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Over 250 adults and children were exposed
to chlordane when the wooden building sur-
faces and soil around an apartment complex
were sprayed in 1987. Two hundred-sixteen
adults had neurobehavioral functions mea-
sured and completed questionnaires for
symptom frequency, mood status, con-
founding factors, and medical, rheumatic,
and respiratory disorders in 1994. Measure-
ments included simple and choice reaction
time, balance, blink reflex latency, color
vision, cognitive, perceptual motor, memo-
ry, and recall functions. We analyzed 216
exposed and 174 referent adults. Age, educa-
tional level, weight, height, and gender ratio
were similar for the exposed and referent
groups. Performance of balance, reaction
times, Culture Fair, digit symbol, verbal
recall, and trail-making were significantly
impaired in exposed persons compared to
referents. Mood-state scores were elevated,
as were the frequencies of respiratory, neu-
robehavioral, and rheumatic symptoms. In
contrast, long-term memory function was
similar in both groups, consistent with its
status before exposure. There was no identi-
fied bias or confounding factors. Chlordane
exposure was associated with protracted
impairment of neurophysiological and psy-
chological functions. The central nervous
system is the most important target of chlo-
rinated cyclodiene insecticides. Human
exposure should be prohibited. Key words:
balance, choice reaction time, profile of
mood states, sway speed, trail-making, ver-
bal recall. Environ Health Perspect 103:
690-694 (1995)

Chlordane was introduced as a pesticide in
1948 and used extensively as a termiticide
until 1975 when its use was interdicted by
the Environmental Protection Agency. For
most uses it was banned in 1988 because of
human neurotoxicity. Chlordane accumu-
lates in fatty tissues and has been classified
as a probable human carcinogen.

In April 1987 the outside wooden sur-
faces of an apartment complex in Houston,
Texas, were sprayed for termites with
chlordane in an unknown concentration.
Later in 1987 and 1988 chlordane com-
bined with clorpyrifos (Dursban) was again
sprayed on these wooden surfaces. The
apartment units were tested for chlordane
residue in 1990 and 1991, and 85% of 81
samples from wood surfaces were found to
have chlordane at 0.5 pg/929 cm? or more.
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Indoor concentrations of chlordane were as
high as 13.6 pg/929 cm” on wipe samples,
and in 24 of the 294 apartments which
had air samples, chlorinated insecticides
levels were above 0.5 ].1g/m3 for 8-hr sam-
ples. Eight subjects occupying the apart-
ments had elevated levels of chlorinated
insecticides in blood or fat: the heptachlor
range was 110-186 ppb, oxychlordane was
70-150 ppm, and transnonachlor was
76-200 ppm.

In June-September 1994, 216 adult
occupants or former residents of the apart-
ments in question were examined using a
pretested neurobehavioral battery and ques-
tionnaires. The exposed group of 109
women and 97 men, ages 17-70 years, was
compared with 174 unexposed Houston
referents consisting of 94 women and 68
men who matched the exposed subjects in
age and educational level. We compared
neurobehavioral function, pulmonary func-
tion and symptomotology, and histories for
occupational, personal, and residential con-
founding factors.

Methods

A cross-sectional design was used. The ref-
erents were recruited through networking
contacts and newspaper advertisements.
The aim was to parallel the gender, age,
and years of educational attainment (high-
est school grade completed) of exposed sub-
jects as well as preferred language, English
or Spanish. More referents than exposed
subjects had histories of possible chemical
contamination from working in refineries,
plastics, or electronics industries and from
using herbicides. For the oral and written
test components, subjects elected testing in
Spanish or English. Few referents chose to
test in Spanish, and they were older and
had fewer years of education than their
English-tested counterparts. The referents
tested in Spanish were older and had more
years of education than the exposed sub-
jects tested in Spanish. Referents were reim-
bursed for time and mileage. The examin-
ers did not know the subjects’ exposure cat-
egory during testing. All subjects gave
informed consent, and the protocol was
approved by the Human Studies Research
Committee of the University of Southern
California School of Medicine.

