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ABSTRACT

Lake Ontario fish, water, Scdiment. net plankton, Cladophora, and
benthos were examincd for DOT group pesticides, dieldrin, and P(Bs.
Endrin, BHC group pesticides, and heptachlor were also identified

fn some fish samples. Average concentrations ranged from 23 ng/1
(t-DDT), 4.8 ng/1 (dieldrin), and 55 ng/1 (PCBs as Aroclor

1254 equivalent) for water to 1.40 ug/g (t-0DT), 0.07 ug/g (dicldrin),
and 5.15 ug/g (PC3s) for whole fish. DDE levels were gencrally similar
to t-DOT levels, except for sediments where DDD and DDT contributed
significantly to t-00T values. PCB/t-DOT ratios averaged 2.6 for all
samples except for sediment (7.0) Snd‘benthos (5.3). v

This report was submittgd in fulfillment of Project Number R-8006C8,
by the University of Wisconsin, under the (partial) sponsorship of the
Environmental Protection Agency. Work was completed as of August, 1974.
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SECTION 1 )
CONCLUSIONS _ o

take Ontario fish, water, sediment, net plankton, Cladophora, and
berihic fauna contained significant concentrations of DOT group
pesticides, dieldrin, and PCBs. Endrin, heptachlor, and BHC group

pasticices (espec1a11y lindane, Y BHC) were also identified in some
Fish. . R

Leke-wide coacentrations of {-DDT, dieldrin, and PCBs{Aroclor 1254
cquivalent) for fish (alewives, sme]t. and slimy sculpin) ranged from
0.55 to 1.40 ug/g, 0.C4 to 0.07 ug/g, and 2.35 to 5.13 ug/g, respectivaiy.

Lzke Ontario water was found to contain “total" concentrations
{dissolved + particulate) of 28 rg/1, 4.8 ng/1, and 55 ng/1 for t-DOT,
dieldrin, and PC3s. Water collected off Oswego contained comparetively
high levels of DDT group pesticides, dieldrin, and PCBs, while wzters
off Yuilton contained higher t-DDT levels, and waters off the mouth
¢f the Niagara River showed higher PCB concentrations. - g

Avorage sediment t-DDT, dieldrin, and PCB concentratiobs were 22, 1.2,
ard 120 na/g, respectively. Sediment off the mouth of the Welland
Canzl showed higher levels of all three contaminants while sedirents
off the mouth of the Niagara River contained higher levels of PCBs
ead dieldrin. Sediments off Oswego and at an eastern mid-lake site
srtowed higher levels of PCBs and dieldrin, respectively.

Average corcentrations in net plankton were 3.5 ug/g (t-DOT), 0.12 ug/g
dialdrin), and 7.2 ug/g (PC3s). Corresponding cconcentrations in

Lleseiore 0”'?Fu were 229, 13,and 515 ng/g for t-DOT, dieldrin, and PCBs,
rasne ot {vely. Lake Ontario benthic fauna were found to contain 99,
$o9, and 471 ng/g t-CDT, dieldrin, and PCBs, respectively, with

vanthss taken off Hamilton exhibiting levels approximately four tim
tonthos off Rocrcster and Oswego.

ifgs ccnccntrations of PCBs in waters and sediments off the mouth of ihe
uiacara River and Oswego indicate the importance of the Niagara and Oswego
Rivars as inputs of PCBs associated with settlable particulates. —
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Ir most cases, t-0OT concentrations were similar to concentrations
of the ODT metabolite, DDE, except in sediments where DDT and DDD
centriduted much larger fractions.

BCL/t-DOT ratios for all samples fell in the range of 1.9 to 3.1
axcept for sediment (7.0) and benthos (5.3). )
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© SECTION II
RECOMMENCATIONS

Alisough Lake Ontario fish containad accumu]afed chlorinated
hydroccrbons at levels several orders of magnitude higher than amounts
ir tneir food organisms and’th& lake water, processes of uptake ard
elimination of these ceataminants by fish are uncertain. The mechanisms
contirolling these processes should be determined and their relative
impcrtance evaluated to aid in understending the relationships tetuween
centaininant concentrations in water and in the associated bicta. The
elucidation ot these relationships will allow en assessment of the
probable iwpact on the aquatic ecosystem when contaminant inputs to the
ieke are altered. ) ’

Sirce chiorinated hydrocarbons associated with the dissolved and
particulate (crganic and inorganic) fractions of lake waters may interzct
difTerently within the lake ecosystem, analytical methods should bz
developad to separate and quantitate the contaminant concentrations in

these fractions.

"]; Lake Ontario waters and sediments near the mouths of the Niagara and
A “". Oswego Rivers were found to contain significantly higher concentrations
. of PCBs than the other waters and sediments sampled. This indicates
:}that tie levels and forms (dissolvad or associated with particulates)
"of PCSs in these rivers ;hou]d te determined to allow an assessment of

thefr imoortance as sources of PCBs to the Lake Ontario ecosystem.

