppm. 1

In an attoapl to identify major contributors of PCB's within municipal
WP systems, sawpling at key points in the interceptor systems has  been
conducted within the municipalities of Lay City, !it. Clemens, Saginaw,
Mdrian, Detroit and alamazoo. This program has baen very successful.

The City of Detroit has, in fact, established an on-going sampling program
within their interceptor system with analytical assistance from the State.
They are applying a new City of Detroit sewer ordinance which Timits
dischargas within the wasiesator system to a maxiaun of 0.1 ppb.

A broad scale sampling of industrial discharges throughout Hichigan has
shown rosults indicative of the widespread usage of PCB's.  Hearly half
of the industrial discharges sanpled have contained more than 0.1 ppb
with many in excess of 1 ppb,  The highest concontration detected in an
industrial discharse in Michigan bas baen 7,200 pib.  Automolive plants,
chenica) companics, and paper product manufacturers ara among Lh2 typss
of industrfes with highast cencentrations.  Also industrics and building

eues, includine som2 schools ¢nd haspitals, with heal transler

arar o be anothor major sowrce,  Industries ddentificd as

e of FCB pollution hava been encowraged Lo chumuover Lo replace-
went coapaunds or Lo clean up their operation so that discharees of PCG's
do nat excezd tha present Nichigan guidetine of 0.1 parts per billion,

Hichinan is currently trying to get.a handle on losses from electrical
transtoraers in teakage, servicing, and replacement within plants, 1L
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Discharges Cont'd

. appears that many of the small Lrnnsfnrm ' maintenance companies are
sLill dumping PCL's down the d»am rather than returning them for
incineration. .
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Disthargurs Cont'd . .

: Polychlorinated Biphenyls  (PCB's) in Efflucnts

. of Municipal Wastewater Treatment Planls throughout

ST L © Michigan 1971-1972. Unless specificd, all samples are
o o 8 hr. composites. :

PCB's as

CIY C . DATE _ Aroclor 1250 Mean Conc.
. . . _(pr) 4 _LQP_") )
Mrian } ©3-30-72 1580 . 4.60
. © L 6-13-72 14.00 : :
© L 6-14-72 6.90
J9-6-72 - - 0.4 )
Mbion - Dot 3-28-72 " 0.44 S oM
A Arbor : 10-14-71 0.14 : B RP)
. . o 3-30-72 <010 - :
Battle Creck 10-5-71 - 0.39 0.39
S S -t 32872 0.16 o
: : 2-21-72. 0.92
6-6-72 0.28
6-7-72 0.21
Bay City C N-4-N 340.00 .. 120.00
. - 11-22-71 210.00
: . N-23-n . 60,00
3-2-722 290.00
4-4-72 - 10.00
6-13-72 "11.00
6-11-72 . 25.00
_ 9-14-72 . 5.70*
Benton Harbor - . 10-28-71" 0.99 . 0.65
St. Joseph . 4-4-72 0.3 -
Brighton . ) . 10-5-71 0.38 . 0.38
Charlotte - 7-20-72 0.61 . 0.61
Constantine _ C b 0.85 0.85
Detroit T 0amen 2,20 RS
3 . 12-20-72¢ 3.00
E . 1-20-72 0.92
: - 3-9.72 2.40
4-17-72P 1.80
' 6-1-72 0.28 .o .
10-19-72 2.50% g
bextoer 10-14-71 <0.10 ' 0.10

