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INTRODUCTION

Concern over detectable levels of organochlorine contaminants in Lake Ontario fish
flesh has existed since at least the mid-1970's  Spagnoli and Skinner, 1977!. In
New York's Great Lakes waters, levels of polychlorinated biphenyls  PCB's! and most
other pesticides and environmental contaminants have declined in fish during this time
 Armstrong and Sloan, 1980; Sloan, 1987; International Joint Commission, 1989;
Skinner, 1989!. In 1989, however, controversy over the risk associated with eating
Great Lakes fish was renewed with the issuance of a fish consumption health advisory
by a private environmental group, the National Wildlife Federation  Gibbs, 1989;
National Wildlife Federation, 1989!. This non-governmental advisory suggested that
the health risk from consuming Great Lakes  Lake Michigan! fish greatly exceeded the
risk estimated by state and provincial health agencies in the Great Lakes Basin.

One response to this controversy by the angling and fish consuming public has
been renewed interest in the effectiveness of certain fish trimming and preparation
techniques in reducing the contaminant burden in the edible portion of Great Lakes
fish, particularly the more popular but more contaminated salmonid species. A series
of earlier investigations found that organochlorines were concentrated in the fattier
portions of fish, and therefore could be removed by using special fat-trimming and
cooking methods  Reinert et al�1972; Smith et al., 1973; Lindsay et al., 1976; Skea et
al., 1979, 1981; Zabik et al., 1979; Clark et al., 1984, Lewis and Makarewicz, 1985;
Williams et al., 1989!.

Because of their well-conceived experimental research design, which analyzed and
compared contaminant levels in both pre- and post-trimmed fillets from the same fish,
and their focus on some pervasive chemical contaminants and commonly caught
species, a series of studies by Skea et al. �979, 1981! were at least partly responsible
for the removal of a ban on possession of Lake Ontario salmanids in 1978, and led to
the direct mention of trimming recommendations in New York State's fish consumption
health advisory and to a separate New York State Department of Environmental
Conservation  NYSDEC! brochure on trimming methods  Horn and Skinner, 1985;
New York State Department of Environmental Conservation, 1981!. The research led
by Skea is still the most frequently cited on the topic in the literature, and for over a
decade has remained the most robust scientific analysis of the effectiveness of fillet
trimming in reducing organochlorine contaminant burdens in anadromous species in
general, and in Great Lakes  Lake Ontario! salmonids and smallmouth bass in
particular.

To date, however, no replicates of the Skea studies have been carried out to
validate their findings. Furthermore, signiTicant declines in many environmental
coritaminants such as PCB's and DDT have been observed in Great Lakes fish since
the Skea studies were conducted, but no investigations have explored whether
trimming techniques remain consistently effective when carried out on fish exhibitirig
relatively higher or lower initial contaminant levels.



PURPOSE

The primary purpose of this study was to verify the efficacy of the New York State
recommended fillet-trimming technique on reducing organochlorine contaminant levels
in the fillets of Lake Ontario brown trout  Sa/mo trvtta!. The hypothesis to be tested
was that recommended fillet-trimming methods would signlcantly reduce PCB and
rnirex levels in the trout fillets, and that such reductions would approximate those
observed in the Skea studies. PCB's and mirex were selected for the study because
they are generally considered to be the contaminants of primary health risk concern in
Lake Ontario fish, and represent two of the three contaminants analyzed in the Skea
studies. Brown trout was selected as the test species because this popular and
commonly caught Lake Ontario salmonid was the most thoroughly examined species
in the earlier work by Skea et al, and would thus facilitate and strengthen comparison
of results.

Beyond the attempt to verify the results of the Skea work, a secondary purpose of
the study was to provide some basic answers to questions often posed by fish
consumers and educators concerned with the fish contaminant issue. These

questions included:

What are the edible yields that result after recommended fillet trimming
procedures are carried out?

What bearing might such variables as fish fat content, sex, age, physical
condition, weight/length, and location of fish capture in Lake Ontario have on
accumulated contaminant levels and on the effectiveness of trimming methods?