Sinca £ish are capabie oF accumylzting chlorinated hydrécarbon

' ‘_.:Jn:cntrations sgveral orcers of magnituce nigher than the surrcunding

sratar, Lake Onterio fish should Se extensively examined for halogerated

"'N,drecarbens rot previously identified or confirmed in fish. Some

cbmpounds, althoujh present in lake waters at undétected levels, may

“be of considerable importance due to their toxicities even at very low

levels. An investigation of the possible presence of previously
undsontificd halogenated hydrocarbons is currently in progress as an

: j extonsion of the rescarch presented in this report.
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. exsessive levels of several chlorinated hydrocarbons. Polychlorinated

% SECTION 111
INTRODUCTION -

Yezsuresents of pcStfcide residues in the Great Lakes have shown

sigheryis (PC3s) and DDT group pesticides (i.e., DDT, ODE, DDD, ard -
retated ISOmcrs) have been confirmed in Lake Michigan fish at levels
exceeding U.S. Food and Orug Administration action limits, and dieldrin
23s Lecen Tound at levels approaching the action limit (Veith, 197G;
feirert, 1970). The pesticide contamination problem in Lake Ontarfo
ais recsived less attention than in Lake Michigan where residue

canceasraiions in several segma nts of the ecosystem may be higher

("inast, 1970; Ve1th.]973) Although studies of chlorinated hyciccarton
contomination in Lake Ontario fish have been conducted (Reinert, 1970;
Kaizer, 1974), information concerning other segments of the ecosystem

.1s 11:owpiete.

- This stugy vas corducted as a part of the Internat1onu1 Field Year

Jor the Great Lakes to provide baseline information on the levels of

DT grouvp pesticides, dieldrin, and PCBs in Lake Ontario fish, water,

sedimeat, nat plenkton, Cladephora, and benthic fauna. This {nformation
will allow 2 more complete assessment of the chlorinated hydrocarbon
sroblem in Lake Ontario 2nd contribute to an understanding of
chiorinatec hydrocarﬁon transport in aquatic ecosystems.

MONS 067603
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SECTION IV DU
* METHODS '

slamdves (Mosa pseudoharenaus), smelt (Osmerus mordax), slimy sculpin
e ztus), water, sediment, net plankton, C ladophora, and
0s samples were obtained from several near-shore and mid-lake
n Lake Cntario during the summer of 1972. Sampling was more
censive nedr Rochester, Oswego, and Hariiiton. Samples were also
1 ted off Cobourg and Olcott, at the castern end of the lake,
four mid-lake sites. Figure 1 shows the locations ¢f the
sampiing stations. Water samples were taken (Van Dorn type sampler)
just below the surface, at 10 m telow the surface, and at 10 m above
e sodiment at cach station. Fish were trawl:netted at 18 to 3 m
and mixed plankton netied (64 um mesh opening) at 5 to 10 m. Claconhora
vas gashered at 1 to 2 m depths. Scdiments were sampled with a Ponmar
girah, and beathos were captured using a cpibenthic sled. A1l samples
were transported and stored frozen or near 4°C in glass or metal
con.airers to minimize cheﬂlcal changes and contam1nation. ,

EXTRACTION AVD CLEARUP

F.sh

Exiraction and c]eaan of nhole fish were conchted according to the
procedures described by Veith (1970). Frozen fish (a combined
cenple of at least eight individuals for each species captured at
cach sit2) were ground twice to homogenize the flesh before weighing
out ¢ix 10 5 sub-scmples. Each sub-sample was blended with 70 g
aniydeous NayS0y and extracted for at least 4 hr with 170 m] of 1:1

Cod gletner-he&aﬁc (v/v) tn an all-glass Sexhlet extractor. The

satracts were concantrated to 20 m} in an air stream and 2 ml aliquels
were reltoved for analysis of non-volitile fats and oils (residue after |

T ovaseration at 150°C for 20 nin). The remaining extracts were subjacted

to 1{quid ckrematosraphic ecleanup and fractionation. The extracts were
piaced on 20 g columas of florisil (Fisher F-100, 60-100 nesh washed
Ce e o o o ’
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:Figure 1. Llake Ontarlo Sampling Sftes for Chlorinated Hydrocarbon Analysis. Notatfons are:

f-Fish, w-Hater, s-Sediment, p-Net Plankton, C-Cladophora, b-Benthos. . -
Station numbers are IFYGL Station Identifiers,
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with hoxane and activated by heating to 650°C for 2 hr) and topped with
aniiycrous, Hazs0; to prevent deactivation of the florisil by water.
The coluans were sequentially eluted with 200 m1 cach of 6, 12,and 507
etncr ia hexane (v/v). Since preliminary gas chromatographic analysis
ol the 12 and 504 cluates failed to provide icentification of cempounds
of intsrest, notably dicldrin and endrin, which were identified in the
ta eltictes, only the 6% eluates were considered for.sub:cqucnt cxaminaticn,
the presence of dielcrin and endrin in the less polar fractions likely
mesulted from scme deactivation of the florisil by water vapor prior to
usc. The 6% eluates were concentrated (air stream) to 50 ml befere
rooving 5 ml aliquots for preiiminary gas chromatographic determination
o¥ ZDE {generaily tha largest peck on the chrometogram). The re"*in1rg
syrtioas were coacentrated to less than 10 ml before p1oc1ng on 2C g
columas o sflicic acid (washad with hexane, dried at 1309C overnight,
end partialiy ceactivated with 2.1% water). Elution with 250 mi hexane
ﬁfcduccd the PCB fractions. Further elution with 200 ml 3:1 dichloro-
mathana-hexane (v/v) allowed elution of the chlorinated pesticide
ractions. These fractions were evaporztedin an air stream, hexane
was. adled, and the fractions were re-evaporatad. Th{s process was
repeated several times to insure complete removal of the dichloromethare.

