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CHLOROBIPHENYLS (PCBs) IN THE MILWAUKEE RIVER
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(Reccived 14 April 1971) ‘

Absteact-- The analyses of water from the Milwaukee River indicated that isomers of ¢hlorin-

ated biphenyl simular to those used in industry were present in 'ihc river from West Bend to.

1 ake Michipan. Analyses of municipal sewage treatment plant efluents, industrial discharges,

amd the Milvauhee River water near combined sewer outfails presenied evidence vhat chloro-

busheny Je (PCHRsY sere discharged to natural waters through municipal and industrial wastes,

PUHs concentration at the g 17" level suggested that PCBs in large ecosystems such as Lake

Michigan have resulted, in part, through water transport from me'lropolinn areas.

'
INTRODUCTION
Tne cruomiNated biphenyls (PCBs) are a class of chlorinated hydrocarbons which
have industrianl importance as plasticizers, diclectrics, lubricants, and flame retardants
(Heenarp, 1964, Monsanto Co., undated). The PCBs arc produced commercially
by Monsanto Company under the trade name, Aroclor, and exist as mixtures of isomers
with chlorine contents of 21, 32, 42, 48, 54, 60 and 62 per cent by weight. In general,
the chemical stability of the mixture increases with increasing chlorine content while
the volatility decreases in the more highly chlorinated mixtures.

Muany of the industrial applications of PCBs depend largely on the chemical stab-
ility of the mixtures, Their uses as dielectrics in transforiners and capacitors and as
additres to hydraulic fluids restrict the chlorinated biphcnyls to closed systems.
Howeser, possible uses of PCBs in paints, varnishes, waxes, synthetic polymers, inks,
dust-inhibitors, and pesticide formulations may lead to direct contamination of
natuyad waters through industrial and sanitary waste dischargers. Also, the stability of
the more highly chlorinated mixtures to low temperature flames may result in acrial
transport of the 1'CBs from industrial and municipal solid waste incincrators to
natwal waters. )

The presence of PCBs in the environment has been detected onlyrecently and reviews
of th:: current knowledge of PCBs have been presented (HuBbARD, 1964; VErTH and
Lrr,1970a; PrakALL and LiNCER, 1970), In gencral, PCBs have been found in organisms
astociated with natural waters which rcecive wastes from urban centers. Concentra-
tions of PCBs (as Aroclor, 1254) in excess of 250 pg I ~' have been reported (Duxe
er ¢l 1970; Horowun, 1970) in industrial discharges while those in municipal sewage
treatrient plant cfluents and receiving streams typically range from the low ng1-!
to the low ug 17 * levels where detectable.

The PCBs are siprilar to many chlorinated pesticides in that higher concentrations
are feund in oiganisms representative of the higher trophic levels. Concentrations of
the PCBs in the predator food chain range from at or ncar the determinable limit in
water to 75100 g g~ ! in fish-cating birds. Consequently, the chronic cffects of the
PCide in higher organisms and the levels of PCDs in water supplies are of concern and
tequise evaluation. The presence of PCBs in fish from the Milwaukee River at con-
centrations excesding 100 g g=* on a whole fish basis inc icated that this tributary of
Lake Michigan seccives comparatively large quantities of PCBs. This paper presents
the results of a study of PCB sources in the Milwaukee River drainage basin,
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The Milwauhee River originates in the Kettle Moraine area of southern Fond du
lac and Sheboygan countics, Wisconsin, and flows in a southerly direction for ap-
provinttely 95 steeam miles into Lake Michigan at Milwaukee. FIGURE 1 prescats the
Milwaukee River watershed and the major industrial and scwage treatment plant
(STP) outfalls into the river, The major municipalities along the river include West
Bend, Saukville, Grafton, Cedarburg, Thicnsville and Milwaukee, all of which dis-
charge municipal and industrial wastes to the river. The major physical alterations of
the natural river have been the construction of a total of 22 dams and spillways for :
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F16. 1. MILWAUKEE RIVER WATERSHFD (MILWAUKEE RIVER STUDY COMMITTEE, 1968)—Municipal
STP* Outfall,
1-West Bend
2-Fredonia .
3-Savkvilte
4-Gralton I
S-Cedarburg i
6-Thicnsville
7-Milwaukee Comb:ned Sewer Outfalls
*STP—Sewage Treat.nent Plant, !
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power (MR, 1963), the dredging of the river from the mouth to the Milwaukee
North Svepue dam, and the construction of a flushing tunnel just below the North
Avense dam to fosh the wasies from the lower river with water from Lake Michigan.

