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AGRICULTURAL AND
FOOD CHEMISTRY

Determination of 4,4'-Dinitrocarbanilide (DNC), a Component of
Nicarbazin, in Canada Goose (Branta canadensis) Eggshells
Using High-Performance Liquid Chromatography

RanDAL S. SAHL,* KURT VERCAUTEREN, TERESA L. BUETTGENBACH, AND
JOHN J. DHNSTON

USDA/APHIS/WS National Wildlife Research Center, 4101 LaPorte Avenue,
Fort Collins, Colorado 80521

A method was developed using high-performance liquid chromatography to assay 4,4'-dinitrocarba-
nilide (DNC), the active ingredient in Nicarbazin, in eggshells collected from Canada geese fed a
formulated feed fortified with Nicarbazin at doses of 0, 125, 250, and 500 u«g/g. The method was
developed using chicken eggshells fortified with DNC. The method was used to quantify DNC in
both the shell-associated membranes and the calcified shell extracellular matrix. These values were
compared to those obtained for a composite sample consisting of both the membranes and the calcified
shell extracellular matrix. The validated method was used to quantify DNC in eggshells from geese
fed fortified feed to ascertain the effect of Nicarbazin feed concentration on shell DNC concentration.
DNC levels in the eggshells were highly correlated with feed dose.

KEYWORDS: 4,4'-Dinitrocarbanilide; DNC; Nicarbazin; Canada goose; eggshell; HPLC

INTRODUCTION A H H
The need to develop tools to aid in the population control of ||u l
rapidly increasing nonmigratory Canada goo8za(ta ca- )@/ TN\©\
nadensiypopulations has become increasingly important in the oN °© NO,
face of concerns raised by property owners affected by these
populations. Given the proximity of many of these populations 4, 4*dinitrocarbanilide (DNC)
to urban centers, the methods chosen must be socially accept-
able. Nicarbazin is presently under investigation as a means of B HaCWCHS
preventing the development of the embryo in eggs laid by geese N| _N
by the U.S. Department of Agriculture/Animal Plant Health
Inspection Service/Wildlife Services/National Wildlife Research OH
Center (NWRC) for management of nonmigratory Canada goose 4,6-dimethyl-2-pyrimidinol (HDP)
populations. Figure 1. Structures of 4,4'-dinitrocarbanilide (DNC) and 4,6-dimethyl-
Nicarbazin is an equal molar complex of 4dinitrocarb- 2-pyrimidinol (HDP), the ingredients in Nicarbazin.

anilide (DNC;Figure 1) and 4,6-dimethyl-2-pyrimidinol (HDP;

Figure 1). Nicarbazin is widely used in the poultry industry as gy monitoring the DNC levels in the hatched eggs it becomes
a coccidiostat. DNC has a longer residence time than HDP in hossiple to refine baiting strategies to allow for adequate
pou_Itry. HDP is thought to a|_d in the uptake of the DNC and is population control without disrupting the nesting behavior of
rapidly excretedX). Nicarbazin has been observed to affect egg the geese. Collecting whole eggs from a nest for analysis can

://\;?tlt?"tlaye V;I:r?r?a];ieodn t(())f l;y:ryglin;zgn?g?asgpZﬁ(;?/v;[r?glr::]irfscr)lek be disruptive and result in increased mating behavior. Also, the
and albumin to mix, preventing chick deveiopment. Nicarbazin Presence of nonyiable €ggs is not indicative of a treatment's
reduces the hatchability in the eggs of geese in a similar manner-UCCESS as envwonment_al factqrs_;uszh as t_emperature_ and
(3). Numerous methodologies exist for assaying Nicarbazin, humidity play a large role in egg viability; a nonviable egg with

particularly DNC, in poultry egg contents and tissuds-9). D_NC prefsent may be nc_)nv_iable due to some _factor other than
However, none have been developed for measuring Nicarbazin,Nicarbazin dose. Establishing the dose effect independently of
as DNC, in eggshells exclusively. the environmental effects in a natural setting requires that the