 Esch water saxpie (10 1) was extracied at the collection site by passzga
“tirough 3 column of six polyurethane foam plugs at a flow rater? 250 m)/min

usirg the procedure describad by Uthe et al. (1972). Preparation of the
tuns involved Soxhlet extractions (at least 4 hr) with 1:1 ethyl ethar-

:nux;n= (u/v) to remove contaminants followaed by coating the plugs with

2 %2 sclution of DC-200 siliconz oil in hexane and air-drying. Following
cx;rac,1cn of water samples, the plugs were remaved from the column‘and
agcin eatracted (4 hr) with 1:1 ether-hexare (v/v), The columns vere
rinsad several times with acetore. The coubined extracts from the plugs
ard column rinsings were reduced to dbout 5 ml in an air stream befere
cizanun by liquid chromatographic procecdures similar to thosc for clLJ L
of fith extracts.

P
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Szmples were &llowed to air dry at room temperature before weighing
out six 25 ¢ sub-samples for analysis. The sub-samsles were thorcugiiy
groung by wortar and pestie, mixed with anhydrous 332504, and extractcd
2 372 @1 1:1 ether-hexene (v/v) in all-giass Soxhlet extracter:s four
i nc. The extracts vere corccntr:ted to about 10 m1 before liquid
Aresategraphic cleanup in a manner 51n11ar to that used for fish

.ooriracts.

a and Cladephora

et pieniton and Cladophara samples wers transferred to tared ceatrifuge

tulos end suu-uivided into sub-samples of ebout 1 g where appriprizte.
ATsar centrifuging at 2000 rpm for 25 min, the supernatant was decanied

. Croaiuly into separatory funnels, 2 ml acetone was added to each tube,
PO and the'samplos werc allowed to air-dry. The tubes were weighod and
' ’ ie éry weights were datermined by difference. Mater decanted from
o ch tiuse was extracted twice with 25 ml of hexana to recover matzrials
released from the cells. A 35 ml portion of the extract was addeZ to
-the corresponding sample tube and the tube was shaken periodically over
3u h# perfod. The extract was decanted and the residue exirdcted a
:‘ séc:nd time with a 35 ml portion of fresh hexane. The combined
. extrects were concentrated to 5 ml for cleanup by procedures similar
fuc these for fish extracts. UL

£anilos

" Hiyzd daathic fauna {largely Pontisoreia affinis) were dried at

. T s terperature and separated into at least three 10 g aliquots tefore
o R azlraction and cleanup by procéduras identical to those used for cedimoat
. o Gargsles, i . ) P -

DT EE “#ESTICIDE OETERMINATION

' .

e . fualifesive Dotormination
HE ‘f - rusticide fractions of all fish and several water, scdiment, planktes,

&ja'*—Hnrr,ard benthos CXLrECta from 511151c acid c1canup wera
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cursaatogranhed (Varicr ! °rocraph 1303 or 170C) on four gas
camcatrarapnic (82} eclunns eluting inio clectron capture detectors
{34 or 625i) to aliow muitiple column peak-matching identificaticn of
Feoitton corpeacits. The GC columns and column conditions utilizad are
.26 {0 TaS12 1. To facilitate peak matching, poak retention “ires
R 4 ':"»cd to relative retention times (rclative to the ratention

1_mnr

wiaz 3,p'-CCL) for each sut of column and conditions. A file of

.
(o3

ouive relention tinzs of many chlorinated pesticides and rete

24
1.CE

wes sowailed fren chrematocrams of ‘single- and multi-connonent pcs~iciie

soandamd sciuciens ang from retentien time cata reporied by Themgson

. {1559). Positions of significant peaks on carcuatograms ¢f

-2 fructions on the four cclumns were coaverted to relative reizas
¢ ccoparison with the relative retention times of standerds in

. Pezk identity assignments were mede based on four matched

tivs retention times for peaks of similar height.

114 -

ﬁevu“a1 pe<ticide and PC3 frac;ions from silicic acid 1iquid
ckrozztogrepnic cleanup of fish extracts were examined by gas chrc;a:acra;ﬁg/

. A"a'a s.c:z:ow‘4r1c {GC/is) 1imi ted mass range scan tachniques for C0Z,
Heldr 1n. aad D0T. The fractions were chrometographed (Varian Acrcgragn
136i} eaa 1.3 m x 4 mn ID glass column of 3% DC-2C0 on GO-E0 mes
cus-Chrom Q, with column and injector temperatures of 1759¢ and ZGC°C.
respectivaly, eluting (by a helium flow of 10 aml/min) directly into the
icn sourcé of 2 quacdrupole mass spectrometer (Finnigan 1015C) focusod
ononericow ofe ranges characteristic of the degradatidn patterns c7 C3E,
¢izldrin, or CDT. ODE ana EOT were monitored by focusing on m/e ranges
of J46-250 and 235-2329, rospectivaly, édapting precedures doscritad by
i (.;74){ Dieldrin was detectcd by monitering the m/e range of
263-057. ‘Identities were based on the respense of this selective
gatccuo consistent with appropriate retention times.

