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INFLUENCE OF DIETARY 2,4,6~TRINITROTOLUENE EXPOSURE IN THE NORTHERN 
BOBWHITE (COLINUS VIRGINIANUS) 
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Abstract-The ri.~k to wildlife from exposure to the explosive, 2,4,6-tri~itroto luene (TNT) hos been a concern at numerous military 
instaltiltio11s where it h•6 been found in tbe soil. 1b date, no publi..hed dat~ are available dcscl'ibing effects of TNT e;,posure in 1111 
a''! au species. Subchronic dietary eltposure to TNT was therefore evaluated in a species of management concern at military installatiOn$, 
t!Je northern bobwhite (Colinr~s virgirJianus). Adult male and femRle qu<til (n ~ 5/sexldose) were give.n commercial feed cont~ining 
3,000, 1,500, 750, and 100 mg/kg TNT for 90 d following the determi!1ation of an acute lethal dose and a 14-d ra<lge Bnditl8 .;tucly. 
Dietary TNT intake caused a dose-dependent decrease in total red blood cell coums, packed cell volurne, total pl~sma pi'Otcin., lJiouJ 
prolymphocytes, ~nd blood lymphocytes. All. increased trend in late apoptotic/necrol:ic blood leukocytic cells was also ob&erved ill 
TNT-exposed birds, as was hemosiderosis in the liver. With the exception of hemosiderosis, these uends were statistic~lly signillcant 
yet of que~;tionRb!e biological significance. Since treatment-related responses In !his preliminary study were variable, a con~ervativ~ 
inte.rprct<•tion is suggested. Kowever. $ili~e rhe~e treatments had. concentration~ that were a log-fold or more than doses in ~im i lnr 
studies u~ing mammitiS, these data suggest that northern bobwhite are !esl 3ensitlve to or~l e11posures of TNT th;;o m~1mmals . 

Keywords-Quail On\! ox.pos\tre 2,4,6-n ·initrotoluene 

INTRODUCl'lON 

The use, manufacturing, and assembling of high explosives 
during the last century hnve resulted in considerable contam
ination of soil :md surf!lce water at many U.S. Army in3tE1l
lations ( 1-3). Primary con~tituents of these defense-related 
contaminants are 2,4,6-tdnitmtoluene (TNT) and its potential 
degradation product~ [2,3). As a result, there is n need for 
investigating the potential adverse effects of environmental 
TNT exposu.res on indigenous wildlife species ( 4-6). A variety 
of avian species are known to inhabit heavily contaminated 
sites ; however, there have been no reported ~valuations of the 
effects of TNT exposure in birds. 

Th~ effects of oral TNT exposure in !!lboratory mammals 
have been well documented (7-9] . Reported acute effects range 
from central nervous sy5tem (CNS)-l'elated neuronl\lscular ata)l.
ia to red-colored urine (clu"Omatouria) [7] . With :;ubacute to 
subchronic dosing <egimens, neuromuscular effects, erythrolytic 
anemia, hepatic and splenic pathology, and testicular atrophy 
were observed (7-8]. Sirnilax observations have been made in 
laboratory studies utilizing wildlife mammalian species and e)(
postliC to TNT, with indicators of anemia being the mo.~t con
sistent findings [4,6,10]. Given the physiological differertces 
between mammals and birds, it is unclear if these marnma.liarl 
data \vill be predictive of effects in bird5 following exposure to 
TNT. To address this, the preoent ~tudy accordingly examined 
a punel of hemmologic and othet known sensitive indicntors of 
stress in northern bobwhite exposed to TNT in feed. 

MATERIALS AND METHODS 

Animals 

The initial parent stock of in-bred northern bobwhite quail 
(Colit•u•· 1-irginian.us) ws.s acquired from ar1 independent 

*To whom cotTespondence may be addressed (rgogal@vt.edu). 

