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To be suitable for use in a nation-wide program of pesticide moni-
toring, a species of wildlife should be relatively abundant throughout
most of the nation, be readily collectable, and have feeding habits that
sample some target cross-section of the enviromment. Very few of the
many species found within the United States meet these requirements.

Guided by these criteria, the Bureau of Sport Fisheries and Wild-
life selected the wild mallard, or where necessary the closely related
black duck, to be used as part of its phase of the Federal pesticide
monitoring program. The combined range of the species includes virtually
all of the continental United States, the mallard being relatively abun-
dant in all but the Atlantic coast States where the black duck predomi-
nates. Both species are omniverous, feeding on a variety of vegetation
and aquatic animals. In some regions mgllards feed heavily on grain
crops. Thus, their varied diets and migratory habits cause the species
to sample a broader segment of the habitat than most forms of wildlife,

The feasibility of monitoring these species depended upon the
suitability of the duck wing as a medium for pesticide analysis and as
an indicator of body residue levels. An established nation-wide survey
to measure annual waterfowl productivity each fall provides the Bureau
with tens of thousands of duck wings mailed by cooperating hunters.

The wings, identified by species, age, sex, and county of kill, were

routinely discarded once the above data were recorded. Thus a
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monitoring sample was virtually readymade if wings proved to be a suitable
medium for analysis. It was otherwise inconceivable that these prized
species of waterfowl could he adequately sampled for monitoring on a
national scale.

To learn if pesticides were detectable, analyses were made of 20
samples of wings from 14 species of ducks collected in the fall of 1963.
These determinations, made at the Bureau's Patuxent Wildlife Research
Center at Laurel, Maryland, and the Wisconsin Alumni Research Foundation,
revealed the presence of pesticides in all but one sample,

To test whether wing residue levels correlate with those in other
parts of the body, the Patuxent Center contracted the services of
Dr, T. J. Peterle and D. Dindal at Ohio State University who were using
DDT ring-labeled with chlorine~36 to trace DDT dispersion in a marsh eco-
system. Their preliminary findings based on radio-assays of 104 mallards
and scaup ducks revealed highly significant positive correlations (.01
level of significance) between wing residue levels and those in 10 of the
11 body parts examined. Wing levels correlated with those in the skin,
muscle, brain, liver, kidmey, pancreas, adrenal, gonad, thyroid, and
uropygial gland; they did not correlate with levels in feathers. (Corre-
lation coefficients are still subject to verification and are not reported
here.)

A pilot collection of black duck and mallard wings was scheduled for
the 1964 duck;wing survey to develop and test our proposed monitoring

protocol prior to a full-scale operation. Sampling was restricted
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to wings from the States of New York and Pennsylvania where both species
of ducks were adequately represented in the kill, The wings were
sampled according to species, State of kill, and age, separating birds
of the year from adults. The age separation was made on the premise
that adult birds, through longer exposure, could have higher residue
levels than immatures. Both species were examined because black ducks
feed more heavily than mallards on aquatic animals known to concentrate
certain pesticides and conceivably could develop higher residues.

The most precise and important estimate to be derived in monitoring
these species is not the pesticide levels in the wings themselves but
the quantification of any trends in levels that might develop within
their continental populations. 1In addition, findings should be rela-
tively applicable to other species of waterfowl with similar ranges and
feeding habits, and intuitively should reflect pesticidal trends within
the overall environment.

Since the primary aim in monitoring is to measure trends in pesti-
cide levels, it was decided for greater efficiency to "pool" a fixed
number of wings in each chemical analysis. While pooling fails to
measure extremes in levels among individual wings, it provides a more
precise estimate of average levels for a given number of analyses.
Clearly, trends are most readily detgrmined by detecting significant
changes between average residue levels over some period of time. A

pool size of 25 wings was thought to be adequate.
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A foreseeable limitation to the use of the mallard and black duck
as indicator species is that, should an increase in residue levels be
detected within some segment of their population, the mobility of the
species might permit only a general location of the source of contamina-
tion. However, monitoring of localized material (soil, crops, etc.) by

other agencies should help identify such concentrations.