Self-administered questionnaires were
given to each subject and checked for
completion by computer-guided card read-
ing. The questionnaires included the
American Rheumatism Association lupus
erythematosus questions (), a standard
respiratory questionnaire (2), occupational
histories and exposures to chemicals
including pesticides and herbicides, tobac-
co, alcohol and drug use (prescription and
illicit), neurologic disorders including
unconsciousness, anesthesia, and head
trauma, and medical histories (3). The fre-
quencies of each of 35 respiratory, neuro-
logic, and vegetative complaints from daily
to yearly or less were recorded by the sub-
ject on each questionnaire (3).

The neurophysiological and neuropsy-
chological test battery (Tables 1 and 2)
was modified slightly from that used in
studies of histology technicians (4,5), fire-
men exposed to thermolysis products of
polychlorinated biphenyls (6), and a sol-
vent-exposed population (3). Alcohol was
measured in air expired after a 20-sec
breath hold using a fuel cell analyzer.

Simple reaction time and visual two-
choice reaction time were measured with a
computerized instrument (7). Body bal-
ance was measured with the subject stand-
ing erect with feet together. The position
of the head was tracked by two micro-
phones from a sound-generating stylus on
a headband, processed by a computer, and
expressed as mean speed of sway in cen-
timeters per second (8). The blink reflex
was measured with surface electromyo-
graphic electrodes (EMG) from lateral
obicularis oculi muscles bilaterally (9) after
tapping the glabella (midline of lower
frontal bone) and right and left supraor-
bital notches with a light hammer which
triggered a recording computer. Ten fir-
ings of R-1 and the volley of second waves,
R-2, were averaged to find the mean
response for each site, and failures were
recorded (9). Color recognition was mea-
sured with the desaturated Lanthony 15-
hue test under constant illumination (10)
and scored by Bowman’s method (11).

Immediate memory or recall was mea-
sured by verbal and visual recall and digits
forward and backward from Wechsler’s
Memory Scale (12). Culture Fair (battery
2A) was used to test nonverbal, nonarith-
metical intelligence based on the selection
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of designs for similarity, difference, comple-
tion, and pattern recognition and transfer
(13,14), which resembles Raven’s progres-
sive matrices (15). Block designs from the

Wechsler Adult Intelligence Scale (WAIS)

(16) tested constructional, interpretative,
and integrative capacity. Digit symbol, also
from the WAIS, tested attention and inte-
grative capacity. We used four tests, slotted
pegboard, trail-making A and B, and finger-

Table 1. Neurophysiological, neuropsychological scores, and profile of mood states in exposed and refer-

ent subjects tested in English

Referents (n=137) Exposed (n=104)