J
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viscraiqers Cont'd

CITY

E. Lensing '

Escanaba

Essexville

Flint

Flushing

Gladstone

Grand Haven
Grand Rapids
ol land
Hioughton-
Hancock
Jron Foauntain-
Kingsford

1

Ironvwood

Jackson

Kalamazoo

L'Anse

Lansing

DATE

1N-15-71
A-3-7

12-16-7

11-4-71
3-31-72

10-5-71
3-31-72
6-7-72

' 6-8-72

10-5-72

10-5-72
7-21-72
A=4-72

11-15-71
3-30-72

10-20-71
3-29-72

3-21-72

3-21-72
4-4-72

3-20-72

11-16-71
2-21-72
3-28-72

10-5-71
3-28-72
6+6-72
6-7-72

12-6-72

L 4-21-72

10-7-1
A-4-72

PCB's .
Aroclor 1254 Hean Cone.
(ppb) (ppb)
D.69 0.5
0.3% M
0.29 0.20
0.21 0.24
0.28
1.30 0.68
0.92
0.47
0.30
< 0.10
0.52 ’ © o.s2
0.19 o oag
%0.50 : <.0.50
©0.37 0.52
0.63 ’
0.79 0.60
0.42 :
<010 - 0.10
0.55 0.87
1.20
0.16 ° 0.16
<0.10 <. 10
<0.10
<0.10
1.30 0.66
0.83
0.483
0.53
0.19¢
<0.10 <0.10
0.73 013
0.13

MONS 048371



Ciischiergers Cont'd

Y
CITY O e eots '
: - hroclor 1254 Fean Conc.
— _— pob) {opb)
Manistique . 12-15-72 <0.20 <0.20
Marquette ' ' toa2-14-7M 0.35 . . 0.35
Marshall ' - 3-28-72 '<0.]0' . <0.10
Menaminee S 121571 0,38 0.35
Ridland : . 2-2-72  °  0.29 0.23
3-31-72 0.40
4-14-72 0.13
djp-2-72 0.13
Hilford 10-14-71 .. <0.10 <0.10
“Monroe ' 1-15-71 0.60 d.46
_ 3-30-72 0.33 : ,
#it. Clemens . B ) B3 1 ) B BT\ ' 5.2
, . . 3-30-72 2.90
6-7-72¢ 4.50 .
- 6-8-72¢ 3.0 - -
7-26-72 9.40
A " R-2-72 10,00
Mt Pleasant o © 3-31-72 <0.10 <3.10
. Muskegon . 11-15-71¢ 0.28 0.28
Muskegon Heights - . 11-15-71¢ 0.37 0.37
Niles 4-3-72 0.68 0.68
Horvay ) 4-5-72 0.40 .40
Ontonagon 4-21-72 <0.10 ) <0.10
00550 S 9-14-72 <0.10 <0.10
Parclment o 4.20-72 . <D.10 <0.10
Pontigc (Auburn ﬁ-l.) '\1*1_7;7\ <0.10 0.35
‘ ©3-30-72 0.61
Pontiac (L. Blvd.) : 11-17-7 0.20 0.5
©3-30-72 1.30
6-6-72 0.15
6-7-72 0.16
Portage Ces-nd 1.90 1.90

MONS 048372



—
B : _ 26 ’ .

o pischaryors Cont'd .
. PCB's as

C17Y ) . DATE Aroclor 1254 Moan Conc.
. : - . fopb) . NI —
Port Huron - L 1N-15-N 0.28 0.40
, 3-30-72 0.52 v
Saginaw - + 10671 10 4 1.80
. ' - 3-31-72 3.20 :
6-7-72 2.00
. . :6-8-72 1.50
) ' 10-4-72¢ 0.74
St. Tgnace ; S 12-15-72 <0.20 <D.20
South Maven ’ ' £-4-72 <0.10 . <070
Swartz Creek ' ’ . 10-5-72 <00 <0.10
Three Rivers A-4-72 <10,30 ‘ %D0.30
Trenton N-16-71 T DA 0.53
. 3-30-72 110
6-6-72 0.47 - ' :
6-7-72 " 0.91¢ _ .
Warren. ) MNA5-77 T 006 - D3 -
. R 3-30-72 . 0.0 :
Hayne County i N-16-71 0.64 0.10
{Wyandotte) 3-3072 037 - ‘
White Pine 4-21-72 0.2 . . .20
Wyoming o - 1-30-72¢ “0.44 0.49
. . B3-30-72 - 0,55
Ypsilanti » T1-16-71 0.22 0.21
- . : A-2-72 0.21
Ypsilanti Twp N 1-16-71 0.12 o.n
. 4-2-72 <0.10
Ypsilanti Twp #2 = ° T1-16-71 0.19 017
. A CA-2-72 0.16
*frodlor 1242 Standard
*hroclor 1252 and 1284 in 1 ] ratio
'

% he PO 24 e dGralh Cpoxane lost GRAD 3 2.