Methodology

Random selections of wings within each of the eight wing-categories
(2 States x 2 species x 2 age groups) provided five 25-wing pools from
all categories except that of Pennsylvania adult black ducks where wings
for only three pools were available, (Two of the five New York adult
mallard samples were lost in a laboratory accident.) Feathers were
removed from each wing by trimming and singeing. The defeathered wings
of each pool were then ground into‘an homogenous 25-wing mass with a
Hobart Food Cutter (Model 8418-D), and a 20-gram tissue sample was taken
from each pool-homogenate for anélysis. Sample preparation and chemical
analyses were performed at the Patuxent Wildlife Research Center by
Richard M. Prouty and William L. Reichel with assistance from James D.
Frye] James W, Spann segregated the wings and randomized them into
25-wing pools,

The tissue samples were mixed with sufficient sodium sulphate to
bind any moisture present, then ektracted for 7 hours with petroleum

ether (30o - 60° c. b.p.) in a Soxhlet extractor. After evaporation
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of the petroleum ether, the lipids were partitioned with acetonitrile
and hexane and the remaining fats removed by passage through a florisil
column.

All analyses were made by electron capture gas chromatography, and
verified with thin layer chromatography. The gas chromatography uti-
lized a 5 percent SE-30 column on Anakrom ABS. Thin layer chromatogra-
phic plates coated with aluminum oxide were developed with hexane and
visualized by spraying with silver nitrate and exposing to UV light.

Tissue pools were analyzed in a randomly selected order so that,
should a progressive analytical error ever develop, it would be randomly
distributed among all wing categories. Otherwise error confined to cer-

tain categories could be falsely interpreted as residue differences.

Results

All 36 wing pools contained measurable amounts of DDT and its
metabolites; DDD and DDE; dieldrin was detected in 32 of the pools,
Only the above chemicals were identified by gas and thin layer chroma-
tography.

Tables 1, 2, and 3 show the average residue levels of pools in ppm
wet weight of DDT and DDD combined, of DDE, and of dieldrin., DDD has
been included with DDT since it is a known early breakdown product of
the latter and also is toxic.

All data shown and the accompanying statistical analyses are based
on the gas chromatographié readings. Statistical analysis of the thin

layer readings was not attempted, since some pool readings were too low
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to be quantified, Agreement between the two methods was considered
acceptable in all cases, differences seldom exceeding 0.5 ppm.

Analysis of variance of the DDT plus DDD data failed to establish
differences (.05 level of significance) in residue levels among species,
age, State of kill, or their interactions. The difference between the
mean residue level (0.83 ppm) in black ducks and that in mallards (0.53
ppm) closely approached significance and warrants further study.

Mean levels of DDT plus DDD in adult wings were virtually identical
to those in immatures (0.68 and 0.67 ppm, respectively); however, levels
of DDE were significantly higher in adults (1.39 and 0.52 ppm, respec-
tively). The fact that average levels of DDE in adults were more than
twice those in immatures and double those of DDT plus DDD in both age
groups presumably reflects a longer period of exposure to this relatively
stable, readily stored compound, whether acquired directly from the
environment or metabolized from DDT.

The difference in DDE levels between species was not significant,
nor were there significant differences between the two States either in
levels of DDT plus DDD or in DDE. The dieldrin data were not subjected
to a complete statistical analysis because of obvious similarity between
most means. The apparent difference between State means was not statis-
tically significant (.05 level).

Duplicate analyses made on 5 of the 36 pools yielded "within-pool"
coefficients of variation of 8 percent for DDT plus DDD and 25 percent

for DDE. The larger coefficients of variation for the total analyses
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(66 and 106 percent, respectively, Tables 1 and 2) indicate that most
of the variation between pools in any one wing-class is not an artifact
of chemical methodology. Evidently, then, there is considerable varia-
tion in residue levels among individual wings, although its magnitude

has not yet been studied.

Conclusions
The results of the trial monitoring indicate that mallard and black

duck wings are satisfactory monitoring media, that pesticidal residues
were present in all pools, and that due to the variability in levels,
the pool size should not be reduced from 25 wings unless there is a

wing shortage., Differences in DDE residues between adult and immature
wings of both species indicate that the age classification should be
maintained in sampling. For analytical reasons, State identification
will be necessary in nation~wide monitoring even though significant
residue differences between New York and Pennsylvania wings were not

demonstrated.

