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MORTALITY AMONG ORCHARD WORKERS EXPOSED
TO LEAD ARSENATE SPRAY: A COHORT STUDY

W, C. NceLsoN, M. H, Lyxins, J. MAckEY®,
VY. A, NewiLL, J. F. FINKLEA and D. 1. Hasner

Division of Health Effects Research, National Environmenta! Research Center,
Environmental Protection Agency, Research Triangle Park, N.C. 27711, US.A.

{Received 6 Jume 1972 in final form 26 September 1972)

INTRODUCTION
BeroRre the discovery and heavy use of DDT in the mid-1940's, lead arsenate insecticide
spray was used in huge quantities. Total lead arsenate usage in the United States
peaked in 1945 at 30 million Ib and over § million 1b were still applied on fruit and
tobacco in 1968 [1, 2). The majority of its use was and is on apple orchards.

Both lead and arsenic have long been known to be toxic to humans. Clinical lead
poisoning is manifested by severe abdominal colic, hendaches, anemia, loss of appetite,
fatigue, constipation, motor-nerve paralysis, and encephalopathy. Chronic excessive
exposure is characterized by acute symptoms superimposed on a background of
progressive renal insufficiency and cercbral incompetence [3-7]. Many children with
acute encephalopathy, the most severe clinical symptom of {ead poisoning, also bave
acute renal injury {8, 9). Almost exclusively confined to children, lead induced
encephalopathy often leaves permanent brain damage after both exposure and
acute illness have ceased [10-12). High lead expasure may zlso be harmful to repro-
duction [13, 14] and may aggravate some pre-existing diseases such as cirrhosis of
the liver [15). Whereas the previous effects occur at elevated blood lead concentrations,
lead can inhibit the activity of an enzyme coatrolling heme synthesis even when
blood lead levels are within the normal range of 10 to 40 pg per 100 g [16]. Several
excellent summary arzicles exist on the health effects of lead (2, 8, 17, 18).

Symptoms of acute and chronic arsenic poisoning may include dermatitis, nasal
and throat itritation, nasal septum perforation, nausea, vomiting, stomach pain
and coughing [19]. Cancer of the skin, lung and liver have been attributed to arsenic
exposute while caocers of the mouth, esophagus, and larynx are also suspected
[19, 20]. Scveral studies attempting to show jncreased prevalence of cancer in indus-
trially exposed workers and to induce cancer in laboratory animals by arsenic exposure
have proven negative. A summary of these studies and other health effects infor-
mation appears in [21].

~
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Most efTects studiss for both lead and arsenic have explored the acuts or chronic
morbidity effects of high exposures. There is a lack of information regarding chronic
effects at lower enviromental levels of exposure, esperially at levels that do not pro-
duce clinical poisoning. As yet, no cases of clinical acute lead poisoning have been
reporied in adults with blood lead Jevels below 80 pg per 100 g or in children Withg
blood lzad levels below 50 pg per 100 g. Although it is known that lead accumulates
with age in the skeleton, kidneys, liver, asrta, pancreas aed lungs, few follow-up o
studies have been made on the present health status of peopls exposed to high lead g
levels 20-50 yr ago {22). This study of archard workers exposed to lead arsenate g
spray fills a portion of this major gap in the knowledge of lead and arseaic health &=
effects by examining the effects of lead arsenate exposure og life expectancy. That ead
excess mortality might be expected is indicated by one study claiming an association
between excess deaths from kidney disease and lead exposure ampong an adult cohort
with a history of childhood plumbism [23].

SUMMARY OF THE EARLIER STUDY
In 19681969, the mortality experience of a cohort of Wenatchee area residents '
* who participated in an earlier morbidity study of the health effects of 1=ad arsenate
spray exposure was studied.

En 1933-1939 an epidemioclogic study was conducted in the Wenatchee Valley
of Washington by the United States Public Health Service. This prolific apple-
growing region was selected as the study location because of its long vse of large
quanunes of lead arsenate spray and its ‘isclation from industrial exposures to lead’
aad arsenic.