EXTERIMENTAL PROCEDURES

Ficld wampling

The collection of water was conducted with aliglass systems to preclude possible
interaction of the sample with rubber, plastic, or polyvinyl chloride surfaces, Samples
wete collected from the river by submerging a weighted, glass carboy (20 1.) at a depth
of 0.2 m in the center of the main channcl. Sewage treatment plants (STP) efMucats
were sampled by submerging a glass bottle (4 1.) directly into the eMuent. Prescrvatives
were not added, as samples were cooled and extracted within 24 h of collection.

Extraction |

Water samples (20 1) were batch-extracted with hexane in 2 1. separatory funncls.
Hexane (400 ml) was placed in 6 funncls and 1600 ml portions of the sample were
introduced into the first 3 funncls. After repeated shaking and settling, the aqueous
lavers were drained into the 3 remaining funnels. The process was repeated until the
204, sample was extracted twice. The hexane portions were combined, dricd with
anhydrous Na,SO,, and concentrated to 15 ml for cleanup in a gentle air stream.

Liguid chromatography

The cleanup of extracts for gas chromatographic analysis was conducted with
ligtid chromatopraphy on Florisil as described by Revnoups (1969) and liucnzs
et al. {1970). The media (Kensington Scientific) was extracted in a Soxhlet extractor for
24 hwith an azeotrope of hexanc and acctone (41:59) to remove organic impurities.
The accotrope was evaporated from the Florisil at 105°C, and the Florisil was heated
to 650°C for 2.5 b for activation.

The Florisit col for preli p was prepared by vibrating 19 g of
Flotisil into a 25 mm o.d. glass column which was fitted with a glass frit and Teflon
stopeock. The column was topped with 10 g anhydrous sodium sulfate to prevent
deactivation of ihe Florisil by traces of water in the extract. The extracts were placed
on the column and eluted with hexane (200 ml) to recover DDE, heptachlor, aldrin,
1oxaphenc, strobane, and PCBs, if present. After changing the receiving flask, the
column was cluted with 20 per cent ethyl ether in hexane (200 ml) to obtain DDT,
DD, dicldrin, beptachlor epoxide, and lindane, if present. With some samples,
particubnly those from STP effluents, it was nccessary to rechromatograph the hexane
cluate from the 25 mm o.d. Florisil on a smaller diameter Florisil column (9 mm i.d.)
to isolate the 'Cs from organic interferences. Il necessary, the PCBs may be sep-
wrated from the DDT group of pesticides through chromatography on silicic acid
(ARMGUR e7 al., 1970; RuiNgrT, 1970).

Instrumentarion

The analyses of watcr extracts were conducted on an Aerograph 1745-20 gas
chronatopraph squipped with concentsic tube elcctron capture detectors (*H, 250
mCi) and a 50:3) efliuent splitter for simultaneous analysis with electron capture and
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Mame ionization detectors. Analytical GLC columns consisted of 20 m X 1.8 mm
glass coils which were packed with cither QV-101 (3 per cent), OV-101/XE-60 (3:3
per cent), or OV-i01/QF-1 (3:4.5 per cent) coated onto Gas Chrom Q (7207140 mesh).
The varricr gas (purificd N;) was maintained at 21 mI min=!; and the injector, column,
and detector temperatures were 250°C, 180°C, and 220°C, respectively.

