
necessary. At the usual rates of applica- 
tion (4 to 5 gallons per 1000 bushels), it is 
not possible to cover the entire surface 
area of the grain treated. Tests 
were made on shelled corn in which 

of the test sample was 
sprayed with the dose required for the en- 
tire sample, then returned to and mixed 
with the unsprayed portion of the sample. 
The treated portion was sprayed on only 
one side of the kernels. When tested 
against rice weevils, a somewhat lower 
mortality was obtained when only 
of the sample was treated. When as 
much as 1/8 of the sample was treated, the 
results were fully as good as when the 
entire sample was treated. In practice, 
spray should be applied to grain as 
thoroughly as possible, but it would seem 
equally important to provide for thor- 
ough mixing of the grain after the spray 
is applied, so that distribution of the 
treated kernels among the untreated ones 
is assured. For adequate mixing under 
conditions of actual use: the spray should 
be applied to grain at  the lower end of the 
hiker or elevator. This takes full ad- 
vantage of the auger or tumbler action 
for obtaining good distribution of the 
sprayed kernels. 

l / 8 ,  and 

During early experi- 
Addition of mental treatments, it Water to Grain was thought that the 

I 

use of water sprays on grain might be 
objectionable because of a possible in- 
crease in the moisture content of the 
grain. A more careful consideration of 

the amounts of moisture added by emulsi- 
fiable sprays emphasized that the amount 
added is of little significance in relation 
to the amount of moisture usually pres- 
ent in grain-for example, 5 gallons 
(42 pounds) per 1000 bushels of wheat 
(60,000 pounds) is equal to 0.07’%, a 
negligible amount that is soon adjusted 
through normal evaporation. 

Summary and Conclusions 

Tests made in the laboratory with 
sprays containing combinations of pyre- 
thrum and piperonyl butoxide applied 
directly to grain showed that: (1) 
Water emulsions were more satisfactory 
and more lasting in their effect than 
sprays containing petroleum oil or 
vegetable oil as diluents. (2) Emulsion 
sprays were of the same order of effec- 
tiveness as dry protectant powders. 
(3) The concentration of an emulsion 
used to obtain a given deposit of active 
ingredients is not important. (4) Emul- 
sions prepared from oil-free concentrates 
were as effective as those prepared from 
conventional concentrates containing pe- 
troleum oil. (5) The emulsifier MYRJ- 
45 was as effective biologically as Atlox 
1045A. (6) Treatments were more ef- 
fective when applied to screened grain 
than when applied to grain containing 
screenings. (7) An oil-free emulsion 
containing 2% of piperonyl butoxide 
and 0.270 of pyrethrins applied at  the 
rate of 5 gallons per 1000 bushels of 

PESTICIDE SAFETY E V A L U A T I O N  

Toxicity of Trinitrobenzene-Aniline 
Complex, a Rodent Repellent 

OMPLEXES OF TRINITROBENZENE have C been suggested as promising ro- 
dent repellents by the work of Welch 
and Duggan (6) and Welch (5) .  One 
such repellent is the trinitrobenzene- 
aniline complex (TNBAC), which was 
proposed for use in orchards and shelter- 
belt plantings to decrease the damage 
from rabbits during the winter months 
when feed becomes scarce. If solutions 
of TNBAC are either painted or sprayed 
on the trunks of trees in the fall, one 
application is effective throughout the 
dormant season. With this type of ap- 
plication the hazard to personnel han- 
dling the material is primarily one of 
dermal contact, and time of exposure is 
relatively brief. 

Compounds of the nitrobenzene series 

are known as potent methemoglobin 
formers and may produce an effect on 
the blood-forming organs, especially the 
bone marrow (2, 4).  Aniline is a potent 
methemoglobin former and is consid- 
ered very toxic in pure solution (2). 
The chemistry of the complex of tri- 
nitrobenzene (TNB) and aniline is not 
fully understood ; however, some of the 
physical characteristics of the individual 
components are not found in the com- 
plex. 

DeWitt, Welch, and Bellack ( I )  have 
published criteria for a rodent repellent 
which include the requirement of safety 
for use. In preliminary tests a t  an- 
other laboratory where determinations 
of oral minimum lethal dose and studies 
of eye and dermal irritation were con- 

grain was adequate for the protection of 
stored grain. 
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ducted, TNBAC was shown to have a 
low order of toxicity. Detailed toxi- 
cological studies, including comparison 
with TNB, were undertaken at Hazleton 
Laboratories to evaluate the safety of 
TNBAC more extensively. 

