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SCHIFFMAN, S. S., M. S. SUGGS, M. B. ABOU DONIA, R. P. ERICKSON AND H. T. NAGLE. Environmental 
pollutants alter taste responses in the gerbil. PHARAMACOL BIOCHEM BEHAV 52(l) 189-194, 1995.-Taste and smell 
are chemical senses that play a crucial role in food selection. Damage to taste and smell receptors can impair food intake, 
nutritional status, and survival. The purpose of this study was to determine the effects of 11 environmental pollutants (nine 
insecticides and two herbicides) on electrophysiological taste responses in the gerbil. Integrated chorda tympani (CT) record- 
ings were obtained from gerbils to a range of tastants before and after a 4-min application of 1 of 11 environmental pollutants. 
The taste stimuli were: sodium chloride (100 mM). calcium chloride (300 mhi). magnesium chloride (100 mM), HCI (10 mM). 
potassium chloride (500 mM), monosodium glutamate (MSG) (50 mM), sucrose (100 mM), fructose (300 mM). sodium 
saccharin (10 mM), quinine HCl (30 mM), and urea (2 M). The nine insecticides included organophosphorous, carbamate, 
and pyrethroid insecticides. The seven organophosphorous insecticides tested were: acephate. carbofuran. chlorpyrifos, 
chlorpyrifos oxon, demeton, malathion, and methamidophos. The carbamate insecticide carbaryl and the pyrethroid insecti- 
cide fenvalerate were also tested. Two herbicides, paraquat and glyphosate, were tested. and dose-response curves for each of 
these two herbicides were also determined. All of the 11 insecticides and herbicides had an effect on some of the taste stimuli 
tested. Application of 10 mM methamidophos exhibited the greatest amount of suppression on the 11 taste solutions. Each 
taste stimulus was significantly suppressed with the exception of 2 M urea. Herbicides paraquat and glyphosate also reduced 
responses to several tastants. These data indicate that environmental pollutants can modify taste responses in the gerbil. 

Taste Insecticides Herbicides Pollutants Electrophysiology Gerbil 

A BROAD RANGE of pollutants have been reported to im- 
pact the upper alimentary and respiratory tracts (13,24,38,40). 
Pollutants also have been implicated in a variety of symptoms 
including irritation of the eyes, nose, and throat; asthma-like 
conditions; and unpleasant odor and taste sensations (13, 
24,38). Chronic exposure to metallurgic compounds, dusts, 
nonmetallic inorganic compounds, organic compounds, and 
by-products of manufacturing processes can damage the ol- 
factory system, causing permanent anosmia (loss of smell) or 
hyposmia (reduction in ability to smell) (l-3,9,15,21,22,25, 
34,35,39,41,42,46). Laboratory studies have documented a 
broad range of anatomic and physiological changes in the 

olfactory system resulting from environmental pollutants. 
These include damage to the olfactory epithelium (5,7,8,11, 
17,26,27,32,37,45,49), accumulation of pollutants in the ol- 
factory mucosa and bulbs (6,14,47), altered neurotransmitter 
levels (43,44,48), malignant neoplasms in the olfactory regions 
(12,28), and electrophysiologic changes in activity from olfac- 
tory receptors (4,8). The compounds that damage the olfac- 
tory system include a broad range of pesticides such as insecti- 
cides, soil fumigants, herbicides, and fungicides (5,6,32,45, 
48,49). 

Thus, most studies of the effect of pollution on the chemi- 
cal senses have focused on the olfactory rather than the taste 

’ Requests for reprints should be addressed to Dr. Susan S. Schiffman, Professor, c/o Department of Psychology, Duke University, Durham, 
NC 21706. 