In 1938, the 1231 study members were classified into three exposure groups. ‘Orch-
ardists’ prepared and applied lead arsenate sprays during 19338. 'Cocsumers’ in-
cluded persons whose occupations did not bring them into contact with lead arsenate,
This group included most children and a large number of women. 'Intermediates’’
were less homogeneous comprising former orchardists, warehouse workers, and
those with infrequent lead arsenate spray exposure. For each intermediate and
orchardist, the number of years of spray exposure was recorded.

- Air monitoring was done to determine exposure associated with varous.

orchard activities, The results are summarized in Table 1. Unfortunately, particle’

: size, 2 major determipant of respiratory retention, was not determined. For compari-

son, nonoecnpau'onnl ambient air lead levels range from 0.01 to 0.05 mg of lead per

10 v of air. All orchard operations except sorting and packiag involved lead ex-

posures equal to or greater than those experienced in industrial environments such’

a5 battery manufacturing, a hazardous lead trads. However, orchardists experienced

less annual exposure duration to lead in their seasopal tasks than do constanly
employed industrial workers.

Urinary lead and arsenic and blood lead measurements were obtzined for most
participants, though the individual values are no longer available. Samples were
collected during most months and showed some seasonal variation. Table 2 displays
the average concentrations by exposuze group and sex. These values verify an exposure
gradient for the threc groups. In nearly every case, the corsumers had the Jowest
average values and the orchardists the highest average values. Men consistently
had higher levels than women.
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TABLE 1. ARSENIC AND LEAD CONCENTRATION IN THE ORCHARD AR IN 1938 [24]

Length of exposure Concentration, milli grams per 10 m3 (a)
Insecticide Hours Weeks Arsenic Lead
openation perday  peryear Average Range Asvecrage Range
Mixing insecticide - 1 8-12 18.5 0.2-110.7 SM4 0.9-461.3
Buming containers NA®) NA 166.7 48.6-261.2 358 10.2-76.5
Spraying orchard 8-14 8-12 1.4 0.4-43 4.5 1.3-14.3
Thinning fruit 14 23 08 0.1-32 10 04170
Picking fruit 8-14 6-10 s3 2.6-19.0 29.3 7.2-715.2
D‘('g‘g:g:)m 12 12 0.6 0.1-1.9 1.8 0.4-5.9
(Docember) 0.1 0.02-0.2 0.3 0.01-1.1

Sorting and packing $-12 412
{October) 0.06 0.03-0.08 0.1 0.07-0.22

(o) This volume of air. 10 m®, is approximately the amount that Is inhaled during tbe.\mrking day,
although the sctual amount will vary with the degree of physical activity. Approximatety 20-50
per oeon of the rotal metal inhaled will be retained, primarily as a function of particle size.

{6) NA =not availadle.

TaBLE 2. AVERAGE CONCENTRATIONS OF URINARY AND BLOOD LEAD AKD URDNARY ARSENIC IM 1938 {24]

Urinary lead Blood lead Urinary arsenic
ugperl ug pec 100 ngpert

Adult (2 I5 y1) Consurners n 2 [ 2 ] 2

Men 146 353 148 263 130 620

\Vomen 12} 218 124 258 121 6.3
Adult intermediates . .

Mea 102 43.3 108 295 123 710

Women b1 274 ry) A9 3 480
Adult orchardists '

Mea 385 88.3 329 439 308 140.5

Women 61 46.0 58 434 58 979
Children (< 1S y1) )

Boys 81 2.9 17 369 78 106.3

Girls 65 548 14 361 &7 1133

Childrea’s values were higher than consumers and intermediates. To determine
if children wormally have higher levels than adults, a comparison was made of the
urinary lead and arsenic and blood lead levels of Bethesda, Maryland children with
Bethesda adults and Wepatchee children, The Bethesda children were lower thaa
both groups. The high levels of the Wenaichee children were attributed to their
playing in the orchards and eating unwashed apples. ‘

Although the blood and urine analyses showed a consistent gradient for groups,
no significant differences were observed for clinical symptoms. Whereas seven in-
dividuals in the orchardist group did have a low grade of lead arsenate intoxication,
they were not namercus enoungh to be significant in group comparisons of symploms.
The orchardists showed no tendency for the signs of lead and arsenic intoxication
to occur in combination.
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Despite tk= negztive 3ndirzs of the morbidity study, this population afforded 3
rare opportzaity 7or a follow-up morality study of individ.ils exposed to non-
toxic levels of leaZ and asenic.