:"f”" Datzrmi nnt.cn

<ampination of OOF in fish, the 5 ml aliguots taken from extracts
a¥er Yierisil clieanud were diluted to 10 ml &Wd chremztographed o &
1.9 x 2aa'ID giass column of 33 DC-200 on 80- 100 mesh Chxohh,orb ki, and

MONS (67608
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Table 1. - GAS CHROATOGRAPHIC COLUNNS AND CONDITIONS.

- Stationary Phase®

Column Length (m)b
Colum Temperature (°¢)
Detector Temperature (°¢)
Injector Temperature (°C)

Carrier Gas (Nz) Flow
(m‘l/min)_

1.5% 0V-17/1.95% QF-1

2.1
185
210
210

15

2% 0V-101/3% QF-1

-1.5
150
190
210

12

1% QF-1

3
185
210
210

36

3% 0V-17

2.1
185
210
210

24

350114 support was 100-120 mesh Gas~Chrom Q.

PA1 columns are 2 mm 10 cofled glass tubes,

609290 SNOW




eluted with N, carrier flow of 40 ml/min into an eleciron capture
detector (3H). The column, detector, and injector temperatures were
200, 210, and 225°C, respectively. The relatively large p,p'-DDE peak
of the chromatograms allowed its determination through peak height
comparison with standards.

Pesticide fractions from silicic acid cleanup of fish, water, sediment,
net plankton, Cladophora,and benthos extracts were chromatographed on
a3mx 2nmID glass column of 1% QF-1 on 100-120 mesh Gas-Chrom Q to
determine the CDT group pesticides and dieldrin. Column, detector,
and injector temperatures were 180, 200, and 215°C. respectively, ]
and the N; flow was 30 ml/min. An electron capture detector (3H or 63Ni)
was used. All fractions were diluted to 2 ml (with hexane) before
determination except for fish extracts which were diluted to 25 ml.
Areas of peaks identified as DDT group pesticides and dieldrin were
measured by a disc integrator and compared with standards. Since DDE
{s not fractfonated cleanly into the pesticide fraction during silicic
acid chromatography of extractsof water ,net plankton, Cladophora, and
benthos, the PCB fractions were also chromatographed as above to
determine their DDE content. Sediment PCB fractions could not be
simflarily examined because of severe interferences.

The DDE content of several fish PCB fractions from silicic acid
cleanup was determined by GC/HS limited mass range scan techniques.
Chromatographic conditions were similar to those described for the
qualftative determination of DDE. Peak heights were compared with
those of standards.

PCB DETERMINATION

PCB fractions from silicic acid cleanup of fish, water, sediment,

net plankton, benthos, and Cladogho?a extracts were perchlorinated by
procedures described by Veith (1973). Fractions were evaporated to
dryness in glass vials, SbCls (0.2 m1) was added to each vial, and the
vials were sealed with teflon-lined screw caps béforq heating to 180%

. _ MONS 067610
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" for 6 hr. After cooling to near 0°C'in an ice bath, 1 ml of 61 HC1

was added to each vial to destroy the residual SbClg. The reaction
solutions were extracted with five 1 m]l portions of hexane. The hexane
extracts were combined and passed through a disposable pipet containing
anhydrous Nazso4 to remove traces of water. Some highly colored
extracts from sediment PCB fractions were washed with 1 ml of 10% KOH
in anhydrous methanol to remove interfering inorganics. All )
perchlorinated extracts were reduced to 2 ml for GC determination of
decachlorobiphenyl (DCB) except fish extracts which were analyzed at
25 ml. :

Determinqtion of Decachlarodiphenyl .

Perchlorinated PCB fractions were chromatographed on a 1.5 m x 2 mm

1D glass column of 1.5% 9V-17/1.952 QF-1 on 100-120 mesh Gas-Chrom Q
with Ny flow rate of 50 ml/min into an electron capture detector

(311 or 63Ni). Column, detector, and injector temperatures were 200,
-210, and 230°c. respectively. Peak heights of DCB in the extracts were
compared with those of standards and the DCB content was converted
numerically to equivalent concentrations of Aroclor 1254,

The.results of these analytical methods are reported without
correction with respect to recovery during sample extraction and
extract cleanup. - . :

_ MONS  06761)
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SECTION V
RESULTS AND DISCUSSION

FISH

All pesticide fractions from silicic acid cleanup of fish extracts
contained DOT group pesticides and dieldrin, based on identification
by multiple column GC and peak-matching techniques. In addition,

- several other common chlorinated hydrocarbon pesticides were identified

fn the extracts of fish from some sampling sites using this technique.
Notably, endrin was fdentified in all fish taken off Prince Edward Point
and from Mexico Bay, but was apparently absent in fish from a transect
between Galloo Island and Stoney Island, the other eastern lake sampling
sfte. Endrin was not identified in fish collected from western lake
sites off Hamilton, Olcott, and Rochester. The BHC family pesticides
were identified in fish taken off Olcott, Rochester, Prince Edward
Point, and in Mexico Bay, with lindane (y BHC) generally the major
constituent. Heptachlor was identified in slimy sculpin taken off
Rochester. Although identity assignments from a limited file of

- compounds were based on peak-matching which is subject to some of the
hmbiquity inherent in complex chromatograms, the use of a four-column
- system tended to decrease the incidence of these ambiguities.

_The GC/US 1imited mass range'ideniity assfgnments of extract components
", provided positive identification of chlorinated hydrocarbons {n fish.