Student's
Parameter Mean SD  Mean SD ttest  Covariant p
Age (years) 322 13 329 14 0.6629
Education (years) 120 24 115 21 0.0892°
Females/males 77/61 58/46
Height (cm) Males 1738 70 1734 84 0.8033
Females 160.7 70 160.1 16 0.6660
Weight (kg) Males 874 212 81.7 175 0.9431
Females 709 19.7 738 21 0.4295
Grip, right (kg) Males 498 87 4938 87 0.9990 0.060
Females 331 8.2 307 6.3 0.0836 0.060
Grip, left (kg) Males 478 16 468 99 0.5652 0.495
Females 30.7 8.0 28.1 5.7 0.0400*  0.039*
Neurophysiological tests
Simple reaction time (msec) 309 92 414 235 0.0001*  0.0005*
Choice reaction time (msec) 564 122 639 226 0.0006*  0.0005*
Balance sway speed (cm/sec)
Eyes open 0.82 0.20 0.95 0.35 0.0008*  0.002*
Eyes closed 1.26 0.35 1.48 0.60 0.0005*  0.0005*
Color score lanthony 11.6 13 19 15 0.0956 0.239
Blink reflex latency tap (msec)
Supra orbital tap Right 145 24 135 23 0.0038*  0.005*
Left 143 25 132 23 0.0015*  0.002*
Glabellar tap Right 15.8 20 15.6 18 03715 0.244
Left 156 20 15.1 21 0.1061 0.056
Recall (Wechsler)
Story 1 Immediate 105 42 817 37 0.0010*  0.008*°
Delayed 83 45 6.7 37 0.0038*  0.007*°
Story 2 Immediate 94 40 8.2 39 0.0324*
Delayed 83 42 6.6 41 0.0028*
Visual recall 295 11 296 6.9 0.9666°
Digit span Forward 6.8 15 6.7 17 0.5963
Backward 44 14 43 15 0.4405
Cognitive function
Culture Fair A score 28.1 11 254 8.1 0.0079*  0.023*
Vocabulary score 185 83 16.0 17 0.0254* 0129
Digit symbol score 515 15.0 485 15.0 0.00005*  0.0005*
Perceptual motor speed
Pegboard dominant score 124 216 76.1 205 0.2597 0.015*
(females)
0.188
(males)
Trail-making A score 313 171 447 194 0.0027*  0.005*
Trail-making B score 798 317 93.1 371 0.0092*  0.0005*
Sensoro-interpretive
Fingerwriting errors Right 24 34 29 35 0.3309
Left 20 32 24 34 0.3707
Long-term memory
Information score 14.6 6.1 131 59 0.0567 0.141
Picture completion score 137 40 13.2 39 0.3627 0.459
Similarities score 1.7 6.1 16.6 59 0.1989 0.515
Profile of mood states score 323 3838 722 436 0.0001*
Tension 109 13 185 8.0 0.0001*
Depression 19 11.8 207 14.3 0.0001*
Anger 108 96 182 1.0 0.0001*
Vigor 171 6.4 124 5.7 0.0001*
Fatigue 8.1 6.3 14.2 13 0.0001*
Confusion 11 54 129 6.0 0.0001*

“Stories combined.
bNg prediction model.
*Statistically significant.
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tip number writing, which measures dexter-
ity, coordination, decision-making, and
peripheral sensation and discrimination,
from the Halstead-Reitan battery (17,18).
The vocabulary test was from the multidi-
mensional aptitude battery (19). To profile
mood states [profile of mood states; POMS
(20)], subjects self-judged their emotional
status during the preceding week.

Spirometry was done with subjects
standing and using a nose clip on a volume
displacement (Ohio) spirometer until two
forced expirations agreed within 5%, fol-
lowing the American Thoracic Society
conventions (21). Volumes and flows were
traced with a digitizer and measured in a
computer.

All scores and computed data for sway,
blink, and reaction time were entered into
a Tri-star 486 EISA bus computer.
Descriptive and analytical computations
including Student’s #tests, analysis of vari-
ance, and stepwise linear regression model-
ing used Stata statistical software.(Stata
Corporation, College Station, Texas).
Statistical significance was defined as
<0.05 for rtests and coefficients in regres-
sion analyses.

To compare groups of exposed and
unexposed subjects, we divided them into
tested in English or tested in Spanish for
vocabulary and for information, picture
completion, similarities, and recall of stories.

Spanish-tested referents were 8 years
older than English-tested referents, a sig-
nificant difference. Their average educa-
tional level was 1.3 years greater than the
English-tested referents, which was not
significant. The 138 English-tested refer-
ents had the same gender ratio as the
exposed group, an average age of 32.2
years, and an educational level which was
not significantly different from exposed
subjects. These differences between
English-tested and Spanish-tested groups
were small, but gender-related differences
on certain tests and the larger number of
Spanish-tested subjects than referents sug-
gested a need for further statistical analy-
sis. First subjects within language groups
were compared. Effects of exposure were
also analyzed by covariant analysis using
regression equations based on referent
subjects for each test. This technique
adjusted for the effects of differences in
age, educational level, and gender and
produced p-values to compare to those
from the comparisons of group means.
Modeling to develop the prediction equa-
tions for each test used stepwise linear
regression after transformation of each
dependent and independent variable for
maximal linearity (22), graphic methods
to study residuals, and a lack-of-fit test
(23). These prediction equations will be
published later (Kilburn and Thornton, in
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preparation). Duration of residence after
the spraying in 1987 was examined in
these covariant models, as were occupa-
tional chemical exposures and personal
factors such as alcohol ingestion.

