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Comcentrations of polychlorinated biphenvls (FCE '&) ,
polynuclear aromatic hydrocarbors (FNA's), .
chloropenzenes (CEB's), chlorophenols (CF 's), and a
rnumber of other organochlorine compounds (OC's) have
baen determined inm the swface microlayer, water,
suspended sclids, sediments, and in sediment pore walter
at 20 sampling stations in the Detreit River. The data
are discussed in terms of contaminant Eoufces, pathways
and sinks. Spatial trends along and across the river
and relationships of contaminant groups within and
batween compartments are investigated.

The resulte indicate continuwing inputs of all
contaminant groups to the river from a variety of
sources, particularly from sewage treatment plant
effluents and several tributaries,. The contaminant
distributions and intercorrelations alseo indicate that
major sources of FCE's, FNA's, OC's and CE's are
concentrated on the westérly river shore, while CF's

enter the river mainly from the easterly shore.
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ABSTRACT. Concentrations of polychlorinated biphenvls (PCE’S),
polynuclear aromatic hydrocarbqhz (FNA's), chlorobenzenes (CR's),
chlorophenols (CF's), and a number of other organochlarine
compounds {(UC's) have been determined in the swfacde microlayer,
subsuwrfacse water, suspended SOlidS,lEEdiMEﬁtE, and in sediment
pore water at 20 sampling stations in the Detroit River. The

data are discuszed in terms of dontaminant sow-ces, pathways  and

sinks. Spatial trends along and acreoss the river. and
relationships of contaminant groups within and between

cmmpartm@ntg are inveﬁtigatad}

The results indicate continuwing inputs of all contaminant
groups to the river from a variety of sources, particularly from
sewage trestment plant effluents and several tributaries. The
contaminant distributions and intercorrelations also indicate
that ma jor Sources of FCEB's, FN&a's, 0C's and CE's are
concentrated on the westerly river shore, while GCF's enter the
river mainly +rom the easterly shore.

ADDITIONAL  INDEX WORDS: Lake §t. Clair, Lake Erie,
chlérﬂaﬁe, dieldrin, endosulfan, heptachlor, heptachlor epoxide,
nexachlorebhutadiene, lindane, octachlorostyrene, contaminant

partitioning.



RﬁSUMﬁ. Des concentrations de biphényles polychlorés (PCB),
d'hydrocarbures aromatiques polynucléaires (PNA), de chlorobenzénes
(CB), de chlorophénols (CP) et d'un certain nombre d'autres composés
organochlorés (COC) ont été décelées dans la micropellicule de
surface, dans l'eau, dans les matid&res en suspension, dans les
sédiments et dans les eaux intersticielles des sédiments de

- 20 points d'é&chantillonnage de la riviére Détroit. Ces données
sont &tudiées afin de déterminer la source, les transformations

et le dépdt des contaminants. Les tendances spatiales sont
analysées aussi bien sur la longueur gque sur la largeur de la
riviére, ainsi que les rapports des groupes de contaminants &

l'intérieur des divers compartiments et entre ces derniers.

Les ré&sultats indiquent des apports continuels de tous
ces groupes de contaminants dans les riviéres provenant d'une
grande variété de sources, particuli@rement des effluents des
usines de traitement des eaux d'égout et de plusieurs tributaires.
Les répartitions et intercorrélations des différents contaminants
indiquent également que les principales sources de PCB, PNA, COC
et CB sont concentrées sur la rive occidentale de la riviére,
tandis que les CP proviennent principalement de la rive orientale.
TERMES ADDITIONNELS : lac .Sthlair, lac érié, chlordane, dieldrine,

endosulfane, heptachlor, heptachlorépoxyde, hexachlorobutadié&ne,

lindane, octachlorostyré&ne, séparation des contaminants. -



INTRODUCT I0OM

Thie study is part of a multidisciplinary investigation of

the environmental aspects of contaminant sources, burdens,
distribution, partitioning, and their implications for the