highest doses of Nicarbazin to be measured in the viable

* Author to whom correspondence should be addressed [telephone (970) (succe_ssfully ha_tc_hed) eggs be deter_mlned. Another Compllcatlng
266-6062; fax (970) 266-6063; e-mail randal.s.stahl@aphis.usda.gov]. ~factor in determining dose response is that geese must be studied
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in natural environments as they are highly social birds and do 60% HO increasing to 60% ACN/40% 40 over 15 min. The final
not behave normally in isolated, controlled environments. mobile phase composition was maintained for 10 min. The flow rate
Earlier work at the NWRC sought to determine the optimal Was 1 mL/min with a column temperature of 24D. DNC was measured
dose of Nicarbazin to induce nonviability in eggs in Canada atl = 347 nm. The column was allowed to re-equilibrate at the original
geese §). This work relied on assaying the egg contents to conditions for 10 min between SaT“p"? Injections. -
estimate the dose of Nicarbazin. At all levels of Nicarbazin in Sample Extraction and Analysis. Five matrices (DNC-fortified

chicken eggshell, control chicken eggshell, DNC-fortified goose
the feed (up to 50(g/g) some eggs were observed to hatch. eggshell, control goose eggshell, and goose eggshell samples collected

The ab|I|ty to determine an actual optimal dose was comphcaﬁed during a feeding study) were analyzed. In each case 5.0 g of eggshell
by the reliance on analyzing egg contents. It was not possible was cut into strips<1.5 cm in width, to allow insertion in a test tube,
to determine the dose received by eggs that appeared to be viabland ground with a Brinkman Polytron in 7 mL of acetonitrile. The
at collection (the egg contained an embryo) or eggs that hatched suspension was sonicated for 10 min using a Bransonic 20 ultrasonic
To address these issues,we developed a method to assay theath and then shaken on an Eberbach horizontal shaker for 10 min.
concentration of Nicarbazin in the eggshell by measuring the The suspension was centrifuged for 2 min at 250Che supernatant
concentration of DNC in the shell. was decanted. The extraction was repeated twice more, both times in
The eggshell is a complex structure consisting of both 5 mL of ac_etonitrile. The st_Jspension was sonicatec_i only duri_ng the
calcified and uncalcified layersl¢—12). There are two non- first extraction. The extraction volumes were combined and filtered
. - A . through a Teflon filter disk (0.4am pores). The volume was reduced
calcified membranes associated with the shell in the early st_ageslmder a gentle Nstream at 60°C using an N-Evap (Organomation,
of embryo development, the outer shell membrane and the innergoyth Berlin, MA). The solution was brought to a final volume of 1.00
shell membrane10—12). As the embryo develops, another mL in acetonitrile. The solution was sonicated for 10 min using a
membrane, the chorioallantoic membrane (CAM), is formed. Bransonic 20 ultrasonic bath, and an aliquot was filtered through a
This membrane fuses with the inner shell membrane and cannotTeflon filter disk (0.45um pores) into an LC vial and capped. Each
be mechanically separated from12§. In the chicken egg, the goose eggshell was assayed twice. Values were averaged to calculate
CAM is completely formed by the 14th day after fertilization, @ shell concentration.
prior to organogenesid®). The CAM becomes highly vascu- Method Development and Validation. The linear range of the
larized and is associated with gas exhange, waste excretion, andnethod was established using stand_ards prepared from stock solutions
calcium mobilization for the developing embrydl( 12). (1012 and 10lug/mL) at concentrations of 10.1, 5.05, 1.01, 0.505,

The i b /chorioallantoi b | 0.101, and 0.02@g/mL in acetonitrile. Standards were analyzed using
€ Inner membrane/chorioallantoic membrane COmpIEX Can . yp| ¢ method described previously. Peak areas were regressed