No attempt was made to determine the effects of cooking procedures on
contaminant levels. Previous studies suggest that cooking trimmed fillets can further
reduce contaminant residues, although the exact amounts and concentrations may
vary widely depending on cooking method, fat loss and moisture loss during cooking
 Wanderstock et al., 1971; Reinert et al., 1972; Smith et al., 1973; Skea et al., 1979,
1981; Zabik et al., 1979; Lewis and Makarewicz, 1985; Armbruster et al., 1987, 1989!.

METHODOLOGY

Thirty-six �6! Lake Ontario brown trout caught close to shore  depth < 20 feet! by
rod and reel in late April/early May 1990 were collected by members of the Lake
Ontario Charter Boat Association  LOCBA! for use in the study. The fish were taken
from four geographically distinct locations dispersed along the Lake's southern shore,
including Fair Haven, Sodus Point, Rochester/lrondequoit, and the Niagara River/
Wilson areas  see Figure 1!.
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Each fish was wrapped individually in aluminum foil, frozen within 24 hours of
capture, and held in frozen storage at 0 F-10'F. After transport to the preparation
laboratory, the fish were thawed, numbered, and then 20 fish � from each of the 4
areas of capture noted above! were randomly selected for further preparation and
analysis.

Sam le Pre aration

Total  whole! weight, total length, sex', age', and condition factor' of each of the
20 randomly selected trout were determined and recorded. Each fish was gutted,
scaled, and then prepared by alternately selecting and removing its left or right side,
resulting in an entire fillet portion  inclusive of skin and half rib-cage! labeled the
"standard fillet." This standard fillet was described and used by Skea et al. in their
earlier work, and is also currently utilized as the standard test sample by fisheries and
health agency contaminant analysis programs in New York and the Great Lakes
states. The opposing fillet of each fish, labeled the trimmed fillet", was trimmed of the
half rib-cage and fatty areas  skin, lateral line muscle and dorsal and belly muscle!
according to methods developed by Skea et al. and recommended by the NYSOEC in
its publication, Reducin Toxics; Fish Filletin Guide  New York State Oepartrnent of
Environmental Conservation, 1981!  see Figure 2!. Weights of the standard and
trimmed fillets and all trimmings were taken and recorded. Standard and trimmed
fillets for each fish were rewrapped in foil, numbered and labeled, and held in frozen
storage � F-10 F! for further analysis.

All chemical analyses were conducted at the Toxic Chemicals Laboratory at Cornell
University. A total of 40 samples � standard and 1 trimmed fillet from each of the 20
fish! was analyzed for total lipid content and PCB and mirex residues. Each of the
samples was ground, mixed, and sub-sampled, and the total lipid content was
determined using Association of Official Analytical Chemists  AOAC! methods for
measuring total lipid in fish and other foods. Each sample was then tested for PCB
and rnirex levels using standard isolation and analytical gas chromatographic
techniques as outlined and described by the U.S. Food and Orug Administration  U.S.
Food and Drug Administration, 1971!.

Sex of individual fish was determined from gonad inspection via ventral incision from vent to
isthmus.

Scale samples were taken posterior to operculum and superior to lateral line. Scales were
examined microscopically �0X! for age determination.

Condition factor  Kt was determined for individual fish using the formula: K = f OOW + Ls,
where W = total body weight and L total length  Bagenal, 1978!,



F!GURE 2.

Yhe four fillets are now ready to be cooked.0

Adapted from NYSOEC, 1954. Reducing toxics: Fish filleting guide. Publ. No. FW-P116. Albany, NY. 2 pp.



Specifically, each sample was freeze-dried and subjected to Soxhlet lipid extraction
with hexane for 8 hours. Compound isolation was carried out on a Florisil column
according to procedures described by Mills et al. �972!. Electron capture gas
chromatography was employed for dissemination of PCB's  quantitated as Aroclor
1260! eluted from a 2m x 4mm column packed with 1.5%SP-2250 and 1.95%SP-2401
on 100/1 20 mesh Supelcoport at 200'C'. Mirex eluted from a 15m x 0.5mm fused
silica megabore capillary column with DB-608 as the liquid phase operated at 200'C.
The detection limits of the method were set at less than 0,6 ppm  dry weight! for
Aroclor 1260 and less than 0.02 ppm  dry weight! for mirex.