Oral Administration to Albino Rats 

Male albino rats, weighing 
between 100 and 170 grams Procedure - 

were intubated with a 5.0% weight per 
volume suspension of anhydrous TNBAC 
or T S B  in 0.5% methylcellulose and ob- 
served for 7 days. Signs of toxicity were 
noted, and mortality was recorded daily. 
All survivors were sacrificed, and gross 
autopsies were performed at  the com- 
pletion of the study. The acute oral 
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A detailed toxicological study was made to evaluate the safety of the trinitrobenzene- 
aniline complex (TNBAC) as a rodent repellent for nonfood use. The acute oral LD5,, in 
rats for TNBAC is 370 mg. per kg.; for trinitrobenzene (TNB), 505 mg. per kg. TNBAC in- 
cluded in the diet of rats at levels of 500 and 1000 p.p.m. suppressed growth; the diet con- 
taining 10,000 p.p.m. was rejected. Repeated oral doses in dogs at levels above 25 mg. 
of TNBAC per kg. per day produced gross signs of toxicity and hematological changes. 
Repeated dermal applications to dogs of formulations containing TNBAC produced hema- 
tological changes; there was no skin irritation. TNBAC appears to be only moderately 
toxic in single doses; repeated doses are cumulative. Operators should be cautioned 
against contamination of wearing apparel and unprotected skin. 

LDjo was calculated by the method of 
Litchfield and Wilcoxon (3). 

TNBAC. The acute oral LD,, 
for TNBAC was found to be 

375 mg. per kg. of body weight, with 
confidence limits of 238 and 591 mg. per 
kg. Gross signs of intoxication were 
depression, hyperpnea, gasping, sali- 
vation, cyanosis, loss of normal reflexes, 
tachycardia, coma, and death. .411 
deaths occurred within the first 48 hours 
after intubation. Secropsy findings of 
rats dying during the study included 
hemorrhagic lungs, stained kidneys, and 
a peculiar “rusty” coloration of the blood. 
Autopsies, Lvhich were performed on 
surviving rats a t  completion of the study, 
revealed necrotic areas over the surface 
of the spleen and rusty appearing blood. 
TNB. The acute oral LDjo for T S B  

was found to be approximately 505 mg. 
per kg. The data were not suited for 
calculation of confidence limits. Signs 
of intoxication and findings at  necropsy 
of animals dying were similar to those 
seen with TNBAC, except that the kid- 
neys did not appear stained. The 
organs of the survivors a t  autopsy were 
essentially normal, with the exception of 
the physical appearance of the blood and 
the kidneys, which appeared darkened. 

Subacute Feeding to Albino Rats 

Male albino rats of the 
Carworth Farms strain Procedure 

were fed diets containing 500, 1000, or 
10.000 p.p.m. of TNBAC. Group sizes 
were small. Two rats were used in 
each of the control and 500 p.p.m, levels, 
and four rats in each of the 1000 and 
10,000 p.p.m. dietary levels. The diets 
were specially prepared by mixing 
TNBAC with Knox KO. 1 unflavored 
gelatin. M‘hen gelled. a small portion 
of laboratory diet was added and the 
feed-gel mixture was \\.hipped to dry- 
ness in a Waring Blendor. This primary 
mix was then added to the balance of 
the laboratory feed and blended in a 
Twin-Shell mixer. Control diets con- 
tained comparable amounts of the un- 
treated gelatin. The rats were indi- 
vidually housed in \\.ire-mesh cages 
elevated above the droppings, and water 
and the appropriate diets were available 

a t  all times. Body weights and food 
consumption were recorded daily. At 
completion of the study the rats were 
sacrificed by exsanguination, and autop- 
sies were performed. 

The two rats receiving 500 p.p.m. of 
TKBAC in the diet showed mild growth 
suppression over a 28-day period. The 
diet had been refused to some extent 
during the first week, but was accepted 
normally over the remainder of the 
study. These rats consumed an average 
of 15.3 grams of food and 7.68 mg. of 
TNB.4C per day. The four rats re- 
ceiving TNBAC a t  a dietary level of 
1000 p.p.m. exhibited marked growth 
retardation during the 28-day study. 
The diet was not readily accepted and 
considerable spillage occurred, especially 
in the third and fourth experimental 
weeks. These rats consumed an aver- 
age of 17.2 grams of food and 17.2 mg. 
of TNBAC per day. These values indi- 
cate marked spillage and do not re- 
flect the true quantities of food and 
compound actually ingested. The four 
rats receiving 10.000 p.p,m, of TNBAC in 
the diet showed actual loss of weight 
during the first 14 days of the experi- 
ment and a considerable decrease in 
food consumption. A daily average of 
11.8 grams of food and 118 mg. of 
TNBAC was consumed. One rat died 
on the 14th day and the remaining 
animals in this group showed cyanosis, 
depression. and decreased pain reflexes. 
This group \vas terminated and autopsies 
revealed darkened thyroids, spleens, and 
livers. and congested kidneys. A pooled 
sample of oxalated blood contained 14 
grams weight % hemoglobin and 2y0 
methemoglobinemia, 