81 

Colinu~ virgininn.us Immunotoxicity 

breeder (Richard Orr Farms, DoswcJ, VA, USA). Brl:~ding 
flocks were established at the Avian Medicine f<lc ility at the 
Center for Molecular Medicine and Infectious Disea~e . Vir
ginia-Maryland Regional College of Veterinary Medicine, 
Virginia Tech, Blacksburg, Virginia, USA. New bird hatches 
fmm the parental stock were used for this study. Quail were 
housed individually in specially built 36 cage pair quail units 
(Alternative Design, Siloam SpringA, AR, USA). Thp water 
was provided ad libitum by an automated watering system thut 
was checked daily . Fifty birds (25 males and 25 female) were 
weighed, banded, and divided into five groups (five mnles and 
five females) after a four-week quarantine period, Throughout 
the quarantine and the feeding study trial, quail were main
tained under controlled conditions of temperature (23 .0 ± 
2.0"C), relative humidity (50.0 ± 5.0%). and lighti ng (12/12 
h, light/dark cycle). Quail were provided fresh feed once per 
week. The quantity provided was designed to exceed normal 
feed consumption yet reduce spillage. Dltring th is weekly feed 
ing. litter pans were cleaned and wasted feed was measured . 
Throughout the feeding trial, quail were monitored daily for 
changes in health disposition (i.e., neurologic; signs l.at<"lxia)) 
or the onset of morbidity. Moribund birds were terminated 
from the study and. tissues were col lected for histopa~hology 
and other analyses . Birds were euthanjzed by electrocution . 
Blood collection and tissue isolation occurred at the termi
nation of the 90-d feeding trial. Care and maintenance of the 
animals were in <tccordance with the Virginia Tech policies 
governing tl1e use of <Ulimals in research and teaching [l l ). 

Te$1 article 

T:'le test standard for TNT wus obtuined commerci~lly from 
Chern Service (catalog number 0-2288; West Chester, PA, 
USA). A certificate of analy~is accompanied each shipment of 

11111111111111111 1111111111111 
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product and guaranteed pvrity al 99.0 ::: 0.5%. The test. sub

stance, TNT, used in the feeding trials was obtained from the 

U.S. Army Research Laboratory (U.S. ARL. Aberdeen Proving 

Ground, MD, USA). The U.S. ARL TNT was redistilled and 

crystallized from old product and was determined to be 99.0% 

pul'e (Military Unique and Specia: Chemistry Program, Di
tectorate of Laboratory Science, U.S. Army Center for Health 
Promotion and Preventive Medicine, Aberdeen, MD). 

Feed forrru•lar.io>ls 

The lre<~tml!nt feeding mixtures for tbe 90-d study were 
formulated by serially mi~C:ing a stock feed mix (6,000 ppm) 
into the individual treatment feed concentrations. Briefly, the 

stock foed mi11ture wa5 formulated by dissolving purified TNT 
(9.001 g) into 250 ml of acetone and then evenly dispet'sing 
this solution onto the stock feed in larg~;~ trays 11nd allowing 
it to air dry. Drying time was approximately 2 to 3 h. Each 
feed treo.tment wa~ then prepared by mbdng the appropriate 

concentr~:~tion of the otock feed using a small cement mixer 
f(l1' R min. The TNT-feed mixtures were stored between 10 and 
20°C. Concentrations of TNT in feed dming exposure were 

confirmed by high-performance liquid chromatography-ace

tonitrile extraction. The treatment feeding mixtures were pre
pared at 3,000 mg/kg TNT-feed (diet 1), 1,500 mg/kg TNT
feed (diet 2), 750 mg/kg TNT-feed (diet 3), 100 mg/kg TNT

feed (diet 4), and 0.0 mg/kg TNT-feed (diet 5) following an 

acute lethal close determination of 2,003 mg/kg and a 14-d 
range finding study [12]. The feed was provided fre~l; Oil a 
weekly basis. Weekly feed consumption was determined by 

taking the difference between the initial weight and the fi.Ml 

feed w~ight. plus t.he quantity spilled in the waste tray. Waste 

spillage was always Jess than 0-15 g/d. The TNT stability in 
feed was evaluated for both 90-d stability with refrigerated 
s~mple~ <1nd weekly .~lability in the test facility om•ironment. 