Results

The 104 English-tested, exposed subjects
had the same mean age and educational
level; 55% were women and 45% were
men (Table 1). Weights were slightly

Table 2. Neurophysiological and neuropsychological tests and profile of mood states scores of exposed

and referent subjects tested in Spanish

Referents (n=36)

Exposed (n=112) gy dent's
Parameter Mean SD  Mean SD ttest Covariant p
Age (years) 399 108 320 9.0 0.0005*
Education (years) 10.1 32 8.8 37 0.0535
Females/males 22/14 55/56
Height (cm) Males 169.5 77 1664 6.4 0.1505
Females 156.4 89 155.9 6.0 0.6859
Weight (kg) Males 83.0 140 76.5 105 0.0572
Females 65.8 127 66.8 1.6 0.7413
Grip, right (kg) Males 419 16 464 8.1 0.5564 0.303
Females 298 5.6 285 5.1 0.3288 0.303
Grip, left (kg) Males 464 6.2 M3 94 0.4419 0443
Females 211 48 26.8 50 0.4546 0.087
Neurophysiological tests
Simple reaction time (msec) 334 99 456 220 0.0016* 0.0005*
Choice reaction (time msec) 609 m 694 146 0.0018* 0.0005*
Balance sway speed (cm/sec)
Eyes open 0.81 020 0.96 032  0.0102* 0.015*
Eyes closed 117 032 1.40 048  0.0076* 0.004*
Color score lanthony 17 1.0 121 15 0.1174 0.254
Blink reflex latency tap (msec) A
Supra orbital tap Right 145 16 146 22 0.8545 0915
Left 141 18 14.1 21 0.9928 0.820
Glabellar tap Right 159 1.5 15.6 1.6 0.2928 0.401
Left 155 13 153 19 0.4609 0513
Recall (Wechsler)
Story 1 Immediate 104 38 84 43 0.0133* 0.168°
Delayed 85 35 6.4 46 0.0149* 0.097%
Story 2 Immediate 95 47 8.0 38 0.0574
Delayed 80 44 6.4 39 0.0529
Visual recall 213 18 250 8.7 0.1624°
Digit span Forward 6.0 14 53 15 0.0148
Backward 40 14 35 13 0.0612
Cognitive function
Culture Fair A 212 6.7 171 95 0.0418* 0.018*
Vocabulary 175 83 116 14 0.0001* 0.0005*
Digit symbol 469 122 383 16.4 0.0046* 0.0005*
Perceptual motor speed
Pegboard dominant 732 255 822 316 0.1299 0.008*
(females)
0.151*
(males)
Trail-making A 411 214 69.7 400 0.0021* 0.0005*
Trail-making B 147 479 1314 514 0.0932* 0.056*
Sensoro-interpretive
Fingerwriting errors Right 28 34 35 37 0.2878
Left 21 31 31 40 0.1959
Long-term memory
Information 125 6.5 83 5.3 0.0002 0.015
Picture completion 120 38 93 53 0.0065* 0.032*
Similarities 16.7 6.7 14.0 11 0.0532 0.275
Profile of mood states score 19 292 525 36.0 0.0001*
Tension 84 6.9 15.2 6.5 0.0001*
Depression 6.1 80 140 10.1 0.0001*
Anger 5.2 6.0 146 100 0.0001*
Vigor 169 54 128 6.1 0.0005*
Fatigue 41 44 11 6.0 0.0001*
Confusion 49 43 104 48 0.0001*

*Statistically significant.
2Stories combined.
No prediction model.
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greater in the exposed group for both men
and women but were not statistically signif-
icant, and heights were virtually identical
(Table 1). In contrast, the Spanish-speaking
referents were significantly older than the
exposed subjects, but the educational level
and heights and weights were not different.
Using the older Spanish-speaking referents
without age adjustment would narrow the
apparent exposure differences.