Using this technique, all fish pesticide fractions examined were shown

" to contain DDE, DDD, DDT, and dieldrin. In addition, the PCB fractions

of extracts from most fish contained significant Tevels of DDE, while
DDD, DDT, and dieldrin were undetectable (less than 2 ng/g on a whole

« fish basis). .
" Concentrations bf t-00T {sum of DDT, DDE, and DDD), dieldrin, and PCBs

(expressed as Aroclor 1254 equivalent) found in whole fish (i.e. wet
wefght basis) and the extractable fat contents of the fish are shown
i{n Table 2. The DDE values shown resulted from preliminary DDE

.. MONS 067612
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i o . Table 2. CHLORINATED HYDROCARBONS AND FAT IN LAKE ONTARIO FISH?

\

" Species Location Fat DDE 00D 00T Total ODT  Dieldrin PCB
% ug/g whole fish c-v-crccomamcanana
"Alewife Hami1ton . 3.6 0.46 0.07 0.14 0.67 0.04 3.12
Mewife . Oleott - 5.2 0.77 0.07 0.16 1.00 0.03 1.73
Alewife - Rochester f 3.4 0.71. 040 0.18 0.99 0.04 4.36 _
Alewife Mexico Bay ~3. 0729 0.07 © 0.13 0.99 . 0.03 0.94 -~ .
Alewife . Prince Edward Pt. 1.2 ° 0.81 N.D.  N.D. 0.81 0.03 0.14
Mevife - Galloo-Stomey. 2.4 0.9 . 0.08 0.18 1.22 0.04 3.8
= Smelt . Ham11ton 4.9 1.3 006 0.23 . 1.65 0.04 2.47
smelt Dlcott 3.0 - 0.8 0,05 . 0.20 1.10 0.02 2.62
o Smelt Rochester © 40 L3703 0.29 1.79 0.03 3.25
Smelt . Prince Edward Pt. 6.7 0.86 0.10 0.23 .19 0.06 3.49
Smelt . Galloo-Stoney 6.0 - 0.97 010 0.24 .25 0.07 1.40
Slimy Sculpfn ~ Hamilton . 9.8 094 ND. N.D. 0.94 N.D. 2.89
Slimy Sculpin - Olcott ’ 5.1 -1.10  0.15 0.29 1.54 0.06 9.17
- Stimy Sculpin Rochester 43 - 1n 0.10 0.26 .41 . 0.05 4.32 -\
S Slimy Sculpin  Mexico Bay . 5,7 . 1.28 N.D. 0.26 1.54 0.10 - 6.49 °
v Slimy Sculpin = Prince Edward Pt. 7.6 0.83  0.15 0.25 1.23 0.11  1.58
S Slimy Sculpin .  Galloo-Stoney 8.6 0.60 0.12 0.17 0.89 0.04 3.33
el
E 3N.D. indicates that no determination was made.



determinations on the extracts following florisil quﬁid chromatographic
cleanup, while the DDO and DDT levels were obtained from determinations
on pesticide fractions following silicic acid cleanup. DDE was also

+ determined on the silicic acid pesticide fractions by electron capture

GC and on the silicic acid PCB fractions by 1imited mass range GC/MS
techniques. The sum of DDE in the silicic acid pesticide and PCB
fractions was considerably less than the amount in the preceding

florisil eluate, in some cases as much as 50% less. However since DOE
was the largest peak for chromatograms of extracts after florisil cleanup,
PCB contribution to the DDE peak was probably small. In most cases, the
major contribution to t-DDT values was from DDE. Quantitatively, DOT

and DDD were minor constituents, making up less than 26% and 14% of

the total, respecfive]y. Although dieldrin concentrations shown (Table 2)
are of interest, the low-levels observed do not allow evaluation of
possible station-to-station or species-to-species relationships. The
higher levels of t-DOT observed provide a better basis for comparisons.

Individual variation in the chlorinated hydrocarbdn contents of the
fish were decreased by sampling an aggregate of ground whole fish of
several age-weight classes for each species coilected at each site.
Because chlorinated hydrocarbon levels have been related to the fat
content of the fish (Veith, 1973), these variations likely are further
decreased by examining chlorinated hydrocarbon concentrations in
relation to the extractable fats contents of the whole fish. Table 3
shows t-DOT and PCB levels in fish based on fat content. This data
indicates that the more migratory alewives and smelt accumulate higher
t-DDT levels on a fat basis (averages of 36.2 ug/g and 30.5 ug/g) than
the less migratory slimy sculpin (16.9 ug/g) (Scott and Crossman, 1973).
. Relative standard deviations for t-DDT levels (fat basis) for the
specie£ are 53, 36, and 66% for alewives, smelt, and slimy sculpin,
respectively. Comparison of these variations with the average relative
deviation for analytical replicates for extracts of an agggregated
-sample (14%) suggests that these variations are partly related to
differences in chlorinated hydrocarbon levels among the sampling sites.