Analysis \

The commercially prepared PCBs in the b S.A. (Monsanto Company, St. Louis,
Mao.) exist as seven complex mixtures under the name “Aroclor” , which range in
chilarine content from 21 to 62 per cent. When the PCB mixtures are chromatographed
with GLC, the mixtures of isomers produce both resolved and superimposed peaks
and are somewhat characterized by the GLC fingerprint presented as relative peak
heights and retention times. Because of the complexity of the mixtures, determinations
have been quantitatively defined by comparing the area of a sample chromatogram to
the arca of a known quantity of the commercial mixture which most closcly resembles
that of the sample. However, some of the samples contained PCBs which appeared to
be mixtures of the Aroclor mixtures and were not representative of a single commer-
cially prcparcd mixture. Estimatcs of PCBs in these samples were made by visually
comparing the chromatograms (o mixtures of standards prepared from the Aroclor
mixtures.

E mllcnt chemical conﬁmmuons for the prescnce of PCBs in each sample were not
possible in this study. PCBs with similar retenti 1 and relative peak heights
were confirmed in the fish from the Milwaukee River using i.r. and mass spectrometry.
Thus, from the i.r. and mass data, GLC reicntion data under multiple column con-
dutions, and the stability of the cxtract mixt res to dchydrohalogenation and nitration,
the components in the chromatograms were presumed to be PCB isomers. However,
the analysis do not preclude the possible presence of other chemicals which may have
simiiar chemical propertics such as the chloronaphthalenes.

The analytical procedures for PCBs in natural waters were evaluated using Aroclor
§260 which contains 60 per cent chlorine. Six replicates of unfiltercd Lake Mcndota
water (4.0 1) were “spiked" with 4.0 ug of Aroclor 1260 as a 50 ml acctone solution.
The water was acrated for 5 min and incubated at room temperature for 2 days. The
recovery of PCBs from water at the 1.0 ug -2 level was found to vary with the degree
of chlorination of PCB components. If the major component of Aroclor 1260 which
eluted at 12.8 min on the OV-101/QF-1 column was used as a reference, 82.3 + 6.3
per cent of the Aroclor 1260 mixture was removed. If the major component of Aroclor
1260 which etuted at 6.4 min was used, the recovery was 80.0 4+ 8.2 per cent of the
quitntity ndded.

When the component eluting at 4.1 min which is a major component of Arclor
1242 was used as a reference, only 69.0 4 6.5 per cent of the mixture wos recovered.
The recovery of the minor component of Aroclor 1242 cluting at 1.3 min was slightly
less than 50 per cent, and the minor component etuting at 0.7 min could not be detected
in any of the 6 replicates. Since the “*spiking™ procedure may be of questionable
reliability when applicd to nonclectrolytes, the recovery data must be regarded as
er.imates which indicate that the precision ai:d accuracy of the analytical proceduresar
stisfactory for tho analysis of natural waizrs. The data also indicate that the com-
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position of the PCB mixtures may be altered durine analysis if care is not taken to
minimize Joss of the more volatile PCI} components.

RESULTS AND DISCUSSION

Sections of the Milwaukee River were sampled on August 23 and 25, 1969, to
determine the levels of PCBs in the river system. In addition, selected tributaries,
nwnivipal sew treatment plants (STP) cfMluents, and industrial discharges were
sampled on Marcin 26, 1970,

The water quality characteristics of the river on the August, 1969, sampling dates
are presented in Tarer 1. In general, because of photosynthesis of plankton in the
impoundments and less poliutional foading in the upper river, the dissolved oxygen
ADO), pllL and suspended solids were higher in the upper river above damns than in the
Jomer niver within the city of Milwaukee, For example, above the dam at Grafton the
water contained 10,0 mg 17! DO, 60.5 mg1~* suspended solids, and a pH of 8.7. In
contrast, the water at the Buflalo Avenue bridge in Milwaukee contained 4.2 mg
1=% DO, 147 mp 17" suspended solids, and a pH of 7.7, The decreases in alkalinity
and conductivity from 196 mg 1= ! and 642 uQ cm~?, respectively, at the North Avenue
dam 1o 118 mg 1" and 420 Q2 cm ™" at the harbor reflect the input of Lake Michigan
water below the dam through the flushing tunnel.