Neurophysiological Tests

The neurophysiological tests of English-
tested, exposed subjects showed a signifi-
cantly slowed simple reaction time (average
414 msec in exposed versus 309 msec in
referents). There was a similar significant
difference in choice reaction time (639
msec in exposed versus 564 msec in refer-
ents). Balance measured as sway speed with
eyes open was significantly different
between exposed and referent subjects
(0.95 cm/sec versus 0.82 cm/sec, respec-
tively), as was sway speed with eyes closed
(1.48 cm/sec versus 1.26 cm/sec). The
color score on the Lanthony desaturated
hue test was not significantly higher in
exposed subjects. Blink reflex latency
(Table 1) was shorter in the exposed sub-
jects compared to referents for supraorbital
taps right and left but not for glabellar taps
recorded on right and left. Grip strength
was not significantly different in men or
women across groups. The same differ-
ences were found across groups for those
tested in Spanish except for blink reflex
latency (Table 2).

There were statistically significant expo-
sure coefficients for simple and choice reac-
tion time, balance measurements, and
between English- and Spanish-tested
exposed subjects compared to referents.
Blink latency after supraorbital tap was sig-
nificantly dependent on exposure in
English-tested subjects. These differences
confirmed those found when unadjusted
means were compared.

Neuropsychological Tests

Both immediate and delayed verbal recall
using the Wechsler stories were significantly
lower in the exposed group of both English-
tested and Spanish-tested subjects (Tables 1
and 2). Visual reproduction or picture recall
was not significantly different in any
exposed group compared to referents. Digit
span forwards and backwards was judged
not to differ, although the Spanish-tested
exposed group differed for digits forward,
the less sensitive test. The cognitive func-
tions domain showed a significant differ-
ence for Culture Fair A, with a mean of
25.4 in the English-tested exposed subjects
versus 29.5 in the referent group and was
also significantly lower, 17.7 compared to
21.2, in the Spanish-tested exposed subjects.
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Vocabulary showed statistically significantly
lower scores in exposed subjects (16.0 versus
18.5 in English-tested and 11.6 versus 17.6
in Spanish-tested). Digit symbol score dif-
ferences between exposed and referents were
statistically significantly lower for subjects in
both language groups. The covariant com-
parisons with exposure as a coefficient con-
firmed these statistically significant differ-
ences except for vocabulary in English-test-
ed subjects.

In regard to perceptual motor speed,
the difference between exposed and refer-
ent subjects for grooved pegboard with the
dominant hand was not significant by
comparison of means, but covariant analy-
sis revealed a significant difference between
women in both language groups but not
between men. There were statistically sig-
nificant differences for trail-making A and
trail-making B; the numeric differences
were large (7.4 sec longer for the English-
tested exposed and 22 sec longer for
Spanish-tested exposed trail-making A; 16
sec longer for English-tested exposed and
13 sec longer for Spanish-tested exposed
for trail-making B). Thus, the age- and
educational-level-adjusted comparisons
confirmed the differences found in the
comparison of means.

The long-term or crystallized memory
tests, consisting of information, picture
completion, and similarities showed no sig-
nificant differences between English-tested
exposed and referent subjects, consistent
with the hypothesis that they were mem-
bers of the same population before expo-
sure. The Spanish-tested exposed subjects
showed significant differences from
matched referents in means for two of
three tests, information and picture com-
pletion. These differences were confirmed
by covariant analysis, which suggested that
age, education, and gender were not
responsible. Fingertip writing errors
showed small differences which were not
statistically significant in either English-
tested or Spanish-tested subjects.

Affective status as revealed by POMS
score showed a large exposure difference of
approximately 40. The English-tested
group mean was higher by about 20
(Table 1) compared to Spanish referents
(Table 2) which was statistically signifi-
cant. There were differences for tension,
depression, anger, fatigue, and confusion
which were all significantly higher and
vigor was significantly lower in the
exposed versus the referents.

Symptom Frequency

The frequency of 35 symptoms, including
skin and nails, chest, throat, eyes, central
nervous system, indigestion, loss of
appetite, and swollen stomach were all
more common in exposed subjects (p =
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0.0001), except for loss of consciousness in
the English-tested exposed subjects versus
the comparable referent group (p = 0.08).
Thus, members of the exposed group had
significantly greater frequency of 34 of 35
common symptoms (data not shown).

