Downloaded from www.sjweh.fi on March 23, 2017

Original article
Scand ] Work Environ Health 1978;4(2):137-150

doi:10.5271/sjweh.2718

Blood dyscrasias and childhood tumors and exposure to
chlordane and heptachlior.
by Infante PF, Epstein SS, Newton WA Jr

Print ISSN: 0355-3140 Electronic ISSN: 1795-990X Copyright (c) Scandinavian Journal of Work, Environment & Health



http://www.sjweh.fi/show_issue.php?issue_id=256
http://www.sjweh.fi/index.php?page=list-articles&author_id=5654
http://www.sjweh.fi/index.php?page=list-articles&author_id=5655
http://www.sjweh.fi/index.php?page=list-articles&author_id=5656
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=45
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=532
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5830
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5858
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5858
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5857
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5854
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=52
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5856
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=385
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5855
http://www.sjweh.fi/index.php?page=list-articles&keyword_id=5048
http://www.ncbi.nlm.nih.gov/pubmed/278225

Scand. j. work environ. & health 4 (1978) 137—150

Blood dyscrasias and childhood tumors and
exposure to chlordane and heptachlor

by PETER F. INFANTE, D.D.S., Dr.P.H.,! SAMUEL S. EPSTEIN, M.D.,2 and

WILLIAM A. NEWTON, Jr., M.D.3

INFANTE, P. F., EPSTEIN, S. S. and NEWTON, W. A. Jr. Blood dyscrasias and
childhood tumors and exposure to chlordane and heptachlor. Scand. j. work environ.
& health 4 (1978) 137—150. In the United States, chlordane and heptachlor are
commonly used in pesticide formulations for agricultural purposes and for termite
eradication in the home. Pathological conditions possibly associated with prior
exposure to such formulations are presented in this report. Five recently diagnosed
cases of neuroblastoma associated with chlordane exposure during prenatal and
postnatal development have been identified. Three cases of aplastic anemia and
three cases of acute leukemia are also reported in association with chlordane
formulations. The cases suggesting association between chlordane exposure and
neuroblastoma are of interest in view of recent data on the carcinogenicity and
mutagenicity of chlordane and heptachlor and in view of data on environmental
distributions and body burdens. The cases of aplastic anemia and leukemia are of
interest in view of previous literature reports on associations between chlordane and
similar chlorinated hydrocarbon pesticides and blood dyscrasias, and in view of
reports indicating that some subjects with aplastic anemia convert to leukemia. As
previous studies are too limited to allow the development of valid inferences regard-
ing the neoplastic risk of chlordane, there is need for formal epidemiologic study to
evaluate health risks associated with chlordane through home exposure and through
occupational exposure for termite exterminators, lawn care operators, and for

workers in the agricultural setting.
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Chlordane is an active ingredient in many
household and garden pesticides that have
been in common use for about 25 years
(48). The total usage of chlordane in the
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United States for 1975 is estimated at 25
million pounds. About 7090 was applied
around the home, while the remainder
was used for agricultural purposes, primar-
ily corn crops (20). There have been var-
ious reports on the possible association
between exposure to chlordane-based
formulations, and to related chlorinated
hydrocarbon pesticides, and blood dyscra-
sias in humans (5, 8, 25, 26, 36, 39, 40, 45,
52, 58, 60, 61, 63). Evidence also indicates
that chlordane and heptachlor, as well as
other chlorinated hydrocarbon pesticides,
are carcinogenic in experimental animals
(14, 18, 19, 20 54). Following the adminis-
tration of chlordane, both hepatic and
extrahepatic tumors have been induced in
mice and rats (48). Perinatal administration
of small doses of heptachlor have induced

137



rare “lipomatous” renal tumors similar to
those reported to have appeared in rats
after treatment with pyrrolizidine alkaloid
carcinogens (46). Heptachlor epoxide resi-
dues have been detected in the cord blood
and organs of stillborn human infants, and
this finding indicates transplacental pas-
sage (11). Technical grade chlordane is also
mutagenic in S. typhimurium, strain TA
100, without metabolic activation (V. Sim-
mon, personal communication). To date, no
epidemiologic studies have been undertaken
to negate the laboratory studies that dem-
onstrate the carcinogenicity and mutagen-
icity of chlordane. Nor is there currently
a reporting mechanism to gather pesticide-
related pathological conditions in our pop-
ulation.

For these reasons, five cases of child-
hood tumors associated with pre- and
postnatal exposure to chlordane, plus six
additional cases of aplastic anemia and
acute leukemia, are presented.

NEUROBLASTOMA

The children with neuroblastoma were
diagnosed at a single pediatric hospital be-
tween December 1974 and February 1976.
During this period, a total of 14 cases of
neuroblastoma were admitted. A history of
exposure to toxic agents indicates that five
cases had prior exposure to chlordane for-
mulations. These cases are summarized in
table 1.

Case 1

A two-year-and-eight-month-old girl was
diagnosed in December 1974 as having
neuroblastoma. Excisional biopsy and tis-
sue examination indicated a poorly dif-
ferentiated (stage III) neuroblastoma of the
right adrenal gland involving the kidney.
Both organs were removed. The child was
given radiation treatment and chemother-
apy. She expired in September 1976. This
case has been reported elsewhere (32).
During the first trimester of gestation,
the 28-year-old mother’s home was treated
for termite infestation with 5281 of a 1%
chlordane formulation, made by mixing
4.231 of technical chlordane with 4021 of
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water. About equal amounts of chlordane
were used inside and outside the house. On
the outside of the house, the entire perime-
ter was treated with subsurface injection,
and the ground surface also was sprayed
in an area extending 30 to 60 cm from the
house. On the inside of the house, holes
were drilled into the cement blocks in the
basement, chlordane was injected into the
holes, and the holes were recemented. The
mother states that the odor from the pesti-
cide was offensive inside the house, and,
since she was concerned about the possible
effects on the developing fetus, she slept at
a neigbor’s home on the evening of the
first day of application. On the second day
of application, the spraying of chlordane
was completed outside the house, and that
evening the mother slept in her own home.
The mother relates that the odor was very
strong for only 3—4 days, but was notice-
able for two weeks after the initial treat-
ment. On the evening of the second day of
treatment, the weather turned cold, the
windows were closed, and the furnace was
turned on. This situation created a partic-
ularly strong odor in the basement, where
the mother spent 25—30 h a week typing.
One year later, chlordane was again
sprayed around the outside of the house.
Other noteworthy information from the
prenatal history is that the mother took
two Valium tablets in early pregnancy and
also had received a general anesthetic for
a tonsillectomy during the first month of
pregnancy. The general anesthesia was
induced with thiopental sodium and was
maintained with halothane and nitrous
oxide.