This stlldy wtts c;onducted compliant with good laboratory 
practices. 

Blood collection and A1w/ysis 

Blood collectiort. Blood was collected hom thejugubr vein 

with a 25-gallge needle and 3-ml syringe. After collection, an 

18-guugc needle 'vas attached to the syringe and the blood 

was transferred inco a depressurized heparinized tui>e. The 

blood was mixec. thoroughly and ijpproximately 200 iJ..] of 
heparinizect blood was removed and transferred into an ap

propriately mar)ced tube for the whole-blood analysis. 

Whole blood cellularity. A 1 0-j.!..l aliquot of blood was trans

ferred into u wbe containing 990 ILl of phosphate buffered 

saline (PBS) and mixed by gentle vortexiog. A 10-iJ..l aliquot 

was removed from each sample and 1;1dded 10 a tube containing 
990 !J.l of Natt-Herrick stain. The t:Jb\~ w&s g~ntly vo(texed, 

and a 10-P-1 aliquot of the stained blood sample was place"d 

onto a hemacytometer a.nd the cells were enumerated. The 

number ot' red blood cells (R.tlCs) wtiS det,erroined per milliliter 
and per n1icrolitcr. In addition, hetel'oph\ls, lymphocytes, 

thrombocyte>, and monocytes were enumerated and a hetel'O

phil/lymphocyte ratio was determined. 
Packed cell volume al'ld total protein. A h~matocrit cap

illary tube was inserted into the tub10 containing the heparini7.ed 
blood. Once blood filled approximately three fourths of the 

tube, press me was applied to the top and the tube was removed. 
The bottom of the tube was cleanf<'d and inserted into the clay 
pad and then centt·ifuged for 5 min. The packed cell voluml! 

(PCV) was dctermineu using a graphic rea.dcr card. Following 

R.M. Gogal, Jr. et nl. 

enumeration of the PCV, the tube was cut above the RBC lay~r 

and two to three drops (30-50 J.Ll) of plasma were placed onto 

a refractometer nnd the total protein was determined. 

Mean corpuscT.Jht.t volume. The mean corpuscular voh~me 

(MCV) was determined via the calculatton MCV = (PCV X 

10)/RBC (X 100/~-J.l). 

Whole-blood five-point leukocyte differential 

A drop (l 0-15 f.I-1) of heparini7..ed whole blood was placed 

on a microscope slide and a smear was made using ~tandard 

techniques. The blood smear was allowed to air dry. Tile slide 
was then stained with a modified Wright stain. The stained 
slides wete allowed to dry overnight, thep were coverslipped 

the ne:x.t day. A live-point differential was performed where 
200 leukocytes were etmmerated. The cells enumerated were 

heterophils, lymphocytes, monocytes, basophils, and eo:;ino
phils. Heterophil/lymphocyte ratios were also calculated. 

Spleen weight/body weight ratio and cellular ,·ec:ovruies 

The spleens were: r~moved by aseptic dissection following 

euthanasia and cleaned of c:~:ccss adipose and other connective 

tissues. Spleen$ were then individually weighed, and the ratio 

of splenic weight to quail total body weight was calculated. 

Lymphocyte transformation assay 

Proliferation toT-cell and Pan-lymphocyte (includes 13-cell) 
mitogens was evaluated for peripheral blood and splenic lym

phocytes. These assays have been adapted fo1· birds and fol
lowed Gogal et at. l)3). Briefly, i5olated 0r enriched cell sn~, 

pension5 were enumerated und dilvted to 3.0 X 10~ cells/ml. 