.4t 4 weeks the 500 and 1000 p.p.m, 
dietary levels were terminated. While 
no significant gross pathology was 
found a t  autopsy, blood smears from 
animals in both groups showed a 
macrocytic anemia, marked basophilia. 
Howell-Jolly bodies, and a large number 
of normoblasts. 

Subacute Administration to Dogs 

Four male and four female 
monerel does received or- Procedure 

v v 

ally, 5 days a week, gelatin capsules con- 

taining either 25 or 75 mg. of TNBAC 
per kg. of body weight, or 25 or 100 mg. 
of TNB per kg. Two additional dogs 
served as controls. Each animal was 
individually housed and fed the basic 
laboratory diet. Complete blood counts. 
urinalyses, bromosulfalein liver function 
tests, determinations of blood urea 
nitrogen, and methemoglobin deter- 
minations were made at  intervals 
throughout the study. The dogs were 
observed daily for signs of intoxication 
and body weights were recorded weekly. 
.4t termination all groups were sacri- 
ficed by exsanguination under pento- 
barbital anesthesia, and autopsies were 
performed. Sections of various tissues 
were examined for evidence of histo- 
logical changes. 

TNBAC. The two dogs re- Results ceiving 75 mg. of TNBAC per 
kg. showed anorexia. vomiting, and 
weight loss after four doses of the com- 
pound. Changes in erythrocyte mor- 
phology were marked and similar to 
those seen in the rats. There was 18% 
methemoglobinemia in the female and 
12.3% in the male, and a reduction of 
total hemoglobin to approximately 9 
grams weight yo in both animals. The 
dogs were removed from the study for 
30 days and returned a t  the level of 
10 mg. per kg. per day. Subsequently 
they received 13 doses over a 19-day 
period with no clinical signs of toxicity. 
Methemoglobin a t  termination was 1.6% 
in the female and 4.1y0 in the male. 
Total hemoglobin was reduced in the 
male. All other clinical laboratory 
tests were within normal limits. 

Two dogs received 37 doses of TNBAC 
a t  a dosage level of 25 mg. per kg. over a 
period of 54 days. The male developed 
ataxia after 30 doses; this persisted to 
termination. The female was asympto- 
matic. Clinical laboratory findings in 
these animals indicated up to 9.1% 
methemoglobinemia, and mild changes 
in morphology of the erythrocyte series 
were observed. The other clinical lab- 
oratory tests were normal. Methemo- 
globinemia decreased to as low as 0.9% 
at 43 days and was 4.57, a t  termination. 

At autopsy of the two groups of dogs 
receiving TNBAC the spleens were en- 
larged. No other grossly observable 
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changes were noted in any of the dogs. 
Microscopically, splenic sections showed 
thickened trabeculae, indicative of pas- 
sive congestion. Sections of liver, kid- 
ney, gonads, and bone marrow from the 
experimental dogs were comparable to 
the controls. 

TNB. Two dogs received four doses 
of 100 mg. of TNB per kg. of body 
weight over a 4-day period. The fe- 
male developed convulsions. anorexia, 
and soft feces. Blood smears indicated a 
marked derangement of the erythrocyte 
morphology, and there was 11.470 
methemoglobinemia in the female and 
21.8% in the male. Hemoglobin values 
were within normal limits, as were the 
results of other clinical laboratory tests. 
These dogs were removed from the study 
for 30 days, allowed to recover, and then 
returned to the study at  a daily dosage 
level of 10 mg. per kg. After receiving 
13 doses over a 19-day period, the dogs 
appeared clinically normal and the 
study was terminated. Terminal methe- 
moglobin values were 1 .O% in the female 
and 5.9Yc in the male. .411 other clinical 
laboratory tests were within normal limits. 