107



(eoueo13TUdTs 3O 2637 G0') IuedI3TudLs ATTEOTISTILIS 238 SIDUIIBIFTP ON

19308

jusoiad 99 = UOTIBTJIBRA JO JUSIDIFIS0)D
#61°0 = ©OUBTIBA 10i11J
£9°0 £9°0 89°0 18°0 £€8°0 6L°0 £6°0 05°0 95°0 $9183S PIUTq
-WoO ‘sueay
(1'1-%7°0) 1 (970-%°0) (#0-2°0) [ (€7 T1-%°0) a3uey
75°0 0$°0 650 €90 ZL'o £6°0 5770 1z°0 £9°0 sugou
1004 ‘eg
S € S S stood 3o
Jequiny
(z°z-2:0) | (8'1-%"0) (z'1-570) | (8°0-€°0) aduey
08°0 %3°0 [L°0 00°1 %60 S0'1 19°0 w0 80 sugauw
1004 ‘i N
S ) S € s1ood 3o
J2quni
pouTquod | saanjeuuy s11npy pouTIquWod | S9anjeumuy s110pV pPeUTIqWoD | S92INJBUMIT $11NPpY
sa8y s93y so8y
So1oeds psuUIquod ‘sueel syonp }oelg SpIeITBR

spaeiTew jo s3urm Gz 10 syood ut (3Iydrem 3em wdd) gag snid IQQ Jo ST

(Aydeadojewoay> seld £q sIUBWRANSEI)
961 Jo 1TBF 2yl Surinp eBIupaTAsuusgd pue YIOX MaN UT Joys sonp IBIq Jo pue

‘1T °1qeL

108



(eoueoT3TusTs Jo TaA®] ¢0°) JuedTyTudis A1EOTISTIBIS S25SBID 23® UPAMIDq mo&muvmmﬁn%

jusoaad 907

uoTieTIRA JO JUSTOTIFS0D

H0°] = @°OUPTIBA 1011F
960 %76°0 %6€°'1 L8°0 %9°0 11°1 0°1 0% 0 L9°1 §33831§ pPaUIq
-wod ‘sueay
(¢°1-1°0) | (0°2-S"0) (9°0-1°0) | (8°6-9°0) a8ury
69°0 £6°0 18°1 96°0 8L°0 €11 8c°1 82°0 8%°T sueaw
1004 ‘eg
3 ¢ < S s1ood Fo
JoquinN
(6'0-2°0) | (L°1-2°0) (8°0-2°0) | (¥"1-6°0) 28uey
7L°0 16°0 L6°0 6L°0 0$°0 80°1 69°0 760 L8°0 sueall
1ood X °N
S S g € s1ood 3o
JaqunN
pPRUTIqUOD | sainjeumu] S1TNPY POUTqWOd | soINnjeumi] EES R pauTqWod | s3anjeumny SIT0PY
598y sa3y sa8y
§9T09ds pauIquod ‘sueol syonp Moeiqd spaetTel

(LydeaBojeuwoays sel £q sjuswainsesy)

%961 JO 11BJF oyl Suranp BTUBATASUURJ PuUB YI0X MON UT

10Ys sONp MOBIQ

Jo pue spaejiew jo s8urm ¢z 3o syood ur (3y31eom 3om wdd) FUQ JO SISAST *Z 219l

109



*sysdyeur [BOTISTIRIS JuBIIem 03 spn3ITudeuw JUSTOTIINS JO IOU S3IUSILIITQ

60°0 01°0 80°0 80°0 80°0 80°0 01°0 Z1°0 L0°0 s931B1S
-Wod
(0z°0-20°0X(0Z°0-%0"0) (ov°0-z0°0) | (0£°0-0) a8uey
I1°0 11°0 11°0 010 01°0 01°0 Z1°0 Z1°0 11°0 sugau
1004
S € S g stood 3o
MmﬂEﬂZ
(01°0-20°0) (0Z°0-0) (0z'0-%0°0) | (S0°0- 0) o8uey
L070 60°0 S0°0 90°0 90°0 90°0 L0°0 11°0 €0°0 sugsu
1004
S g S € stood 3o
I3 quiny
peuUTqWod | Seanjeumly s3TNpy pauUIqWody SoiINnjeumi] s310pY peuTquwod soanlewdm]y S31INpV
sady se8y sady
soToods paulquod ‘SUEBSK syonp ¥oeld SpARTTEN

(Aydeadozewoays se8 £q sIUSWSINSBIN)
96T 3O TTIeJ =yl Suranp eBruBATASUUSd PUE YIOX M3N UT JOYS sYonp Jde]q JO pue
spieT{ew o sSurm ¢7 3o sjood ur (3y3rom jom wdd) UTIAPIITP JO STIAST

‘€ ?19elL

110



