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A major survey of southern California sportfisher-
men was conducted in 1978 by the California Department
of Fish and Game (WINE 1979). Wine found that over one~
million angler trip hours per year were expended on
fishing and one in three fish caught was white croaker
(Genyonemus lineatus). A major portion of those fish
was caught in waters of Santa Monica Bay where there
has been considerable concern regarding the water
guality and pollution.

Santa Monica Bay's water quality is influenced by
many factors including two large wastewater outfalls
(Hyperion and the Joint Water Pollution Control Plant
[OWPCE} ), a sludge outfall, discharge from power plants,
an oil refinery, a harbor, surface run-off by rain and
storms, aerial fallout, public use of beaches, and small
boat activity (BASCOM 1980). Prior to 1971 the rate of
DDT discharged out the JWPCP outfall was estimated to
be 21.6 metric tons per year. Since 1971 the rate has
been reduced to about 0.7 metric tons and has remained
relatively constant (SMOKLER et al. 1979; EIS/EIR 1980).
Although the discharge of DDT has been reduced, the
sediments adjacent to the outfall still contain large
deposits of this and other contaminants such as PCB and
benzo (a)pyrene (BaP) and remain the major source of these
contaminants to bottom feeding animals (GOSSETT et al.
1982a). In 1978 concentrations of total DDT and total
PCB were measured at 1 mg/dry kg and 2 mg/dry kg,
respectively, in Santa Monica Bay sediments from the
site where the white croaker for this study were
collected (YOUNG et al. 1980).

White croaker caught near the Joint Water Pollution
Control Plant outfall in waters off Palos Verdes penin-
sula adjacent to Santa Monica Bay during April 1975 were
clearly contaminated and contained mean concentrations
of 39 ppm DDT and 2.8 ppm PCB in their edible muscle
tissue (YOUNG, unpublished data). By 1980 these concen-
trations had dropped to 7.6 ppm and 0.38 ppm, respec-
tively (GOSSETT et al. 1982b). Nevertheless, these
concentrations remained of concern, particularly since
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a survey in 1980-81 by PUFFER et al. (1982) had con-
firmed the previous findings of WINE (1979) and had
further shown that fishermen were consuming a large
portion of the fish they were catching. They reported
that the overall median consumption rate of f£ish being
caught was 37 g/day/person annually and 10% were con-
suming 85 g/day/person for the entire year. The median
consumption rate for fishermen surveyed at Santa Monica
Bay was much higher, 97 g/day/person.

Using data for fish consumption reported by PUFFER
et al. (1982) and the most recent data regarding DDT
and PCR concentrations in white croaker, GOSSETT et al.
(1982b), it was estimated that sportfishermen would
consume 2.2 mg of total DDT and 1.9 mg of total PCB
annually. This estimate was based on the consumption
of uncooked fish. However, recent reports of the
effect of cooking on PCB and DDT indicate that concen-
trations of these contaminants in carp and trout may be
significantly altered by cooking (REINERT et al. 1972;
ZABIK 1982). Several reports indicate that cooking of
foods, including fish, significantly effects the content
of substances such as carcinogens and mutagens (FABIAN
1968; KRONE & IWAOKA 1981; LIJINSKY & SHUBIK 1964,
1965; PARIZA et al. 1979; YAMAIZUMI et al. 1980). How-
ever, no studies have been made on the effect of cook-~
ing on concentrations of DDT and PCB in white croaker.
PUFFER et al. (1982) found that pan frying was the
major method of cooking used by sportfishermen consum-
ing white croaker in the Los Angeles area. Therefore,
it was decided to study the effect of pan frying on
concentrations of PCB and DDT in edible portions of
white croaker. BaP, another widespread environmental
pollutant (NATIONAL ACADEMY OF SCIENCES 1972), was also
included for analysis because several investigators
Have reported the presence of this compound in fried and
broiled foods (LIJINSKY & SHUBIK 1964, 1965: NAGAO et al.
1977; FRITZ 1973). This paper describes the results of
this study.

METHODS

Materials. White croaker (Genyonemus lineatus)
was obtained by hoock—-and-line from waters of Santa
Monica Bay and from Orange County. Samples from Santa
Monica Bay were collected, May, 1981, 7 miles offshore
of the Marine Del Rey breakwater near the end of the
Hyperion Treatment Plant 7-mile outfall at 300 ft
depth. The Orange County samples were collected, June
1981, at 200 ft depth approximately 1 mile south of
Abalone Point. Fishing methods and sites were those
used by local fishermen to assure that samples were
representative of those obtained by sportfishermen.