RESULTS

Sam le Characterization

All data measured, calculated, and recorded for the sample of 20 brown trout,
including specimen identification number, total weight, total length, sex, age,
physical condition, approximate date s! of capture, and areas of capture are displayed
in Table 1. With a mean weight of 1595.3+ 189 grams �.5 i 0.4 lbs.! and weight
range of 542-3637 grams �.2 to 8.0 lbs.!; a mean length of 465.1 + 14.5mm �8.3 a
0.57 inches! and length range of 362-61 0 mm �4.3 to 24.0 inches!; 1:1 ratio of males
to females; a mean age of ~ fears  range: 2-gttrears!; and a condition factor of
1.45 + 0.05, the sample was judged as very typical of the late April-early May
springtime angler catch of brown trout common for the south shore of Lake Ontario
 personal communication, L. Wedge, Senior Aquatic Biologist, New York State
Department of Environmental Conservation, Region 7, Cortland, NY!.

Fillet Yields

Yields, expressed as a percentage of whole fish weight, were calculated for
standard fillets and trimmed fillets. Because each fish was to supply a standard and a
trimmed fillet for analysis, fillet yields were extrapolated for each fish using the
following formulas:

Standard Fillet Yield = wei ht of standard fillet x 2 �
whole fish weight

Trimmed Rllet Yield = wei ht of trimmed fillet x 2 �,~
whole fish weight

It should be noted that in the Skea studies, PCB's were quantitated as Aroclor 1254.
Characterization of either Aroclor 1254 or 1260 is such that there is considerable overlap of
the mixture of PCB compounds, so that the PCB compounds present in aged residues of
Arocior 1254 and 1260 are not significantly different. Aroclor 1260 most likely represents a
better measure of the long-term, environmentally-weathered PCB residues, It was assumed
that reference to Aroclor 1260 in this study would not compromise or preclude comparison of
trimming results with those recorded by Skea.



Yields, expressed as a percentage of standard fillet weight, were calculated for the
removed skin, the removed trimmings  including excised rib cage and the dorsal,
ventral and lateral line 1/4" trimmings as noted in Figure 2!, and the fully trimmed fillet.

All yields are reported in Table 2. In general, standard filleting resulted in retention
of an average of 58% of the whole fish, while trimmed filleting resulted in an average
retention of 34% of the whole fish. An average of 40.2% of the standard fillet weight
was lost when skin and fat were removed to produce a trimmed fillet. The skin portion
represented an average of 26% of the standard fillet. Other trimmings averaged
14.2% of the standard fillet. This left 59.8% of the standard fillet remaining as edible
flesh after trimming.

Fillet Fat ontent and ontaminant Concentrations

Total fat content  g/100g wet weight basis! and PCB and mirex concentrations
 ppm-wet weight basis! for the standard and trimmed fillets, as well as the calculated
percentage reductions in fat, PCB and rnirex levels due to trimming, are presented in
Table 3. Standard fillets averaged 12.1% fat, 1.05 ppm PCB's, and 0.05 ppm mirex.
Trimmed fillets averaged 4.9% fat, 0.5l ppm PCB's, and 0.03 ppm mirex. All PCB
concentrations for both standard and trimmed fillets fell well below the current federal
tolerance limit for PCB's �.0 ppm!, and only 2 of the 20 standard fillets were found to
exceed the current federal tolerance limit for mirex �.10 ppm!.

Trirnmin Effectiveness and Fat-Contaminant orrelations

On average, approximately 62%, 46% and 44% of the total fat, PCB and mirex
levels respectively were removed from the standard fillet when the recommended
trimming procedure was used  Table 3!. Comparision of the mean reductions using
the paired t-test showed significant differences in total fat, PCB and mirex levels
 P z .001! in trimmed fillets when compared to the corresponding standard fillet.

Correlation analysis revealed strong, positive and statistically significant  P z .05!
correlations between percentage reductions in fat and PCB's and between percentage
reductions in fat and mirex; between fat and contaminant levels in the standard fillets;
and between fat and contaminant levels in the trimmed fillets  Table 4!.