: MONS 048373



L . : Conccntrntigns OF PCB's dn thue Finag (¢ flyentl from
Dischavgers Cont'd < Nastewater Treatzant Plants gt Michigan,
. Spring, 1973. Concentration; in pavis gor billion
dry weight.

ey__________ - bave Peste
1242 25t 1242:1254

Adrian .. t3/7 ¥ 0.26
Albion 2/22 0.3
Ann Arbor 3N 0.25%
Bay City " 3/1 3.0 .
.Battle Creck . 2/28 ‘ * <0.10
Benton Harbor- )

St. Joseph . 2/28 0.20
Brighton N 0.33
Cadillac . s 3/28 . 0.53
Charlotte ‘ 5/1 0.34
Constantine 2/28 . 0.46
Detroit . 2/28 . . 2.5 :
Dexter - 3/1 i - 0.723
East Lansing +5/2 ! 0.18
Escanaba 3/28 i 0.28
Essexville 3/1 | ©0.10
Flint 2/22 ! s <0.10
GYadstone : 3/28 . : : 0.49
Grand Haven 2/ BN <0.10 .
Grand Rapids 2/21 ( T ) 1.05 -~
Halland 2721 ! <n 0
Houghton~- i

Hancock 3/27 ‘ ' - 0.8
Iron Fountain- .

Kingsford 3/28 . . 0.69
Ironvood : 3/27 ! - . 0.29
Jackson . 2/22 : <0.1
Kalamazoo - 2/29 .o 1.12
L'Anse 3/27 0.31
Lansing 4/18 . 0.22
Manistique 3/28 . 0.63
Marquette ) 3/27 0.29
Marshall 2/22 ' 0.15
Menomineo ' 2/28 . 0.47
Midland 31 - <0.10
Miltford ) 3/8 - 2.20
lonroe L 5/4 <0.10
Ht. Clemens . 3/8 : 2.90
lt. Pleasant ’ . 3/28 0.79
Muskegon . 2/28 . 0.8

fusheeen Hoights 2/?8 0.}:!
Hiles . L2/ .48
Konvay 3/28 <u.10
00550 2/21 : 0.12
Pontiac }f\u‘.;m“n) ) 3/12 gf\n
Pontinc (€. Blvd, . 3/12 WY
Port luron - 358 HONS 048374 1.60
Sayined N 0.77

sault Ste. Marie 3720 - 0.73

o wr et t——m e,



R B -228~

.

Dischagars Cont'd

. : " iDATE o PCB's
:St. lgnace -0 :3/28 0.3
“Three Rivers ’ 2/21 <0.10
Traverse City 317 . <0.10
"Trenton " , . -2/28 : : <0.10
Warren re/271 <0.10
‘Hayne County 12/28 . 0.40
Myoming 2/21 ) 0.22
Ypsilanti e : .i2/28

‘Ypsitanti Twp 21 . 3/1 . . " k.10
‘Ypsilanti Twp 2 3/ RN <0.10

#Concentrations based on best fit of 3.standards: Aroclor 1232, Aroclor 125

4,
amixture of Aroclor 1242 and 1254-in a 1:1 ratio. or

MONS 048375



) , -29~
Jischargars Cont'd .
e Concentrations of PCB's in the sludge from fifty-soven municipal

. wastewater treatment plants in Michigan, Spring 1973. Concentrations
©in parts per million, dry weight. .