189 



190 

system. The purpose of the present study was to extend the 
previous olfactory studies to investigations of the impact of 
pesticides on the taste system. Pesticides are known to occur 
in a variety of food products including grain, watermelon, 
wine, fish, chili peppers, and apples (10). Patient complaints 
of taste aberrations after pesticide exposure are not uncom- 
mon (38), with altered taste perception or persistent bitter and 
metallic tastes as the presenting symptoms. Hexachlorocyclo- 
hexanes, which are used in insecticides, have been shown to 
bind to the squamous epithelia of the tongue (6). The present 
study was designed to assess the effect of pesticides on the 
electrophysiologic taste activity recorded from the chorda 
tympani nerve of the gerbil. 

METHOD 

Animals 

Female Mongolian gerbils, Meriones unguiculafus, were 
obtained from Tumblebrook Farm (West Brookfield, MA). 
The gerbils were lo-12 weeks old and weighed 45-65 g. 

Stimuli 

Eleven common pesticides were tested to determine if they 
alter taste responses to common tastants found in food. The 
pesticides included seven organophosphorous insecticides: 
acephate (1 mM and 10 mM), carbofuran (1 mM), chlorpyri- 
fos (10 PM, 100 PM, and 1 mM), chlorpyrifos oxon (100 PM 
and 1 mM), demeton (2 mM), malathion (100 PM, 500 PM, 
and 1 mM), and methamidophos (10 mM). Also tested was 
the carbamate insecticide carbaryl (1 mM). Fenvalerate, a py- 
rethroid insecticide, was tested at 1 mM. Paraquat and gly- 
phosate, which are both herbicides, were each tested at 1 and 
10 mM. Dose-response curves for each of the two herbi- 
cides were determined at concentrations ranging from 0.156 
to 10 mM. 

Acephate, methamidophos, paraquat, and glyphosate were 
each dissolved in deionized water. All other pesticides were 
first dissolved in ethanol. Deionized water was then added 
gradually to obtain the final concentration desired. The etha- 
nol concentrations used to dissolve each compound were: I 
mM carbofuran (8%), 10 PM, 100 PM, and 1 mM chlorpyrifos 
(O.Ol%, O.l%, and l%, respectively), 100 PM and I mM 
chlorpyrifos oxon (0.1 Vo and 1%) respectively), 2 mM deme- 
ton (8%), 100 PM, 500 PM, and 1 mM malathion (1070, 8070, 
and 8%), 1 mM carbaryl (8%) and 1 mM fenvalerate (Solo). 
Each of the solutions was prepared just prior to application to 
the gerbil tongue. 

The effect of these environmental pollutants on a range of 
tastes was examined. The taste solutions tested were: sodium 
chloride (100 mM), calcium chloride (300 mM), magnesium 
chloride (100 mM), HCl (10 mM), potassium chloride (500 
mM), monosodium glutamate (50 mM), sucrose (100 mM), 
fructose (300 mM), sodium saccharin (10 mM), quinine HCl 
(30 mM), and urea (2 M). A total of 11 stimuli were tested. 
All solutions were delivered to the tongue at 72OF. The taste 
solutions were dissolved in deionized water. 

Experimental Procedure 

Gerbils were anesthetized with an IP injection of ketamine 
HCl (Ketalar at 50 mg/ml) at a dose of 330 mg/kg body 
weight. Two doses were administered 15 min apart. Supple- 
mentary injections of sodium pentobarbital (Nembutal at 5 
mg/ml) were delivered to maintain a surgical level of anesthe- 
sia. Integrated electrophysiological recordings from the chor- 
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FIG. 1. Percent change in integrated chorda tympani responses after 
a 4-min application of 10 mM methamidophos. Abbreviations: NaCl, 
sodium chloride; CaCI,, calcium chloride; MgCI,, magnesium chlo- 
ride; HCI, hydrochloric acid; KCI, potassium chloride; MSG, mono- 
sodium glutamate; SW. sucrose; Fru, fructose; NaSac, sodium sac- 
charin; QHCI, quinine hydrochloride; Urea, urea. 

da tympani nerve were made using the techniques described 
by Jakinovich and Oakley (19). Recordings from an average 
of four gerbils were obtained for the each of the pesticides to 
evaluate the effect on the taste stimuli. 