.
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“Table 3.

ety

DOT AND PCBs IN LAKE ONTARIO FISH FAT

- {ug/g)
" Species Location Total 0OT PCB  PCB/Total DOT
Alewife - Hamilton 18.6 86.7 4.7
Alewife Olcott 19.2 33.3 1.7
Alevwife Rochester 29.1 128.2 4.4
Alewife Mexico Bay 4 31.9 30.3 0.9
Alewife Prince Edward Pt. 67.5 1n.7 0.2
Alewife Galloo-Stoney 50.8 158.8 3.1
Smelt Hamilton 33.7 . 50.4 1.5
© Smelt Olcott " 36.7 87.3 2.4
. © . Smelt Rochester 43.7 79.3 1.8
CLen 0 Smelt Prince Edward Pt. 17.8 52.1 2.9
V0 smelt 6alloo-Stoney 20.8 23.3 1.1
Slimy Sculpin Hamilton 9.6 29.5 3.
. SMmy Sculpin  Olcott 30,2 179.8 6.0
o . Slimy Sculpin Rochester - 32.8 100.5 3
"~ Slimy Sculpin  Mexico Bay 27,0 M3.9 8.2
“i - sHmy Sculpin’  Prince Edward Pt. 16.2 60.3 3.7
" Slimy Sculpin  Galloo-Stoney 10.4 38.7 3.7

16
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. This 1s supported by the highest relative standard deviation for the

slimy sculpin. Consfdering the slimy sculpin data shown {n Table 3,
the waters off Olcott, Rochester, and of Mexico Bay may contribute
to greater accumulation of DOT group pesticides by slimy sculpin than
water off Hamilton, Prince Edward Point,and between Galloo and Stoney
Islands. The lake bottom characteristics of these areas may also be
important factors in the chlorinated hydrocarbon accumulation in the
bottom-feeding sculpin.

The lake-wide average for t-DDT (whole fish) in smelt (1.40 ug/g) for
1972 compares favorably with that'reported by Reinert (1970) for Lake
Ontario fish captured from 1955 to 1968 (1.58 ug/g) although the
alewife value (0.95 ug/g) 1s less than half that reported in 1970

(1.99 ug/g). Reinert (1970) did not report on Lake Ontario slimy
sculpin. Dieldrin levels reported by Reinert (1970) for alewives and
smelt captured from 1967 to 1963 (0.11 ug/g and 0.06 ug/g, respectively)
are comparable to levels in.fish for 1972 (0.04 ug/g for alewife and

~ smelt). .

‘> PCB concentrations (2.65 ug/g) found in smelt (Table 2) were similar

to those reported by Veith (1973) for Lake Michigan smelt (2.7 ug/g).

.. However, concentrations found in alewives (2.35 ug/g) were considerably

lower than values reported for Lake Michigan alewives (4.6 ug/g). For
both lakes, PCB 1eve1§ were expressed as Arochlor 1254 equivalent.
Slimy sculpin were not fncluded in the Lake Michigan report.

Lake Ontario slimy sculpin exhibited highly variable PCB and t-DOT
concentrations on a fat basis. The relative standard deviation for PCB
levels fn slimy sculpin (fat basis) was 65% about a mean of 97.1 ug/g.
Corresponding relative standard deviation values for alewives and smelt
were about 80% (mean = 74.8 ug/g) and 44% (mean = 58.5 ug/g), respectively,
This indicates greater station-to-station variation for PCB accumulation

in s1{m} sculpin and alewives than in smelt. Furthermore, the waters

near Olcott, Rochester and in Mexico Bay contributed to greater
accumulatfon of PCB concentrations by sculpin than waters off Hamilton,

e mans 067616
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Prince Edward Point, and between Galloo and Stoney Islands, which
§s in agreement with the trend for ODT accumulation.

A large variation was observed in PCB/t-DDT ratios for fish (Table 3).
Average values, however, (2.5 for alewives, 1.9 for smelt, and 4.0 for
slimy sculpin), were comparable to those reported by Veith (1973)

(1.4 for alewives and 2.6 for smelt) for Lake Michigan fish. PCB/t-DOT
ratfos are often cited due to chemical similarities between PCBs and
persistent DDT metabolites. A]tho&gh their importance has not been
well established, these ratios may be indicative of the relative
accumulation and/or removal rates of PCBs and DOT group pesticides and
may contribute to an assessment of the relative importance of industrial
and rural contaminant inputs to §pecif1c lake regions,

WATER . -

The t-DDT, dieldrin, and PCB concentrations for water are shown in
Table 4. Since there vere no apparent relationships between concentrations
and depth, with the one exception as discussed below, determinations
from different depths vere treated as replicates for each site and
averaged. Lake-wide averages for t-DOT and dieldrin were 28 ng/1 and
4.8'hgll, respectively. Relative standard deviations for t-DDT and
dieldrin were 54% and 85%, respectively, indicating considerable
sfte-to-site variation. Waters off Hamilton, Cobourg, and Oswego showed
high levels of t-DOT. Dieldrin levels vere highest off Cobourg and
Oswego. The anomalously high dieldrin level for waters of Oswego
resulted from a very high surface water value (34.9 ng/1) which was
averaged with the much lower levels found in samples of deeper waters

, (1.7 ng/1 and 1.1 ng/1). In all waters, except off Oswego, DDE was

the major component of the DOT group pesticides. DOD contributed O to

.19%, while DOT represented 6 to 13% in most cases. The t-DDT in waters

off Oswego contained higher prcportions of DDD and DDT, 28% and 26%,
respectively. Waters from the Deep Hole arca of the Rochester Basin
showed a t-DDT level of 16 ng/1 with DDT contributing over 40%.

