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Abstract—Female boat-tailed grackles poisoned with 3-chloro-p-toluidine hydrochloride (CPTH) were analyzed by necropsy and
gas chromatography—mass spectrometry (GC-MS). The necropsies identified the presence of a white precipitate in the pericardium,
which had been previously reported as a characteristic of CPTH-exposed birds. The GC-MS method, which utilized deuterated
CPTH as a surrogate, quantified CPTH residues in the breast tissue and gastrointestinal tract of CPTH-exposed birds. Comparison
of these techniques indicated that the GC-M S method was more accurate for assessing CPTH poisoning in birds. Regression analyses
of consumption versus residue data indicated that the sum of breast and gastrointestinal residues can be used as an estimator of
CPTH exposure. Comparison of CPTH residues in grackles with toxicity data for a variety of scavenger and predator species
provided risk quotients of less than 0.1. Analysis of these data suggests that secondary hazards associated with the use of CPTH

as an avicide for the control of pest birds are minimal.

K eywor ds—Secondary hazard Mass spectrometry

INTRODUCTION

The avicide 3-chloro-p-toluidine hydrochloride (CPTH)
(DRC-1339) is used to reduce populations of pest birds and
related bird damage to a variety of agricultural crops. 3-
Chloro-p-toluidine hydrochloride is used to reduce blackbird
damage to rice in the southern United States and sunflowers
in the northern United States, grackle damage to citrus in
Texas, and bird consumption and contamination in feed lots
in a variety of livestock producing states. 3-Chloro-p-tolui-
dine hydrochloride is also used around airports to control
pest bird populations that threaten human safety, to manage
pigeon (Columba livia) populations that pose human health
concerns, and to reduce populations of gulls that prey on
endangered or threatened coastal bird species (J.F Glahn et
al., unpublished data) [1-3].

Exposure to lethal doses of CPTH is assumed to cause
nephrotoxicity and is associated with the deposition of a
white residue containing uric acid around the heart and liver
of birds [4]. The presence of thiswhite deposit as determined
by necropsy is often used as evidence of CPTH-induced tox-
icity in cases involving suspected illegal use of or accidental
exposure to CPTH (E.W. Shafer, personal communication)
[5]. To develop a more accurate assessment of CPTH ex-
posure, amethod to quantify CPTH residues in bird carcasses
was developed at the National Wildlife Research Center [6].
However, method development and validation used only lab-
oratory CPTH-fortified tissues. In this study, this residue
method was used to quantify incurred CPTH residuesin birds
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that consumed a wide range of lethal doses of CPTH. Per-
forming necropsies on these CPTH-dosed birds permitted the
comparison of the necropsy and the residue techniques for
forensic analyses in birds ingesting a wide range of doses
and exhibiting a range of postdosing times to death. Finally,
comparison of the CPTH residues with CPTH toxicity data
for species potentially consuming CPTH-exposed birds per-
mitted the estimation of secondary hazards to nontarget spe-
cies.

METHODS AND MATERIALS
In life

Thirty-six boat-tailed grackles (Quiscalus major) were ran-
domly assigned to testing cages. Birds were permitted to ac-
climate to the test cages for 4 d, during which time they were
fed commercial bird feed and water ad libitum. This was fol-
lowed by 4-d pretreatment period during which the commercial
bird feed was removed at 0700 h. Two hours later, birds re-
ceived atest food cup containing 50 g of untreated watermelon.
Aluminum pans were placed under the food cups to collect
spilled watermelon. After 4 h, the food cup was removed and
reweighed. Evaporative |osses were determined by placing the
watermelon-containing food cup in a cage with no bird. Con-
sumed watermelon was calculated as initial weight — final
weight + evaporative losses. Birds were assigned to either a
treatment group (24) or control group (12) so that the mean
pretreatment consumption of watermelon was approximately
equal for each group.