Variance Amon Areas of a ture

Analysis of variance among the 4 locational groupings of fish indicated that these
groupings were homogeneous subsets, having no signIcant differences  P g .05! in
standard fillet mean fat content or in PCB and mirex levels. In short, there were no
significant differences in fat or contaminant levels across collection sites.



Wei ht Len h A e ex and Condition Relationshi s to Contaminant
Concentrations and Reductions

Correlation analysis was conducted between several physical attribute variables
 weight, length, sex, age and condition!, and fat, contaminant, and percentage
reduction variables. Results are shown in Table 5.

Based on the general patterns and relationships of stronger or statistically
signwcant correlations, it can be generally stated that as brown trout increase in size
 weight, length!, "fatness" or healthiness  condition!, and age, fat content and fat-
soluble contaminant levels in the edible portions of the flesh also increase, and
contaminant-reducing trimming techniques become less effective. It also appears that
the sex of the brown trout had little bearing on fat content, contaminant levels, or any
observed reduction in these variables due to trimming.

COMPARISON WITH THE SKEA STUDIES AND FURTHER DISCUSSION

The reductions in fat content, PCB and rnirex levels determined in this study were
compared to those reported by Skea et al. �979, 1981!  Table 6!. Fat and
contaminant reductions observed in this study were similar to those found in the Skea
studies, which were also found to be statistically significant at the P s .001 level.
Contaminant reduction percentages found in the two studies were equivalent despite
the fact that initial standard fillet contaminant levels in the two studies differed
markedly'. These findings tend to support two conclusions: �! fat-soluble organo-
chlorine contaminants such as PCB's and mirex are removed when recommended fat-
trimming procedures are carried out on brown trout, and �! the efficacy of
contaminant removal by trimming is consistent despite wide variation in the initial
standard fillet contamination level.

It should be noted that Skea et al. reported mean PCS levels in the standard fillets of their
brown trout  collected in f 976! that were substantially hiihher than those reported here �.85
ppm vs. 1,05 ppm!. In contrast, Skea noted mean mirex levels in brown trout standard fillets
that were considerably lower �.027 ppm vs. 0.052 ppm! than those observed in the present
study. The difference in PCB levels between the two studies appears to reflect the
documented decline in PCB levels occurring in Lake Ontario and Great Lakes fish in general,
The difference in mirex levels is more difficult to explain. Trend data for mlrex in Lake Ontario
fish shows only a slight decline at best over the last 14 years, but there is clearly no evidence
of a general increase in levels. The mirex levels in Skea's standard fillets appear to be
considerably lower than average levels in Lake Ontario brown trout standard fillets observed in
1978 �.09 ppm!, while the present study's standard fillet mirex levels are in close keeping with
the most recent State findings for brown trout collected in 1987. One is therefore left to
speculate that the marked dilference in standard fillet mirex levels between the two studies
may simply reflect the signrTicant fluctuations seen in Lake Ontario brown trout mirex levels
over the last 14 years, which, in turn, could be due to variation in forage, or to environmental
perturbations that may release and expose mirex-contaminated sediments to the food chain or
water column. in addition, random sampling error cannot be ruled out since standard
deviations overlap.



Study results also reinforce the trimming and risk management advice dispensed
through health agency fish consumption advisories, and other public educational
programs undertaken by university-based outreach efforts. These programs have
long emphasized that larger and older  as indicated by such variables as weight,
length, and age! fish are likely to be more contaminated than smaller ancf younger
specimens, and therefore should be eaten less often, if at atl. Findings in this study
clearly support this straightforward and simple advice.

Although confined to a limited sample of 20 fish, the study also suggests that
springtime contaminant levels in Lake Ontario brown trout do not significantly differ
between locations along the south shore of the Lake.

Application of the recommended fillet trimming technique substantially reduces the
yield of the edible portion  by about 40%!. However, it must pointed out that a
significant portion of the trimmings, including skin and rib bones, would not normally
be eaten. Therefore, the actual waste stemming from the trimming procedure may not
be as great as yield calculations suggest or as the consumer may think.