Case 2

A four-year-old boy was presented in July
1975 with a two-week history of lethargy,
decreased appetite, and right leg pain. Ab-
dominal palpation and subsequent diag-
nostic radiographs demonstrated a mass in
the right paravertebral area. Exploratory
laparotomy revealed a tumor in the right
paravertebral area with metastases to re-
gional lymph nodes. Bone marrow biopsy
showed malignant cells. The extent of the
diseases and histopathologic evaluation
indicated a metastatic neuroblastoma
(stage IV).



Table 1. Cases of neuroblastoma associated with exposure to chlordane.

. Age at
Pathological Age at Chlordane
Case no. % Sex chlordane fromn SHY
condition p o diagnosis use
1 Neuroblastoma Female 1st trimester of 2 years 8 months Termite
(stage III) pregnancy infestation
2 Neuroblastoma Male 1st trimester of 4 years 5 months Roach
(stage 1V) pregnancy and every infestation
6 months thereafter
3 Neuroblastoma Female 1 year 11 months 4 years 4 months Termite
(stage IV) infestation
4 Neuroblastoma Male 2 years 5 months 2 3 years 9 months Termite
(stage IV) infestation
5 Neuroblastoma Female 3 years 8 months 6 years 5 months Ant
(stage IV) infestation

a House also treated with chlordane two years prior to child’s birth.

A history of exposure to toxic substances
revealed that the mother had been exposed
to chlordane during her entire pregnancy.
One year prior to conception, the house
was treated with chlordane for roach in-
festation with the procedures presented in
case 1. The operator returned every six
months to spray under the sink and base-
boards. Prior to and subsequent to birth,
there was no history of exposure to other
chemicals for the mother or child. Aspirin
was the only medication taken during
pregnancy.

Case 3

A four-year-old girl was diagnosed in No-
vember 1975 as having a neuroblastoma.
Two weeks prior to admission, the child
experienced abdominal pain. At the time
of hospitalization, an upper left quadrant
and flank mass was present. A radiograph
of the chest revealed a mediastinal enlarge-
ment. An intravenous pyelogram showed
an abnormal left kidney; bone marrow
analysis showed no diagnostic abnormality.
Exploratory laparotomy revealed an unre-
sectable abdominal tumor arising from the
left suprarenal area. Tumor biopsy and
histopathological evaluation indicated a
stage IV metastatic neuroblastoma.

When the child was 23 months old, the
parents moved into a recently purchased
house. Just prior to their moving, the newly
acquired house was treated for termites by

the spraying of chlordane around the
baseboards and on the inside of the kitchen
cupboards. Holes were drilled into the
basement walls, and procedures were car-
ried out as described in case 1. Additional
exposure to other chemical agents known
to induce tumors in either experimental
animals or humans was mnot identified
through interview with the parents.

A history of prior illness revealed that
the child had a urinary infection at ages
18 and 24 months, at which time diagnos-
tic radiographs were made. She was also
X-rayed because of trauma to the head in
May 1974.

Case 4

A three-year-and-nine-month-old boy be-
gan to limp, and changes were observed in
his gait five weeks prior to admission in
September 1975. Radiographs and bone
scan showed involvement of several areas
of the skeleton, particularly the skull and
long bones. Bone marrow aspiration indi-
cated an almost complete replacement of
the marrow cells by clumps of tumor cells
which were consistent with neuroblasto-
ma (stage IV). A primary tumor site could
not be identified.

Two years prior to the child’s birth and
also when he was two years old, the house
was treated for termite infestation with
chlordane, with the usual procedures for
application. Between these two periods of
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chlordane application, a commercial pesti-
cide was used intermittently. Other note-
worthy information is that the child was
X-rayed to rule out a possible bowel ob-
struction within the first seven days of
postnatal development. The remainder of
the history was negative.

Case 5

A six-year-old girl was diagnosed in Feb-
ruary 1976 as having neuroblastoma, stage
IV. The child developed leg and hip pains
two months prior to admission. Subse-
quently, bone marrow analysis indicated
tumor cells. Histopathological evaluation
indicated neuroblastoma.

Because of ant infestation, the father
purchased a container of chlordane dust
which he applied several times around the
outside foundation of the house in the
autumn of 1973, when the child was three
years and eight months of age. The process
was repeated in the spring of 1974. The
parents could not recall having applied
chlordane after the latter period. A history
of prior illness was unremarkable.

Histories of pre- or postnatal exposure
to additional toxic agents indicated that
the mother of case 1 had had a halothane-
nitrous oxide general anesthetic in the
first month of pregnancy. Cases 3 and 4
had postnatal exposure to X rays. Thus 5
of 14 children diagnosed at the hospital
during this period of time had a known
home exposure to chlordane. Of the nine
additional cases of neuroblastoma, history
of exposure to chlordane is not known, be-
cause no formal study has yet been con-
ducted.

APLASTIC ANEMIA AND LEUKEMIA

Cases of blood disease associated with
chlordane exposure had been treated at
several hospitals in the past several years.
These cases are summarized in table 2.

Case 1 (aplastic anemia)

A 15-year-old boy had been well until
February 1975 when he gradually devel-
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oped pallor, bleeding gums, and fatigue and
was diagnosed as having aplastic anemia.
A history revealed that the boy sprayed
Isotox 4 and chlordane on bushes and
around the foundation outside the house
with a garden hose attachment once a
month between June and October of 1974.
His clothing frequently became soaked
with the formulation. Chlordane also was
applied along door sills and in some kitch-
en cabinets where food staples were
stored. There was no history of exposure
to other substances which have been in-
criminated as possible etiologic agents for
aplastic anemia.

On admission to the hospital in March
1975 the patient appeared pale; otherwise
the physical examination was within nor-
mal limits. Examination of the peripheral
blood showed: hemoglobin, 5.3 g %b; reti-
culocyte count, 2.6°%; white cell count,
3,500, with a differential of banded cells,
20 %o; segmented cells, 22 %; lymphocytes,
53 %/o; monocytes, 5 %o; and a platelet count
of 20,000. A bone marrow examination
showed that all the normal cell types were
present, but decreased in number, and the
bone spicules were devoid of cells. The
hematological findings were consistent
with a diagnosis of aplastic anemia. The
subject is currently being followed as an
outpatient. On follow-up through De-
cember 1975 his blood count had remained
the same, magakaryocytes were rare, and
erythropoiesis and myelopoiesis were
diminished. Symptoms of fatigue and, at
times, headache and dizziness persisted.

