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Chlorinated Organic Contaminants in the Milwaukee River

Introduction

‘The purpose of this study is to examine the chlorinated organic contaminants in the
Milwaukee River fish, water and sediment with special consideration to possible contamina-
tion by the chlorinated biphenyls which are used as ploasticizexrs. Before the results of the
first three months of the study are summarized, however, it would be appropriate to
reiterate the reasons this study is essential at this time and to discuss the chemistry of the
chlorinated biphenyls in general,

Considerable eﬂorf has been expended in the monitoring of chlorinated hydrocarbon

concentrations in fish, bivde and water from Wisconsin and Lake Michigan. The results

have described the widespread ox of the ly used pesticides such as dieldrin
and DDT, as well as the metabolic intermediates such as DDE and DDD. Except in
isolated instances, these organochlorine compounds are found at what is considered to be
sublethal concentrations. Accordingly, the mejor concern with the presence of these
chemicals in fish and wildlife has been that of the "long-range" effects such as adaptability,
reproduction and perhapo extinction.

In the last tev: years, the concern over peciicides in the environment has develcped
a new dimension in the report3 of environmental contamination by the chioxinated biphenyls
used in industry. These compounds are widely used in the production of plastics, rubber,
gulnts. dielectrics and packeging material throughout the world and are reportedly
becoming widespread in the environment (Risebrough et al., 1968), ‘The chlorinated )
biphenyls are prepared by chlorinating the biphenyl molecule as shown in Figure 1-a. The
product is a complex mixture of chlorinated hydrocarbons containing bétween 1 and 10
chlorine atoms per molecule, Although over 200 compounds are theoretically possible,
preliminary evidence indicates considerably fawer are present in commercial mixtures.

The similarity of the chlorinated biphenyl structure to pp'DDT and pp'DDE is illustrated
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a3
by comparing Figure la with Figures b and lc  rxespectively,

The chemical similarities of the chlorinated biphenyls with other chiorinated
pesticides also create the possibility of intexferences in pesticide determinations.

Figure 2 is a chromatogram of a commexrcially available chloxinated biphenyl mixture,
and the retention times for the common pesticides are indicated, It is evident that some
interference would be experienced for many of the pesticides if this mixture were present
in samples to be analyzed at sufficient concentrations. In addition, 7 chlorinated biphenyl
mixtures, ranging from 21 to 62 pexrcent chlorine, are prepared by Monsanto Company
under the name "'Arochlor. "

Figure 3 is a simulated chromatogram lndlcati‘gg the retention times of the com-
ponents of the chlorinated biphenyl mixtures, It should be pointed out that the compounds
of the chromatograms in Figure 3 are not resolved completely by typical gas chromato-
graphy (dLC) conditions, but are partially superimposed such as in Figure 2, Also, since
the mixtures are complex and unidentified, and since environmental samples may contain
any combination of the 7 mixtures, there is no quantitative or qualitative method to
examine the gross sample extracts,

Reports from Wisconsin (Degurse, 1963; Hickey, 1969) have indicated that fish
and birds from the laxgex industrial centers contain many unidentified
organochlorine compounds which behave chemically as the chioxinated biptenyls.
Therefore, since the concentrations of these unidentified compounds are just becoming
detectable, and it has been implicated that industry may be becoming a major source of
these chlorinated hydrocarbons, chemical studies of the unidentified compounds are
essential in oxder that early control measures can be exercised if necessary,

Environmenrtal Sampling
As was previously stated, the purpose of this study is to investigate earlier reports

that fish from the Milwaukee Piver contained many unidentified organochlorine compounds.
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Therefore, 11 sites on or near the river have been tentatively established for environmental
sampling. Many of the locations were selected because fish samples were available from
other WCD studies,

Figure 4 is a map of the stud area with the sanpling sites numbered 1 through 11,
Site 1 is a txibutary on County road "O" just below a plastics manufacturing firm. Sites 2
and 3 are located about 200 yaxds above the dams at Grafton and Thiensville, respectively.
Site 4 is below the Thiensville dam and just above the Hwy, 167 bridge. Sites 5 and 6 are
200 yards above the dams at Glendale and Estabrook Park, respectively. Site 7 is just
below the North Avenue dam and site 8 is at the Broldv;vdy Avenue bridge. Site 9 and 10 are
located about 200 yards above the mouths of the Mex@ln.mnee and Kinnickinnic rivers,
respectively, where these rivers join the Milwaukee Rivex, Finally, site 11 is located in
the center of the harbor breakwater opening.