ecosystem of & large river. As the largest  tributary to Lake

i

Erie, the Detroit River has a major impact on the lake,
particularly ite - western basin. Corntaminants such as
polychlorinated biphenyls (FCE's), pesticides and metals are
carried by the river inﬁo the lake and result in elevated levels
in‘the water, sediments and biota. Recent declines in the levels
of orFganic contaminants in certain biota are likely the fFesult of
several factors, including the economic Fecession experienced
since 1980, the addition or improvement of industrial and
municipal effluent treatment plants, and a general enviroenmental
consciousness. However, the present conditions could rapidly
worsen again if an increase in industrial activity were not to be
coupled with an even stronger increasée in wWwaste treatment and
eftfluent control. Recént changes in waste disposal practices by
mahy Cindustrial sources underline the need faor & better
understanding of contaminant transpdrt and effects in specific
receiving  water systems. A xample of that knowledge and
scientific research addressing it has been shovn  in previous
studies on the Niagara River - Lake Ontario system (Allan et al.
157387 . This need +or location—-specific investigations is
required now because many industrial effluents are now routed
thrmggh municipal sewage treatment systemsz or dispbsed of wvia
ﬁﬁorm sewers or smaller tributariesz, or are entering the river
through diffusers installed in the high current zone of  ths
river. As & consequence, previous degradatimn, adsorption, and
transport mechanisms havévchahg@d and contaminant 1loadings and
effects are more difficult to ascertain. .Until recently, many
point sources such as pipes delivering effiuents could easily be
Chacked and investigated. When combined with many other waste

streams and introduced to the river via diffusers placed in the




high cuwrrent zones, these effluents and their effechs are morfs
difficult to track. Therefore, for the protection of the aguatic
reéource, arn in-depth knowledge of the contaminant tranépart,
removal , bigavailability and otheér mechanisms 1s now more
neceszary than ever before. The highly industrialized area of
the Detroit FKiver is of prime concern in this regard and this
report addreszses zome of the outﬁtahdiﬁg questions on cantaminant

sources and fates.

EXPERIMENTAL

In May 1983, water, sediment, and suspended sediment
samples were collected from twenty stations in the Detroit River.
Bulk water samples of 200 L each were extracted on site with an
aquatic phase liguid extractar (AFLE) as described by McCrea and
Fisher (1984)  Ffrom continously collected 200 L samples after
removal of suspended solids by centrifugation with a Westphalia
centrifuge. The suspended sclids from the centrifugation procéess
were also analyred. Where possible, suwface microlayer samples
were collected at  the same time a&ccording to the procedure
outlinaed by Harvey (15%6&). Surticial sediment samples (depth I

1

to 10 cm) were taken by Shipek sampler or Ekman dredge. Al

samples were analvzed for organochlorine pesticides (00 81,
polychlorinated biphenyls (FCE 's), polynuclear aromatic
hydidecarbens (FHNA s, chlorobenzenes (CB's)  and toxaphene

residues.

A The water samples were base/acid extracted and partitioned
on % de-activated silica gel. The sediment samples were pressed
through & 5 methoxychlorm pore size Teflon Ffilter (Millipore
lswp—-142-50) with a héad pressure  of 343 kFa (S0 psi) of UHP
nitrwgen; details are given by Comba et al.  (1985). The
suspendad solids and pressed sediment samples were freeze-dried
" ard exfracted under sonific%tion with m@thylena chloride, then

e

fractionated on 3% de-activated silica gel. The pore water




samples so obtained were treated and processed as noted above for
the bulk water samples. Additional water samples of - 1 L ﬁize
were preserved with sodium hydroxide and andlyzed for chlorinated
phenols ss described by Metcalfe et al. (1984).