Case 2 (aplastic anemia)

A 28-year-old man had been hospitalized
in February 1975 with a two-month history
of easily bruising, fatigue, and light-
headedness. One week prior to admission,
he noticed bleeding from his gums and
nose and black stools (generally indicative
of upper gastrointestinal hemorrhage). The
patient was diagnosed as having aplastic
anemia. Upon admission, the initial hema-
tologic evaluation of peripheral blood in-

4 Active ingredients: Carbaryl (l1-napthyl N-
methyl-carbamate; S(2-(Ethyl-sulfinyl) ethyl)
0,0-dimethyl phosphorothioate; 1, 1-bis (p-
chlorophenyl)-2, 2,2-trichloroethanol.



Table 2. Summary of new cases of blood dyscrasia associated with exposure to chlor-

dane or heptachlor, either alone or in combination with other agents.

Age at Chlordane Chlordane or
, A ¢ or heptachlor Blood
Case no. %12;%‘1;2515 heptachlor with other dyscrasia
¥y alone drugs
1 15 0 Isotox Aplastic
anemia
2 28 0 Diazinon, various Aplastic
paints anemia
3 68 0 Undetermined Aplastic
anemia
4 9 1 None Acute stem
cell leukemia
5 23 0 Banvel D, Diazinon, Acute
Dursban, 2,4-D, paints, lymphoblastic
strippers, thinners leukemia
6 37 1 None Acute myelo
monocytic
leukemia
All cases 9 4
combined

dicated: hemoglobin, 4.8 g %bo; red blood
cells, 1.42 x 105; white cell count, 3,300,
with a differential of polymorphonuclear
cells, 10 % and banded cells 1 %o; mono-
cytes, 3 %o; lymphocytes 86 bo; platelets
were 35,000. A bone marrow biopsy re-
vealed absence of hematopoietic material;
no megakaryocytes or hematologic pre-
cursors were present. The patient was
given multiple platelet and red cell trans-
fusions, and he became nearly refractory
to these. He was given antigen therapy
with no response and eventually a bone
marrow transplant was performed. On 11
January 1976 the patient expired.

The subject was self-employed as a
realtor and in the year prior to hospitaliza-
tion he had wused various insecticides,
paints, thinners, and varnishes while re-
storing homes. In the six months prior to
admission, he had used a 74 % chlordane
formulation (Ortho-Klor 74) rather ex-
tensively, as well as Diazinon.

Case 3 (aplastic anemia)
A 68-year-old man was hospitalized on 28

October 1969 because of increasing dysp-
nea, weakness and the development of a

pallid complexion. An analysis of the
peripheral blood indicated that the hemo-
globin was 6.1 g % and that the white
blood cell count was 1,000. Following ad-
ministration of two units of packed cells,
the hemoglobin rose to 10.2 g %o, while
the white blood cells remained at 1,200
with a cell differential of polymorpho-
nuclear, 18 %; monocytes, 2 %; eosino-
phils, 4 %; and lymphocytes, 76 °o. The
platelet count was 70,000, and the reticulo-
cyte count was 1.6 % . A bone marrow
biopsy indicated aplasia for all cell
elements, including megakaryocytes. The
hematologic evaluation was consistent
with aplastic anemia. Treatment with
prednisone was started on 9 November
1969, and the patient was discharged a
few days later in a greatly improved con-
dition. The subject developed heart con-
gestion and expired 30 January 1970.

A history of exposure to toxic agents
ascertained from the surviving spouse re-
vealed that the subject had purchased a
bottle of chlordane which he had used for
soil treatment around rose bushes, for crab
grass control and for termite control in
the basement of their house. The wife
further stated that her husband had
sprayed a 7490 chlordane formulation
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(Ortho-Klor 74) in the basement more than
once during a three-year period prior to
the onset of symptoms.

Case 4 (acute stem cell leukemia)

A nine-year-old girl was diagnosed as
having acute stem cell leukemia. Three
weeks prior to admission the child devel-
oped symptoms of fatigue associated with
a low grade fever. On admission to the
hospital in December 1969, she appeared
pale with a few scattered purpuric areas.
Analyses of peripheral blood indicated:
hemoglobin, 4.5 %b; reticulocyte count, 0.1
%o; white cell count, 6,250, with a dif-
ferential of blast cells, 35 %; lymphocytes,
60 °/o; neutrophils, 5 %; and a platelet
count of 2,500. A bone marrow aspirate
showed that erythropoiesis was depressed,
myelopoieses was replaced by stem cells,
and megakaryocytes were absent. The
patient expired in October 1973.

The child was born in November 1960.
Beginning in the spring of 1961, the house
was treated annually with chlordane for
termite infestation. In 1967, floorboards
were removed from the entire house, and
930 1 of a 2 %o chlordane formulation were
poured over the ground inside the house.
The father relates that the chlordane took
about 10 days to soak into the ground.
The floorboards were then replaced, and
the family moved back into the house. Two
years later, the child developed leukemia.
The mother did not take any medication,
nor did she receive any X rays during
pregnancy. The remainder of the history
was also negative.

Case 5 (acute lymphoblastic leukemia)

A 23-year-old man was diagnosed as
having acute lymphoblastic leukemia in
July 1973 and is currently in remission.
Past history revealed that he had been in
good health, except for a chronic ear infec-
tion, until two weeks prior to hospital
admission, when he developed an external
otitis and adjacent facial cellulitis, which
did not respond to penicillin. At the time
of admission in July 1973 the patient had
had a temperature of 40.5°C; pancyto-
penia, with a white cell count of 1,800,
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consisting of 95 % lymphocytes; a hemo-
globin of 10.0 g %; and a platelet count
of 90,000. The bone marrow was consistent
with a diagnosis of acute leukemia.

Before hospitalization, the only medica-
tion the patient had received was ear
drops. He had been employed by a lawn
care firm for a three-year period prior to
hospitalization, during which he sprayed
lawns with chlordane, Banvel D, Diazinon,
and 2,4-D.5 Also, a week before hospital
admission, the patient removed the paint
from his car and repainted it over a one-
week period, using various paints, strip-
pers and thinners.