Preliminary Water Analysis

The sampling locations were sampled on August 13~-15, 1969, for routine water
analysis and pesticide analysis. Samples were obtalned just below the surface at each
site and in the center of the main channel. In addition, dissolved oxygen (DO) and temen-
ture profiles were obtained where possible, Glass carboys (20 1, ) were filicd at approxi- .
mately the 0.5 meter depth and were sealed with aluminum foil for pesticide analysis.

The data from the first sampling are presented in Table 1. In geneml, the DO,
pH{ and suspended solids concentration were much higher in the water above the dam than
in the lower part of the river. For example, above the dam at Grafton, the water contained
10,0 mg/1 DO, 60.5 mg/1 suspended solids, and a pH of 8,7, On the other hand, the
water at the Buffalo Averue bridge in Milwaukee contained 4. 2 mg/1 DO, 14.7 mg/1
suspended solids, and a pH of 7.7. The relatively high DO and pH can be explained by the
photosynthetic processes of plankton, and the high suspended solids in the quiet waters
behind the dams appeared to be essentially planktonic,

The water in the lower river was characterized by low DO and suspended solids
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Table 1. General Characteristics of Milwaukee River
Site Depth Secchi Temp. DO pH = Allalinity Conductivity Suspended Solids  Turbidity  Color

(m) (m) (°C) (mg/1) (mg/l CaCO,)  (umhos/cm 23°c) (mg/1) (mg/1 S5i0,)  (uzits)
1 0.3 - 2.5 0.1 8.8 %2 670 12.2 13 %
2 17 0.4 250(5 100 87 257 720 60.5 21 40
' 5.5() 8.8
3 21 0.6 2.5(5) 13.6 8.9 us 720 30.0 21 S
- 2s0Q) 9.0
4 0.5 - 7.2 0.2 9.2 251 740 4.0 21 35
5 0.8 -- 27.0 15.4 -- - - -- - -
6 24 03 300 156 9.0 232 745 50,0 Y] s
\ .
7 s.4 0.8 2.0(5 85 8.6 196 642 4.6 18 EY)
22.1(5) 8.3 .
8 7.0 L0  28(5) &2 1.1 145 505 4.7 12 20
20 (5) 3.5 = )
9 9.6 11 21 (5) 3.4 1.2 131 555 10.6 14 I5
23(5) 3.6
10 100 07 235 41 1.3 127 478 5.0 16 10
17 (5) 5.2
11 10,4 1.7 19 (S5) 8.7 8.0 118 420 5.6 19 5

3
2
(2]
©
W
W
[
-~
o

8.9(10) 9.0




9.
concentrations, lower pH, and lower temperature. In addition, tljne alkalinity and con-
ductivity decreased downstream from site 7 from 195 mg/l and 642 imhos/cm, respectively,
to 118 mg/1 and 420 umhos/cm at site 11, This decrease may be due to the input of
Lake Michigan water near site 7. Blooms of algae and schools of goldfish were observed
at site 7, but within a half-mile downstream, no algae or fish were evident and the DO
dropped shaxply, OIl films and floating objects were continuous in the lower river,
. Development of Analytical Procedures

The analytical procedures used in this study are intended to include the gensral
class of organochiorins molecules, and not to be seiéétive for specific chlorinated pesti-
cides, The basic methods are widely accepted, and ‘only slight modifications as described
by Degurse (1969) and Reynolds (1969) have been introduced.

