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ABSTRACT

Concentrations of chlorinated pesticides and polvchlorinated
biphenyls (PCR's} were determined in three ofishore marine
species from the Oregon/Washington coast: pink shrimp,
euphausiids, and flatfish; five species of bivalve mollusks
from five estuaries along the Oregon coast;y several fish
species from the Coos Bay and Columbia River estuaries;
and a summier run of steelhead from the Rogue River.

The compounds pp"-DDE and PCE's were detected most
frequenily. Euphausiids qnd pink shrimp contained approxi-
mately 2 ppk (ug/kg) wet-weight BDE and 8 and 25 ppb
PCB's, respectively, Offshore flazfish contained an average of
 ppb DDE and 29 pph PCR's. DDE residues in estuarine
mollusks approximated 0.5 ppb. PCB levels were not de-
tectable (<23 pph} excepr in collections from the mouth of
the Columbia River where levels averaged 400 ppb PCH's
and 17 ppb DDT. Selected Columbia River fish species con-
tained 38 ppb DDE and 480 ppbh PCH's: summer-run steel-
head in the Rogue River contained 97 ppb DDE and 125
pph PCB's,

PCRB chromatograms of most euphausiids closely resembled
those af Aroclar 1354, Chromarograms of shrimp and flat-
fish indicated selective metabolism of two compounds in the
Aroclor 1254 formulation. Biphenyls of higher chlorine
content were also detected in the shrimp and Ratfish,

Introduction

A global program fc determine haseline levels of metals,
hydrocarbons, and chiorinated hydrocarbons was initi-

1 Research conducted under National Seience Foundation International
Decade of Ocean Exploration Grant §X28744, National Marine
Fisheries Coniract M-042-14-72{N}, and U.S5. DHEW Public Health
Service Grant ESC0040,

#Environmenial Health Sciences Center, Orepon  State University,
Corvallis, Oreg, 97331,

# Marine Stiences Center, Oregon State University, Newport, Oreg,

¢ Department  of Oceanography, Oregon State University, Corvailis,
Oreg.

ated in 1971 by the International Decade for Ocean
Exploration (IDOE) Program of the National Science
Foundation. Baseline data for chlorinated hydrocarbons
in the North Pacific Ocean are reported here. In addi-
fion, baseline levels in mollusks were determined in sev-
eral Oregon estuaries as part of the National Estuarine
Moritering Program, Several species of fish were col-

_ lected from two of these estuaries along with some sum-

mer-run steelhead (Salmo gairdnérii), a type of rainbow
trout, from the Rogue River. Chicrinated hydrocarbon

_ levels eobtained under the IDOE Program from the

Atlantic Ocean (1) and the Gulf of Mexico (2) surveys
have already been published,

Sampling and Analvtical Procedures

Pink shrimp (Pandalus jordani), euphausiids (Euphausia
pacifica), and several species of flatfish were collected
at ocean stations from Newport, Oreg., to the Straits of
Juan de Fuca during September and October 1971 (Fig.
1). Ap otter frawl and an Isaacs-Kidd midwater trawl
were used in these collections.

Estuarine bivalves were collected quarterty from De-
cember 1971 through October 1972 in five Oregon
estuaries: Columbia River, Tillamook Bay, Yaguina
Bay, Umpqua River estuary, and Coos Bay (Fig. 1)
Species collected were the cockle clamn (Clinocardiurm
nutialliiy, Bastern softshell clam {Mya arenaria), bay
mussel (Myrilus edulis), Asiatic clam (Corbicula fin-
minea), and a species of Anodonta. The latter two
species inhabit only fresh water and were the most
abundant moilusks in the Columbia River; estuarine
clams were not readily available. In addition, several
spacies of estuarine fish were collected in the Coos Bay
and Columbia River estuaries during January 1973 and
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FIGURE 1. Sraiions on Qregon/Washington coast
sampled for residues in marine species

Analytical procedures were similar to those of Porter
et al. (3} except for hexane-acetonitrile partittoning; for
that, analysts followed the method of Giufirida et al.
{4). Briefly, the shrimp, euphausiids, and small fish were
ground whole in a meat grinder and a subsample not
exceeding 3 g lipid or 100 g tissue was taken for analy-
sis. Steelhead were analyzed individually by taking a
cross section posterior to the anal opening. Moliusks
were prepared and extracted as deseribed by Butler (5).
They were ground wiih a desiccant mixture of 10 per-
cent QUSO (precipitated silica) and 90 percent an-
hydrous sodium sulfate, The sample and desiccant were
mixed at an exact ratio of 1:3 by weight before taking
a 120-g subsample. Fish and shrimp were extracted in
a blendor with 2:1 hexane:acetone {v/v} and moltusks
were extracted by Soxhlet with 1:1 hexane:acetone. A
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25- 50-g sample was extracted, the solvent evaporated,
and the residue weighed for an approximate lipid con-
tent.