All  extracts were analyzed by gas chromatography with an
alectron capture detector an a HF  S880-A instrument. Glual ity

assurance was maintained by using three different stationary

phases with narrow bore (0,25 methosychlorm) fused silica
columnns. The following column types were used: a 30 m, DE-5
{SE-34 equivalent) Frdm Chromatographic Specialties Ltd.,

Brdchvill&s Ontariog; a 30 m,'ov~1 (Hewlett-Fackard), and a 30 m,
OV-17 experimental column f{courtesy of Hewlett-Fackard Canada
Ltd.s. Aliquots of 1 methoxychlorl volume were injected with an
auvtosampler and an acceptance window of 20.03 seconds was. used
for conponent identification by retention time coMparison.
Typical chromatographic conditions were: injection port: 250 <C,
detector: I50 2L, carrier gas: hydrogen &t 1 wml/min. The
tenperatuwe regime was typically 20 “C for 2 min, then programmed

at 4 "C/min to a final temperature of ZBO “C.

fAll extracts for poelynuclear aromatic hydrocarbons were
analyzed on & Varian 3J700 gas chromatograph with a flame
ionization detector. Imnjections were made manually onto a
conventional 30 m, DBE-5 (SE-54 equivalent) fused silica capillary
column {Chramatographic Specialties) at 90 °C. After an
inothermal period of Z min, the temperature was programmed  at 4
“CAmin te & final hold at 210 *C. Carrier gas was hydrogen and a

10:1 injector split ratio was applied.

Further details as to the collection sites, collection
and analytical methods employed, and results of individual
samples are given in the National Water FResearch Institute

't al. 178%9).

summary report {(Comba et




RESULTS
Background

In the Detroit River and the western basin of Lake Erie,
the principal identified organic contaminant burdens reported in
the various agquatic system compartments are FCB's, DDT and its

commeor metabolite (DDE), hexschlorobenzense (HCE), and to a lesser

extent the compounds dieldrin, chlaordane, endosulfan and
hevachlorocyclohexanes, primarily lindane. Among  these, the

FOB s are the most prednminant organic ceontaminants found in fish
and herving gull eggs. In many samples they still edceed the 1JC
water quality objectives for the protection of the biota and
their consumers (IJC 1987). The current levels of DDT in herring
gull eggs from Fighting Island (Struger et al. 19835 are
declining  and DDT  is no longer a major céntaminant burden in
spottail shiners in the Detroit River (Suns et al. 1985).
However, DDT levels were not declining in Lake Erie walleve,
rainbow trout, rainbow smelt, coho salmon or gull eags from
Middle T=land. In fact, increasing levels of DDT were observed
for these species and locations in 1979 and 1980 surveys (1ac
1983). This observation coincides with high DDT levels in
Detroit River sediments reported for the vicinity of the A(llied
Chemical Co. at Fort Wayne (Thornley and Hamdy 1984).
Therefore, it appears likely that the increased concentration of
DDT in Lake Erie fish resulted from a spill whose material moved
replidly downstream to end up in the depositional areas of the

western Lake Erie basin.

There is little -information on chlorobenzenes (CE's) in
wildlife other than for Hexachlormbenzene (HCEY which may not be
representative of the entire CB group due to its introduction
from different types of sources. Chlorobenzenes other than HCB
do nat appear to be on the increase as is evident from recent

residue data on spottail shiners (Suns et al. 1985).  Similarly,



HOR  concentrations are reéelatively low in  Lake Erie wallevye,
rainbow trout and rainbow smelt (IJC 1983), but it is communly
found in Detroit River sediments (Thornley and Hamdy 1784} as

well as in herring gull egge (Struger et al. 1985).

Spottail shinefé from the river also had little o no
chlorophenol (CF) burdens (Suns et al. 198%), and at present, no
FNEA burdens are reported for fish in the Detroit River or the

western basin of Lake Erie.

Major contaminants

Ag apparent from the FCE and CE distribution patterns
shown in Figures 1 and 2, both types of chemicals appear to
originate at the same sources. This could possibly be the result
af the use of trichloro- and tetrachlorcobhezenes az FCBE
replacements in electrical transformers (EFS  1984). Currenrntly
active souwees Ffor these compounds were found to be in the

('"'.'-,'f-.r
st 4y

Trentwh Channel at the mouth of the Frank and Poef Drain
south of the Treaton sewage treatment facility (235 and also at
the main outfall of the Detroit sewage treatment planﬂ (Detroit
5TR, station 232, as well as  the River Rmugé (Z44).
Contaminated suspended solids and sediments were found south of
Connor’'s Creel {(Z84), south of Little River (379) and near Ford
Cénadathd (Z70) . Comparatively small PCE loadings were observed
to come from Lake 8t. Clair; howsver, CH's were present at the

upper end of the riveér nesr the western shore.