A 100-~J aliquot of the cells was added to triplicate wells of 

a Corning 96-well round-bottom tissue culture plate (Corning, 
NY, USA) ~ontaining 100 j.J..I of either supplemented RPM!, 
1640 media alone, Concanavalin A (Con A, 10 p,g/ml), Ct)O 
A (50 I.Lg/ml), or Phorbol 12,myristate 13-acetate (J 0 ng/ml) 

+ Jonomycin (200 ng/ml), lben placed into a humidified in
cubator at 3rC at 5% C02• Approl(im,ately 24 h postincuba

tion, 20 p.l of alama1· blue (Accu.med, w~st Lake, OH, USA) 
was added to each well :mel the plates were returned to lhe 

incubator. Alamar blue is a viability-proliferation dye, which 
measures proliferation changes thmugh metabolic reduction of 

the dye [13,14]. The plates were removed at 48 and 72-h 

postsetup and the specific absorbances were determined using 
a Moleclllar Devices kinetic microplate reader (Menlo Park, 

CA, USA) at 570 to 600 nm. The proliferativ~ change:; were 
dc;:termined and (epotted as follows: 

il5pecific abs()rbance 

= mean specific absorbance (mitogen-induced cells) 

- mean specific absorbance (media alone + cell~) 

Cytological examination of isolated leukocyte fractions 
(blood and spleen) 

During the addition ()f the isolated-enriched lymphocyte 

suspensions to the proliferation plates, 300-p,l aliquots (0.9 X 

1 06) of the cell suspensions (i.e., blood, spleen) were aloe 
added to ch2.mbers on the cytospin apparatus containing 0 5% 
bovine serum albumin·phosphate buffered saline. Each cyto
spin apparatus was then placed into the Cyto·Tek centrifug"' 
(Se.lmra Finetechnical, Tokyo, Japan) and spun at 500 rpm for 
5 min. The slide was removed from each cytospin appat'atus 

and allowed to air dry. The slides were srairled with a modified 
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Toxicity of T~T in northern bobwhite 

\Wight stain, dried, and coverslippe(l. They were thc:n sub
mitted for pathological analysis in. a. blinded manner. The an
imal number, tissue type. and cytologic preparation date were 
the only information provided to the pathologist. For each 
slide, 200 leukocytes were enumerated nnd sconng of cytospin 
preps as small lymphocytes, prolymphocytes, lymphoblnsts, 
plasma cells, heterophils, monocytoid, and other was done:. 

Analysis of apoptosis in splenic- and blood-isolated 
leukocytes 

Isolated lymphocyte cell suspensions were evaiuated for 
changes in level of apoptosis. The apoptotic probes 7-ami
noa~tinimycin D (7-AAD) (Accumed Imcrnat.ional, Westlake, 
OH, USA) and Annex in V (Pharmingon, San Diego, CA, USA) 
were employed and analyzed. Briefly, splenic and peripheral 
blood lymphocyte8 (3.0 X 1Q$fwell) were coincubated with 
both the 7-AAD and Annexin V-FITC on ice in the dark for 
15 min. Both probes have documented stabilities of at least 
30 min according to the manufacturers. The cells were ana" 
lyzed under a two-color procedure on an Epics XL fiow cy· 
tometer (Coulter, Miami. FL, USA) [ 15-17]. Urlslained control 
leukocytes were employed as negative controls to set gates. 
ln me rust experiment, single-color fluorescence was assessed 
for each tissue suspension to sta.ndardiz"' peak response. Cy
lo$etting~ were kept the ~ame for all experiments throughout 
this study. Scoring wa5 as follows: 

a. 7-AAD-/Annexin V- = Live cells 

b. 7-AAD-/Annexin V+ = Apoptosis (early) 

c. 7-AAD+/Annexin V+ = Apoptosis (mid) 

d. 7-AAD+/Annexin V- = Apoptosis (late+ necrotic cell~) 

Histoparhology of spleen, !il,er, and kidney 

For light microscopic tissue evaluation, the liver and kidney 
were collected immediately following euthanasia of each quail, 
fixed in neutral phosphate-buffered formali~:~, and proccsocd 
by routine histological techniques. Five-micron sections of 
each organ were cut e.nd 5tElined with hematoxylin and eo~in. 
The slides were dried and then roubnely processed and stained 
(Wright's stain) for cytologic evaluation. 

Slides for histopathologic evaluation were read in a blinded 
manner as before, using qualitative, graded response crite6a 
evaluated by comparisons with controls. 