During a given trial, each of the 11 taste stimuli was applied 
to the gerbil tongue with a I-min interstimulus rinse with de- 
ionized water or solvent. A pesticide was then applied for 4 
min as a rinse to the gerbil tongue, followed by the 11 taste 
solutions with an interstimulus rinse of the pesticide. The stim- 
uli were delivered in 2.0-ml samples by a gravity flow system 
at a rate of 0.20 ml per s. 

RESULTS 

Of the seven organophosphorous insecticides tested, 10 
mM methamidophos exhibited the greatest amount of sup- 

FIG. 2. Percent change in integrated chorda tympani responses after 
a 4-min application of 100 pM and 1 mM chlorpyrifos oxon. 
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FIG. 3. Percent change in integrated chorda tympani responses after 
a 4-min application of 1 mM carbofuran. 

pression on the 11 taste solutions. Each compound was signifi- 
cantly suppressed, with the exception of 2 M urea (Fig. 1). 

Chlorpyrifos oxon was applied to the tongue at 100 PM 
with significant enhancements in response to: 300 mM calcium 
chloride (14%), 100 mM magnesium chloride (17%), 50 mM 
MSG (14%‘0), 100 mM sucrose (9vo), 300 mM fructose (lo%), 
and 10 mM sodium saccharin (25%). A significant suppres- 
sion in response was seen with 2 M urea (18%). Chlorpyrifos 
oxon was also applied to the tongue at 1 mM with significant 
enhancements in responses to: 100 mM sodium chloride 
(13Yo), 10 mM HCl (13%), and 10 mM sodium saccharin 
(10%). The 1 mM concentration of chlorpyrifos oxon also 
significantly suppressed responses to: 100 mM magnesium 
chloride (lo%), 500 mM potassium chloride (15%), 50 mM 
MSG (28olo), and 30 mM QHCl(24%) (Fig. 2). 

Application of 1 mM carbofuran for 4 min to the tongue 
significantly blocked the responses to: 100 mM sodium chlo- 
ride (8%), 300 mM calcium chloride (17?70), 100 mM magne- 
sium chloride (35%), 10 mM HCI (9010), 50 mM MSG (12010), 
and 100 mM sucrose (26%) (Fig. 3). 

FIG. 4. Percent change in integrated chorda tympani responses after 
a 4-min application of 100 CM, 500 CM, and 1 mM malathion. 

-60 

FIG. 5. Percent change in integrated chorda tympani responses after 
a 4-min application of 2 mM demeton. 

Application of 500 PM malathion for 4 min to the tongue 
significantly blocked responses to: 500 mM potassium chlo- 
ride (14%) and 100 mM sucrose (5C70), while enhancing the 
response to 100 mM magnesium chloride (13%). Malathion 
was also tested at 1 mM with significant blockages seen in 
the response to: 300 mM calcium chloride (9070) and 100 mM 
magnesium chloride (23%). Increases in response was seen 
with 10 mM sodium saccharin (21%) and 2 M urea (22%) 
(Fig. 4). 

There were significant suppressions to several compounds 
after the application of 2 mM demeton. These suppressions 
were: 500 mM potassium chloride (15%) and 10 mM sodium 
saccharin (26%) (Fig. 5). Acephate and chlorpyrifos did not 
show any consistent results (Figs. 6 and 7). 

The carbamate insecticide carbaryl (1 mM) significantly 
suppressed responses to 300 mM calcium chloride (11 ‘Yo), 100 
mM magnesium chloride (19%), and 10 mM HCl (20%) (Fig. 
8). Fenvalerate (1 mM) significantly enhanced the responses 
to 10 mM HCI (13%) and 500 mM potassium chloride (18%) 
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FIG. 6. Percent change in integrated chorda tympani responses after 
a 4-min application of 1 and 10 mM acephate. 
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Concentration 

FIG. 13. Dose-response curve for glyphosate, as a percent of 100 
mM sodium chloride. 