The patient responded to antibiotic
treatment for the acute infection and was
treated with a regimen of predisone. One
month later, his platelet count rose from
90,000 to 220,000, the white cell count rose
from 1,800 to 6,000, and the hematocrit
rose from 23 to 30 with two units of whole
blood. Remission was induced with pred-
nisone and vincristine. He was also treated
with cranial irradiation and intrathecal
methotrexate for the prevention of symp-
tomatic central nervous system leukemia.

Case 6 (acute myelomonocytic leukemia)

A 37-year-old male was hospitalized for
possible leukemia in August 1975. For two
months prior to admission, he had been
feeling weak and fatigued. Ten days prior
to admission, he had his teeth cleaned by
a dentist. He noticed that the gums did
not stop bleeding until the second day
after his visit. At the same time, he
noticed bruise marks over his extremities.

Upon hospitalization, his initial hemo-
globin was 10.7 g %, reticulocyte count
was 1.6 %, and platelets were 30,000. Bone
marrow biopsy initially showed 100 %o
cellularity with markedly depressed eryth-
rogenesis. Almost all of the recognized
cells seemed to be immature. Granu-
locytic stem cells were 82 %. The impres-

5 Banvel D: Dicamba or 3,6-dichloro-o-anisic
acid or 2-methoxy-3,6-dichlorobenzoic acid;
Diazinon: 0,0-diethyl 0-(2,isoprophyl-6-meth-
yl-4-pyrimidinyl)phosphorothioate, Dursban:
0,0-diethyl 0-(3,5,6-trichloro-2-pyridyl)-phos-
phothicate; 2,4-D: 2,4-dichlorophenxyacetic
acid.



sion was consistent with acute myelomono-
cytic leukemia. The patient was placed on
acute leukemia protocol. He expired 24
October 1975.

A history of exposure to toxic agents
revealed that the subject had frequently
used chlordane around the house for insect
control for the past 10 years prior to ad-
mission. He had often placed a full
strength 44 % chlordane formulation
(Ortho-Klor 44) in a paint pan and brushed
it on all of the basement windows, both
inside and outside the house several times
a year. At times he complained of head-
ache for a few hours after the application.
Once a month, he also sprayed chlordane
on the lawn and on the side of the house
with a garden hose attachment apparatus
for protection against grubs. His wife
states that he purchased the chlordane in
a pint bottle several times a year. A
history of exposure to additional agents
possibly associated with aplastic anemia or
leukemia was negative.

A history of exposure to other toxic
agents indicated that blood disease case 1
was exposed to Isotox; case 2 was exposed
to Diazinon and various paints; case 5 was
exposed to Banvel D, Diazinon, Dursban
and 2,4-D and one week before hospital
admission, he was exposed to paints and
paint thinners.

REVIEW OF CASES IN THE
LITERATURE

Table 3 summarizes 25 previously reported
cases of blood dyscrasia associated with
exposure to chlordane or heptachlor,
either alone or in combination with other
drugs. From these data, it can be seen
that in six cases, chlordane or heptachlor
alone was implicated; in 15 cases, chlor-
dane exposure was accompanied with un-
specified drugs, some indicated as “toxic”
or as “not known to be associated with
blood dyscrasias;” and in four other cases,
chlordane was accompanied with other
specified pesticides or drugs. Of the 25
cases shown in table 3, 19 were diagnosed
as aplastic anemia, 2 as leukopenia, and

1 each as hypoplastic anemia, hemolytic
anemia, megaloblastic anemia, and throm-
bocytopenia.

In addition to these previously docu-
mented cases, unspecified combinations of
chlordane, lindane, and DDT were asso-
ciated with 40 cases of pancytopenia, 10
cases of thrombocytopenia, and 10 cases of
leukopenia reported in the United States
between 1955—1961 as shown in table 4
(21). The data in table 4 are taken from
a report by the American Medical Associa-
tion’s Study Group on Blood Dyscrasias.
Through a voluntary reporting mechanism,
the Study Group compiled cases of blood
disease suspected as being etiologically
related to drug or chemical exposure (21).
The type of blood dyscrasia is presented
either by pesticide alone or in combination
with other unspecified “drugs not known
to be toxic,” plus those “known to be
potentially toxic.” In a majority of the
cases, pesticide exposure was either alone
or in combination with “drugs not known
to be toxic.” A maximum of eight cases
in table 4 may have appeared in table 3,
i.e., the cases reported by Conley (8), Muir-
head et al. (40), and Huguley et al. (31),
since the time period for the actual oc-
currence of these cases overlaps the period
for the cases shown in table 3. The case
reported by Moore (39) (table 3) occurred
in 1953, which was prior to the existence
of the Study Group, and is probably not
represented in table 4. [During approxi-
mately the same period of time (1955—
1963), 16 Mexican cases of aplastic anemia
with a history of repeated contact with
the pesticides lindane, dieldrin or DDVP
were reported (45).]

Although chlordane and heptachlor have
been suspended for major agricultural
uses, no attention has been given to pos-
sible short- or long-term health risks in-
volved with particular reference to car-
cinogenicity and blood dyscrasia through
home application of chlordane, particularly
for termite infestation. The five cases of
blood dyscrasia in association with chlor-
dane reported by Conley (8), Moore (39),
Furie and Trubowitz (26), and Muirhead
et al. (40), plus the 11 new cases of blood
dyscrasia and childhood tumors reported
in the present communication, total 16
cases available with detailed exposure
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Table 3. Summary of cases of blood dyscrasia reported in U.S. literature, associated with expo-
sure to chlordane or heptachlor, either alone or in combination with other agents.

Number of cases reported

Chlordane or Chlordane or heptachlor

Author and Total =y btachlor with other drugs Blood
year fases alone - Y dyscrasia
Unspecified Specified @
Conley, 1955 1 0 0 Sulfonamide Hypoplastic
anemia
Conley, 1955 1 0 0 Toxaphene Aplastic
sulfonamide anemia
Moore, 1955 1 0 0 DDT and Aplastic
lindane anemia
Muirhead et 1 0 0 Dieldrin Hemolytic
al., 1959 toxaphene anemia
Muirhead et 5 2 3 0 Aplastic
al., 1961 anemia
Loge, 1965 3 3 0 0 Aplastic
anemia
Loge, 1965 9 0 9 0 Aplastic
anemia
Loge, 1965 2 0 2 0 Leukopenia
agranulo-
cytosis
Loge, 1965 1 0 1 0 Thrombo-
cytopenia
Furie & Trubo- 1 1 0 0 Refractory
witz, 1976 megalo-
blastic
anemia
Reports combined 25 6 15 4

a Specified drugs are named.