Statistical analysis 

Discrete responses were analyzed across diets (TNT con
centrations in feed). The FREQ procedure of the SAS® System 
(Vel' 7 01. SAS Institute, Cary, NC, USA) was used to perform 
Fisher's exact test for each discrete response variable. Wheu 
the overnll test of association was significant, e~1ch diet was 
compared with the controt usiog Fisher·~ exact test with the 
Bonferroni correction (the !tlphn level for each comparison 
with the control was 0.01:27, to bring the alpha level ovcntll 
ba,ck to 0.05), The MlXED pro<::edure of the SAS Syste;m was 
used to perform a mixed mode::! analysis of covarianc"' (AN
COY A) for each continuous response variable. Th"' ANCOVA 
began by testing whether slopes acroos dose were equal for 
thG sex.c~. If the slopes W1?re different, a separate line was lit 
for each sex. When the slopes across dose fat' each ~ex were 
not different., a com1~1on slope model was tested and, if sig-
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nificant, a line was fit. All case effec;ts with p-val1.1es greater 
than 0.05 were considered nonsignificant. 

RESULTS 

Feed consumption and weight changes 

Quail consumed feed consistently throughout e~.posure and 
thete were no differences between treatrnent~ (p > 0.87). Quail 
consumed 13.94 ;t 2.77 g and 14.98 :±: 3.42 g feed/d for mnles 
and females. t'espectively. No weight cha11ges were found at
trib•,•ta.ble to treatment (males, 8.78 ± 9.07 g; ferM.Ics, 10.72 
± 11.42 g; p > 0.97). Weight ~ha.nges ranged from -13 0 g 
to 36.0 g with a mean of 8.98 ± J .50 g (Fig. 1 ). Based on 
feed consumed, the calculated doses to males and femnles 
consuming the e>tperimental diets were approximately ! 78, 
97.5, 48 0, and 7.0 rng TNT/kg/d. Feed consllmption wao about 
equal between sexes. 

Clinical observations 

Four birds in the bigh-do~e group became moribund and 
were e11thnnized or died within 30 d of the initintion of the 
feeding study. These birds exhibited symptoms of ataxia, mu>
cuhu weakness, and convulsions prior to d.eath. No other birds 
in any of the other treatmellts exhibited these symptoms. 

Hematology 

Witll me Natt-Herriclc blood background stain, the RBC of 
the TNT-exposed birds appeared to have a darb:( cell wall and 
nucleus. The nucleus was characterized as being more rounded, 
smaller, and darker. Also noted in the plasmn was an iot,nse 
yellowish color (lipemia) compared with plasma from comrol 
animv.ls, Evaluation of the total RBC, packed cell volume, 
me~,n corpuscular volume, and total protein showed nelthe( 
effect of sr:x nor sex"by-dose interaction effect. However, an 
overall linear decrease it! RBC numb~r (Fig. 2), pac~~d cell 
volume (Fig. 3), and total protein (Fig. 4) with increa~ing dose 
was observed. 

Cellt<!arily and tissue/body ;veif(hl ratio 

Peripheral blood and splenic cellularity were evaluated. 
There was no effect of dose or sex nor any sex-by-dose in· 
te::raction effect on the total lymphocyte cellularity or total 
celluladty of eh:her the periphe!'al blood or spleen. Thc::re w>1~ 
no effect of dose or sex nor any sex-by-dose interaction eff~::ct 
on spleen weight/body weight mho (datu not shown). 



02/12/2002 10:48 8 

84 Em'iro~. Tcm'col. Cltem. 21, :2002 

'000 

6000 • ~~ • 
~ l000 

X 

~ ~~ 
• 

•OOO • 
~ ~ 1 )(\QQ • •Cbo • • :0 ~ 
£ 20IXJ 

1000 

o+---~--~-------,----~---r---~~ 
0 2l 50 7~ \00 ll5 ISO 175 200 

Fis. 2. Tolal red blood ~ell count based on TNT dose (mg/lcg body 
wt/<.1) (p <0 0.5, analysi:; of covanance), 

Cellulclr proliferation 

Both peripheral blood lymphocytes and splenic lympho

cytes were ~ssessed for proliferation to T cell and pan lym· 

phocyte mitogens. There was oo siguifttant effect of dose or 

~ex nor ttnY sex-by-dose interaction effect on lymphocyt<J pro

lifetation (data not shown). 