. Lo : MONS 067617
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“Table 4. CHLORINATED HYDROCARBONS IN LAKE ONTARIO MATER
(ng/1)

Location

IFYGL
Station
Identifier

Station
- Depth

DOE

boD

007

... Total DOT ..

Die]drin

PCB

Hemilton
Toronto
Niagara River
Olcott
Cobourg
Rochester
Deep Hole
Oswego

1
8
13

33
76
13
24
24
25
229
21

37.4
20.5
13.9
26.6
45.2
29.9

9.4
22.4

2.5
1.6
0.9
7.1
4.5

< 0.5
< 0.5
13.8

4,5
1.4
2.4
4.6
7.2
2.3
6.5
12.8

44
24

17

-

38
57
32
16

3a
3.5
2.1
3.9
9.9
2.2
1.3

49
35
97
44
45
40
56
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PCB concentrations for Lake Ontario waters were between 35 and 56 ng/1,
except for waters off Oswege (77 ng/1) and the mouth of the Niagara
River (97 ng/1). The lake-wide average concentration was 55 ng/1.

" Neglecting the two highest concentrations, the lake-wide average

becomes 45 ng/1 with a relative standard deviation of 16%. Other than
these south-shore areas, the PCB content of Lake Ontario waters appears
relatively uniform. The PCB/t-DDT ratios for Lake Ontario waters
averaged 2.1, a value comparable to that for Lake Ontario fish.

;Since the water sampling and extraction procedures did not discriminate

between dissolved and particulate fractions, the t-DDT, dieldrin, and
PCB concentrations shown in Table 4 represent "total" concentrations.
The contribution of contaminants associated with net plankton (i.e.,

" particles larger than 64 um) to the "total" levels found in Lake Ontario

waters is estimated to be less than 1%. This estimate was calculated
from the contaminant concentrations found in net plankton (Table 6)
from three areas of Lake Ontario, phytoplankton cell counts determined
for these areas during the month these areas were sampled for
chlorinated hydrocarbons (Stoermer, 1973), and dry weight per cell
_¥alues reported for a laboratory algal culture (Lee et al., 1971).

* Thus DOT group pesticides, dieldrin, and PCBs in the Lake Ontario waters
‘sampled are likely dissolved or associated with particles that will

pass through a 64 um net (e.g., nanoplankton and small inorganic
particles). i I

* SEDIMENT

Sediment concentrations of t-ODT, dieldrin, and PCBs are shown fn
Table 5. Lake-wide averages for sediment t-DOT and dieldrin are 22 ng/g

) and 1.2 ng/g, respectively, with relative standard deviations of 72%
’. and 61%, respectively. These variations are indicative of significant

sfte-to-site differences. Sediments taken off the mouth of the Welland
Canal and at the eastern mid-lake site showed higher levels of dieldrin

“and t-DOT. Sediment from three of the eight sites showed DDE contributions
"~to t-DDT levels of less than 50%. DDD was the major contributor to t-ODT

MONS 067619
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Table 5. CHLORINATED HYDROCARBONS IN LAKE ONTARIO SEDIMENT :
‘ {ng/g dry sediment)®
. TFYGL
. Station )
Location Identifier - DDE DoD DoT Total DOT Dieldrin PCB
Welland Canal 12 12. 15 12 39 " 2.6 245

Niagara River 13 1. 3.5 0.7 15 1.4 . 155
0lcott 30 4.8 - 5.6 1.2 12 0.9 80
Cobourg 36 8.0 0.9 0.9 10 0.6 43
Mid-lake : 46 - n = 54 .. 2.8 19 0.5 79
Rochester 60 8.0 - 1.5 ¢ 0.2 10 0.9 . 84
Osvwego 9a : 9.0 - 5.1 3.8 18 0.8 158
Mid-lake East 93 - 16 3 7.4 54 2. . - N.D.

2.0, indicates no determination was made,



{n sediments from the eastern mid-lake site and off the Welland Canal.
The DDE levels shown fn Table 5 must be considered underestimates,
however, since ft was not possible to measure the DDE contents of
sediment PCB fractions due to interferences. Lake-wide t-DDT and
dieldrin averages were comparable generally to those found by Leland

et al. (1973) for southern Lake Michigan top interval sediments (18.5
ng/g and 2.0 ng/g, respectively). However, the Lake Michigan sediments
showed major DDT contributions (ca. 50%) to the t-DDT, while Lake Ontario
data showed DDT contributions no greater than 31%. Sediment PCB
concentrations averaged 120 ng/g. PCB concentrations in sediments off
the mouths of the Welland Canal and Niagara River and off Oswego,

{mean = 184 ng/g) averaged more than twice the concentrations found at
the four other sites (mqan = 72 ng/g). Considering the high PCB contents
found for lake water off the mouth of the Miagara River and off Oswego.
the Niagara and Oswego Rivers may be important sources to Lake Ontario
of PCBs associated with settlable particulates.

The PCB/t-DDT ratios exhibited a lTow relative standard deviation of 33%

-about a mean of 7.0. This mean may be too high due to underestimation

oof DDE levels. It is unlikely, however, that the DDE content of the
“.iediment extracts could be great enough to decrease PCB/t-DOT ratios
_'to levels similar to those for the fish and water.