‘Ihe estimates of PCBs in the Milwaukee River water are presented in TABLE 2.
The GLC amalyses indicated that PCB mixtures similar 10 Aroclor 1260 (predom-
inately the Jater-cluting PCBs) were present above the dam at Grafton at approxi-

mancly 0.05 g 1. Tributary O, the recciving stream for a plastics manufacturing -

firm, was not a source since PCBs could not be detected in the water near the firm.
Thes, 4 PCH source(s) upstream (rom Grafton was indicated.

Poscible sources upstream from Grafton were examined through the analyses of
selected outlalls to the river. The data, which are presented in TABLE 3, show that the
STP at West Bend, Iredonia, Saukville, and Grafton were discharging PCBs. The
highest concentration observed in efMuents was 2.5 pg 1= Aroclor 1242 observed in
a chomical plant efiluent several miles upstream from Grafton.

The river downstream from Grafton and Thiensville contained higher concentrations
of the isomers corresponding 1o Aroclor 1260 as well as many early-eluting isomers
(G C) which closely resembled those in Aroclor 1248 or Aroclor 1242, The increase
in the concertration of Aroclor 1260 to 0.26 ug 1=* and the introduction of other
PCH isomers suggested a source(s) between Graftoa and Thicensville. The likely source
is Ced.:r Creek in which oil films, petroleum odors, and water discoloration have been
a prob'em in the past (SCIMAUFNAGEL ef al., 1968; MCKErsit ef al., 1969).

The PCBs were found at greatest concentrations in the Estabrook Park-East
Rivers de Park region of the river in Milwaukee. The concentrations of Aroclor 1242
assovii ted with the water in this region were 2.07 and 2.80 pg 1=* in August, 1969, and
Febwuws 1y, 1970, respectively. The sources of the contamination in this region are
likely .0 be the Milwaukee combined sewer outfalls and contaminated industrial
coohny waters which discharge fo Lincoln Creek and the Milwaukce River near
Luabiaok Park,

The presence of pg 171 quantitics of chlorinated materials such as the PCBs in
naiwral waters may generate concern in regard to public hzalth. Although standards
for I’Cis in drinking water supplics have not been established due, in part, to a lack of
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‘Tamg 2, CONCENTRATIONS OF PCBs IN Tiie Mitwaukee River
AucusT 23-25, 1969

Estimate of corresponding
Arnclor(s) (ug 1-4)*

Location Aroclor 1260 Aroclor 1242 -
i
Tributaty “O", Grafton t i 1
20 m ahove dam, Grafton 0.08 1
100 m above damy, Thiensville 0.26 0.03 b
Thighway 167 (below dam), i

‘Thicnsville 0.13 0.03
200 m ahove dam, Glendale 0.1 ] t
100 m above dam, .

Ustabraok Park 010 | 207
100 m befow North Avenue
. Dam 0.05 0.26
Milwankee River Mouth '

{Mullale Avenue) 0.05 013
Meaonwnee River Mouth 0.03 0.13
Ninnivkinnic River Mouth 0.03 0.12
Milwaukee Harbor Entrance 0.02 o.10

* The 1200 series of Aroclors are mixtures of PCBs. The last two numbers
pertain to the pereent chlorine of the mixture,

1 Below determinable limit of approximately 0,02 ug 1~? for A-1242 to 0.01
18174 for A-1260, depending on foil condition, ,

Tan € 3. CONCINTRATIONS oF PCDs IN 0UTFALLS tNTo iz Mwauxes Rivir
ON Marcy 26, 1970

Estimate of PCB Corresponding N
Location concentration (ug1-4) Aroclor mixture

West Bend STP® efuent 0.25 Aroclor 1254
Teedonia STP eMuent 0.12 B Aroclor 1254
Teibutary D at Fredonla 0.04 Aroclor 1260
Saukville STI eMuent 0.3 Aroclor 1260
Chemical plant eMuent,