Cellulcn· apoptosis 

Enricb.ed splenk and peripheral blood leukocytic popula

tions were evaluated for incidence of cellular apoptosis. There 

was no effect of dose or sex nor any sex-by-dose lnter~ction 

effect on percent viable cells, early apoptotic cells, late apo

ptotic/necrotic cells, or total apoptotJc cells of the peripheral 

bloocl leukocytes. Fmther, there was also no effect of dose or 

sex nm any r,ex-by-dose int.,raction effect on the above-m~a

:;tlt'ed apoptotic endpoints in the ~plenic leukocyt.,s. However, 

the pert::cntage of indetcrminat" apoptotic/necrotic blood leu

kocytes increased linearly with dose (Fig. 5; ANCOVA, p < 
0.05). 

Histopathology 

1'here wus s. significant a~sociation between diet and Kuppf

er cell hemosid~rosis ratings (p < 0.001: Fig. 6). However. 

none of the pairwi$e comparisons of each dose against the 

control were .~ignificant. Th.,re were no significant otssociadona 

l:.i----,..---.----,-, -_.,...-, ---r---"""TI ----.~!-•lc----11 I 
0 l~ SO 75 \00 125 l~O 175 ~00 

Fig. 3. Mea~urernent of packed cell volume aC!'OSS TN1' do>~ (mgfkg 

body wtld) (p <0.05, analysis of covariOJ1ce). 
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between diet erythrophagocyto5iS ratings or hepatocyte vac

uolation ratings. 

DISCUSSION 

To our knowledge, the effects of TNT exposure in birds 

hBve not been evaluated. Many species of birds are potentially 

exposed to TNT in comarninated soils, largely due to their 

foraging habits. Northern bobwhite were chosen as the study 

model since they are r1ative to North America, are a g<une 

species of ma~,agemont concern, have a life history that sug· 

gests that soil exposures muy be significant [ 18], and are ame

nable to laboratory tol\icological investigat.iotts [19,20). Mam

mals exposc:d to TNT show a variety of hemlltologic effect> 

[4,6-10]. Splenic pathology has also been documented in lab

oratory rodents treated with TNT, inchtditlg hematologic ef

fects, suggesting that the immune system may be a tatgeL A 

battery of tests that includes hematologic and immunologic 

endpoints wa.s therefore employ~::d in TNT-ex.posed quail to 

determiile if oral exposures resulted in similar tol\icologic ef

fects as seen in mammals. 
Exposure to TNT ell used a variety of effects in the northern 

bobwhite. Effects observed through the subchronic 90-d fe~d

ing tdal included a decrea~c in total red blood cell counts, a 

de~:rease in packed cell volume, a decline in total plasma pro

tein, a decline in. prolymphocyte counts from enriched leu-
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To11icity of TNT in north~t·n bobwhite 

Fig. 6. Histopa.thology of the control (A) and 175 mg/kg body weight/" a TNT-treated (8) quailllve1~ The btown-stnined cells denoted by the 
arrow• are 1\:uppfer cells cont!i!ning hemosiderin (m<~gniftcation 
X200). 