Extraction, Fish are homogenized while frozen ( -20°C) by grinding at the Nevin
Fish Hatchery laboratory. Approximately 10 gm of the frozen sample are blended with
70 gm Nc\zso4 (anhydroue) until the mixture appears dry. The sample is then extracted
for 3.5 hours in an all-glass Soxhlet using @ mixture of Lexane and ethyl ether (1:1 v/v,
170 mi). The extract {s concentrated to 15 ml in an air stream,

Water Samples (20 1, ) are batch-extracted with hexane in 2-liter separatory funnelas,
The samples are not flitared because the effect of fi'tering lexge volumes cf turbid water
on pesticide recovery Lea rot b2en evaluated, Hexane (400 ml) is placed In 6 funnels,
and the water (1600 ml) {s introduced in the firot 3 funnels, After repeated shaking and
l'ettllng, the aqueous layers exe drained into the 3 remaining funnels, The process is
repeated until the 20-liter sample is extracted twice. The hexane portions are concen-
trated to 15 ml for separate cleanup before the'y are combined,

Afr-dried plankton (less then ! gm) and sediment samples (10-30 gm) are extracted
for 30 hours in an all-glass Soxhlet using the azeotsope of hexane and aceton= (41:59,
170 ml) as has been described by Veith (1958), The extract is evaporated to 15 ml in an

air scream after adding an excess of hexane, MONS 035680
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Extract Cleanup. The cleanup of extracts on Florisil has been studjed at the
Water Chemistry Laboratory (Hughes, 1966; Veith, 19.68). In general, most pesticides
can be separated from the bulk of the intexferences on a Florisil column because fats,
oils, pigments, etc,, are retained on the column, waxes and relatively non-polar com-
pounds pass with the hexane solvent front and can be discarded with the first 30 ml of
eluate, and the majority of organochlorine pesticides can be eluted with 175 ml of 15 per-
cent ethyl ether in hexane., Reynolds (1969) has reported that chlorinated biphenyls are
quantitatively removed from Florsil by 200 mi hexane.. ‘n'long with heptachior, aldrin,
and DDE. Lindane (v -BHC), heptachlor epoxide, DDD, ‘DDT and dieldrin are not eluted
with hexane but can be recovered by elution with 200 ml of 20 perceﬁ: ethyl ether in hexane,
Thus, this lattex group of pesticides could presumably be analyzed without possible inter-
ference by the chlorinated biphenyls. .

Florisil (Kensington Scientific) is extractsd in an all -glase Soxhlet for 24 hours with
the azeotrope of hexane aud acetone in an effort to xemove traces of organic impurities,
The solvent is evaporated from the Florisil at 105°C and the solid 1s heated at 650°C for
2.5 hours. If not used immediately after heating, the Florisil is warmed to 105°C just
prior to ite use.

The Florisil (30 gr) is vibrated irto a 25 mm O.D. glass column fitted with a
glass frit and Teflon stcpeock. The column 18 topped with 10 gm anhydrous Na,50, to
prevent deactivation from water in the sample, Fish, water, plankton and sediment
ex'tncts (15 ml) are placed on the dry column and eluted with 250 ml of 15 percent ethyl
ether in hexane, The cluant is concentrated in an air stream. With this procedure, only
extracts from low-fat fish are suitable for GLC analysis. MONS 035681

Repeated chromatography on Florisil is necessary to remove the {inal traces of
intexferences and to cbtain the separation of several pesticides as is described by Reynolds
(1969). PFlorisil columns (19 gm) are prepared as above, The samples from the 30 gm

Floxisil column is concentratad to 15 ml and placed on the 19 gm column. Elution with
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hexane (200 ml) is begun at 3-5 ml/min.to obtain DDE, heptachlox, aldrin, toxaphene and
chlorinated biphenyls, if present. The receiving flask is changed and the column is eluted
with 20 percent ethyl ether in hexane (200 ml) to obtain DDT, DDD, dieldrin, heptachlor
epoxide, and lindane, if present, The samples are concentrated to appropriate volumes
for GLC analysis.