Respiratory symptoms were also com-
pared (data not shown). Allergy history,
the production of phlegm, chronic bron-
chitis by Medical Research Council crite-
ria, wheezing with and without shortness
of breath, asthma, and shortness of breath
at rest, walking, and climbing stairs were
all significantly more common in exposed
subjects than in referents. Pulmonary func-
tion studies of exposed subjects showed
average values of 97% forced vital capacity,
91% forced expiratory volume, 91% of
forced expiratory flow (25-75) and 83%
predicted for forced expiratory flow
(75-85), but were not significantly differ-
ent from values for referent subjects.

Duration of residence after the 1987
incident was examined for effect as a con-
tinuous variable against each test and was
not ever a significant factor.

Confounding Factors

More referents than exposed subjects had
worked in industries with exposure to neu-
rotoxins (petroleum refineries, plastics, and
electronics). However, testing of these pos-
sible confounding variables by covariant
analysis did not detect a specific exposure
which contributed significantly to the dif-
ferences among Spanish-tested subjects. In
no instance did the exposed group have
greater proportional representation in
occupations where there were toxic expo-
sures.

Medical histories showed similar preva-
lences of the childhood diseases mumps,
chicken pox, and measles, and there were
no differences for neurological or psychi-
atric disease diagnoses between exposed
subjects and referents of either language
group. Exposed subjects had more hours of
general anesthesia and significantly more
children with birth defects, but the referent
group had more head injuries. Also, the
exposed group had significantly more angi-
na pectoris and kidney disease, but no dif-
ferences for myocardial disease, lupus ery-
thematosus, and cancer.

Lifestyle factors which could cause
brain damage or affect neurobehavioral
performance such as drug overdoses or
alcohol consumption were not significantly
different. However, significantly more of
the exposed group had never used alcohol
(44.9% exposed versus 28.4% referents),
and more referents had alcohol overdoses
(4.2% versus 0.6% subjects). There were
no differences in illicit drug use or in use
of prescription tranquilizers; about 5% of
both groups stated they currently used

drugs. Neurological and psychiatric disor-
ders were rare in exposed and referent
groups. In summary, any confounding fac-
tors would reduce the difference between
the referents and exposed and favor the
null hypothesis. However, no possible con-
founding factor or group of factors was a
determining variable for any test score.

Use of the American Rheumatism
Association criteria for lupus showed that
significantly more of the exposed group
had numb and cold fingers, mouth sores,
rashes elicited by sunlight, painful breath-
ing (pleuritic chest pain), hair loss, and
seizures. In contrast, there were no differ-
ences for general rheumatic complaints,
anemia, protein in the urine, or seizures.
Ten percent of the exposed group had five
or more lupus symptoms versus no symp-
toms reported by the referent group.

Discussion

Examination of subjects exposed in their
homes to chlordane as compared to refer-
ent subjects showed significant, and we
suggest important, impairment of both the
neurophysiological and psychological func-
tions including mood states. Accom-
panying these changes were significant dif-
ferences in symptom frequency and in res-
piratory rheumatic and cardiovascular dis-
ease symptoms. The most notable changes
were slowing of reaction time, balance dys-
function as revealed by increased sway
speed, reductions in cognitive function,
perceptual motor speed, and immediate
and delayed verbal recall. Blink reflex
latency was delayed in the English-tested
exposed subjects and differences in color
discrimination were of borderline signifi-
cance. The neurobehavioral impairments
measured in this environmental epidemio-
logical study were similar to those noted in
patients exposed to chlordane at home
(Kilburn and Thornton, submitted). These
impairments include probably irreversible
dysfunction of the brain. Possible effects
on trigeminal nerve—pons—facial nerve
function were suggested for the first time
(Kilburn and Thornton, submitted). Con-
firmatory studies, including follow-up after
removal from exposure, are urgently need-
ed. Meanwhile, chlordane use should be
prohibited worldwide.

The exposure of our study group
appears to be from indoor air, due to the
outgassing of chlordane from the wooden
surfaces of the apartment complex. Analyses
showed elevated chlordane levels in several
exposed subjects’ blood as well as elevated
levels on wipe samples and in the air in
some of the apartments of the complex.