Effluents containing PCB and CE residues usually also
carry a variety of Dthar_common organochlorine contaminants (Fig.
3. For example, the Detroit 5TF effluent is a principal source
of dieldrin, heptachlor, heptachlor epoxide, chlovrdane,
endosul fan and hexachloroethane. The Rouge River is a major
source of heptachlor, heptachlor epoxide, endosulfan and lindane.

The Trenton Channnel has active inputs of lindane, dieldrin,



endosul farr, heptachlor and hexachlorobutadiens and to a lesser
zxtent, hexachloroethane and chlordane. The actual locations of
these point sources in the Trenton Channel could not be
identified in this study; however, their sources are likely to be
in the areas previously identified as sources of volatile

halocarton compounds (Camba and Eaiser 198%)., In particular, the
9

Frank and Fomt Drain and the Trénton sewage treatment plant were

observed to be large contributors of such velatile contaminants.

L.ake St. Clair contains detectable levels of

octachlorostyrene, heptachlor, lindane, and chlordanes. The

latter was previously thought not to be contributed by the lake
to the Fiver because of its absence from the sediments (Holdrinet
et al. 1977). The data given here, however, would suggest a
preferential partitiocning of chlordanes into the water column and
some loadings to  the Detroit River via this route are evident.
Residues of erdosulfan, heptachlor, and the only occurrence of
methoxychlar were also found downstream of Connor ‘s Creek rnear
the head of the Detroit Riwver., Lo level background
concentrations of DRT were detected in sediments and suspended
Buiid5‘$rwm Lake St. Clair, River Rouge, Trenton Channel and at
the mouth of the Detroit River. No current sources of DDRDT were
tound in the river by this survey. These observations are
similal to those for rezidues in spottail shiners (Suns et al.

17857 .

Three specific areas. in the Detroit River were cbserved to

be scurces of polynuclear aromatic hydrocarbons (FNA 's), with the

mbst contaminated zones all downstream of ma Jor stesl
manufactuw-ing plants as shown in Fig. 4. These cones are

cindicated by the high FNA& concentrations at the stations 255 and
214 in, repectively dbwnstream 6f the Trenton Channel, station
11 (Ecorse River), and stations 314, 330, and 344 iny
reh@ctively downstream of the River Rouge. Tﬁe FNA s associated
with eagh location partitionéd differently in the river system.

Lower maolecular weight FNA ‘s (CIO tD_C14) were preferentially




assoclated with the water column while those of higher molécular
weight (C14 to GEQ) adsorb onto suspended solids and sur{icial
sediments. I the Trenton Channel and the Ecorse River, a
greater abundance of the higher molecular weight FNA s were
cbserved with the opposite béing the case in the Detroit River
area. This may result from either different concentrations of
individual PMA's in the waste streaﬁs fram combined industrial
and other effluents or from different removal efficiencies for
the various constituents by the treatment syslemns. Furthsrmnore,
dredging activities, such as in the Rouge River may also affect
the distribution and relative abundance of individual FNGA

compounds.

Measurements of chlorinated phenols in subsurface water of
the Detroit River showed only low levels in the agueocus phase
with most concentrations in the ng.L“1 {part per trillion) range.
The sources of chlorophenel loadings to the river (Fig.o?
originate from sewage treatment plant effluents, from large storm
sewers and from some leachates at Fighting Island. Mirex,
endosulfan, toxaphene, chlorinated toluenss and chlorinated
anisoles were not detected at any of the twenty inténsive

sampling stations in this study.