Application of the herbicide paraquat (1 mM) significantly 
suppressed responses to: 10 mM HCl (19%) and 100 mM 
sucrose (14%). Paraquat was also tested at 10 mM with signif- 
icant suppressions to: 100 mM magnesium chloride (75%), 10 
mM HCl (21%), 50 mM monosodium glutamate (27010), 300 
mM fructose (7Oro), 30 mM quinine HCI (44W), and 2 M urea 
(34%). A significant enhancement in response was seen with 
10 mM sodium saccharin (10%) (Fig. 10). Glyphosate, an- 
other herbicide, was also tested at 1 and 10 mM. After the 
application of glyphosate at 1 mM, there were suppressions in 
responses to: 100 mM sodium chloride (20010), 300 mM cal- 
cium chloride (16Yo), 100 mM magnesium chloride (45%), 50 
mM monosodium glutamate (22Oro), and 30 mM quinine HCI 
(66%). There were also significant increases in the responses 
to: 10 mM HCl (15%) and 10 mM sodium saccharin (16%). 
Glyphosate was also tested at 10 mM with significant de- 
creases in the response to: 300 mM calcium chloride (43%), 10 
mM HCl (79%), 50 mM monosodium glutamate (43%), 100 
mM sucrose (40%), and 30 mM quinine HCl(4Wo) (Fig. 11). 

A dose-response curve was determined for both paraquat 
and glyphosate at the concentrations 0.156,0.313,0.625, 1.25, 
2.5, 5, and 10 mM. Sodium chloride was also tested at 100 
mM as a control. Both herbicides gave an initial response at 
the concentration of 0.625 mM. The responses progressively 

increased from this concentration to the final concentration of 
10 mM, which achieved approximately 60% of the level of 100 
mM sodium chloride response in both cases (Figs. 12 and 13). 

DISCUSSION 

At the concentrations applied to the gerbil tongue in this 
study, the organophosphate methamidophos produced the 
greatest effect on taste by reducing electrophysiological activ- 
ity to a broad range of compounds after 4-min applications. 
Significant reductions to a range of tastes were also found 
after treatment with carbaryl, carbofuran, fenvalerate, and 
the higher concentrations of the herbicides paraquat and 
glyphosate. For the 11 taste stimuli and 19 pollutant concen- 
trations tested (209 experimental tests), a total of 74 signifi- 
cant changes (both suppressions and enhancements) were 
found after application of a pollutant to the gerbil tongue 
for 4 min. On the basis of chance, only 10 or 11 significant 
changes would be expected. 

Although the majority of the statistically significant changes 
in electrophysiological activity to tastants indicated suppres- 
sion of taste responses, there was considerable variability 
among pesticides and tastants. The lack of a clear trend in the 
direction of change in activity for a given taste stimulus after 
exposure to pesticides suggests that taste changes may be due 
to altered metabolic activity in taste cells or levels of neuro- 
transmitters in a manner not related to mechanisms specific 
for taste transduction. Organophosphates are known to in- 
hibit acetylcholinesterase (16,20,23,29,33,50) and neuropathy 
target esterase (NTE) activity (16,20,33,50). Certain organo- 
phosphates can also alter glutaminase activity levels (29) and 
lactate dehydrogenase levels (16). The carbamate insecticide 
carbaryl not only inhibits lactate dehydrogenase activity but 
also alters other metabolic profiles (30,31). The pyrethroid 
insecticide fenvalerate decreases adenylate energy charge (18), 
and the herbicide paraquat causes pulmonary lipid peroxida- 
tion and produces free radicals (36). 

In conclusion, pesticides can significantly alter the pattern 
of electrophysiological activity to tastants (both reductions 
and enhancements) in a gerbil model. The alterations in taste 
are probably due to changes in metabolic activity in taste cells 
or levels of neurotransmitters, rather than modifications in 
the transduction systems. The variability of the pattern of 
effects from pesticide treatment may be responsible for dys- 
geusia that can occur after pesticide exposure (3839). 

REFERENCES 

1. Ahlborg, G. Hydrogen sulfide poisoning in shale oil industry. 
Arch Indust. Hyg. 3:247-266; 1951. 

6. 