Two dogs received 37 doses of 25 mg. 
of TNB per kg. over a 54-day period. 
The female showed anorexia, depression, 
and emesia during the first 30 days of the 
study, but returned to normal during the 
remainder of the period. The male be- 
came ataxic on the 39th experimental 
day after receiving 29 doses of TNB. 
.4fter 34 doses this dog showed general- 
ized muscular stiffness with ataxia, seem- 
ing to fall to the left. This syndrome 
persisted until termination of the study. 

Morphological changes in the eryth- 
rocyte series were noted as early as 4 
days and persisted throughout the study. 
Methemoglobinemia was erratic over the 
experimental period. Values varied 
from a maximum of 24.4% in the female 
and 33.8% in the male at  30 days. to a 
minimum of 0.4% in the female and 
0.9% in the male at  43 days; terminal 
Lalues were 9.47, for the female and 
4.9% for the male. The male developed 
a mild anemia. .A11 other tests were 
normal. 

At autopsv the spleens and livers from 
all the dogs receiving TNB were heavier 
than from the controls; however, no 
grossly observable pathological changes 
were noted. Microscopically the spleens 
showed thickened trabeculae but were 
otherwise normal, indicating that the 
gross enlargement was due to passive 
congestion. Sections of kidney showed 
definite indication of a toxic reaction. 
Generally, both endothelial and epithe- 
lial cells of the glomerular tufts were 
undergoing prcliferation and cloudy 
swelling. In the dogs receiving the 
dosage levels cf 100 and 10 mg. per kg. 
the cells of the loops of Henle were under- 
going fatty metamorphosis. In the 
dogs at  the dosage level of 25 mg. per kg., 
these changes were more severe. The 

loops of Henle were undergoing de- 
generation and the toxic process in- 
volved the distal convoluted tubules, 
where the cells appeared swollen and 
coarsely granular. Sections of liver, 
gonads, and bone marrow from the ex- 
perimental animals were comparable to 
the controls. 

Dermal Application to Dogs 

Three formulations-( 1) an 
Procedure acetone solution containing 
6% TXBAC, (2) an emulsifiable con- 
centrate containing 12% TNBAC, and 
(3) a dispersion formulation containing 
20% TNBAC-were studied for dermal 
irritation. The emulsifiable concen- 
trate and dispersion formulation were 
diluted with distilled water to contain 
60 mg. of TKBAC per ml. prior to use. 
Each formulation was applied to the 
clipped thoracic skin of one male and one 
female mongrel dog daily. 5 days per 
week, a t  the rate of 60 mg. of TNBAC 
per kg. of body weight, for ten applica- 
tions. 

Blood was drawn from the jugular 
vein at  intervals for clinical laboratory 
studies, including methemoglobin deter- 
minations. Observations were made 
for signs of local skin changes and sys- 
temic toxicity during the experimental 
period. 

There were no signs of local 
irritation produced on the 

skin of the dogs receiving anv of the 
three formulations of TSBAC tested. 
The aniline color of the materials was 
not found around the lips, nares. or hind 
paws, indicating the dogs had made no 
attempt to lick or scratch the treated 
areas. Body weights were maintained 
during the study by all animals. 

Methemoglobin formation was noted 
in all dogs 24 hours after the second 
application of the test material; values 
ranged from 1.6 to 4.17,. During the 
remainder of the study methemoglobine- 
mia appeared to be cumulative, with 
levels ranging from 4.9 to 9.670. Fol- 
lowing a 2-day rest period methemo- 
globin values were slightlv lowered over 
values following five dailv applications 
of the materials. The data indicate 
that TSBAC from the formulations was 
dermally absorbed and produced svs- 
temic effects in dogs. 

Discussion 

These data are not intended to com- 
prise a complete toxicological study of 
TNBAC. They are sufficient, however, 
to evaluate the safety of this compound 
for nonfood use. 

Acute and subacute toxicity studies in 
rats and dogs place TNBAC in the 
moderately toxic class of compounds. 
The primary signs of intoxication noted in 
the experimental animals were methemo- 

globin formation, alteration in eryth- 
rocyte morphology, and anemia. These 
physiological changes were seen follow- 
ing both ingestion and dermal applica- 
tions of the compound. 

There are three common routes by 
which a compound may gain access into 
the body : inhalation, ingestion, and 
dermal absorption. Only the latter 
appears to be of significance in the evalu- 
ation of safety for use of TNBAC. In 
the field intoxication by inhalation would 
not be expected, as the repellent formu- 
lations are to be used out of doors, and 
toxic quantities of TNBAC would not 
build up in the atmosphere. The re- 
pellent formulations are, at present, not 
being recommended for use on or around 
feed or foodstuffs. Until more experi- 
mental data are available, applicators 
are \varned against using TNB.4C in 
granaries or barns where animal or 
human food is stored. 