Table 4. Number of cases of blood dyscrasias associated with pesticides (chlordane, lindane, and
DDT) reported by the American Medical Association’s Study Group on Blood Dyscrasias for the
years 1955—1961 (21).2

Exposure history

Blood Pesticides Pesticides

dyscrasias s “with other “with other Exposures
¥ Pesticides nontoxic potentially combined

drugs” toxic drugs”

Pancytopenia 10 19 11 40
Thrombocytopenia 8 2 0 10
Leukopenia 1 1 8 10
Dyscrasias combined 19 22 19 60b

a In this report, exposure histories for chlordane were grouped together so that it is not
possible to determine the number of exposures for the individual pesticide.

b Because the time periods for the cases reported by Conley (8), Murihead et al. (40) and Huguley
et al. (31) (table 3) overlap with the cases reported in table 4, eight of the cases shown in table
3 might also be included in table 4.
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histories. Of these 16 cases, 12 had expo-
sure to chlordane through home applica-
tion, 3 were involved with farm work
and 1 worked for a lawn care firm. The
greater number of cases associated with
home use may be a reflection of a greater
population at risk through home applica-
tion. A second indication that health risks
might be greater through home exposure
can possibly be seen in the data for
systemic chlordane poisoning presented by
the American Medical Association’s Com-
mittee on Pesticides (8). Excluding 1
suicide, 9 of 14 poisonings occurred
through home use, 4 occurred through
agricultural exposure, and only 1 case
occurred trough industrial manufactur-
ing.

In the absence of epidemiologic studies,
the statistical demonstration that any
chemical or drug has an etiologic relation
to blood dyscrasias, such as aplastic
anemia and leukemias, is difficult to make
because of the relatively low incidence of
these conditions (45). For example, chlor-
amphenicol-induced aplastic anemia was
observed sporadically soon after the drug
was released in 1949, but so few case re-
ports appeared in the literature that its
potential toxicity was not apparent until
several years later (21, 47). Because a large
number of substances has been associated
with blood dyscrasias (21) and the occur-
rence in the general population is rare,
some type of idiosyncratic response might
be involved. However, prior to exposure,
the subpopulation that might have such a
response as a result of normal pesticide
usage would be virtually impossible to
identify.

RELATION OF APLASTIC ANEMIA
TO LEUKEMIA

In the United States, the mortality rate
for leukemia is about seven deaths per
100,000 population, while mortality from
aplastic anemia is about 0.5 deaths per
100,000 population. Whether aplastic
anemia is a preleukemic process, or a
potentially leukemic disease most likely
depends upon the interaction of the etio-
logic agent with the host and the genetic
make-up of the host’s cells. The likely

relation between aplastic anemia and
leukemia may be a hereditary defect in
the stem cells, which makes them suscep-
tible to an agent which causes cell injury
and leads to either aplastic anemia, leu-
kemia, or both.

Several conditions and agents associated
with aplastic anemia also have been asso-
ciated with an increased incidence of acute
leukemia. The aplasia may be a phase in
the development of leukemia, or the ab-
sence of normal marrow cells might in-
crease the susceptibility of the patient to
leukemogenesis. Congenital conditions
such as Down’s and Faconi’s syndromes
and ataxia-telangiectasia that show either
abnormal chromosomes and/or immune
difficiencies show a high rate of leukemia
(27, 29, 35). This finding suggests that in-
stability of chromosomes and immune sup-
pression predispose toward leukemia. In
Faconi’s anemia, increased chromosomal
breaks, aplasia, and an increased incidence
of leukemia are seen (28). Radiation is
known to induce both aplastic anemia and
leukemia (9, 10, 57), the latter peaking at
about six to seven years after exposure (3).
Chloramphenicol has also been associated
with aplastic anemia (4). Some patients
have later developed acute leukemia (6, 7,
41). The usual effect of this agent upon
cells is to inhibit mitochondrial protein
synthesis; however, in some people, be-
cause of a genetic biochemical defect,
therapeutic concentrations of chloram-
phenicol inhibit DNA synthesis, which
causes bone marrow aplasia (62). Bone
marrow cells resistant to chloramphenicol
have been shown to occur in some patients
with aplasia (30), and this occurrence sug-
gests the presence of at least two stem cell
populations. Benzene has clearly induced
aplastic anemia (23, 38, 56), and many
times within a relatively short period after
exposure. Benzene apparently acts by sup-
pressing DNA synthesis of differentiated
bone marrow cells and not by damaging
stem cells. The subsequent development
of acute myelogenous leukemia in some
patients with benzene-induced aplastic
anemia is well documented (15, 23, 56, 59).

Patients who have marrow aplasia, and
who later develop leukemia, show a per-
sistent reduction in normal cells and the
appearance of abnormal leukemic -cells.
Perhaps the few remaining cells in aplas-
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tic anemia are either more susceptible to
leukemogenic viruses or more susceptible
to transformation to malignant blasts by
the continuing efforts of the offending
agent. The process appears to be similar
in Fanconi’s anemia, ionizing radiation,
and chemically-induced aplasia. Although
the type of leukemia may vary in all of
these diseases, the incidence of acute
myelogenous leukemia is increased the
most markedly.

The association of paroxysmal nocturnal
hemoglobinuria (PNH) with aplastic ane-
mia (13, 24, 43) supports the presence of
the development of two distinct cell
populations. In PNH red cells from one of
the populations are lysed by complement
in the presence of acidified serum. In
aplastic anemia, the marrow stem cell may
be transformed to an abnormal cell which
cannot replicate, or one of the cell clones
may be susceptible to a cytotoxic effect of
an offending agent (13, 27). Thus aplasia
may be the result of either an abnormality
of the pluri potential stem cell or an
altered microenvironment due to defective
stromal cells or both (53). An epidemio-
logic study to determine the proportion of
patients with chemically-induced aplastic
anemia who later develop acute leukemia
would seem appropriate.

DISCUSSION OF NEW CASES OF
BLOOD DYSCRASIA AND NEURO-
BLASTOMA IN RELATION TO
REPORTS IN THE LITERATURE

It is apparent that our six blood disease
cases are consistent with previous reports
in the literature on the occurrence of
various blood dyscrasias in association
with the use of several chlorinated hydro-
carbon pesticides. Since chlordane, hepta-
chlor, toxaphene, lindane, DDT, dieldrin,
and aldrin are similar in chemical struc-
ture (fig 1), chemical properties, and in
toxicity to humans (51), findings that more
than one of the aforementioned substances
might be associated with blood dyscrasias
in humans would not be entirely unex-
pected.