We have also demonstrated how expo-
sure status (effect) can be examined by
covariant analysis to adjust for age and
educational level. Educational attainment
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is used here as a surrogate for cognitive
function and memory. This analytical
method reduces uncertainty due to age and
duration of exposure which have, unavoid-
ably, the same (time) axis. We recommend
this method to complement comparison of
means in carefully matched groups of
exposed and referent subjects, which is the
frequently used method.

Chlordane is a chlorinated cyclodiene
insecticide introduced in 1948 and consid-
ered to act as a toxicant with many of the
signs and symptoms of poisoning like
those produced by DDT (24). One strik-
ing difference is the ability of chlordane
and other chlorinated cyclodienes to
induce convulsions. Other frequent find-
ings are headache, nausea, vomiting, dizzi-
ness and chronic, jerking movements (25).
Children who had convulsions from chlor-
dane exposure subsequently had learning
disorders (26).

It is thought that the cyclodiene inter-
acts with the picrotoxin receptor in the
nervous system, releasing excitatory trans-
mitters and interfering with the -
aminobutyric acid neurotransmission sys-
tem (27). The primary target appears to be
synapses with the highest number of con-
verging presynaptic elements, so the
threshold for excitation is lowered and
increases the number and frequency of
action potentials (28). This is a “kindling”
process which potentiates through the ner-
vous system via postsynaptic pathways,
producing responses 10-100 times more
intense than normal. Also, epoxides are
formed by biotransformation of chlorinat-
ed hydrocarbons (24). In view of the like-
lihood that hyperresponsiveness occurs
from the blocking of inhibitory activity or
the increase of excitation, it is strange that,
aside from the symptoms, our chronically
exposed subjects showed depression of
function, particularly of basic responses
like balance and reaction time, trail-mak-
ing, and Culture Fair. They did show the
psychological disorders characterized by
anxiety, irritability, and insomnia and
motor pathology, which have been previ-
ously associated with chlordane exposure.

It is tragic that exposure is still occurring
to a material that the National Research
Council in 1982 characterized as a hazard at
any dose: “it could not determine a level of
exposure to any of the [cyclodiene] termiti-
cides below which there would be no bio-

logical effect. . . . Every effort should be
made to minimize exposure” (2%: p. 164).
Also, in 1986 the EPA reported that chlor-
dane was the most frequently misused or
misapplied of the termiticides. As of 1987
under an agreement with EPA, the manu-
facturer Velsicol ceased to sell chlordane for
consumer use in the United States, although
the company was still licensed to export it.
It is peculiar, therefore, that in 1988 EPA
allowed chlordane to be applied at 150 resi-
dences across the country and decided that
air monitoring would be done for 2 years to
detect whether there were levels in the air
(29). It is regrettable that chlordane was
applied around and on 30 million or more
homes in the United States before the ban.
The contemporary problem is illustrated by
chlorinated hydrocarbons accounting for
11% of calls about insecticides to
Minnesota poison centers compared to 21%
about organophosphates in 1988 (30).

REFERENCES

1. Levin RE, Weinstein A, Peterson M, Testa
MA, Rothfield NF. A comparison of the sensi-
tivity of the 1971 and 1982 American
Rheumatism Association criteria for the classi-
fication of lupus erythematosis. Arthritis
Rheum 27:530-538 (1984).

2. Ferris BG Jr. Epidemiology standardization
project. Am Rev Respir Dis 118:7-54 (1978).

3. Kilburn KH. Effects on neurobehavioral per-
formance of chronic exposure to chemically
contaminated well water. Toxicol Ind Health
9:391-404 (1993).

4. Kilburn KH, Warshaw R, Thornton JC.
Formaldehyde impairs memory, equilibrium,
and dexterity in histology technicians: effects
which persist for days after exposure. Arch
Environ Health 42:117-120 (1987).

5. Kilburn KH, Warshaw RH. Neurobehavioral
effects of formaldehyde and solvents on histol-
ogy technicians: repeated testing across time.
Environ Res 58:134-146 (1992).