Approximately 90 percent of the lipid was separated
from the organochiovines by chromatographic column
elution (4. The extract was evaporated under a stream
of air and the lipid residue was mixed with florisil and
loaded on a dry-packed florisil column, Pesticides were
then cluted with @1 acetonitrilerwater and partitioned
into hexane after aqueous dilution. Additional cleanup
was obtained on a second florisil column. PCB’s, DDT,
BHC, chlordane, mirex, and toxaphene compounds were
eluted from the second column with 5 percent benzene
in hexane (v/v). Dieldrin, endrin, heptachlor epoxide,
and methoxychlor were eluted with hexane containing
10 percent ethyi ether and 0.25 percent acetone (v/v).

Major PCB isomers were separated from pesticides by a
madification of the procedure of Armour and Burke
{6 by substituting a 1 percent water deactivated silicic
acid columm. The 4-10 chloro PCB compounds were
“eluted with hexane and the 1-3 ¢hlere PCB’s and pesti-
cide compounds were eluted with 5 percent aqueous
methanol, Pesticides were partitioned into hexane after
aqueous dilution of the methanol.

Compounds were normally separated and guantitated by
gas-liquid chromatography on 122-cm-by-3-mm-ID py-
rex columns filled with a 2:1 mixture of 7 percent QF-1
and 7 percent DC-11 liguid phases on high-performance
chromosorh W, 100/ 120 mesh, or with 7 percent DC-11.
Columns were operated at 195° C with 20 mi/min N,
flow. The flow rate employed was 1.5 times the optimum
rate for maximum PCB resolution. Both electron-cap-
ture and micrecoulgmetric-halide detectors were em-
ployed. Sensitivity of the microcoulométric detector was
1-3 ng dieldrin or DDE.

Base hydrolysis was used to confirm the. presence of
DDD and DDT in selected samples by conversion to
DDE and DDMU, respectively (7)., PCB's remain stable
although the o and v BHC isomers are destroyed during
this procedure. A 1:1 fuming HNO,:concentrated sul-
furic acid nitration test (&) was used to confirm the
presence of chiordane and toxaphene; these are the only
compounds which are not nitrated,

Special precautions were employed to improve analysis
of low pesticide concentrations. Glassware was baked
at 250°.300° C in a large oven (9} and other items
such 2s glass wool. sodium suifate. and forisil were
haked at 450° C in a muffie furnace to reduce blank
levels. In addition. blanks were analyzed before anv
samples were begun.

For PCB quantitation peak heights of the sample and
standard were added. When peaks were missing, a zero
was included in the summation. For two different rea-
sons PCB vaiues may be low' no atfempt was made to
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identify 8-10 chloro biphenyls: and 1-3 chioro biphenyls was 92 percent without sj
ctute with the pesticide fraction from the silicic acid Values reported here arc
column.

icic acid column separation.
uncorrected for recovery or
blank levels, except for moltusks, in which case blank
Selected samples were spiked with known standards levels were subtracted.

prior to extraction at a concentration of 10 higher than

. . Results

that previously analyzed. Meun recoverics were 75 per-

cent for DDE, 63 percent for DDT, 83 percent for Levels of chiorinated hydrocarbons in offshore species,
dieldrin, and 100 percent for Aroclor 1260 when silicic estuarine fish. and Rogue River steclhesd are given in
acid column separation of PCBs was employed (/7). Tables | and 2; offshore results are summarized in Table
Recoveries from the silicic acid column were only 83 3. Most of these data were presented in 1972 at a work-

percent for DDE and DDT. thus accounting for Jow shop of the International Decade of OceamrExploration
DDT recovery, Mean recovery of DDE for mollusks {10y,

TABLE 1. Chiorinated hydroearbon concentrations in marine species, Washington/OregonmJS??E