Gty - - opate 1z Yoo o 1212:7254

Mrian - 3 7 .. K . i 240 .

Noion .. zm ‘ 1.5 -

Aon Arbor 3 o - . o

Bay City e " Taseo . ' '
" Battle Creek 228 T ..« . gy

Benton Harbor- 2/28 . - IR ’ 13..8

St. Joseph : . -

Brighton - 31 <G

Cadi1lac 2 T S

Charlotte 5/1 - e 6.8

Constuntine S o2/28 . i 23

Detroit = 2/28 ‘ 32.1 ) .

Dexter- - 3N » . ' . ,' . 3.2

E. 'Lansing 5/2 B o . ] 4.6 )

Escanaba R B B 5.9 '

Essexville N ) 3.9

Flint w63

Gladstone . 3/28 o . " 4.

Grand Haven _ 2/21 - ' 4.1

Grand Rapids 2721 I 1.8

Holland Y72 B 0.8 }

Bouel 1 . 4726 C ' 15.0

’ 5.5

Hotighton-Nancock 3/27

MONS 048376




dischargors Cont'd *

City ’ ] Date * - 1242 ) ]?f,,‘,‘ ) ]7.-.?:].;.5,]
Tron tountain ~ =~ 3/28 : ) A K.
Kings ford : - R : *

Ivonvood - :3/27‘ o : 57

leckson l12/22 o o S 3.0

Kalawazoo  2/29 . 23.3 o

L'Ause CL 32 _ . ' o :43,4

Lansing . ae v 5.3

Manistique s s
Tarquette 3121 - L 2w

Varshall 202 - - - . a3

Jienominee . 2/28 7 . b2 -
Midiand 3N . - i)

Wilford . are- : ; ' " 50.5

Fanroe T A . 23

M. Clemens 3/ 750

Mt. Pleasant 3/28 - - s o
Wuskegon . 2/28 .. L w

l-‘.usl:cgon. lleights  2/28 T '21{1..0

Niles . 2720 - T . , 7.8

forvay . a8 . - : «0.1

D;-.'o;sso il 2y ‘ .
Pentiac (Auburn) N2 ' - . 120

N
=]

Pontiac (E. Blvd.) 312 K ’ 9,2
Port Thnron 3/¢ 9.2

s MONS 048377
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3 o roon
©. ischargors - Cont'dl
city.

Saginaw

Sault Ste. Marie
St. Ignace

Three Rivers
Traverse City
Trenton

Harren

Ha&ne County
Hlyoming
-Ypsilanti
Ypsilanti Twp. 1

-

Ypsitanti Twp #2

* Concentration based on best fit of 3 standards:
Aroclor 1242, Aroclor 1264, or a mixturc of

" ‘Date

31

3/28
3/28
2/21
37

3/28

2/21
R

2/21.
s 2/28

n
N

-31-

1242

i

Aroclor 1242 and 1254 in a 1:1 ratio.

PCB's
1251

1242:17204

5.0

2.4 *
15

4.3

1.8

<0.1

<0.1

58
2.0

T <01

<0.1

MONS

048378



“Bischargers Cont'd

Wiscensin - 1973 Survey Results

lunicipality

Ai2))

Mgoma

Anherst

Mopleton

Butics Des ilories
ULilily Dist.

Bear Creek

Berlin

Birnemood

Bondual

Brillion

Bristol

Brool{ield

Cedar Grove

Chilton

Clintonville

Coleman

Crivitz

Depere

Elkhart Lake

Fond cu Lac

Grafion

Green Bay

Kenostha

Harineotte

Neenah-tenasha

Mitwavkee-South
Shore

orth Fond du Lac

Racine

Shavana

Shebayoan

Suring

Haldo

Hest Lend

-37-

.33

<05

<.05
.26
01

<. 05
<.05
.28

ATANA, A
o~obdacon
G RnT G

A

b

000053

.00

. 00053
021

. (0014
L34

. 000059
000633
.0018
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