Distribution between compartméents

Although the prevalent sink for these compounds  in  the
Detroit River system are sediments, such as shown for FCE's and
chlorobenzenes (CB's), (Flatford et al, 198%), these compounds
are also known to readily bicaccumulate in the biotic
compartment. In genekal? compounds  which predominate in the
biota are also found teo partition from the water into the wther
agquatic compartments including suspended solids and swficial
sediments. This iz typically the case for FCR's, CBR's, DDT and
rélated chemicals. FCE's and CE's were detaéted in all five of

the agquatic compartments studied. In fact, FCE's were present in



&% of  all | samples analyzed. The insecticide p,p ' -DDT and its
principal metabolite p,p ~DDE were detected in surficial

sediments and suspended solids, while the isomer o,p —DDE was
primarily asscociated with the surface micirolayer.

Residues of dieldrin, hexachloroethane, heptachlor and
heptachlor epoxide were detected solely in the water phase.
Hexachloragthane and dieldrin were exclusively in the picrolaver

3 uhx] asubislr{ace waters, respectively, while heptachlor =snd

fre

heptachlor epoxide were present in both phases. Chlordane
isomers  and lindane were also associated with the subsurface and
pore water phases under turbulent river flow conditions. Trace
amounts - of chlerdane were detected in the sediments and
depositional zones at the Ecorse and Rouge Rivers and lindane was
tfound in trace levels in one sample of suspended solids.
Endosulfan residues were detected in subsurface water, suspended
so0lids and in trece amounts in pore water of one sediment smple.
Ortachlorostyrens ‘and  hexkachlorobutadiene were found to be
adsorbed to either suspended solids or surficial sediments and
wevg' not associated with any of the agueous phasés. Mone of the
compounds mentioned above were found to be concentrated in  the

surface microlayer.
DISCUSSION

Pased on volatile halocarbon concentrations in the water
column (Comba and Faiser 198%5), major contaminant inputs to  the
Detroit River originate from a number of point sources incluﬁing
sewage treatment plant discharges, combined overflow and storm
sewet's and from several tributaries to the river. The processes
controlling the pathwaysr of these trace organic contaminants
generally depend on the characteristice of both the effluents and
the receiving water. For example, for ionizing compounds such as
pent&chloﬁaphenol, the ambient pH can markedly influence their
partitioning, hence adsorption and deécrption PIrocesses,

degradation and bioconcentration (Flaiser and Vaidmanis.i?BE).




Sigrificant amaunts of contaminants enter the river system after
some treatment at municipal waste treatment plants. In addition,
leadings appear to be derived from direct'and indirect discharges
of untreated wastes to the river. The composition of such waste
streams varies widely and the contaminant transport is fufther
influenced by the type and concentration of dissolved organic and
inorganic constituents (Landrum gg al., 1984), =zife, type and
density of suspended particulates (Mudroch 198%) and other water

quality parameters. -

FCE's and FNA's

It is generally accepted that the contaminént tfaHSQort in
large river systems is predominanhtly a function of the sediment
characteristics (Holdrinet et al. 1977). Table 1 gives the
carrelation coefficients (FH) of linear regression  analyses of
the major contaminant groups with the contents in the sediments
of organic carbon, clay, silt, and sand for each of the aquatic
conpartments investigated, namely surficial sediments, pore
watér,-auspended solids, bulk water and the. surface microlayer,
No  significant relationships were found +o exist betwesn the
contaminant groups and the clay, silt and sand fractions of the
river sediment. However, PLCE's were found to correlate with the
organic carbon concentration while FNA's showed a low, not
gignificant correlation with the same sediment parameter. This
oberservation is to bée ewpected $rom the high partition
coaefficients of FCE  congeners and earlier results on FCE e in

Lakes St. Clair and Erie by Holdrinet et al. (1977).

It appears surprising that both FCE's nor 0OC's in the
suspended solids fraction fail to show any significant
correlation with the sediment organic carbon concentration (Table
1);. Instead, they appear to be better correlated with the clay,
£ilt and sand portions 'df the aediments; This absence aof a