. TRATION, LG/KG WET WEIGHT
PLCIES e S T T
_PPTDE | ppDDT | Tora DBT PCH'S
Euphansia pucificy Samples analyzed 14 14 14 id E 11 -
Samples with residues £ 5 5 i4 11
- : Mean ) 22 0.2 .6 3.0 7.5
Range , Co1.245.8 0.6 - (3-4.0 0.2-5.9 - 122
Pandalus jordani Samples analyzed’ - 11 13 13 13 | 13
Samples with residues 13 8 . -8 13 - 13
Mean i9 .3 0.5 2.7 25
Range G.9.37 0.2-1.0 0.2-3.0 1150 i1-69
Flatfish Samples analyzed IR 13 13 10
fgenus and species unknown } Samples with residues 1K} i2 i2 3 140
Mean 8.5 1.0 P 0.5 29
Range 34-18 .7-1.7 0.6-2.0 4-19.7 16-121
Blanks Samples analyzed B 1 il 9 S
Samples with residues 1i 3 4 7 7
Mean 4.06 .03 4.0 4.3 <2
Range 4.02-6.13 9-G.12 40,10 0-0.25 04
T N S N W W ,ﬁ_ij._l_lﬁ_.., -

TABILE 2. Chiorinated Avdrocarbons in selected marine species collected off Oregén/Wa.;hinkmn coast, September 1971

""""" T Loentoms T o . CONCENTIATION, o/K6 wir weign
SAMPLING - £ AtiTUDE — TR T P e
Stanon LonerTupe PP DDE | pp“TDE | pp.BDT| Totar DDT DreiprN A“f;_;f“ A;‘;’gg”“
. s S A . SV e . I
Euphausia pacifica
e e Eu e —— . e
7 A o 06 0.9 3 5 ]—
44° 437
7 124¢ 41 3.8 & 5
44° 300
7 124° 52 4.5 5 5
447 417
7 125 0g- i1 1 8 3
44° 397
7 125° 34° Al 3 3
44° 43
8 176° 29" 28 3 22
44° 43
8 126° 2% 0.8 1 8
44° 43"
9 {270 35 _ 1.0 1 25 5
45° 1)
10 1259 39¢ F 1 4
45° 48’
11 $330 g0 2.3 0.1 0.5 3 13
45° 56
12 1270 ag 3.3 040 051 4 1
46° 21 .
5 124° 27 1.8 b4 4
46% 31" .
4 124% 3 0.2 l 0.2 J NA
ﬂ-—_ﬁ,.__A—.mJ_ T i e ——— I »

{Continued next page)
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ior. TABLE 2 (cont'd.}. Chlorinated hydrocarbons in selected marine species collected off
or Oregon/Washington couast, Seprember 1971
NG LOCATION ! B ] CONCENTRATION, yG/KG WET WEIGHT
S‘é\x'mm 1&?:2;}355_ pp-DDE | pp'-TDE b,p'-DUT | Torar DDT | DieLprIN A?ZCSZOR Al;%?ao“
ey doa ST Y > 7 s Na
1, 3 e TR RS 4 6 4 NA
in _ i
ble Panduls jardani
k- o P 24 0.7 0.3 3 9 10
ion 4% 43
7 124¢ 41" 37 0.2 0.3 4 - 11
‘ s . : ;
6 lgi: gg 1.2 1 36 8
S 6 B z :
5 : 5 133: ?, 0.5 0.5 0.3 2 35 10
4 1;3‘: %Z 2.5 0.3 02 3 - 33
4 1;2: gg: - 14 7 ' g ’ 14
4 X i ST 0.6 I 16 ]
9 3 i 19 e | s 19 50
: 3 123e a0 1.0 s 02 2 15
2 . 3 L e 293 3z 5 44
2 1;75: ?,g 10 03 11 4 20
SaND SwrimP
6 g as | : ND
R 1240 36" 7 <0.3 T - e 7
""" 2 1‘;: ;‘2: - L 1L 6.2 0.3 e - 28 .
= - g : :
;_ ] B SERGESTID SHRIMP
7 ;ﬂn ﬁ': """ 25 41 29 17
GALATREA SHRIMP
4 ot 1.4 5 5
FrLatrisH
6 1330 o 6.4 0.7 11 8 ND 12
8 ;ﬁ: fi: 10.4 1O 11 13 52
6 1;2: ?g HE <3 <5t 18 Na
6 1;2: ig: 126 0.8 8.8 14 24
6 B 12.7 171 181 25 28
4 e 11.0 18 201 i5 85 36
4 1;2: gg 34 18 12 6 25
2 :ﬂ: i?: 6.7 5.0 1.5 g 28
2 iaao oo 50 09 6 2
) (Continued next page)
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TABLE 2 (cont'd.). Chlorinated hydrocarbons in selected marine species collecred off
Oregon/Washington coast, September 1971