be readily separated from the outer membrane/uncalcified 4yainst concentration using SAS version 8.2. The residuals and the
extracellular matrix (ECM), and we refer to this complex as correlation coefficient were evaluated to determine linearity. The
isolated membrane and make no distinction between theseinstrument limit of detection (ILOD) was calculated from the peak
membrane layers. The calcified extracellular matrix often heights for the 0.02g/mL standard and a solvent (acetonitrile) blank,
including the outer membrane is referred to as the shell. The for which the ILOD was defined as a signal peak height 3 times the
extracellular calcified matrix and all of the noncalcified average baseline noise (peak to peak).
membrane matrices associated with the shell, regardless of the Extraction Validation. Chicken eggs were obtained from a local
stage of development of the egg, are referred to as the eggshellgrocer. Organically raised, as well as traditionally raised, chickens were
Analysis of various orgaric contaminants, paricularl chio- 150 2 Sau1ces. Both whie and brown ggefels e extacted t
rinated hydrocarbon_s, N the eggshell at different stages of eggopen and the contents removed. The eggshells were gently rinsed in
development for. var|0u§ bird Spec'e§ has been used t,o pr(':'d'CtdistiIIed H,O. The eggshells were air-dried and then cut into strips.
exposure Igvels in the diet as well as in the ggneral e;nwronmentEwshe”s were composited to progis g samples. Samples were
(13). Studies have often focused on pesticides in a single fortified with DNC in acetonitrile using stock solutions (9.92 and 99.2
membrane structure at a given stage of development for theug/mL) to provide 0.0975 and 0.986y/g treatments. Samples were
egg (L3—18). The levels of contaminants found in the isolated vortex mixed after fortification. Replicates of three samples at each
membranes tend to be correlated highly with the concentrationsfortification level were extracted on three separate days to provide both
of pesticides found in the eggs themselvied) (These observa-  inter- and intraday recovery values. The r_nethod limit of detection
tions led us to believe that we could estimate Nicarbazin doses(MLOD) was calculated from the peak height for the 0.09439
by measuring DNC in eggshells, so we developed a high- fortified samples and unfortified controls. The MLOD was defined to

. - be the signal required to produce a peak height 3 times the baseline
performance liquid chromatography (HPLC) method to quantify noise (peak to peak) in the unfortified controls. The limit of quantitation

DNC in fortified chicken eggShe”S'_ The appl'cab'l'_ty of th? LOQ) was calculated from the 0.0978/g fortified samples and the
method to goose eggshells was confirmed by.eXtraCt'ng fortified ,ntortified controls. The LOQ was defined as the signal peak height
goose eggshells. The method was then applied to the eggshellsequired to produce a signal 10 times the baseline (peak to peak) in
obtained from Canada geese fed Nicarbazin feed fortified at the unfortified controls.
different levels of Nicarbazin with the objective of this field Goose Feeding Field StudyEighty-eight pairs of Canada geese
study to ascertain whether the DNC levels measured in the shellswere maintained in outdoor pens at a farm in Fillmore County,
reflected exposure in the diet. Minnesota. The pairs were randomly assigned to a Nicarbazin feeding
regimen. There was one mated pair of geese per pen. The birds were
fed 200 g of extruded feed containing 500, 250, 125, ondlg
Nicarbazin. These treatments were selected to targ8t@/mL DNC
Reagents.Solvents used include acetonitrile (ACN), Fisher HPLC in the blood plasma foa 4 kggoose consuming 100 g of the 500/g
grade, and bD, distilled. Chemicals used were Nicarbazin (Phibro treated feed. There were 22 pairs assigned to each treatment group.
Animal Health, San Diego CA), technical grade (certified 96.6% pure). Feed was formulated by a local mill using a proprietary proven recipe
High-Performance Liquid Chromatography. Standards and egg-  developed by the owners of the geese to be fed during the laying season.
shell extracts were analyzed with an Agilent 1100 HPLC system with The addition of Nicarbazin was the only modification to the recipe.
an MWD-UV detector. A 3Q:L sample was injected onto a Keystone  Birds were fed the treated feed once a day. All breeding pairs were
ODS/H C-18 column, %um particle size, 4.6x 250 mm, using a started with the treated feed on the same day. A pair was fed treated
Keystone ODS/H 4.6<x 15 mm guard column. The separation was feed for approximately a week prior to the laying of the first egg in a
performed using a gradient elution in a mobile phase of 40% ACN/ clutch. The treated-feed regimen was provided until all of the eggs in