2. Ahlstrom, R.; Berglund, B.; Berglund, U.; Lindvall, T.; Wenn- 
berg, A. Impaired odor perception in tank cleaners. Scan. J. 
Work Environ. Health 12:574-581; 1986. 

3. Amoore, J. E. Effects of chemical exposure on olfaction in hu- 
mans. In: Barrow, C. S., ed. Toxicology of the nasal passages. 
Washington, DC: Hemisphere Publishing Corp.; 1986:155-l%. 

4. Baatrup, E.; Doving, K. B.; Winberg, S. Differential effects of 
mercurial compounds on the electroolfactogram (EOG) of sal- 
mon (S&no salar L.) Ecotoxicol. Environ. Safety 20:269-276; 
1990. 

7. 

8. 

5. Brandt, I.; Brittebo, E. B.; Feil, V. J.; Bakke, J. E. Irreversible 
binding and toxicity of the herbicide dichlobenil (2,6-dichlo- 
robenzonitrile) in the olfactory mucosa of mice. Toxicol. Appl. 
Pharmacol. 103:491-501; 1990. 

9. 

10. 

Brittebo, E. B.; Hogman, P. G.; Brandt, I. Epithelial binding of 
hexachlorocyclohexanes in the respiratory and upper alimentary 
tracts: A comparison between the alpha-, beta-, and gamma- 
isomers in mice. Food Chem. Toxicol. 25:773-780: 1987. 
Buckley, L. A.; Morgan, K. T.; Swenberg, J. A.;~ James, R. A.; 
Hamm, T. E., Jr.; Barrow, C. S. The toxicity of dimethylamine 
in F-344 rats and B6C3Fl mice following a l-year inhalation 
exposure. Fundam. Appl. Toxicol. 5:341-352; 1985. 
Ekblom, A.; Flock, A.: Hansson, P.; Ottoson, D. Ultrastructural 
and electrophysiological changes in the olfactory epithelium fol- 
lowing exposure to organic solvents. Acta Otolaryngol. (Stockh.) 
98:351-361; 1984. 
Emmett, E. A. Parosmia and hyposmia induced by solvent expo- 
sure. Br. J. Indust. Med. 33:1%-198; 1976. 
Fan, A. M.; Jackson, R. J. Pesticides and food safety. Regul. 
Toxicol. Pharmacol. 9:158-174; 1989. 



194 SCHIFFMAN ET AL. 

1 I. Feron, V. J.; Bruyntjes, J. P.; Woutersen, R. A.; Immel, H. R.; 
Appelman, L. M. Nasal tumors in rats after short-term exposure 
to a cytotoxic concentration of formaldehyde. Cancer Lett. 39: 
101-111; 1988. 

12. Feron, V. J.: Kuner, C. F.; Suit. B. J.: Reuzel. P. G.: Woutersen. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 
23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