kocyte fractions of the peripheral blood, a decline ill lympho
cyte counts from enriched leukocyte fractions of p~r.lpheral 
blood, and an increase it1 indeterminat-e apoptotic/necrotic leu
kocytic cells from enriched leukocyte fractions of the periph
eral blood. Ahhough the trends were statistically significant, 
none of these effects were remarkable: compared with data 
.;ollected for mammals [7-9]. A nonsignifi~;:a.nt trend toward 
increased hemosidero~is in th"' Kuppfer cells of the livet· waij 
also observed. Hemosiderosis in the liv0r has been described 
in mammals eJ>.poscd to lower levels of TNT than the pre~ent. 
birds [6-9]. No significant difference$ in any of the above 
parameters were found across treatment groiJps. compared with 
controls. We acktJowledge that individual variation in feed 
consumption wlthin treatments contributed t.o rc;latively high 
variability ;n treatment-group data, yet given the range of TNT 
conc~;>ntrations in feed, we expectad to observe more pl"O
nounced effects. In addition, although the values for the he
matological parameters de~relloed with increasing dose, these: 
value~ still fall within the normll.l nmges for these species [21]. 
Therefore, although trend8 were evident, the biological rele
vance of the hematologic effects in birds is questionable. 

The limited hem.atologh' toxicity of TNT in birds comp~red 
with mamrnal~ may be due to the physiological differences 
between avian and manunalian hematopoietic systems. Birds 
ure relatively unique in their metabolic capacity in terms of 
oxygen tran~port requirements needed for sust!lined flight. 
Consequently, their· r~d blO<ld cell regeneration capacity Js 
greater than tlta\ of mammals of comparable mass [22,23]. 
Moreover, birds possess nucleated red blood cells [22,23] that 
are more refJ:actory lo c:ompounds shown to damage the non
nucleated ~;ed blood cells common to mammals. For example, 
avian erylhrocytes are re~istnnt to osmotic lysing sohltions 
used in vitro to temove RBCs from whole blood. Fm·thet; bird~ 
have a high blood-volume regenerative capacity relative to 
mammals, including enhanced erythropoietic cap<~city. This 
may explain why the present changes seen in the hematology 
were not as profound as those reportod in ma~mnalia:l studies. 
Further, birds' serum osmotic pressure is approximately haJf 
that of mammals (24), which may ,]5o add to the ref.-actory 
nature of <•vian blood. 

The declitlC in prolymplwcyte counts and lymphocyte 
cmtnts and the increased apoptotic/necrotlc leukocytic cells in 
1NT-e;ocposed birds ~uggest the possibility of adverse immu
nologic effects in these animals. It is noteworthy .that such 
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targeting of white blood cells has not previ(lusly been repwted 
in mammals dosed with TNT; however, such evaluation~ were 
limited in scope. The ability of lymphocytes to proliferate 
following mitogen stinllllation was evaluated ill the ptesem 
study and found not to b"' affected by TNT Other f\mctions 
of t.hese cells (e.g., antigen presentation, lysis of cells ~:<-pre~;
ing foreign antigen, antibody production) were not s\ttdie,:; 
thus, h is not known if TNT nffected these functionR. 

Acute toxicity leading to mortality was observed only in 
birds fed the highest dose of TNT and was accompanied \)y 
signs consistent with CNS-t·elated effects (e.g., ataxia) Whetr.
er TNT cxposute cau~ed toxicity not ob.~erved on the CNS j~ 
not known and should be considered in futur<:: sludico. It was 
noted that mortality in birds occurred at dietary !eve I~ al:;o 
associated with mot1ality in rodent studies; however; mice con
sume as much as 25% uf their body weight/d while the quail 
consumed only about 6% of their body weight/d. D"'\3 ~re not 
avnilable regarding systemic TNT exposure in blrds a~ como 
pared with rodents under the above conditions. bt1t th<:sc feed
ing data suggest that quail may show CNS effect~ at <t lower 
systemic TNT level than do rodents. 

Based on the resc1lts of this 90,d study, a low observed
adverse-effect level in the serious c<~.tegory (i.e., d;.~e to lhe 
incidence of mortality) was determined to be 178 nw/ki!/d. 
Acknowledging the limitations of thl~ ltudy, we esLi~at;d a 
no-observable-adverse-effect level (NOAEL) of 7 rng/kg/d . 
We wish to point out that this NOAEL may be <l!l uudere,ti
mation of the u·ue NOAEL and that other target ti~sues (e.g., 
CNS) will need to be investigated to increase conFdenc~ in 
the present estima.l"'d NOAEL in TNT-exposed bids. 
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