. CONCENTMTION, & K(‘}. ‘}VE’I"WE s ¥
SAMELING ‘ﬁ‘;ﬁﬁ,‘;’; - . .. DONCENTRATION, ,G/ 16H7
Starion LONGITUDE p.0-DDE | pp-TDE p,paDDTI Toras DDT | DicLorm Aﬁ‘;‘;‘f“ A‘;‘%‘;‘a""
e, - . Y
2 124° 36/ 5.7 NA NA 6 12
47° 40
2 124° 540 10.0 0.6 0.7 17 18
47° 41’
2 1240 46’ 5.7 6.9 0.7 7 16
£7° 397 ~
z 125° 05" 174 0.8 0.9 19 30
a9 397
2 125° 05’ 16.6 0.8 09 18 18
a7e 39
2 125° 05 20.0 NA NA 20 21
48° 06’
1 124° €1 4.3 0.8 0.9 6 16
. Sarra )
44° 43" -
9 127 55 ) E 0.1 ) - 0 -
. Clupea harengus pallasii
460 37 i ] D -
4 1340 j47 19 4.6 “1.6 25 o . 146
Saary Frsp
48° 12 )
1 124° 55 107 20z 612 115 3nd NA

NOTE: NA = not analyzed.

ND = no data because of interference with analytical process,

Blank spaces imply residues below detectable levels.

Representative Fuphansie pacifica sample contained 1.8 percemt lipid; Pandalus jordani, 2.0 percent; sand shrimp, 2.4 percent,
1 Alcoholic base hydrolysis.
#Microconlometric detector confirmation.

TABLE 3. Chlorinated hydréégrbons in estuarine ﬁ'sh and_Rog,;ue River steelhead, 1970-73

5 - CONCENTRATION, uG/RG WET WEIGHT
PECIES
p.p’-DDE E p.p'-TDE i p.p-DDT i ForaL DDT E DHMELDRIN | AROCLOR 1254 AROCLOR 1260
Coos BaAy ESTUARY, JaRUARY 1973, STation 18

Striped Seaperch (Embictoca lateralis) 5 — 5 231 -
Sand Scle {Psertichihys melanostictus) 7 7 263
Staghom Sculpin (Lepiocoifus armatus) 3 3 141
Starry Flounder {Platichthys stellatus} [ 6 271
Blank .02 Q.02 NA 2
Percent recovery of sampie

spiked at {7 ppb 87 81

CorumBis RIVER ESTUARY, AUGUST 1972, StaTion 132
Starry Flounder (Platichthys stellatus) 18 8 8 34 310
Tom Cod (Microgadus proximus} 90
Peamouth Chub (Mylechilus cousinus} 81 62 143 1160
Finescale Sucker {Catostomus syncheilus) i4 23 i1 53 330
Blank <1 <1 <1 <1
SourH Rooue RIVER, SEPTEMBER 1970, STATION 19

Steclhead (Salmo gairdnerii}?

24 3 73 28 100

9 110 110 15 156G

1,65 140 140 9 NA

8,108 52 &2 28 MNA

5,75 T2 72 NA

3,46 126 126 24 NA

NOTE: NA = not analyzed.
Representative starry flounder sample contained 2.5 percent lipid; representative steelhead contained 10.6 percent lipid.
lank spaces imply residues below deteciable levels.
1 Microcoulometric confirmation,
2 Aroclor 1254 concentrations not reported for species from station 13 because of imterference with analytical process.
# South Rogue River column 1 shows Oregon State University identification numbers for samples not idenlified by species.
« Bpecies also contained 6 ug/ke chlordane and 6 pp/kg thiodat,
6 Sample oo small for PCB analysis.
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Offshore collections showed Tittle geopraphica! differ-
ences. DDE was {requently the only DDT-related com-
pound present, averaging about 2 ppb in cuphaustids
and pink shrimp and 9 ppb in flatfish. PCB levels were
stightly higher. avernping &, 25, and 29 ppb for cuphau-
siids. pink shrimp, and flathsh, respectively.