MATERIALS AND METHODS
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a clutch were laid and the hen initiated incubation. For 80% of the A 45
birds the treatment duration ranged from 15 to18 days. Once the treated 49 |
feed had been consumed, a maintenance diet of untreated feed was 35 |

provided. Eggs were labeled on the date they were laid. 8 30
Unhatched eggs and eggshells from eggs that had hatched were E 25
collected from 14 to 30 days after being laid in an attempt to collect g 20 -
eggs before they hatched, which occurre®8 days after being laid. 2 15 DNG
Eggs were stored at12 °C until analyzed. The shells were separated 10
from the egg contents, rinsed with distilled® and stored frozen 5 A l
until analyzed. To verify that the method developed with chicken eggs 0 = - T -
was applicable, control goose eggshells were randomly selected and 0 5 10 15 20
subsampled, fortifiedn(= 5 at each level) at 0, 0.1, and 1@/g, and Time (min)
extracted using the described method. These were compared to the
recovery data for fortified chicken eggshells using Studenté&st to 45
test for significant differences in recovery. To establish the relationship 0 |
between feed treatment and DNC levels in the eggshell, seven nonviable 4 |
eggs were randomly selected at each of the treatment levels for analysis. ¢ 4, |
Ten of these 28 eggs, three at each treatment level and one control, g o5 |
were subsampled to determine the distribution of DNC between the £ 20 |
shell and the isolated membrane. Prior to analysis the shells were cut 3 15 ] DNC
; . . . <
into strips and~5 g portions were weighed out. The shells were 10 4 L
extracted as described above. The results from the eggshell assay were |
evaluated using analysis of variance (Excel, Microsoft) and Duncan’s 0 aha . ‘ N
multiple-range test19) to determine if significant dlfferenc_es in the 0 5 10 15 20
mean eggshell DNC content were observed across feeding treatment Time (min)
levels. The concentrations determined for the shell and the isolated
membranes were used to calculate the percent distribution of DNC in C
the shell. 40 |
a5 | DNC —»
RESULTS AND DISCUSSION g 304
§ 251
Method Validation. The standard curve for DNC was § 20 1
determined to be linear across the range of 6021 ug/mL 2 151
with anr2 = 0.9999. The residuals for each standard data point 10
were randomly distributed across the range indicating no 5] L
. . . . 0
confounding effect from dilution. Chicken eggshells were used 5 1‘0 1'5 20
as a surrogate matrix for goose eggs due to the ease with which Yime (min)

they could be acquired. No effects of shell pigmentation were
observed in the chromatography. No differences were observedFigure 2. Chromatograms from DNC fortified chicken eggshell samples:
in the chromatography when results from both organically and control with no DNC (A); fortified at 0.0973 uglg (B); fortified at 0.986
traditionally raised poultry were compared. Chromatograms from #glg (C).

a control and from eggshells fortified at 0.0973 and 0,888

are presented in parts A, B, and C, respectivelyFiglre 2. Table 1. Percent Recovery Data for Fortified Chicken and Goose

No coeluting peaks were observed in the control. The ILOD Eggshells

determined from the peak heights observed for the adiBL mean fortification

standards and the solvent was 0.0Q02BmL. collected on n level (uglg) recovery (%) CV (%)

The method was validated by determining recoveries of DNC Chicken Eggshells

from chicken eggshell samples fortified at 0.0973 and 0.986  Vvalidation 7 controls <MLOD ncé

ug/g. Our laboratory QA procedures required mean recoveries ? 88323 ggg:%%o %'(3)

to be+20% of recoveries observed for the same fortification 459 3 controls <MLOD nc

level during method validation to be acceptable. No significant 3 0.0984 86.1+17.8 206

difference in the means (ANOVA) of the percent recoveries 3 0.981 89.2+12 14

were observed at either level of fortificatiolable 1). At the day 2 3 controls <MLOD nc
3 0.0992 75.0+8.2 11.0

00973/19/9 IeVeI,O. == 005, DF= 2,9, Fcalcd = 1.394,Fcrit = 3 0.983 79.0+1.9 23

3.587, andP(F¢it = Fcaicd = 0.296; and for the 0.986g/g day 3 3 controls <MLOD nc

level,a. = 0.05, DF= 2,10,Fcaica= 2.966,Fcit = 3.490,P(Ferit 3 0.0977 737+14.0 19.0