Although exposure to chlorinated hydro-
carbon pesticides has been related to
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Fig. 1. Chemical structure of chlordane, hepta-
chlor, and similar chlorinated hydrocarbon
pesticides.

aplastic anemia, to our knowledge neither
chlordane, heptachlor, nor other chlo-
rinated hydrocarbon pesticides have been
reported in association with acute leuke-
mia. However, several reports have in-
dicated that subjects with aplastic anemia
associated with various agents have later
developed acute leukemia (6, 7, 13, 15, 23,
41, 56). In some cases, the conversion from
hypoplastic anemia to leukemia occurred
within a relatively short period of time
(16, 23). Although the leukemia is usually
of the myeloblastic type, acute lymphatic
leukemia has also been reported in asso-
ciation (44). Thus substances such as chlo-
rinated hydrocarbon pesticides that might
be capable of inducing bone marrow sup-
pression might also be capable of inducing
acute leukemia within a relatively short
period of time.

In regard to our cases of childhood
neuroblastoma, we are not aware of pre-
vious reports suggesting associations be-
tween perinatal pesticide exposure and
childhood tumors. However, in view of
the evidence of transplacental passage of
chlordane metabolites (11) and experi-
mental animal studies, which have indi-
cated the carcinogenicity of chlordane,
heptachlor (14, 20, 54), and heptachlor
epoxide (55), the possibility of a trans-
placental carcinogenic mechanism should
be experimentally investigated. [Another
halogenated hydrocarbon, vinyl chloride,
has been demonstrated to be a trans-
placental carcinogen in rats (37).] Because
chlordane and the structurally similar



chlorinated hydrocarbon pesticides are
known to be fat-soluble and neurotoxic
(51), tissue of the sympathetic nervous
system may be target sites for related
tumors in humans. Epidemiologic study in
this area of investigation also is needed.

STUDIES OF OCCUPATIONAL
EXPOSURE TO CHLORDANE

Although the need for field studies to
determine the consequences of chlordane
use by the general population was ex-
pressed over 20 years ago (42), little
epidemiologic data from which to develop
valid inferences are available. Because of
the small sample sizes, high turnover rates,
and poor response to health interviewing,
the results of several studies on possible
ill-health affects among pesticide workers
exposed to chlordane appear to be incon-
clusive. In three studies (1, 22, 42), the
sample sizes of the current work force on
which conclusions were based ranged from
15 to 34 workers and are totally inade-
quate. For example, Alvarez and Hyman
(1) reported no ill-health effects among 24
men who had worked in the manufacture
of chlordane for periods of time ranging
from two months to five years. Inspection
of their data shows that eight workers had
been employed a year or less and only 12
subjects had exposure periods ranging be-
tween three and five years. The data
indicate a high turnover rate and an ex-
tremely small sample size on which to
base conclusions. In another study, based
on survey questionnaires (50), only 12 %6
of the companies responded and less than
20 % of the personmel at risk completed
questionnaires. The latter study (50) indi-
cates that the turnover rate of servicemen,
the high exposure risk group, was 20 %
annually. Thus, subject selection as well
as the response may have biased the re-
sults. Also, no mention is made of any
attempt to contact employees who had dis-
continued service in any of these studies.
It is also interesting to note that the
relative risk for developing leukemia ap-
pears to be the greatest in farmers (47).
One may question whether or not pesticide
exposure, especially the chlorinated hydro-
carbons, might be a contributing factor.

ENVIRONMENTAL DISTRIBUTION
AND BODY BURDEN OF
CHLORDANE AND HEPTACHLOR

Chlordane and heptachlor have a chemical
structure similar to that of other chlo-
rinated hydrocarbon pesticides such as di-
eldrin, lindane, and DDT. Technical chlor-
dane consists of a complex mixture of
compounds, with ratios that have been
standardized since about 1950, and con-
tains 38.48 %o alpha- and gamma-chlor-
dane, 7—3 %o pure heptachlor, 5—11 %o
nonachlor, 17—25 9%/o chlordane isomers,
plus other compounds in lesser amounts
(54). Technical chlordane is formulated in
varying strengths in different pesticidal
preparations. Exposure to chlordane can

occur through the intact skin, by inhala-

tion of dust or sprays, and by ingestion (2).
Human poisonings and fatalities have been
reported from dermal or oral exposure to
chlordane (12, 17, 34).

Chlordane is one of the most widely
used household and garden pesticides. In
1974, 9.5 million kilograms were used.
Seventy per cent was applied for termite
control and other household use, while the
remainder was used for agricultural pur-
poses {20). Chlordane and heptachlor, or
their metabolites, are persistent in the
environment long after use (54). Treated
soil is subject to water erosion, which
ultimately leads to aquatic contamination.
Chlordane is also widely distributed in
ambient air and in household dust (49).
Although low in water solubility, their
affinity for lipids make chlordane and
heptachlor subject to possible biocaccumul-
ation and transfer in the food chain (54).
From market basket surveys, components
of technical chlordane and its metabolites
were found commonly in dairy, meat, fish,
and poultry components of the diet (54).

As with other chlorinated hydrocarbon
pesticides, metabolites of chlordane and
heptachlor may accumulate in man (33).
Oxychlordane and heptachlor epoxide re-
sidues have been detected in the adipose
tissue in over 90 %o of large samples of
hospital patients studied in 1970—1972.

Heptachlor epoxide residues have been
detected in the organs of stillborn infants
(11) and also in samples of human milk
(54). Because of this environmental accu-
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mulation, humans may be exposed from REFERENCES

the time of conception on throughout adult
life.

SUMMARY

1. New cases of blood dycrasia and child-
hood tumors are reported following expo-
sure to chlordane.

2. The cases of aplastic anemia are con-
sistent with previous literature reports on
associations between chlordane, similar
chlorinated hydrocarbon pesticides and
blood dyscrasias.

3. The cases suggesting association be-
tween chlordane exposure and leukemia
are noteworthy in view of previous reports
indicating that subjects with aplastic
anemia convert to leukemia.

4. The cases suggesting association be-
tween chlordane exposure and neuroblas-
toma are of interest in view of recent data
on the carcinogenicity and mutagenicity of
chlordane and heptachlor and in view of
data on environmental distribution and
body burdens.

5. Previous epidemiologic studies are
too limited to allow the development of
valid inferences regarding the neoplastic
risk of chlordane.