R. A. Glass fibers and vapor phase components’of cigarette 
smoke as cofactors in experimental respiratory tract carcinogene- 
sis. Carcinog. Compr. Surv. 8:93-l 18; 1985. 
Fise, M. E. Indoor air quality: A consumer protection issue. Oto- 
laryngol. Head Neck Surg. 106:665-668; 1992. 
Ghantous, H.; Dencker, L.; Gabrielsson, J.; Danielsson, B. R.; 
Bergman, K. Accumulation and turnover of metabolites of tolu- 
ene and xylene in nasal mucosa and olfactory bulb in the mouse. 
Pharmacol. Toxicol. 66:8?-92; 1990. 
Gorman, W. The sense of smell. A clinical review. Eye Ear Nose 
Throat Month. 43:54-58; 1964. 
Gupta, R. C.; Goad, J. T.; Kadel, W. L. In vivo alterations in 
lactate dehydrogenase (LDH) and LDH isoenzymes patterns by 
acute carbofuran intoxication. Arch. Environ. Toxicol. 21:263- 
269; 1991. 
Haschek, W. M.; Morse, C. C.; Boyd, M. R.; Hakkinen, P. 
J.; Witschi, H. P. Pathology of acute inhalation exposure to 
3-methylfuran in the rat and hamster. Exp. Mol. Pathol. 39:342- 
354; 1983. 
Hohreiter, D. W.; Reinert, R. E.; Bush, P. B. Effects of the 
insecticides carbofuran and fenvalerate on adenylate parameters 
in bluegill sunfish (Lepomk macrochina). Arch. Environ. Con- 
tam. Toxicol. 21:325-331; 1991. 
Jakinovich, W., Jr.; Oakley, B. Comparative gustatory response 
in four species of gerbilline rodents. J. Comp. Physioi. 99:89- 
101; 1975. 
Johnson, M. K.; Vilanova, E.; Read, D. J. Anomalous biochemi- 
cal responses in tests of the delayed neuropathic potential of 
methamidophos (0, S-dimethyl phosphorothioamidate), its re- 
solved isomers and of some higher 0-alkyl homologues. Arch. 
Toxicol. 65:618-624; 1991. 
Lehnhardt, E.; Rollin, H. Occupational olfactory disorders. 
HNO 17: 104-106; 1969. 
MacIntyre, I. Prolonged anosmia. Br. Med. J. 2:709; 1971. 
Maroni, M.; Catenacci, 0.; Galli, D.; Cavallo, D.; Ravazzani, 
0. Biological monitoring of human exposure to acephate. Arch. 
Environ. Contam. Toxicol. 19:782-788; 1990. 
Morrow, L. A. Sick building syndrome and related workplace 
disorders. Otolaryngol. Head Neck Surg. 106:649-654; 1992. 
Naus, A. Olphactoric properties of industrial matters. Prague: 
Charles University; 1976:55-65. 
Overcash, R. G.; Lindsey, J. R.; Cassel, G. H.; Baker, H. J. 
Enhancement of natural and experimental respiratory mycoplas- 
mosis in rats by hexamethylphosphoramide. Am. J. Pathol. 82: 
171-189; 1976. 
Peele, D. B.; Allison, S. D.; Bolon, B.; Prah, J. D.;, Jensen, K. 
F.; Morgan, K. T. Functional deficits produced by 3-methyl- 
indole-induced olfactory mucosal damage revealed by a simple 
olfactory learning task. Toxicol. Appl. Pharmacol. 107:191-202; 
1991. 
Pour, P.; Wallcave, L. The carcinogenicity of N-nitrosodi- 
ethanolamine, an environmental pollutant, in Syrian hamsters. 
Cancer Lett. 14:23-27; 1981. 
Reddy, M. S.; Jayaprada, P.; Rao, K. V. Impact of methylpara- 
thion and malathion on cholinergic and non-chohnergic enzyme 
systems of penaeid prawn, Melupenueus monoceros. Biochem. 
Int. 22~769-779; 1990. 
Reddy, M. S.; Rao, K. V. Methylparathion, carbaryl and aldrin 
impact on nitrogen metabolism of prawn, Penaeus indicus. Bio- 
them. Int. 23:389-396; 1991. 

31. 

32. 