Despite significant mean reductions in contaminant levels achieved through the
trimming procedure, wide variation in reductions occurred between the individual fish-
from 29% to 63% in the case of PCB's, and from 15% to 60% in the case of mirex.
While this may make it difficult to confidently assure a fish consumer that trimming a
specific Lake Ontario brown trout reduces his or her ingestion of PCB's or mirex by
"almost half," mean data dearly indicate that, over time and over numerous meals of
brown trout, signNcant reductions in a consumer's intake of PCB and mirex residues
would most assuredly occur.

Reasons for significant variability encouriterecf in trimming effectiveness between
individual fish, and for the unexplained variation observed in correlation analysis of fat,
contaminant and physical attribute variables are unclear. One possible cause could
be the static" nature of step 4t6  Figure 2! in the State-recommended trimming
method in relation to the size of the fish  i.e. the prescribed advice to trim away exactly
1/2 inch of flesh centered along the lateral line regardless of the size of the fish or
fillet!. This advice may too often result in the retention of more red muscle  which is
known to be fattier! on the fillets of larger fish. A future test of this hypothesis could
involve analysis of the fat and contaminant reductions achieved when trimmed fillets
are stripped of all observable red muscle along the lateral line.

A second possible cause of the variation observed in the results may be that
complex and distinctly different contaminant migration-deposition patterns and
processes may be occurring within individual fish. Such patterns and processes may
be dependent upon a multitude of physical, dietary and environmental factors at play
on or in the organism. Exploration of these aspects would appear to be fruitful areas
for further research, and could result in additional and more effective trimming or fish
selection guidelines for the consumer.
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The Effectiveness of Recommended....e  November 1990 edition!

Reinterpretation of scale annulus position for specimen brown trout required the followirtg
corrections in age data and related analytical results:

Parse 6: Under "Sam le Characterlzatlon", The mean age and age range should read as
follows; "...a mean age of 2 1 5 years  range: 2-3 years!..."

T~abt t: The age data column should read as follows:

TABLE 4. CHARACTERIZATION OF SAMPLE

* Scale samples for specimen 418 were lost after initial aging examination. Given the
weight and length of this fish and other recollections af the physical characteristics of
this fish by project investigators, it was confidently assumed that this specimen was
age 3.

- OVER-



Ta~I 5: The age correlations should read as follows:

SignNcant at P S .06 ~

TA8LE 5. MATRIX OF PEARSON CORRELAT!ON COEFFIClENTS*



SKIN
YIELD

TRIMMINGS
YIELD

SPECIMEN

NUMBER

 AS % OF WHOLE WEIGHT!

56.8

14.7 68,731.7 16.647.6

57.8 35.6

59.9

35.3

30.2 11.9 57.9

59.1 8.6 62.2

37.710

19.3 60.259,3 35.0

12

18.413 57.4 15.1

14 36.9 25.6 14,8 59.6

15 59.4

16 58.4 31.0

17 62,6 31.8

55.3

60.519 27.9 14.4 57.7

28.3 17.3

58.0

RANGE 47.6-65.8 29,6-37.7

13

TABLE 2. FII.LET YIELOS

STANDARD

FILLET

YIELD

TRIMMED

FILLET

YIELD

TRIMMED

FILLET

YIELD

 AS % OF STANDARD FILLET WEIGHT!

22.7 18.4 58.9

20.0 17.1 62.9

33,8 6.6 59.6

28.0 9.5 62.5

24.5 14.1 61.4

35.6 9.4 55,0

25.3 12.9 61.8

26.1 18.8 55,1

27.4 18.0 54.6

29.2 14.4 56.4

23.0 16.0 61.0

27.7 12.0 60.3

26,0 14.2 59.8

16.6-35.6 6.6-19.3 54.4-68.7
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TABLE 4. SIGNIFICANT  P < .05! PEARSON CORRElATION COEFFICIENTS
BETWEEN FAT CONTENT AND CONTAMINANT CONCENTRATIONS

15
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TABLE 6. LAKE ONTARIO BROWN TROUT FAT/PCB/NlIREX CONCENTRATIONS
 WET WEIGHT! AND PERCENT REDUCTIONS: SKEA ET AL �979,
1981! VS. VOILAND ET AL �990!

Standard deviation in parentheses.
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