< Fcalcd = 0.075. The MLOD calculated from all of the 0.0973 3 0.991 886+73 8.3

uglg fortified samples and the unfortified controls during G 4 5 GootselEggshells LoD

validation was 0.002#g/g, corresponding to an LOQ of 0.0090 ay . 8?6‘99035 9.0+ 134 ng

1glg. 5 0.986 95.3+10.9 114

Chromatograms for control goose eggshells and eggshells
fortified at 0.0984 and 0.984g/g are presented in parts A, B, 2 Not calculated.
and C, respectively, oFigure 3. No coeluting peaks were
observed in the control. The recoveries for the fortified goose There were no significant differences at the= 0.05 level
eggshell sampleg@ble 1) were 96.2+ 13.4 and 95.3t 10.9% between the fortified goose eggshells and the fortified chicken
for the 0.0984 and 0.984qg/g fortified samples, respectively.  eggshell data collected during method validation [Student’s one-
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Figure 4. Chromatograms from goose eggshells: control group sample

Time (min) (A); sample from the 500 ug/g treatment group (B).
C 50
45 Table 2. Goose Eggshell DNC Analysis Results
40 4 DNC ——>
g 35 egg replicate 125 uglg 250 uglg 500 uglg
E gg: 1 1 <LOQ 0.092 0.027
8 o0 | 2 0.009 0.022 0.032
2 15 | 2 1 0.093 0.084 0.147
10 2 0.089 0.020 0.094
5 1 3 1 0.021 0.082 0.380
o i P 2 0.030 0.072 0.598
4 1 0.200 0.221 0.315
0 5 10 15 20 2 0.260 0.198 0.296
Time (min) 5 1 0.124 0.256 0.434
Figure 3. Chromatograms from fortified goose eggshells: control group i 8(1)32 8%2 8‘3183
sample (A); fortified at 0.0984 ugly (B); sample fortified at 0.984 ug/g 2 0.070 0371 0.169
(©). 7 1 0.069 0.248 0.884
2 0.086 0.405 0.536
tailed t test, 0.0984ug/g goose eggshells versus 0.0973 mg/g  mean 0.094 0.189 0.341
chicken eggshells: DE 9, tcacg = 1.101,terit = 1.833, P(tcrit s 0.071 0.130 0.241

< teacd = 0.15. 0.973ug/g fortified goose eggshells versus
the 0.986ug/g fortified chicken eggshells: DE 10, tcaicd =
1.28,terit = 1.81,P(terit < teaicd = 0.229]. The MLOD calculated  difference required by the test was 0.083, and the smallest
from all of the 0.0984ug/g fortified samples and from all of  difference observed between the means was 0.095. The observed
the unfortified controls was 0.00269/g, corresponding to an  trend in the means is consistent with the increase in magnitude
LOQ of 0.0087ug/g. in the treatments. These observations are consistent with the
Goose Feeding Field StudyTwenty-eight (seven replicates  relationship between increases in DNC tissue concentrations and
at each Nicarbazin feeding treatment level) eggs collected duringNicarbazin dose reported in the literature for poult2®,(21).
the field study were randomly selected for determination of the The high variability between replicates for individual eggs is
DNC concentration in the eggshell. No coeluting compounds due in part to the irregular distribution of the membrane across
were detected in the control group eggshdfiggre 4A). The the shell surface. The mass percentage (mass of membrane/
DNC levels in all of the control eggshells analyzed were below mass of eggshell) ranged from 9 to 16% for the isolated
the MLOD. Peaks from eggshells in a feed treatment group were membranesTable 3). In the early stages of development the
clearly resolved from baselin&igure 4B is an example from CAM is not uniformly distributed and the eggs had different
the 500ug/g Nicarbazin treatment group). degrees of development, even within a treatment group. Many
The meanst 1 standard deviatiors) for each egg analyzed  of the eggshells had highly vascularized membranes, reflecting
in the three treatment feed grouf@ble 2) were 0.094+ 0.071 the presence of the CAM and a high degree of development.
for the 125ug/g feed treatment group, 0.189 0.130 for the Comparison of the concentration of DNC in the shell and
250ug/g feed treatment group, and 0.3410.241 for the 500 the isolated membrane showed that the concentration in the shell
uglg feed treatment group. Using an ANOVA (Excel, Microsoft, from the 125 mg/kg treatment group was less that the LOQ for
o = 0.05; DF= 2, 38; calculated = 7.73; criticalF = 3.24) all of the samplesTable 3). The average percent of the DNC
the means were determined to be significantly different. Means in the isolated shell was 364 8.0% (meant 1s) of the DNC
were determined to be significantly different at = 0.05 in the eggshell (shell and membrane) for shells sampled from
[Duncan’s multiple-range test9)]. The largest significant mean  the 250 mg/kg feed treatment and 38:64.5% for the 500
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Table 3. Concentrations of DNC for the Isolated Membranes and Eggshells by Feed Treatment Level