6. Kilburn KH, Warshaw RH, Shields MG.
Neurobehavioral dysfunction in firemen
exposed to polychlorinated biphenyls (PCBs):
possible improvement after detoxification.
Arch Environ Health 44:345-350 (1989).

7. Miller JA, Cohen GS, Warshaw R, Thornton
JC, Kilburn KH. Choice (CRT) and simple
reaction times (SRT) compared in laboratory
technicians: factors influencing reaction times
and a predictive model. Am J Ind Med
15:687—697 (1989).

8. Kilburn KH, Warshaw RH. Are hearing loss
and balance dysfunction linked in construction
iron workers? Br J Ind Med 49:138-141
(1992).

9. Shahani BT, Young RR. Human orbicularis
oculi reflexes. Neurology 22:149-154 (1972).

10. Lanthony P. The desaturated panel D-15. Doc
Ophthalmol 46:185-189 (1978).

11. Bowman K]J. A method for quantitative scoring
of the Farnsworth panel D-15. Acta
Ophthalmol 60:907-916 (1982).

12. Wechsler D. A standardized memory scale for
clinical use. J Psychol 19:87-95 (1945).

13. Cattell RB. Classical and standard score IQ
standardization of the IPAT: culture free intel-
ligence scale 2. ] Consult Psychol 15:154-159
(1951).

14. Cattell RB, Feingold SN, Sarason SB. A cul-
ture free intelligence test II. Evaluation of cul-
tural influences on test performance. J Educ
Psychol 32:81-100 (1941).

15. Raven JC, Court JH, Raven J. Standard
Progressive Matrices. Oxford: Oxford
Psychologists Press, 1988.

16. Wechsler D. Adult Intelligence Scale Manual
(revised). New York:The Psychological
Corporation, 1971.

17. Reitan RM. A research program on the psycho-
logical effects of brain lesions in human beings.
In: International review of research in mental
retardation (Ellis NR, ed). New York:Academic
Press, 1966;153-216.

18. Reitan RM. Validity of the trail-making test as
an indicator of organic brain damage. Percept
Mot Skills 8:271-276 (1958).

19. Multidimensional aptitude battery. Port
Huron, MI:Sigma Assessments Systems, Inc.

20. Profile of mood states. San Diego, CA:
Educational and Industrial Testing Service,
1981.

21. American Thoracic Society. Standardization of
spirometry—1987 update. Am Rev Respir Dis
136:1285-1298 (1987).

22. Stata Corporation. Stata reference manual,
release 3.1, vol 2. College Station, Texas:Stata
Corporation, 1993.

23. Hamilton LC. Regression with graphics, a sec-
ord course in applied statistics. Pacific Grove,
CA:Brooks/Cole Publishing Company, 1992.

24. Murphy SD. Toxic effects of pesticides. In:
Casarett and Doull’s Toxicology, 3rd ed (CD
Klaassen, MO Amdur, ] Doull, eds). New
York:Macmillan Publishing Company, 1986.

25. Taylor JR, Calabrese VP, Blanke RV.
Organochlorene and other insecticides. In:
Handbook of clinical neurology, vol 36
(Vinken PJ, Gruyn GW, eds). New
York:Elsevier, 1979;408—411.

26. Angle CR, Mclntire MS, Meile RL.
Neurologic sequelae of poisoning in children. ]
Pediatr 73:531-539 (1968).

27. Matsumura F, Tanaka K. The molecular basis
of neurotoxicity actions of cyclodiene-type
insecticides. In: Cellular and molecular neuro-
toxicology. New York:Raven Press, 1984.

28. Ecobichon D, Joy R. Pesticides and neurologi-
cal diseases. Boca Raton, FL:CRC Press, 1982.

29. Singer R. Neurotoxicity guidebook. New
York:Van Nostrand Reinhold, 1990;160-166.

30. Olson DK, Sax L, Gunderson P, Sioris L.
Pesticide poisoning surveillance through
regional poison control centers. Am ] Public
Health 81:750-753 (1991).

694

Environmental Health Perspectives