66



Fish were skinned, filleted and fillets were weighed
(9-38g) and measured (10~13cm length). Fillets from
one side of fish were fried, composited and analyzed
for DDT, PCB and BaP. Fillets from the opposite side
of fish served as uncooked controls and were composited
and analyzed using the same method as used for cooked
tissues. Five composites of a total of 22 fillets

from Orange County and 38 fillets from Santa Monica Bay
were tested.

Cooking Procedure. White croaker fillets were pan
fried in an electric skillet (West Bend 12 inch, 1255
watts, with non-stick coating) with 30 ml hydrogenated
soybean o0il (Wesson o0il). Each fillet was fried for
4 min per side (8 min total cooking time] at a temper-
ature of 1900C as described by KRONE & IWAOKA (1981).
Temperature of the fillets during frying was measured
using an iron constantin thermocouple.

DDT, PCB and BaP analysis. Percent dry weight was
determined by freeze drying in a Lab Con Freeze-Dryer,
Percent lipid was determined by chloroform/methanol
extraction (BLIGH & DYER 1959). Samples analyzed for
total DDT (ortho plus para isomers of DDT, DDE and DDD)
and total PCB (Aroclor 1242 + Aroclor 1254) were homog-
enized with acetonitrile, filtered and re-extracted
into hexane. Samplesgs were further purified using a 6%
ether in hexane elution on Florisil (MCB 60/100 mesh
activated for four hours at 700°C).

PCB and DDT concentrations were determined using
a Tracor MT220 gas chromatograph (GC) equipped with
nickel 63 detectors with a makeup flow of 60 ml/min Np.
Chromatographic separation was performed on a 1.83 m x
2 mm ID glass column packed with 1.5% Ov-17 + 1.95%
QF-1 on 80/100 mesh Gas-Chrom Q. The column was held
at 200°C with a carrier flow rate of 20 ml/min Nj.
Quantification was based on external standard peak
height comparison with sample peak heights with the
necessary correction for recovery. This laboratory
confirms DDT and PCB results on a regular basis using
gas chromatography mass spectrometry and all DDT
results are corrected for PCB interference (LIU-HU et al.
1980). Our DDT and PCB results are not corrected for
the interference of toxaphene. We have not detected
toxaphene. In any case we had no indication it was
present in concentrations high enough to affect our
DDT or PCB results.

BaP was determined similar to the method reported
by DUNN (1976) by homogenizing 25-50 g of tissue with
ethanolic KOH and spiked with 25,000 counts of H3BaP
tracer. The homogenate was heated and then extracted
with hexane. The extract was then added to a silica
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column deactivated with 2% H20 and eluted with toluene.
Toluene was then removed by roto-evaporator and meth-—

anocl was added and the extract sonicated. Finally 25%

of the sonicated extract was analyzed by high pressure
liquid chromatography using an Altex 420 reverse phase
column with a 9:1 methanol/H20 mobile phase and a 254 nm
fixed wavelength detector. Cuantification was based on

an external standard and the remaining sample was archived.
The 1limit of BaP detection was 1 ng.

RESULTS

Results of DDT and PCB analysis are presented in
Table 1. Mean total DDT concentration + standard
error (SE) in uncooked fish samples from Santa Monica
Bay was 0.60 + 0.21 mg/wet kg and PCB concentration was
0.20 + 0.04 mg/wet kg. Mean total DDT concentration
+ SE after pan frying was 0.15 + 0.04 mg/wet kg and
mean PCB concentration + SE was 0.070 + 0.016 mg/wet
kg. Mean total DDT concentration + SE in uncooked fish
samples from Orange County was 0.1%4 + 0.04 mg/wet kg
and PCB concentration + SE was 0.018 + 0.003 mg/wet kg.
Mean total DDT concentration + SE after pan frying was
0.085 + 0.022 mg/wet kg and PCB concentration + SE was
0.013 + 0.002 mg/wet kg. The mean loss during cooking
for fish samples from Santa Monica Bay was 74% DDT and
65% PCB and samples from Orange County was 39% DDT and
28% PCB. BaP was below detectable limits of 1 ug/wet
kg in all cases.

Table 2 presents the percent dry weight and lipid/
wet weight determinations before and after cooking of
fish. The mean percent dry weight of uncooked fish
samples from Santa Monica Bay was 24 and percent
lipid/wet weight was 1.2. Mean percent dry weight
after pan frying was 79 and percent lipid/wet was 19,
The mean dry weight in the Orange County sample, also
increased from uncooked to cooked samples, 21% to 73%
respectively, and the mean lipid/wet weight increased
from 0.89% to 19%.