~ NET PLANKTON Lo o
DDT group pesticides, dieldrin, and PCB levels (dry weight basis) found

{n mixed net plankton are shown in Table 4. Although the samples were

- predominantly viable phytoplankton, the sampling method also collects

smaller zooplankton, detritus, and suspended inorganic matter,

- Contributions of these minor components could not be assessed. Lake-wide

averages for t-DOT and dieldrin were 3.5 ug/g and 0.12 ug/g on a dry ,

- weight basis, respectively, with corresponding relative standard

deviastions of 42% and 91%. In nearly every case, DDE comprised over
75% of the t-DDT concentrations.

AONS ge162!
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(ng/g dry weight)?

Table 6. CHLORINATED HYDROCARBONS IN LAKE ONTARIO.NET PLANKTON

IFYEL
. Station
Location Identif{er .DOE DbD DOT Total DDT Dieldrin PCc8
Hami1ton 1 4.00 0.03 0.04° 4.1 0.24 3.4
Mid-lake West 10 . 3.52 0.37 0.12 4.0 0.25 10.6
Cobourg 36 3.26  <0.05 < 0.05 3.3 < 0.05 7.6
Mid-lake 45 1.49 0.07 - 0.8 .’ 2.3, 0.16 3.6
Rochester 60 119 <0.05  <0.05 1.2 0.02 N.D.
Deep Hole 75 " 5.89 0.04 < 0.05 5.9 0.02 n.8
Mid-lake East 96 .. 2.45 0.09 0.86 3.4 0.18 6.0

3N.0. indicates that no determination was made.



Net plankton PCB levels averaged 7.2 ug/g. Plankton from the Deep Hole
of the Rochester Basin and the mid-lake west site, show high PCB levels
contributing to a relative standard deviation of 49% for the lake-wide
average PCB concentration. The average PCB/t-DDT ratio (3.1) was
somewhat higher than for water or fish.

Chlorinated hydrocarbon levels for plankton appeared high compared to
concentrations in fish. However, plankton concentrations were expressed
on a dry weight basis while fish concentrations were on a whole fish

{wet weight) basis. Assuming whole fish are about 20% dry weight
(F.D.A., 1969), typical fish t-DOT, dieldrin; and PCB concentrations were
7.0 ug/g, 0.3 ug/g, and 13.2 ug/g dry weight (smelt), respectively.

On this basis, net plankton concentrations of these chlorinated
hydrocarbons were about 50% less thyn concentrations in fish.

CLADOPHORA

The results of determinations of DDT group pesticides, dieldrin, and

PCB levels in extracts of Cladophora are shown in Table 7. Most samples,
except those off Toronto and in the Black River Bay, were from the

south shore of Lake Ontario. The exact sampling site locations of four
of the samples is uncertain. The average t-DDT, dieldrin, and PCB
levels (dry weight basis) were 229, 13,and 515 ng/g, réspectively, with
relative standard deviations of 40, 64,and 39% respectively. These
concentrations are 10 to 100 times less than for net plankton. The
average PCB/t-DDT ratio of 2.3 was near the corresponding averages for
fish and water, L '

BENTHOS

DOT group pesticide, dieldrin, and PCB levels deté;ﬁined for extracts

.of bent}ﬁc fauna, largely Pontiporeia, are shown in Table 8. Of the

. three samples taken, one off Hamilton showed t-DOT, dieldrin, and PCB
levels abproximately four times those determined for benthos off Oswego
and Rochester. Also, DDO made a significantly larger contribution to the

" £-DOT in benthos off Rochester than other samples. Average t-DDT and
PCB levels, 99 ng/g and 471 ng/g on a dry weight basis, respectively,

‘ MONS 067623
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Table 7. CHLORINATED HYDROCARBOMS IN LAKE ONTAfiXG CLADOPHORA
(ng/g dry weight)

Location " DDE-  DOD DOT  Total DDT  Dieldrin pcs

Black River Bay 344 4.8 7.4 357 1.9 860
Black River Bay 129"  0.45 1.9 131 6.5 333
South Shore? 97 19 2.5 119 14 232
" South. Shore? 194 26 4.7 225 14 607
South Shore? kL YA ¥/ 1.1 365 4.0 436
South Shored 192 30 16 238 25 576
Rochester 165 5.2 6.0 176 16 am
Yoronto 196 13 8.0 27 2 666

“Specific sampling site unknown. °
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Table 8. CHLORINATED HYDROCARBOHS.XH LAKE ONTN‘UO BENTHIC FAUNA
(ng/g9 dry weight) ‘ '

Location DOE DpoD DT Total DOT Dieldrin PCB
Hami1ton C 124, 2 89 200 14.8 976
Rochester 4 1.8 6.1 42 2.9 M
Oswego % 3.4 2.4 32 3.0 97

u .
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were quite comparable to levels reported by Flotard (1974) for
Pontiporefa of the western shore of Lake Michigan, 130 ng/g and 310 ng/g,
respectively. The PCB/t-DDT ratios averaged 5.3. This value is somewhat
~ higher than that calculated from the concentrations reported by Flotard

{1974) or ratios calculated for all other samples reported except sediment.

" . Although some sediment contamination may be indicated, the benthos PCB/t-DOT
ratio is comparable to.that for s)imy sculpin (4.0), whose diet is
primarily benthic fauna {Scott and Crossman, 1973).
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