Based on preliminary data, the above procedure results in excellent cleanup of
fish, water and suspended solids analysis. Pigure 538 is a chromatogram of a fish extract
from Estabrook Park after cleanup with hexane. Figure Sb is the corresponding chroma-
togram of the 20 percent fraction. Both chromatogramsg have a rapid return to baseline
following the solvent peak which suggests that clelm‘xp“ is complete, In Sb, itts indicated
that dieldrin is present by the first peak, and etther op'DDT and/or pp'DDD is present by
the second peak, Confirmation of op'DDT could be ma-e by dehydrohalogenation with
KOH/EtOd since op'DDT is converted to op'DDE and pp’' BDD would be converted to
op'DDMU. '

As 18 geen In Figure 58 GLC chromatograms of the extracts from Milwaukee River,
samples are difficuit to in*expret because of the numbers of components present. A
variety of GLC conditions have been studied in an effort to gain maximum resolutior in &
practical analysis time, Liquid phases which have been used include DC-200, OV-101,
lOV-17, FPAP, XE-60 and QF-1. It I3 evident that OV-101 is a very suitable non-polar
solvent, Also, more poler mixtures of FFAP/XE-60 (l;il) and QPY-I/OV =17 (2:1) resulted
in good sepaxation but the analysis time was increased to over 65 minutes. Therefore, to
;bmn the satisfactory resolution in less time, it was necessary to employ low-loaded,
etched -glass brads as supports for the polar phases.

The glass beads (GLC-110, 120-140 mesh) were coated with 0,05 and 0, 18 pexcent
of the FFAP/XE-C0 (1:1) and QF-1/0V-17 (2:1) mixtures, The evaluation of these phases
has not been completed, Nonethelesé, all chromatograms presented in this report were

obtined from 7 ft.x 1/8 {n, columns packed with the 0,05 percent QF-1/0V-17 mixture

MONS 035682
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-13-
on the glass beads, A N2 flow of 27 ml/min was maintained in an Aerograph 1520-B gas
chromatograph which is equipped with concentric tube electron capture detectors, The
coiumn, detector, and injector temperatures were l80°C, 215°C and 230°c, respectively,
Experimental Pesults

The initial objectives of this study have heen to detexmine the relative amounts of
chlorinated organic compounds in fish and water from the Milwaukee River, The research
approach has been to attempt to duplicate existing procedures for fish analysis, and then
to investigate the occurrences of unidentified compounds which have been found by Degurse
(1969). Degurse has noted that “cbscure peaks" begin to appear in chromatograms of fish
" extracts as sampling beccmes nearer to induatrial celi!fers such as Milwaukee, Indced,
in some of the fish near Milwaukee, the pesticide peal:s axe not detectable in large numbers
of unidentified peaks. These observations, along with the fish samples provided, have
enabled this laboratoxy to establish a study area immediately rather than monitoring many
areas of Wisconsin to find the more frequently occurring unidentified compounds,

Fish Extracts. To achieve the initial objectives, fieh from along th= river from
County road "H" bridge north of West Fend to Milwaukee wers analyzed. It immediately
became apparent that the complexity of the oxganochlorine mixtures in the fish was so
great that quantitmative annlyses w=re not realistic. Consequently, the dam are presented
in the form of chromatograms which represent equel amounts of fish, In this manner, the
relative amounts of organochlorine compounds can be compared directly. Figures 6a, ¢b
and 7 are chromatograms of fish extracts from County road "H" bridge (Washington County),
Crafton and Estabrook Park, regpectively, It should be pointed out that the response in 6a
is multiplied by a factor of 4 to cbsecve the peoks; oo & direct comparison with 6b ox 7
would require the peaks first be reduced by a factor of 4, [t is evident that these figures
substantiate the work of Degurse in that the numbers and relative magnitudes of the uniden-
tified peaks increases about 20-fold in fish from Milwaukee in comparison to fish from