6. There is a need for epidemiologic
studies to evaluate short- and long-term
health risks associated with chlordane in
home use and in occupational use for the
agricultural setting, for termite extermina-
tors, and for lawn care operators.

ACKNOWLEDGMENTS
The authors thank Dr. Inta J. Ertel for
helpful discussions on the relation of

aplastic anemia to leukemia.

148

1.

10.

12,

13.

14.

15.

ALVAREZ, W. C. and HYMAN, S. Lack
of toxic manifestations in workers exposed
to chlordane. Arch. ind. hyg. occup. med.
8 (1953) 480—483.

AMBROSE, A. M., CHRISTENSEN, H. E,,
ROBBINS, D. J. and RATHER, L. L. Toxi-
cological and pharmacological studies on
chlordane. Arch. ind. hyg. occup. med. 7
(1953) 197—210.

ARMENIAN, H. K. and LILIENFELD,
A. M. The distribution of incubation
periods of neoplastic diseases. Am. j.
epidemiol. 99 (1974) 92—100.

AWWAAD, S., KHALIFA, A. S. and
KAMEL, K. Vacuolization of leukocytes
and bone marrow aplasia due to chloram-
phenicol toxicity. Clin. pediatr. (Philadel-
phia) 14 (1975) 499—506.

BEST, W. R. Drug-associated blood dys-
crasias. J. am. med. assoc. 185 (1963) 140—
144,

BRAUER, M. J. and DAMESHEK, W.
Hypoplastic anemia and myeloblastic leu-
kemia following chloramphenicol therapy.
New engl. j. med. 277 (1967) 1003—1005.
COHEN, J. and GREGER, W. P. Acute
myeloid leukemia following seven years of
aplastic anemia induced by chlorampheni-
col. Am. j. med. 43 (1967) 762—770.

. CONLEY, B. E. The present status of

chlordane. Council on Pharmacy and
Chemistry, Committee on Pesticides. J. am.
med. assoc. 158 (1955) 1364—13617.
COURT-BROWN, W. M. and DOLL, R.
Leukemia and aplastic anemia in patients
irridiated for ankylosing spondylitis. (MRC
spec. rep. no. 295). H. M. Stationary Office,
London 1957, pp. 1—135.

CRONKITE, E. P. Radiation-induced
aplastic anemia. Sem. hemat. 4 (1967) 273—
271.

. CURLEY, A., COPELAND, F. and KIM-

BROUGH, R. D. Chlorinated hydrocarbon
insecticides in organs of stillborn and blood
of new born babies. Arch. environ. health
19 (1969) 628-—632.

DADEY, J. L. and KAMMER, A. G. Chlor-
dane intoxication, report of a case. J. am.
med. assoc. 153 (1953) 723—725.
DAMESHEK, W. Riddle: What do aplastic
anemia, paroxysmal nocturnal hemoglobin-
uria (PNH) and “hypoplastic” leukemia
have in common? Blood 30 (1967) 251—254.
DAVIS, K. J., HANSEN, W. and FITZ-
HUGH, O. G. Pathology report on mice
fed aldrin, dieldrin, heptachlor or hepta-
chlor epoxide for two years. FDA memo-
randum, July 19, 1965.

DE GOWIN, R. L. Benzene exposure and
aplastic anemia followed by leukemia 15
years later. J. am. med. assoc. 185 (1963)
748—T751.

. DELAMORE, I. W. and GEARY, C. G.

Aplastic anemia, acute myloblastic leuke-
mia, and oxymetholone. Br. med. j. 2 (1971)
743—145.



17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

DERBES, V. J.,, DENT, J. H, FORREST,
W. W. and JOHNSON, M. F. Fatal chlor-
dane poisoning. J. am. med. assoc. 158
(1955) 1367—1369.

EPSTEIN, S. S. The carcinogenicity of
Dieldrin: Part 1. Sci. total environ. 4 (1975)
1—52.

EPSTEIN, S. S. The carcinogenicity of
Dieldrin: Part II. Sci. total environ. 4 (1975)
205—217.

EPSTEIN, S. S. The carcinogenicity of
heptachlor and chlordane. Sci. total
environ. 6 (1976) 103—154.

ERSLEV, A. J. and WINTROBE, M. M.
Detection and prevention of drug-induced
blood dyscrasias. J. am. med. assoc. 181
(1962) 114—119.

FISHBEIN, W. I, WHITE, J. V. and
ISAACS, J. H. Survey of workers exposed
to chlordane. Ind. med. surg. 33 (1964)
726—7217.

FORNI, A. and MOREO, L. Cytogenetic
studies in a case of benzene leukemia.
Eur. j. cancer 3 (1967) 251—255.
FRAUMENI, J. F. Bone marrow depres-
sion induced by chloramphenicol or phenyl-
butazone. J. am. med. assoc. 201 (1967)
828—834.

FRIBERG, L. and MARTENSSON, J. Case
of panmyelophthisis after exposure to
chlorophenothane and benzene hexachlo-
ride. Arch. ind. hyg. occup. med. 8 (1953)
166—169.

FURIE, B. and TRUBOWITZ, S. Insec-
ticides and blood dyscrasias: Chlordane ex-
posure and self-limited refractory mega-
loblastic anemia. J. am. med. assoc. 235
(1976) 1720—1722.

HECHT, F., MC CAW, B. K. and KOLER,
R. D. Ataxia-telangiectasia “Clonal
Growth” of translocation Ilymphocytes.
New engl. j. med. 289 (1973) 286—291.
HIGURASHI, M. and CONEN, P. E. In-

vitro chromosomal radiosensitivity in
Fanconi’s anemia, APS, SPR Program.
1971, p. 88.

HIRSCHMAN, R. J, SHULMAN, N. R,
ABUELO, J. G. and WHANG-PENG, J.
Chromosomal aberrations in two cases of
inherited aplastic anemia with unusual
clinical features. Ann. int. med. 71 (1969)
107—117.

HOWELL, A., ANDREWS, T. M. and
WATTS, R. W. E. Bone marrow cells re-
sistant 4o chloramphenicol in chloramphen-
icol-induced aplastic anemia. Lancet 1
(1975) 65—69.

HUGULEY, C. M., ERSLEV, A. J. and
BERGSAGEL, D. E. Drug-related blood
dyscrasias. J. am. med. assoc. 177 (1961)
23—26.