sample masses analyzed DNC concn
treament level (1g/g) replicate eggshell (g) membrane (g) total (g) membrane («g/g) egg shell («g/g) % DNC in shell?
control 1 4.15 0.43 4,58 <MLOD <MLOD
125 1 4.42 0.50 4.92 0.062 <LOQ
2 431 0.65 4.96 0.26 <LOQ
3 4.24 0.47 471 0.43 <LOQ
250 1 4.64 0.63 5.27 2.7 0.15 29.0
2 4.27 0.60 4.87 0.68 0.078 44.9
3 4.44 0.39 4.83 1.86 0.089 35.3
500 1 4,07 0.83 4.90 1.99 0.23 36.2
2 4.23 0.50 473 3.48 0.23 35.9
3 4.45 0.44 4.89 1.94 0.15 43.9

3% DNC in shell = (DNC concn in shell x mass of shell)/(DNC concn in membrane x mass of membrane + DNC concn in shell x mass of shell) x 100.

mg/kg feed treatment. The shells were significant contributors eggshell is not recovered) and a need to increase ease in handling
to the amount of DNC determined for the eggshell in the higher of samples. The goose eggshells we analyzed had total masses
feed treatment groups. There was no relationship between thebetween 12 and 20 g. It was not uncommon to be able to recover
amount of DNC recovered from the membrane and the massonly half of an eggshell from a hatched egg. This mass limitation
of the membrane extracted. The linear regression correlationposes serious constraints on a method, particularly one that
coefficients for the amount of DNC extracted from the requires only an intact-entire membrane. In all of the methods
membrane versus the mass of the membrane are 0.033, 0.15Z%ublished to date in which an investigator analyzed pesticides
and 0.297 for the 125, 250, and 500 mg/kg treatment groups, in eggshell membranes, they analyzed the entire membrane. The
respectively. The statistical analysis suffers from the constraint inclusion of the shell greatly increased the sensitivity of the
of a small sample size. The high variability in the subsamples presented method.
mirrors that in the original shell samples. Our initial expectations  Conclusion. The method developed for determining DNC
were that the shell (eggshell isolated from the membranes)in eggshells was successfully applied to the analysis of goose
would not contribute significantly to the amount of DNC eggshells from geese fed different levels of Nicarbazin-treated
recovered from the eggshell. However, this proved to be untrue.feed. The levels of DNC observed in the eggshells (shell and
This may result from an association of the DNC with the outer membrane) were proportional to the levels fed to the geese in
shell membrane, which was not separated from the ECM. the feed. Including the shell in the extraction contributed
Historically, studies using eggshells to assess burden on thesignificantly to the amount of DNC recovered in the extraction
embryo have focused on one stage of development of the eggfor the higher feed treatment groups. This method, based on
This was not possible in this study as the objective was to assessnalysis of the isolated membrane and the extracellular shell
the minimum dose necessary to prevent embryo developmentmatrix combined, will be used to support future studies to
in the goose egg. The mechanism by which this occurs is not establish the effective dose for Nicarbazin-treated feed fed to
well understood. The stage at which an egg stopped developingCanada geese as a means of preventing the development of the
may have been due to the Nicarbazin dose or due to anembryo in eggs by analyzing eggs that have hatched.
environmental factor such as thermal stress. To accurately assess

the efficacy of Nicarbazin, the collection schedule sought to LITERATURE CITED

allow as many eggs to develop as possible. The time of
collection and the degree of membrane development are known
to affect recoveries of pesticides from egg membrahds (Ve
suggest this might also account for some of the variability
observed.
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