A 1-d treatment period was initiated the following day. The
same procedure was used during the treatment period except
that birds assigned to the treatment group received watermelon
containing 0.1% CPTH during the 4-h exposure period. Birds
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in the control group received untreated watermelon. The quan-
tity of watermelon consumed during the treatment period was
determined for each bird. Aliquots of watermelon taken before
and after the treatment period were frozen and subsequently
analyzed for the determination of CPTH concentration. The
quantity of CPTH consumed by each bird was calculated as
the mass of watermelon consumed multiplied by the CPTH
concentration.

Birds were then fed commercial bird feed and water ad
libitum and observed at approximately 8-h intervals for 3 d.
Dead birds were removed from cages, time to death was noted,
and birds were frozen for subsequent residue and necropsy
analysis.

Sample preparation

The concentration of CPTH in fortified watermelon was
determined by the method of Tawara et al. [7]. Watermelon
pulp (3 g) was transferred to a 50-ml polypropylene centrifuge
tube and combined with 35 ml of high-performance liquid
chromatography mobile phase (65:35, acetonitrile:water, v/v).
The tube was capped, mechanically shaken at high speed for
10 min, and sonicated for 10 min. The sample was diluted to
40 ml with mobile phase, centrifuged at 800 g for 5 min,
filtered through a 0.5-m nylon filter into an amber high-per-
formance liquid chromatography autosampler vial, and capped.
The CPTH concentration was calculated by ultraviolet (UV)
absorption versus an external standard.

Grackles were analyzed for CPTH residues by the method
of Hurlbut et al. [6]. Homogenized grackle breast tissue (5 g)
and gastrointestinal tract (2 g) were fortified with a surrogate
standard, deuterated CPTH (CPTH-Dy), at 1 ppm. The CPTH
residues were converted to their free base by the addition of
NaCl-saturated 2 N NaOH. Analyte and surrogate were ex-
tracted by partitioning into hexane and subsequently concen-
trated by elution of the hexane extract through a silica solid-
phase extraction column. Analytes were recovered from the
solid-phase extraction column by elution with a minimal vol-
ume of 2 ml n-butyl acetate. The CPTH and CPTH-Dg were
quantified by gas chromatography—mass spectrometry (GC-
MS) analysis of thefinal n-butyl acetate solution. Actual CPTH
residues were determined by dividing observed CPTH residues
by the recovery of the surrogate, CPTH-Dg4. Microsoft Excel
97 (Microsoft, Redmond, WA, USA) was used to conduct
regression analyses on consumption data (quantity CPTH con-
sumed [mg] or dose CPTH consumed [mg/kg]) versus residue
data (tissue residue [mg/tissue] or tissue concentration [mg/
k).

Before the GC-M S analyses, the grackles were necropsied
to determine the presence of and subjectively quantify white
deposits, previously reported to contain small amounts of uric
acid [5], in the body cavity of CPTH-dosed grackles. The
presence of this white deposit, which occurs mainly around
the heart and liver, is used as an indicator of CPTH poisoning
in birds[5]. In this study, before GC-MS analysis, the grackles
were necropsied to subjectively determine the amount of de-
posit present. The quantity of material in the body cavity of
each bird was assigned one of the following ratings: normal
(no residue noted), trace, 1, 2, or 3 (highest). The necropsies
were performed without the knowledge of whether the birds
had been exposed to CPTH.

Instrumentation

Watermelon extracts were analyzed on a Hewlett Packard
1090 M high-performance liquid chromatograph (Palo Alto,
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CA, USA) equipped with a UV diode array detector (240 nm)
and a Keystone (Bellefonte, PA, USA) Octyl H analytical col-
umn (250 X 4.6 mm) and guard column (15 X 3.0 mm).
Injection volumes were 10 ml, mobile phase was acetonitrile:
water (65:35, v/v) at a flow rate of 1 ml/min. Column oven
was maintained at 40°C. Run times were 8.0 min.