Serious considerations should be given 
to dermal absorption. Accidental spil- 
lage of the formulations onto shoes, 
clothing. gloves, or unprotected skin can 
lead to definite toxicity if adequate pre- 
cautions are not taken. Contaminated 
clothing should be removed immediately 
and the underlying skin should be washed 
thoroughly with soap and water. 

Exuerimental studias show methemo- 
globin formation in the dog follo\ving re- 
peated exposurr to small quantities 
of TNBAC, and similar results could be 
expected to occur in humans. Hamblin 
( 2 )  refers to the insidiousness of onset of 
the toxic signs and symptoms in rhe 
human fnllowing expcsure to nitrogen 
compounds and to aniline. .4 sensation 
of euphoria concommitant with methe- 
moglobin build-up gives a false sense of 
security and can hamper the recognition 
of intoxication by the individual. Indi- 
viduals using this material over an ex- 
tended period of time can be exposed to 
accumulating quantities of the formula- 
tion. Should contaminated garments be 
worn for several days, it is possible that a 
toxic quantity of TNBAC could be der- 
mally absorbed with no apparent de- 
bilitating effects. Therefore, applicators 
should be particularly cautioned against 
\vearing previously contaminated cloth- 
ing. especially shoes and gloves, until 
all traces of TNBAC have been removed. 
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4,4’-Dichlorobenzilate (Chlorobenzilate) 
as a Spray Residue 

I PESTICIDE RESIDUES 

Geigy Agricultural Chemicals, 
Division of Geigy Chemical Corp., 
Bayonne, N. J. 
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- ter-Haller procedure. 

The acid gives the 
same red colored com- 
plex as the ester with 
maximum absorption 
at  418 and 538 r n p .  

- 

A / Reagents 

An analytical method is  presented for the microdetermination of the acaricide, ethyl 
4,4’-dichlorobenzilate (Chlorobenzilate), as a spray residue. Essentially, the method 
involves nitration of the compound, followed by the interaction of the nitrated product 
with sodium methylate to produce a red color which is measured spectrophotometrically 
at 538 mp. The method has been further developed to determine the compound in the 
presence of DDT. This involves saponification of the Chlorobenzilate to 4,4’-dichloro- 
benzilic acid, followed by its separation by extraction from the dehydrochlorinated DDT, 
and its subsequent nitration. The nitrated 4,4’-dichlorobenzilic acid gives the same 
colored complex with sodium methylate as the ester, with maximum absorption at 538 mp. 

H L o R o B E N z I I. A T E h a s  b e  e n C thoroughly tested in the field by ex- 
periniental workers and found to be a po- 
tent Lveapon in the control of various spe- 
cies of mitrs. Already accepted for certain 
agricultural crops, the compound should 
find \\.ide-spread uses as an acaricide. 
This necessitates the development of an 
accurate microanalytical method. in order 
to check on the magnitude of the residues 
remaining on crops at  harvest time. 

The structural similarity of Chloro- 
benzilate to DDT suggested the use of 
the Schechter-Haller ( d )  procedure for 
the determination of the compound. 
Investigation showed that the method is 
suitable for Chlorobenzilate. When the 
compound is nitrated, and the nitrated 
product made to react with sodium 
meth>-late. a red colored complex is 
formed which shows maximum absorp- 
tion at  418 and 538 mp. The absorp- 
tion curve for this complex is reproduced 
in Figure 1. 

This adaptation of the Schechter- 
Haller procedure was tested at  the Uni- 
venit!. of California Citrus Experiment 
Station for the microdetermination of 
Chlorobenzilate in the presence of citrus 
extractives. and it was reported ( 7 )  
that extensive isolative procedures are 
requirrd for its successful use. T ~ v o  
satisfactory alternative methods for citrus 
ha\.e been developed by Blinn, Gunther, 
and Kolbezen ( 7 )  based on the hydrolysis 
of Chlorobenzilate to 4:4 ’-dichloroben- 
zilic acid. which is then selectivel\- oxi- 

All chemicals are 
analytical r e a g e n t  
grade. W h e r e  so l -  
vents were distilled. 

0 350 loo 400 450 500 550 ~ ; z : s  do:;pL:atE: 
Distilled solvents are WAVE LENGTH IN MILLIMICRONS 
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