Figure 2 compares a typical shrimp chromatogram with
those of Aroclor 1254 and 1260. Althcugh most cuphau-
siid PCB chromatograms resembled Aroclor 1254, peaks
21 and 23 were low or absent in pink shrimp and flat-
fish., Pesk number 34 was also absent but peak 37 was
usually present. Tentative indentification has been pre-
viously reported (/7). Peaks 21 and 23 are both five
chlorobiphenyls; peaks 34 and 37 are seven chloro-
biphenyls.
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FIGURE 2. Txp:( a! cii;(mmmgmmv of fhe P(B fracrz(m
pink shrimp extract

Dicldrin may have been present in the offshore species:
but because of poor lipid separation. many peaks were
present in the eluent containing dieldrin, making posi-
tive identification and quantitation difficult. in about
one-half the pink shrimp and euphausiid collections and
nearly all Aatfish samples an apparent dieldrin peak was
present, A second chromatographic column, 3 percent
diethylene glycol succinate, was used for further con-
firmation.

oL, 9, Na. |, June 1975

Where dieldrin was indicsled, levels were 0.2-0.5 ppb
except for two cuphausiid samples which contained
about 5 pph. In these latter two samples microcoulo-
metric chioride detection positively confirmed dicldrin.
These samples. coltected 25 miles west of Grays Harbor
(sampling stations 3 and 4). also contained higher
levels of DOT and DD, Diekdrin was also positively
confirmed in a’small unidentified fish coliccted near the
Straits of Juwn de Fuca {statien 1). Dieldrin blank
tevels ranged from 0.004 to 0.33 ppb {Xx =0.11 ppb).
Thus the apparent dieldrin peak in many samples may
represent blank levels.

Fish collected from Coos Bay showed relatively low
levels of DDE and PCB's (Table 3). PCB chromato-
grams resembled those found in the pink shrimp, ie.,
Aroclor 1254 with two peaks missing; starry flounder
chromatograms resembied those of Aroclor 1260.

Columbia River fish contained much higher levels of
{90-1160 ppb), than those found in Coos Bay fish.
Starry flounder was the only species collected from both
estuaries. Columbia River samples had six times the
fevel of =DDT and 1! times the level of PCR’s than
had Coos Bay specimens. Interfering peaks prevented
determination of dieldrin levels in these samples.

Summer-run steelhead from the Rogue River con-
tained highest levels of DDE (97 ppb) and dieldrin
{21 ppb) of all species sampled. In addition, 6 ppb
chlordane and thiodan were found in several samples.
PCB levels in Rogue River fish were lower thdﬂ in Co-
jumbia River fish.

Results for mollusks are summarized in Table 4. The
onty chlorinated hydrocarbon pesticide found consist-
ently throughout the sampling area was p,p-DDE and,
occasionally, p.p-TDE and p,p-DDT. Concentrations
of DDT and related compounds were very low except
in the Columbia River estuary. There were no significant
seasonal variations. The Coos Bay Mya population had
higher DDT residues {1.6-3.0 ppb) than had other clam
populations from estuaries with small coastal mountain
watersheds, i.e., Umpgua, Tillamock, and Yaquina. Only
a single species, Clinocardium nurtallii, was analyzed
from Netarts Bay; no chlorinated hydrocarbon com-
pounds were detected.

Levels of PDT compounds in moliusks from the Co-
lumbia River were in marked contrast to those in mol-
lusks from the other Oregon estuaries. Unfortunately,
neither Clinocardinm nor Mya was available from this
systern so comparisons must be made using different
species. Except for a single sample of Mytilus edulis
taken from the south jetty during the winter period,
onty Anodonta sp. and Corbicula fluminea were col-
lected at this location. Levels of IDDT in 4Anodonta
ranged from 14.9 ppb during the spring to 2 ppb in
the fail. In contrast, SDDT in Corbicula ranged from
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53 to 78 ppb. No marked seasonal variation was evi-
dent in this Jatter species cither in SDDT or in the pro-
portion of metabolites.