significant correlation of FCB's in suSpended solids with the



organic carbon  in  sediments indicates that FCE's entering the
river are associated with the agueous fraction rather than the
suspended solids. Further support for this conclusion is evident
from the regression coefficients for the bulk water Compaktment,
as shown in Table 1. However, it is thought that the high
concentrations of FCE's in the agquatic phase are due to kinetic
control of the adsorption prwcessés'in the river. The msan flow
of the river is a&approximately 3 km.hr~1, g0 that its mean
rezidence time is less than ong day. Ther&etore, Lthe relatively
high levels of FCB'E_ in  the river water when compared to the
sediments, for example a&at stations 346, 255 and 223 versus
5tétiun 21Z, may be a tempafary phenomenon resulting from their
way of introduction and the short residence time in which a
thermodynamically favoured adsorption onto the particulatée matter
and sediments can not be achieved. Support for this argument is
further derived from the [FCR(water)l/lorganic carbon(sediment)]
ratios, given in, Table Z. The data are separated inte edstern
(Canadian) and western (US) sghoreline stations and give the
concentrations of FOB's and FMA's in water and sedimenits, arganic
carborn (L) in sediments and the above rnoted ratios. The
FCE(water) /U ratios show, at least for the eastern river shore, a
ﬁystematic increase from 50 to 354. This spatial trend can  be
interpreted to show the mixing of contaminated river sediment

along the entire stretch of the river, thus smoothing spatial

differences across the FrFiver. In contrast, the FCB(water)/C
ratics for stationg on the western river shore (Table =2 are

significarntly higher and remain guite constant throughout the
river length. With the continuwed (but incomplete) adsorption and
precipitation of FLCB's  from the bulk water fraction to the
sediments, as indicated by the significant correlation of FCE's
in water with organic’ carbon in sediments (Table 1), it is
concluded that signifiCaﬁt-PCE loadings enter the river at points

along its eastern shore.

The FNA  concentrations in  the bulE. water are highly

carrelated with PNA levels in each of the four sediment fractions



{Table 1). Compared to PCEB's, the FNA's are associated to a
higher degree with the suspended solids fraction. This iw
apparent fram the correlation of FNA's in the suspended solids
and bulk water Ffractions of the river water with that of the
river sediments. FNA's can be adsorbed onto particulate métter
of both inorganic and organic nature and, in contrast to other
contaminants, exist also as partiﬁlﬁs themsel ves. This fact
likely ise also the reason for the strong correlations of FNA's in

water with all of the four gsedimsnt fractions, as shown in Tabrle

1.

The PNa{water)/C ratios vary widely on both river shores
{(Table Z). Some increasing trend may exist along the river, but
the data do not appear to be conclusive. I ‘confrast, the
FNR{sediment) /C ratios on the right shore increase by several
orders of magnitude, inditating large inputs in  that zone. It
can  be azsumed that major portions of such inputs are derived
from coal and coking operations associated with the steel

industiries in that area.

0C's and CB’'s

e evident from the significant correlation coefficients of
OC and CB concentrations in the dissolved aquatic (bulk water)
phagse with the orgamic carbon content of sediments, these
caompaounds  are  either truly disseolved or adsorbed onto the
phytoplankton of <&Zm size which is,
operationally defined, a part of this fraction (Table 1). As the
surficial sediments in the river aré steadiliy transported
through the svstem; these relationships indicate continued
additions of such contaminants into the river water. 0C and CEBE
cohtaminants in the bullk water and suwrface microlaver
conmpartments of the river (Table 1) are strongly correlated with
the sediment organic carﬁnn and silt fractions which indicates

their major sowrces to be tributaries and uwrban runoff, both high




-

in organic carbon and =ilk. Similar findings were recently
obtained by Oliver and Nicol (1982). 0OC's are also asSa;iated
'Strongly with the surface microlayer. Many of these compounds
are quite volatile and known to be present in precipitation from
the atmosphere (Swain 1978; Strachan and Huneault 1979). Their
input wvia atmospharit fallout is consistent with their presence

in the suwface microlayer as also shown by Flatford et al.

{1985) .,
Contaminant intercorrelations

It is of interest to compare the concentrations of the
major contamirnant groups with each other, pairticularly for the
two malor compartments, namely 'water and sediments. . Table 3
gives the correlation coefficients for a variety of linear
regressions of FOB's, OC's, CB's and FNA's in water and sediments
in the two compartments. In addition, coefficients are given on
the relationships of the organic compounds with several inorganic
and organometallic species, recently investigated by Chau et al.