INFANTE, P. F. and NEWTON, W. A. JR.
Prenatal chlordane exposure and neuro-
blastoma. New engl. j. med. 293 (1975) 308.
INTERNATIONAL. AGENCY FOR RE-
SEARCH ON CANCER. IARC monographs
on the evaluation of the carcinogenic risk
of chemicals to man: Some organochlorine
pesticides (vol. 5). Lyon, France 1973, pp.
173—184.

34.

35.

36.

37.

38.

40.

41.

42.

43.

44,

45.

46.

47.

48.

LENSKY, P. and EVANS, H. L. Human
poisoning by chlordane. J. am. med. assoc.
149 (1952) 1394—1395.

LEVIN, D. L., DEVESA, S. S.,, GODWIN,
J. D. II and SILVERMAN, D. T. How is
cancer associated with other diseases or
conditions? In: Cancer rates and risks
(NIH publication no. 76—629, 2nd edition).
1974, p. 72.

LOGE, J. P. Aplastic anemia following
exposure to benzene hexachloride (Lin-
dane). J. am. med. assoc. 193 (1965) 110—
114.

MALTONI, C. and LEFEMINE, G. Car-
cinogenicity bioassays of vinyl chloride,
current results. Ann. n.y. acad. sci. 246
(1975) 195—218.

MOHLER, D. M. and LEAVELL, B. S.
Aplastic anemia; an analysis of 50 cases.
Ann. int. med. 49 (1958) 326—362.

. MOORE, C. Exposure {o insecticides, bone

marrow failure, gastro-intestinal bleeding,
and wuncontrollable infections (Clinico-
Pathologic Conference). Am. j. med. (1955)
274—284.

MUIRHEAD, E. E, GROVES, M., GUY, R,
HALDEN, E. R. and BASS, R. K. Acquired
hemolytic anemia, exposure to insecticides
and positive Coombs test dependent on in-
secticide preparations. Vox sang. 4 (1959)
277—292.

MUKHERJI, P. S. Acute myeloblastic leu-
kemia following chloramhenicol treatment.
Br. med. j. 1 (1957) 1286—1287.

PRINCI, F. and SPURBECK, J. H. A study
of workers exposed to the insecticides
chlordane, aldrin, dieldrin. Arch. ind. hyg.
occup. med. 3 (1951) 64—72.

QUAGLIANI, J. M., CARTWRIGHT, G. E.
and WINTROBE, M. N. Paroxysmal noc-
turnal hemoglobinuria following drug-
induced aplastic anemia. Ann. int. med.
61 (1964) 1045.

REJSEK, K. and REJSKOVA, M. Long
term observation of chronic benzene
poisoning. Acta. med. scand. 152 (1955) 71—
78.

SANCHEZ-MENDAL, L. CASTANEDO,
J. P. and GARCIA-ROJAS, F. Insecticides
and aplastic amemia. New. eng. j. med.
269 (1963) 1365—1367.

SCHOENTAL, R., HARD, G. C. and GIB-
BARD, S. Histopathology of renal lipoma-
tous tumors in rats treated with the “natu-
ral” prolucts pyrrolizidine alkaloids and
A, B-unsaturated aldehydes. J. natl. cancer
inst. 47 (1971) 1037—1044.

SCOTT, J. L, CARTWRIGHT, J. E. and
WINTROBE, M. M. Acquired aplastic
anemia: An amnalysis of thirty-nine cases
and review of the pertinent literature.
Medicine 38 (1959) 119—172.

SPECIAL PESTICIDES REVIEW GROUP
(Fitzhugh, O. G. and Fairchild, H. E,
chairmen). Pesticidal aspects of chlordane
in relation to man and the environment.
U.S. Environmental Protection Agency,
Government Printing Office, Washington,
D.C. 1975. 6 p.

149



49.

50.

51.

52.

53.

54.

55.

STARR. H. G. JR.,, ALDRICH, F. D,
MC DOUGALL, W. D. III and MOUNCE,
L. M. Contribution of household dust to the
human exposure to pesticides. Pestic.
monit. 8 (1974) 209—2117.

STEIN, W. J. and HAYES, W. J. JR. Health
survey of pest control operators. Ind. med.
surg. 33 (1964) 549—555.

STEVENS, H. Neurotoxicity of some com-
mon halogenated hydrocarbons In: SUN-
DERMAN, F. W. and SUNDERMAN F. W.
JR. (eds.), Laboratory diagnosis of diseases
caused by toxic agents. Warren H. Green,
Inc., St. Louis, Mo. 1970, pp. 196—198.
STIEGLITZ, R., STOBBE, H. and
SCHUETTMANN, W. Knochermarkschaden
nach beruflicher einwirkung des insekti-
zids gamma-hexachlorcyclohexan. Acta.
haemat. 38 (1967) 337—350.

STOHLMAN, F. JR. Aplastic anemia.
Blood 40 (1972) 282—286.

TRAIN, R. E. Pesticide products containing
heptachlor or chlordane. Fed. regist. 39
(1974) 41298—41300.

U.S. DEPARTMENT OF HEALTH, EDU-
CATION AND WELFARE. Report of the
Secretary’s Commission on Pesticides and
Their Relationship to Environmental

Received for publication: 2 February 1978

150

56.

57.

58.

59.

60.

61.

62.

63.

Health, Carcinogenicity of Pesticides.
Government Printing Office, Washington,
D.C. 1969, pp. 459—506.

VIGLIANI, E. C. and GAITI, G. Benzene
and leukemia. New eng. j. med. 271 (1964)
872—876.

WALD, N. Leukemia in Hiroshima city
atomic bomb survivors. Science 127 (1958)
699—700.

WILLIAMS, D. M., LYNCH, R. E. and
CARTWRIGHT, G. E. Drug induced ap-
lastic anemia. Sem. hemat. 10 (1973) 195—
223.

WILLIAMS, M. J. Myeloblastic leukemia
preceded by prolonged hematologic disor-
der. Blood 10 (1955) 502—509.

WOODLIFF, H. F., CONNOR, P. M. and
SCOPA, J. Aplastic anemia associated with
pesticides. Med. j. aust. 1 (1966) 628-—629.
WRIGHT, C. S., DOAN, C. A, and HAYNIE,
H. C. Agranulocytosis occurring after ex-
posure to a DDT pyrethrum aerosol bomb.
Am. j. med. 1 (1946) 562—567.

YUNIS, A. Chloramphenicol-induced bone
marrow suppression. Sem. hemat. 10 (1973)
225—234.

—. Registry on blood dyscrasias: Report to
Council, J. am. med. assoc. 179 (1962) 888—
890.