The only other pesticide detected in mollusks during
the sampling period was dieldrin. which was present in
all three Columbia River specics analyzed during the
winter and spring but was not detected in the summer
and fall collections. Concentrations in mollusk tissues
never exceeded 4 pph,

Durmg the first three sampling periods PCBs were
found only in tissues of Columbia River bivalves. The
PCB's found are believed 1o be a mixture of Aroclor
1254 and Aroclor 1260. Corbicula samples had con-
sistently higher levels of PCB's than had Anodonta
samples. In the former specics concentrations ranged
from 390 to 1,170 ppb. The highest level was found in
the spring sampling period; levels did not exceed 570
ppb during the three remaining seasons. Leveis of
PCB's in Anodonta ranged from 160 ppb to levels

TABLE 4. Chlorinated hydrocarhons in Oregon estuarine moliusks, 1972

T TTCancn numw ,u(/mwn WEIGHT o __
SEECIES DaTE o g -
o n.p DDE po - TDE i B BT PCR'S
Conumbia RIVER
o Rumineq 2724 21 20 I 17 570
4/14 NTY ND ND 1170
Ti28 35 28 15 390
IS ki 17 _ Hiy 420
Ancdonia : 4/14 7 R 4 ‘ ’ o3 160
728 7 2 )] a3
14 - 2 NS NS NS
M ytilis edulis - B ~2/24 : NS NS N§ 44
‘ ) " Coos Bay
Mya arenaria 1/258 L6 0.8 2 NS
4717 0.7 NS 167 NS
Ti1z n7 0.7 3 NS
9/30 ND NS NS 26
Clinocardium nuttallii 1/25 NS NS NS NS
4/17 NS NS NS NS
112 0.3 NS .4 NS
9/30 ND NS I NS NS
e —— e —_— ey P S S e e e
TH.LAMODY
Mya arengria A 1/14 NE . NS ™3 . NS
’ ’ 4/13 - NS - NS NS NS
7/9 3 6.2 - - NS . 0.3 NS
- 1075 - .6 - _ NS NS NS
Clinocardism nuitallii - 1/14 NS T N5 - NS NS
- T 4/13 - ME - 3.4 N8
/9 0.1 NE NS NS
10/5 0.6 NS NS NS
L UmMPQta
Mya arengria — 1/13 0.6 <17 0.5 NS
. 1/13 0.6 NS NS NS
4/17 1.0 051 0.4t NS
Fi11 0.2 .3 NS NS
10,2 1.2 NS NS NS
Mytilus edulis 1/26 6.7 NS NS NS
5/19 1.0 NS NS NS
1412 0.8 0.3 NS NS
10/2 1.8 NS NS NS
YAQUINA
Mya arenaria 124 0.2 NS NS NS
4/15 0.5 NS NS NS
7/8 0.2 NS NS NS
9/25 0.6 NS NS 5
Clinocardium nursiallii 1/1 NS N5 NS NS
4/15 o7 tL5 NS NS
7/8 0.2 NS N§ NS
G425 0.3 NS NS 7
Blanks &% Winter 02 .3 0.5 19
Spring o2 0.2 2.4 9
Sumrmer 0.1 6.2 .4 s
Fall 0.2 0.2 0.4 1

NOTE: Values have been corrected for sea water blanks.
ND = no data because of interference with analytical process.
NS = residues not significant (less than twice the biank values).

! Confirmed by base hydrolysis.

? Values assume 30-g sample weight,

* Average of two blanks,
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lower than those determined for blank samples. Like
Corbicula, Anadonta displayed the highest PCB level
in the spring. During the fall sampling period, low
ievels (5-7 ppb) of PCR's were detected in the two
hivalve species from Yaquina Bay, and 26 ppb PCR's
were found in the Coos Bay Mya population.

Discussion

Relative concentrations of DDT and PCB compounds
differed in the three offshore species. Residues of SDDT
were 3 ppb in both euphausiids and pink shrimp, but
PCB levels differed between the twe species by a factor
of three: 7.5 versus 25 ppb. respectively (Table 3).
Levels of DDT in flatfish were three times higher than
in euphausiids and pink shrimp, but PCB levels were
similar to those in the pink shrimp. Considering that all
three species have nearly the same lipid content, ap-
proximately 2 percent, other factors probably account
for these differences. Both euphausiids and pink.shrimp
feed on zooplankton and smaller animals. Euphausiids
are found in the water column, however, and pink
shrimp_are found near the ocean floor. Another possible
explanation for the difference between these levels is
that the two species were coliected from different geo-
graphic locations. Most euphausiids were collected west
of Newport (station 7); pink shrimp were collected
farther north af stations 2 and 5.