Grackle body tissue extracts were analyzed with a Hewlett
Packard 5890 gas chromatograph coupled to a 5970 mass se-
lective detector. Analytes were separated on a DB-1 (J&W
Scientific, Folsom, CA USA) 30 m X 0.25-mm inner diameter,
0.25-m film thickness capillary column using the following
temperature program: 90°C for 0.25 min, increase to 300°C at
35°C/min. Injection port and transfer line temperatures were
280 and 300°C, respectively. lonization was by electron impact
(70 eV). Spectra were collected by selective ion monitoring
m/z = 106, 140, and 141 for CPTH and 112, 147, and 149
for CPTH-Dg.

RESULTS AND DISCUSSION

The analytical methodology for avian tissue was validated
by fortifying control pigeon breast and gastrointestinal tract
with CPTH at 0, 0.1, 0.5, and 2 mg/kg. Recoveries ranged
from 95 to 101% with relative standard deviations of 1.7 to
5.9%. The method limit of detection for both tissue matrices
was estimated to be 0.03 mg/kg. Comparable results were
observed when control grackle breast and gastrointestional
tract were fortified at 0.5 mg/kg and extracted during each
sample run. In addition to being adequately sensitive, this
analytical method is well suited for the analysis of typically
variable field samples where variable sample composition con-
tributes to variability in analyte recovery. By adding CPTH-
D, to every sample, the recoveries of incurred residues can be
accurately corrected for each sample. Bound or nonextractable
residues are generally assumed to pose much less toxicologic
risk than extractable residues.

The watermelon methodology was validated by fortifying
control watermelon with CPTH at 0.0025, 0.05, 0.15, and
0.25%. Recoveries ranged from 99.8 to 102% with relative
standard deviations of 0.7 to 5.1%. The method limit of de-
tection was estimated to be 0.9 mg/kg CPTH in watermelon
pulp.

The residue analyses and necropsy results are presented in
Table 1. These analyses indicated that total residue (gastro-
intestinal residue + breast residue) was the best predictor of
exposure (mg CPTH consumed). Coefficients of determination
for these relationships ranged from 0.25 to 0.61. The coeffi-
cient of determination for CPTH consumed versustotal residue
was 0.61. The regression equation can be used to estimate
CPTH consumption based on the results of the residue ana-
lyses: mg CPTH consumed = 2.7(mg CPTH total residue) +
3.3.

The residue method provided a better assessment of CPTH
ingestion than did necropsy (Table 1). Of the 21 birds con-
suming lethal doses of CPTH, the residue method detected
CPTH residues in 17 birds (81%), whereas necropsy indicated
pericardium deposits in 11 birds (52%).

All birds that consumed doses greater than 4.22 mg (0.04
mg/kg) died in less than 17 h postdosing. 3-Chloro-p-toluidine
hydrochloride was detected in the breast muscle and gastro-
intestinal tracts of all these birds. The necropsy results indi-
cated the presence of a white residue in 8 of the 16 birds that
died in less than 17 h postdosing. For birds consuming CPTH
at doses leading to death in less than 17 h, the chemistry
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Table 1. 3-Chloro-p-toluidine hydrochloride (CPTH) residues and necropsy results
CPTH Dose Total Breast Gla tract Breast Gl tract
consumed CPTH Hours residue residue residue residue residue Necropsy
(mg) (mg/kg) to death (mg) (mg) (mg) (ppm) (ppm) results’
93.41 863 17 13.68 7.24 6.44 0.46 0.75 Normal
43.50 412 17 11.97 8.08 3.89 0.55 0.41 Normal
43.17 394 17 13.06 4.77 8.30 0.37 0.96 Trace
30.88 317 17 13.33 5.32 8.01 0.61 0.90 Trace
21.07 187 17 242 1.36 1.07 0.07 0.14 Normal
23.03 211 17 9.08 5.25 3.83 0.36 0.38 1
23.50 251 17 10.02 3.75 6.26 0.29 0.67 Trace
22.55 221 17 13.14 6.95 7.20 0.53 0.95 Normal
26.54 259 17 5.24 0.97 4.26 0.07 0.46 Normal
14.08 135 17 4.08 0.89 3.19 0.08 0.24 Normal
9.66 98 17 1.53 0.54 0.69 0.07 0.72 1
8.25 81 17 1.54 0.84 0.69 0.06 0.72 1
7.57 69 17 0.72 0.72 0.00 0.04 0.00 2
7.16 68 17 3.49 3.49 0.00 0.233 0.00 3
6.02 56 17 4.34 2.18 2.16 0.15 0.35 Normal
4.22 40 17 2.06 1.01 2.06 0.71 0.10 Normal
2.28 22 60 0.00 0.00 0.00 0.00 0.00 Normal
214 22 41 0.00 0.00 0.00 0.00 0.00 Normal
191 17 26 0.73 0.72 0.00 0.05 0.00 3
0.31 3 21 0.00 0.00 0.00 0.00 0.00 1
Trace 0 65 0.00 0.00 0.00 0.00 0.00 3