33 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

Reddy, M. S.; Rao, K. V. Tissue glycolytic potentials of penaeid 
prawn, Metapenaeus monoceros during methylparathion, carba- 
ryl and aldrin exposure. Biochem. Int. 23:367-375; 1991. 
Reznik, G.; Stinson, S. F.; Ward, J. M. Respiratory pathology in 
rats and mice after inhalation of 1,2-dibromo-3-chIoropropane 
or 1,2 dibromoethane for 13 weeks. Arch. Toxicol. 46:233-240; 
1980. 
Richardson, R. J.; Moore, T. B.; Kayyali, U. S.; Fowke, J. H.; 
Randall, J. C. Inhibition of hen brain acetylcholinesterase and 
neurotoxic esterase by chlopyrifos in vivo and kinetics of inhibi- 
tion by chlorpyrifos oxon in vitro: Application to assessment of 
neuropathic risk. Fundam. Appl. Toxicol. 20:273-279; 1993. 
Rossberg, G.; Schaupp, H.; Schmidt, W. Smell and taste abilities 
in workers in the chemical and metalworking industries. Z. Lar- 
yngol. Rhinol. Otol. 45:571-590; 1966. 
Ryan, C. M.; Morrow, L. A.; Hodgson, M. Cacosmia and neuro- 
behavioral dysfunction associated with occupational exposure to 
mixtures of organic solvents. Am. J. Psychiatry 145:1442-1445; 
1988. 
Satoh, M.; Naganuma, A.; Imura, N. Effect of preinduction of 
metallothionein on paraquat toxicity in mice. Arch. Toxicol. 66: 
145-148; 1992. 
Schieferstein, G. J.; Sheldon, W. G.; Cantrell, S. A.; Reddy, G. 
Subchronic toxicity study of 1,Cdithiane in the rat. Fundam. 
Appl. Toxicol. 11:703-714; 1988. 
Schiffman, S. S.; Nagle, H. T. Effect of environmental pollutants 
on taste and smell. Otolaryngol. Head Neck Surg. 106:693-700; 
1992. 
Schiffman, S. S. Taste and smell in disease. N. Engl. J. Med. 308: 
1275-1279,1337-1343; 1983. 
Schlesinger, R. B. Atmospheric pollution. Otolaryngol. Head 
Neck Surg. 106642648; 1992. 
Schwartz, B. S.; Doty, R. L.; Monroe, C.; Frye, R.; Barker, S. 
Olfactory function in chemical workers exposed to acrylate and 
methacrylate vapors. Am. J. Public Health 79:613-618; 1989. 
Schwartz, B. S.; Ford, D. P.; Bolla, K. I.; Agnew, J.; Rothman, 
N.; Bleecker, M. L. Solvent-associated decrements in olfactory 
function in paint manufacturing workers. Am. J. Ind. Med. 18: 
697-706; 1990. 
Seegal, R. F.; Brosch, K. 0.; Bush, B. Regional alterations in 
serotonin metabolism induced by oral exposure of rats to poly- 
chlorinated biphenyls. Neurotoxicology 7: 155-165; 1986. 
Seegal, R. F.; Bush, B.; Brosch, K. 0. Subchronic exposure of 
the adult rat to Aroclor 1254 yields regionally specific changes in 
central dopaminergic function. Neurotoxicology 12:55-65; 1991. 
Stott, W. T.; Young, J. T.; Calhoun, L. L.; Battjes, J. E. Sub- 
chronic toxicity of inhaled technical grade 1,3-dichloropropene in 
rats and mice. Fundam. Appl. Toxicol. 11:207-220; 1988. 
Symanski, H. Ein Fall von Selenwasserstoffvergiftung. Deutsche 
Med. Wochenschr. 75:1730; 1950. 
Vinay, S. D.; Raghu, K. G.; Sood, P. P. Dose and duration 
related methylmecury deposition, glycosidases inhibition, myelin 
degeneration and chelation therapy. Cell. Mol. Biol. 36609-623; 
1990. 
Walker, Q. D.; Lewis, M. H.; Crofton, K. M.; Mailman, R. B. 
Triadimefon, a triazole fungicide, induces stereotyped behavior 
and alters monamine metabolism in rats. Toxicol. Appl. Pharma- 
col. 102:474-485; 1990. 
Warheit, D. B.; Kelly, D. P.; Carakostas, M. C.; Singer, A. W. 
A 90-day inhalation toxicity study with benomyl in rats. Fundam. 
Appl. Toxicol. 12:333-345; 1989. 
Wilson, B. W.; Henderson, J. D.; Kellner, T. P.; McEuen, S. F.; 
Griffis, L. C.; Lai, J. C. Acetylcholinesterase and neuropathy 
target esterase in chickens treated with acephate. Neurotoxicology 
11:483-491; 1990. 