DDT levels reported by Giam et al. {2) for the Gulf
of Mexico are considerably higher. DDT levels for Guif
shrimp {family Panaeidae) ranged from 33 to 165 ppb;
PCB chromatograms lacked sufficient resemblance to
an Aroclor formulation for quantitation. DDT levels in
Gulf fish were also much higher than those from the
study reported here, but PCB__levels were tomparable.

Atlantic Ocean levels (/) are similar to those reported
from the present study of the Northeast Pacific. Ice-
fandic shrimp (Pandalus borealis) contained 1 and 18
ppb DT and PCB compounds, respectively.

in 1968 Stout (I2) reporied pesticide residues in fish
and shellfish in the Northeast Pacific. Residues in hake
collected along the Oregon/Washington coast ranged
from 115 to 285 ppb total DDT; DDE represented
only 26-36 percent of the total DDT residue. Some PCB
interference may have accounted for higher DD and
DDT residues. In the authors’ 1972 collections, PDE
often represented the major pertion of the total DDT
residue; Columbia River collections, which showed
signs of recent DDT contamination, were the excep-
tion.

Littie is koown about biological effects of PCR’s on the
marine environmeni, Duke et al. (J3) exposed shrimp
(Penacus duorarum) to 5 ppb Aroclor 1254 in sea
water for 20 days. Shrimp that died after 10 days had
only 1,600 ppb PCB's; those living after 20 days had
3,300 ppb PCR’s. Thus mortality probably was not

VoL, 9, No. 1, JuNE 1975

caused by PCB poisoning. If 1,600 ppb is taken as a
toxic residue Tevel for shrimp, then pink shrimp (Panda-
lus jordani} in the Northeast Pacific contain only 1/60
the toxic residue level. Similar studies for DDE were
not located.

DDE and PCB levels in the Coos Bay fish were slightly
less than those found in the offshore flatfish collections
(5 vs. 9 ppb DDE and 22 vs. 29 ppb PCB’s, respec-
tively).

Traces of chlordane and thiodan found in the steethead
may have originated from agricultural use in Medford,
Oreg., a fruit-growing area. Only minor quantities of
these chemicals are presently being applied in this area.
Dieldrin found in those collections may have originated
in the Rogue River, although dieldrin was also found in
a few offshore collections.

PCB chromatograrms of shrimp samples indicate selected
metabolism of some isomers. All shrimp species had
very low peaks fTor isomers 21 and 23 although-euphau-
siids contained the expected ratio of isomers. The lower
quantities of isomers 21 and 23 in fatfish may be a
result of their feeding on pink shrimp. The larger fish,
herring. salpa, and steelhead, had chromatograms close-
ly resembling Aroclor 1254, PCB chromatograms of
common murres collected in this area were very similar
to the shrimp chromatogram (17). It is significant that
three of the four fish collected in the Coos Bay estuary
had PCRB patterns closely resembling Aroclor 1254, The
pattern of the fourth, a starry flounder, resembled Aro-
clor 1260,

Except for the Columbia River collections, organo-
chlorine residues reported here for Oregon estuarine
moilusks are consistently lower than those reported for
mollusks from many other coastal States. Coos Bay
mollusks had higher SDDT residues than had mollusks
from the small coastal drainage estuaries, but even
these did not exceed 5 ppb. In contrast, a very high
percentage of mollusks sampled in other States con-
tained between 11 and 100 ppb SDDT; significant num-
bers contained even more than 160 ppb (5).

Residues found in Columbia River Corbiculs (53-78
ppb} more closely paralieled those reported in other
States, but 4nodonia collected in the same area con-
tained less than 15 ppb 3DDT. In general, a higher
level of DDT tissue residues would be anticipated in
Columbia River mollusks considering the enormous
area of agricultural land drained by this river system.
However, high levels of SDDT found in Corbicula
may alsc be a result of the extraordinary ability of this
species to accumulate organochlorine compounds.

Like DDT, PCB's accumulated far more heavily in
Corbicula than in the other mollusks examined, The
higher levels of PCB’s in the Columbia River fish sug-
gest that PCB contamination of the Columbia River
greatly exceeded that of adjacent coastal waters.
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