Savkvitle 2.50 Aroclor 1242
Gralten ST1 eMuent 0.04 Aroclor 1254

* STP-- Sewoge Treatment Plant,

texicological data, reviews by Vermit and Let (1970a) and PEAKALL and LiNcer (1970)
have concluded that the PCBs appear to be less toxic ta many organisms on an acute
biasi than is pp"D DT, Since the permissible limit for pp'DDT in public water supplics
in the U.S.A, has been established at 42 ug 1=* (FEDERAL. WATER POLLUTION CoNTROL
ADMINISIRATION, 1968), it is unlikely that the observea levels or PCBs in the Mil-
wauhee River system pose an immediate health hazard. This | is sub: iated
by the fact thit much of the PCBs found in the waler vre associated with suspended
solicts in the water and are removed during the water treatment and filtration processcs,
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Nowever, the presence of PCBs at the ug [=* level in natural waters may pose g
threat to aquatic organisms and the food chains sustained by them. RistnrouGH et al.
(1968) and ANDERSON et al. (1969) have demonstrated and discussed the induction of
hepatic hydroxylating enzymes by PCBs which is similar to that obscrved from
chlorinated pesticides. This enzyme induction ¢ffect has been proposcd as the factor
Jeading to cgg shell thinning and reproductive failures in avian communitics. More
specifically, DUKE (1970) found that | ug 17 of Aroclor 1254 killed juvenile shrimp in
the laboratory. Also, STALLING (1970) found that 1 ug 1-* of PCBs causcd adverso
physiological effects to blucgills, channel catfish, and trout, and that 10 ug 1= caused
S0 per cent mortalitics, Viimi and Lee (1970b) reported that the goldfish in the
Istabrook Park region of the Milwaukee River contained as great as 405 g 1°1 of
PCHs (as Aroclor 1242) on a whole fish basis. This evidence indicates that the
1 peg 17" concentration of PCBs may endanger aquatic communities cither by direct
exposure 1o the water or by fecding on high-lipid organisms which partition the PCBs
‘fram the water at concentration factors of approximatcly 100,000,

Of particular intcrest were the relative variations of PCB isomers within the river
system. The results of the analyses of water repeatedly indicated a more rapid decrease
in the concentrations of the lesser-chlorinated biphenyl isomers with respect to the
more highly chlorinated isomers. For cxample, in TabLe 2 the apparent Aroclor 1242
concentration in the lower river decrcased from approximately 2 ug i=1 at Estabrook
Park to approximately 0.3 ug 17! just below the North Avenue dam. In the same
reach of river the the more highly chiorinated components which are predominant in
Aroclor 1260 decreased from 0.10 to 0.05 ug 1=* at the respective sampling sites,
Similar results were obtained from the February sampling of the river.

‘The relative variations of the composition of PCBs in the river suggest that the
lesscr-chiorinated isomers may be removed from the river water through preferential
vaporization or co-distillation arising from their greater volatility than the heavier
isomers (MoNsanTo Co., 1959) and/or through the more rapid degradation of the
lesser-chlorinated isomers. The chemical stability of the PCB isomers toward nucleo-
philic and clectrophilic substitution has been found 1o increase with increasing
chlorine content (Verry, 1970). C ly, the envi | data reported in
this paper may be viewed as an indication that similar trends exist toward microbial
degradation whercby (he lesser-chlorinated isomers in Aroclors 1232 and 1242 are
sclectively removed from natural waters, Experiments aimed at verifying these indica-
tions are in progress.

~ SUMMARY

The PCBs present in Milwaukee River water were seldom comparable to a single
Aroclor mixture. The data are reported as mixtures of Aroclor 1260 and Aroclor 1242,
and the respective assignments imply the presence of components which clute later
than those of Aroclors 1254 and 1248 in GLC analyses and the presence of com-
poncuts which elute carlier than Aroclor 1248.

The fow-level PCB concentrations in all sampling regions and in the STP of small
communitics sugpest that PCBs may be discharged in municipal wastes in addition
o industrial wastes, The introduction of PCDs into the Milwaukee River by both
large and simall municipalities throughout the river basin may reflect the widespread
use of the PCBs in products of advanced .echnology and indicates a need for the
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evamination of PCB levels in common consumer-products, Comprehensive toxi-
cologival studies are needed to fully evaluate the significance of PCBs in the environ-
ment.
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