aGl = gastrointestinal.

b Ratings of the quantity of deposits in the body cavity. Normal = no residue noted; 3 = highest rating.

residue method correctly indicated CPTH exposurein all cases,
whereas the necropsy approach correctly indicated CPTH ex-
posure in only 50% of these birds.

Both the chemical analysis and necropsy methods inac-
curately determined CPTH exposure in birds exposed to less
than 2.28 mg CPTH. For the five birds that consumed |lower
doses of CPTH, death was noted 21 to 65 h postdosing. 3-
Chloro-p-toluidine hydrochloride residues were detected in
only one of these birds, whereas the necropsy resultsindicated
pericardium deposits in three birds.

Three birds in the treatment group did not consume the
CPTH watermelon. These three birds survived for the duration
of the experiment. No CPTH residues were detected in these

birds or in any of the control birds. Similarly, the necropsies
were negative for these surviving birds also.

In this study, acute doses for grackles ranged from 3 to 863
mg/kg. The reported LD50s for the starling (Sturnis vulgaris)
(3.2 mg/kg), mourning dove (Zenaida macroura) (3.1 mg/kg),
northern bobwhite (Colinus virginianus) (3 mg/kg), and red-
winged blackbird (Agelaius phoeniceus) (2.4 mg/kg) suggest
that similar toxicity would have been observed in all these
species. The mallard (Anas platyrhynchos) (105 mg/kg) likely
would be a bit more resistant to toxicity than the boat-tailed
grackles used in this study.

The acute toxicities and risk quotients for CPTH to several
avian scavengers and predators are summarized in Table 2.

Table 2. Acute oral toxicity and risk quotients of 3-chloro-p-toluidine hydrochloride (CPTH) to avian predators and scavengers and mammals

LD502 Average weight Ingestion rate
Common name (species) (mg/kg) (9) (9/g/d) rg CPTH/g/d Risk quotient
Barn owl (Tyto alba) 4.2 466° 0.15¢ 0.143 0.034
Northern harrier (Circus cyaneus) 100 441° 0.194 0.181 0.0018
American kestrel (Falco sparverius) 178 1160 0.30° 0.285 0.0016
Cooper’s hawk (Accipiter cooperii) 562 439° 0.20f 0.190 0.0003
Lab rat (Rattus norvegicus) 326 4859 0.1¢9 0.095 0.00029
Lab mouse (Mus musculus) 960 30" 0.15" 0.143 0.00015
Deer mouse (Peromyscus manicul atus) 1,800 20 0.22 0.209 0.00012
Coyote (Canis latrans) 100 15,009 0.06 0.057 0.00057
Dog (Canis familiaris) 100 10,000 0.06 0.057 0.00057
a[11-14].
b114].
c[15].
d116].
e[17].
f[18].

9 Available at: http://www.uiowa.edu/~vpr/research/animal/rat_0001.htm.
h Available at: http://www.uiowa.edu/~vpr/research/animal/mice0001.htm.