Washington County. These results also suggest that the contamination may be of industrial

MUNS 035684
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-16-
origin, or at least associated with metropolitan centers, ‘

Water Extracts, Approximately 20 liters of water from the Milwaukee River
sampling sites were extracted and concentrated about 2, 000-fold. The highest levels of
organochlorine compounds (on a comparative basis) were found near Estabrook Park.
Figure 8 presents a chromatogram of the water extract from Estabrook Park which
{llustrates that many unidentified compounds are present, although at very low levels.
Once again, the complexity of the mixtures makes quantitative and/or qualitative analysis
impossible at this time.

A number of the peaks in the chromatogram in Fi;ure 8 have retention times
similar to heptachlor epoxide, dieldrin and pp'DDE. However, these same peaks and others
also have retention times similax to components of technical chloxdane and several
chlorinated biphenyl mixtures, Thus, the possible serious errors which are introduced
into an analysis become evident when the analyst interprets retention time data in GLC
chromatograms as qualitative data, It may be much more meaningful to intexpret
chromatograms of unidentified compounds in terms of what chemicals are not present,
rather than assign identities to peaks which are present.

Characterization of Unidentified Compounds, Although it 18 apparent that chroma -

tograms cannot be interpreted as & means of identification in many cases, the appearance
of genexal peak patterns such as peak shoulders, doublet peaks and relative peak heights

of major peaks is of interest to the analyst. For example, Figure 9a is a chromatogram

of l; carp extract from the Grafton area and shows a very strikingly similar pattern to
Pigure 9b, which is & chromatogram of 10 ng of the chlorinated Stphenyl mixture, Arochlor
1260, If the total axeas of each chromatogram are calculated, it might be concluded that
the carp near Grafton contain approximately 12 ug/gm of equivalent Arochlor 1260 (the
mnunmaﬁon of each individual component would be svbstantially less), and that Arochlor
1260 is being used and discharged into the river in or near Grafton. iowever, while these
comparisons are interesting and provide the analyst with a "best guess" in directing further

MONS 035682
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research, they axre only presumptive evidence and it would be improper to assigna
chemical identification to any of the components with the information avajlable.

It is also interesting to compare the chromatograms of fish extracts from Estabrook
Park to those from Grafton. For example, in comparing Figure 9a with Figure 7, it is
apparent that earlier eluting major peaks are more prominent as the samples are obtained
{from further downstream in the river. By the same analogy used above, it might be con-
cluded that the goldfish at Estabrook Park contained approximately 15 ug/gm of an equivalent
Arxochlor (chlorinated biphenyl mixture) with an average cmorlne content of slightly less
than that predominant at Grafton. By comparison, the fish extract {8 similar to either
Arochlor 1248 or 1254 (containing 48 and 54 percent chlorine, respectively). If this were
true, it might be concluded sither that lower chlorine -content Arochlor mixtures are used
and discharged in or near Estabrook Park and the Arochlor 1260 from upstream st Grafton
was removed by the river sediments, etc,, or that the Milwaukee River has received
contamination from & source above Grafton and the mixture of chlorinated organic com-
pounds 18 being selectively degraded as it is carried downstream. (Toxaphene is thought
to be selectively degraded, presumably by removing chlorine atoms; environmental
samples show a simjlar shift to earlier eluting major peaks in chromatograms,(Hughes
and Lee, 1967).) However, all of the above reuoning is derived from presumptive data,
and it is not the intention of this report to conclude that the unidentified compounds are
chlorinated biphenyls, that they n-e of lnduatrin.l origln or thnt the numbers pxesented in
the dllcunlon are realistic outude the context of \;;e

Conc]‘u'"l'o; e MONS 035690
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APPENDIX

To supplement this report, a study of the present state of knowledge of chlorinated

biphenyl pounds a8 it appears in the litersture is presented, This review is intended
for publication by the principal investigators.
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