DISCUSSION

It is apparent that pan frying has a prounced
effect on DDT and PCB concentrations in white croaker
fillets (Table 1). Total DDT in samples from Orange
County was reduced 39% and total PCB was reduced 28%.
Reduction in concentrations was even greater in samples
from Santa Monica Bay; total DDT was reduced 74% and
total PCB was reduced 65%. The greater relative loss
in samples from Santa Monica Bay is most likely a
function of concentration prior to pan frying. Initial
concentrations of total DDT in white croaker taken at
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Santa Monica Bay were four times higher than those
found in croaker taken from Orange County. Total PCB
concentrations were eleven times higher at Santa Monica
Bay versus Orange County while after frying these dif-
ferences were reduced approximately two-fold for beth
DDT and PCB. These two fishing sites had been selected
because of this wide variation of total pollutant con-
centartions and we anticipated there might be a dif-
ference between effect seen with relatively high versus
low tissue concentrations.

Table 2. Percent dry and lipid/wet weight of white croaker
{Genyonemus lineatus) fillets uncooked and pan fried.

Camposite no. Uncooked Pan fried
% dry % lipid % dry % lipid

SANTA MONICA BAY

1 22.6 1.14 75.3 18.1
2 22.9 1.22 73.3 19.6
3 26.7 1.12 76.4 18.6
4 23.0 1.6l 86.5 20.6
5 22.5 1.11 82.0 18.6
Mean 23.5 1.24 78.7 19.1

1 21.6 0.88 88.7 28.1
2 20.8 0.87 82.4 19.4
3 21.6 0.94 58.7 15.4
4 21.4 0.90 69.0 16.9
5 21.3 0.87 68.1 14.9
Mean 21.3 0.89 73.4 18.9

Reduction of DDT and PCB concentrations could ke
attributed to the partitioning of these compounds from
fish tissue into cooking o0il while frying; both com-
pounds are much more soluble in lipid than aqueous
solvents. In all cases frying time, temperature and
volume of cooking 0il were constant. However, there
was considerable loss of water during frying and an
increase in lipid content (Table 2). The increase in
lipid content may be due to absorption of cooking oil.
In this portion of the study we found that cooking oil
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had a detrimental effect on GC column packing material.
Early analysis of oil, however (prior to obvious column
degradation), indicated a lack of chlorinated hdyro-
carbons (CHCs) in unused cooking oil and low levels of
CHCs in used cooking oil. These levels could neither
be accurately qualified nor quantified. Since the
temperature used in GC analysis is comparable to the
01l temperature used to fry the samples, breakdown was
eliminated as a possible reason for reduced levels of
CHCs.

Detectable BaP is also likely to be a function of
cooking time and temperature. BaP is usually a product
of incomplete combustion (NATIONAL ACADEMY OF SCIENCES
1972) and is most often associated with broiling and
grilling of foods (FRITZ 1973; LIJINSKY & SHUBIK 1964;
NAGAO et al. 1977). A temperature of 190°C and frying
time of 4 min per side was probably insufficient to
form BaP although KRONE & IWAOKA (1981) have reported
formation of mutagens when sole or snapper fillets were
fried in this manner. Temperature higher than 190°C
was not used in this study because we were duplicating
pan frying of fish as reported by sportfishermen. Tem~
peratures greater than 1900C tend to char fish, making
them less palatable.

In general, pan frying markedly reduced concentra-
tions of total DDT and PCB in white croaker fillets.
These findings are in agreement with REINERT et al.
(1972) who reported that broiling and frying reduced
DDT concentrations in lake trout by 64-72% and with
ZABIK et al. (1979) who reported significant reductions
of xenobiotics during cooking of fat trout. Fat con-
tent of fish appears to be related to reduction of
contaminants during cooking (SMITH et al. 1973; WANDER~
STOCK et al. 1971; ZABIK et al. 1982). The 1lipid
content of uncoocked white croaker may in part account
for reduction of PCB and DDT by frying. Future con-
siderations regarding the consumption rates of these
compounds as a result of eating contaminated £fish
should take into consideration the effects of cooking.
Further studies should also be conducted to determine
the effects of cooking time, temperatures and use and
volume of cooking oil on the degree to which DDT and
PCB content is altered. Finally, an effort should be
made to identify and quantify the degree to which
these compounds are partitioned into coocking oils.
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