(1985, Lum and Gammon (198%5), and Maguire et al. (198%).

Good correlations "are found between 0OC's and CB's in
water, and FNA's and Fb in sediments with OC’'s and CE'z in water.
Mot surprisingly, neither PCE or FPNA concentrations in water are
significantly correlated. with their respective sediment
concentrations. As noted above, additions of these compounds to
the river water at certain stations does rnot result in higher
concentrations in sediments of the immediate vicinity but
manifest themselves only -in the depositional areas further
downstream. In the sediments, FCR's show a minor relationship
with FNA's. oc cdncgntratians are highly correlated with
extractable iron. This is consistent with the presence of QC's
in the agueous phase and likely indicates a significant degree of
coprecipitation with  iron _hydroxide and phosphate complexes in

the alkaline environment of the receiving water.



Conclusions

Al though several major ;ontaminant sources and pathways in
the Detreoit River have been identified, many details as to the
contaminant pathways and effects have vet to be slucidated. One
dominant factor influencing these is the strong river cuirrent,
zeparated into a number of deep charnfels wWwith large, shallow
areas in between. Thig enables fish and other mobile species to
move 1in and out of contaminated ranes. Therefore, relationships
of contaminamts with binlngical effects may be difficult to
astertain, at least in terms of specific, small localized areas.
For example, areas known to receive industrial effluents were
found to have high numbers of tumors in fish (Baumann 1784;
Sonstegard 1977). Although elevated levels of FNA's have. been
naoted in such areas, no specific causes have been determined at
this tims. Conversely, some effluents were shown to have high
acute tonicity te certain bacteria but the particular toxicants
arg not yet identified (Ribo et al. 1985).

CThe precise processes controlling contaminant transport
and movement between the aqueocus compartments are still
uncertain. Recent studies by Oliver and Niimi (1983) indicate a
fast direct uptake of low molecular weight compounds, such as
chlorobenzenes, by fish. In contrast, hexachloreobenzene and many
chlorobiphéenyls take much longer to eguilibrate in  test systems
and &are thought to bioscocumulate meinly through the foocd-chain.
Therefore, even small concentrations of certain compounds in some
ef%luents can give rise to visible and toxic concentrations in
higher trophic level arganisms. An example of that is the
presence of chlorostyrenes in waterfowl in this area (Kuehl et
al. 1981; Reichel at AQLL 1977). Important factors bearing on
these pathways appear to be the complexing effects of natuwral
humic and introduced surface-active ions and non-electrolytes
(Landrum et al. 1984). The adsorption characteristics of

contaminants will &also be influenced by seasonal changes in



general water guality paraméters of effluents as well as  the
receilving water. Compounds  such as polynuclear aromatic
hydrocarbons are likely to enter the river both dissalved ahd AS
particles. The relative Fates of dispersion and accumulation of

these are not known, nor are their relative abundances.

A ovariety of organochlorine contaminants, including a

e

nunber of biocides appesar to enter the river from urban and rural
rurnof . The contiributions of m&ﬁy of these sowces are difficult
to measure as their 1oadings are very dependent on the amdgunt and
timing of precipitation events and the atmospheric regime in
genaral. Furithermore, these énd the other contaminants may exist
in soils and upstream sediments for prolonged periods of time
before they find their way into the river. For rample, FCRB's in
sediments of Lake &t. Clair are known to move slowly downstream

(Holdrinet gt al. 1777). In order to address these problems

effectively, good loading budgets are needed which distinguish.

between present and past sources. Frogress in  that direction
will likely come from detailed investigations of the relative
abundance of the various FCB congeners in the different aguatic

compariments.
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FIG. Z. Clorobenzenes (CE's) in water, suspended sclids and surficial
sediments of the Detroit River. Concentrations in ng.kgml
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FIG. 3. Organochlorine cortaminants (OC°'s) in water, suspended solids
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{water), respectively.

FIE. 4. Folynuclear aromatic hydrocarbons (PFNA‘s) in water, suspended
golids and surficial sediments af the Detroit FRiver.
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in water of the Detroit River.
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