1119,20].
i[21].
k[22].
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The LD50s range from 4.2 mg/kg for the barn owl (Tyto alba)
to 562 mg/kg for the Cooper’s hawk (Accipiter cooperii). Most
of these species have been observed to feed on CPTH-poisoned
birdsin avariety of pest bird control situations[8]. The LD50s
for a number of mammalian species have also been reported.
The LD50s for male and female rats (Rattus norvegicus) were
350 and 302 mg/kg. 3-Chloro-p-toluidine hydrochloride seems
to be less toxic to mice, as LD50s of 960 and 1,800 mg/kg
have been reported for the laboratory mouse (Mus muscul us)
and the deer mouse (Peromyscus maniculatus), respectively.
The LD50 for CPTH to coyotes (Canis latrans) and dogs
(Canis familiaris) exceeded 100 mg/kg.

The U.S. Environmental Protection Agency uses the quo-
tient method for estimating pesticide exposure-related hazards
to nontarget species [9]. This approach calculates a risk quo-
tient as the ratio of the estimated daily dose or expected con-
centration of toxicant in a dietary constituent to the LD50 or
L C50, respectively. The resulting risk quotient is compared to
established levels of concern, which indicate varying levels of
risk to exposed species. In general, a risk quotient less than
0.1 is considered to present acceptable risk under approved
use guidelines. A risk quotient of 0.1 or greater triggers con-
cern for endangered species and restrictions may be imposed
to protect these species. A risk quotient of 0.2 or greater trig-
gers concerns for use by uncertified pesticide applicators. The
product may be restricted to only certified applicators and
appropriate mitigation techniques may beimposed. A risk quo-
tient of 0.5 or greater triggers concern for all species of the
same taxonomic order and appropriate mitigation techniques
may be imposed [10].

To estimate the hazard presented by grackle carcasses, a
worst-case scenario was used to calculate risk quotients (Table
2). The fact that the caged birds could consume only CPTH
watermelon baits resulted in much higher doses and risk quo-
tients than would be expected under field conditions. Addi-
tionally, the daily diet of the nontarget species was assumed
to consist solely of grackle tissue with the highest concentra-
tion of CPTH, 0.95 mg/g. Although CPTH toxicity might be
higher to juvenile predators or scavengers and residues might
be higher during the period between consumption and death,
we feel that the worst case study design more than offsets
these potential variables.

The risk quotients presented in Table 2 suggest that the
secondary hazards associated with CPTH are negligible. For
avian scavengers and predators, risk quotients ranged from
0.034 for the barn owl to 0.0003 for the Copper’s hawk. The
CPTH LD50sfor the black-billed magpie (Pica pica), common
raven (Corvus corax), and the golden eagle (Aquila chrysae-
tos) were reported to be 10, 13, and greater than 100 mg/kg,
respectively [5]. Typical ingestion rates are not known for
these species and risk quotients could not be estimated. How-
ever, because the toxicity and average mass of these species
fall within the range of these parametersfor the birds presented
in Table 2, the risks of secondary poisoning are likely to be
similar.

The nontarget hazards to mammalian species are even less
than for birds. Although the acute toxicities of CPTH to the
mammals listed in Table 2 are similar to those for birds, the
lower ingestion rates for the mammals lead to lower risk quo-
tients. These risk quotients ranged from 0.00012 for deer mice
to 0.00057 for dogs and coyotes, about an order of magnitude
less than those for the avian scavengers.

J.J. Johnston et al.

CONCLUSION

Gas chromatography—mass spectrometry proved to be a
more reliable method than necropsy for the determination of
CPTH poisoning in grackles. Neither method was acceptable
for determining CPTH exposure in birds that had died more
than 17 h after exposure. However, the low residue levels (less
than 30 ng/g) in these birds suggest that the secondary hazards
to potential consumers of avian carcasses containing CPTH
are quite low. Birds consuming higher doses of CPTH died
several hours after exposure and had CPTH residues as high
as 0.95 mg/g. Consumption of these birds also poses a very
low secondary hazard risk to wildlife.

Acknowledgement—We are indebted to John Humphrey for his as-
sistance with the in-life portion of this experiment and John Eisemann
for input regarding secondary hazards and technical review of this
manuscript.
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