FOLLOW.-UP METHODS

While mzaay records from tae 1938 study had been lost, ©2-2¢ important infor-
mation sourzss were available: the final report of the earlier stlv, a set of punched
cards (herezfier 1=e 1933 cards) containing for each of 123: itudy members the
expasure group, #xposuss dusation, age, sex, various clinice dndings, and some
miscellanous data. and a typec list (hereafler the 1938 list) givi=g the names of the
first 1229 study members, as wzll as sach age, sex, exposure grozp, and (for orchard.
ists) the exposure duration. T:e addresses of the study membess wers unavailable,
as were the names > the last two from the original group. -

The follow-up was begun in 1968, 30 yr after the original swzJdy, with the aim of
locating eithar the original stvdy member himself or an infor=ant who could give'
informalion leadir 2 to the locztion of the death certificate. For 1 given study mem-
ber, field efforts ¢ atinuad unz’l there was reasonable certainty that the person loo--
ated or described T the informant or death record was indeed :=2 panicipant in the
previous study. M ost living study members remembered partisisating. For others,.
occupational back zround was sought and current age or age 2: death was checked-
for consistency asz2inst the agz recorded on the 1938 cards. Names had to check
with the 1933 list, or be obvious deviations. '

Since add:resses were lacking, valuable information for folica-up was obtained
from the 1937 Weznatchee city directory, the current Wenatctze telephone boo@
State vital statistic: records, school records, 2ad local birth and Szath records.

ANALYSIS METHODS

The following cata for each study member were available Jor analysis: age Qy
1938, sex, exposurs group, exposure duration as of 1938, yeass of orchard woge
after 1938, zge at follow-up or age at death or age last knows. alive, and primages
and associated ca.ses of death. Death causes lisled on the death certificates weggd
coded according tc the International Classification of Diseases (1CD), 1965 Revision. -
Primary cause of death was chosen using the Rules for Classifization of the World
Health Assembly.

The Standard Mortality Ratio (SMR) technique was used to asssss mortality
experience. This rzlio is calculated by dividing the observed number of deaths by
the expected number of deaths. Washington State was chosen as the standard pop-
ulation from which expected deaths were calculated. Lifc tables for Washington
were obtained for the years 1939-1941, 1949-1951, and 1955-1961.

The advantage of the life table method in the computing of expected deaths is the
division of the toual time period into smaller (yearly) intervals for which expected
deaths are obtained. All follow-up information is utilized since any post-1938 ex-
perience, even if only a short time interval, is used in the analysis. For each member
of the 1938 cohor, use of the life tables enabled the caleulation of cach individual's
contribution to the vears-at-risk and hence expected death category. ’

Expected deaths were calculated in the following manner, Tlie thres time periods
(1938-1948, 19481958, 1958-1968) are centered on 1943, 1953 and 1963. The Wash-

Miok
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ston life 1atTes were centered on the vears 1540, 1950 and 1960. Linear interpelation

15 used to obtain lifc tables for 1943 from the 1940 and 1950 tables and also to

szin tables for 1953 from the 1950 and 1960 tables. Since mortalily rates have

mained essentially unchanged over the last decade, the 1960 tables were used

' 1963,

This prceess provided sex-specific tables for 10-yr age groups. Values for the

54 age groups were extrapolated using 2 fourth degree polynomial. Individual

ge death rates were obtained by a graduation formula which used a fith degree

olynomial (Jenkins fifth difference modified osculatory formula) [25].

In addition to the above tables for total mortality, similar tables were constructed
eparately for the following three specific cause groups: heart disease (ICD 350-
«29), cancer (ICD 140-209), and stroke (ICD 430-439).

The expected death contribution for an individual of 4 given age is the death
-ate for that age (sex and time-specific). For example, the expected death contri-
bution for 2 male age 30 in 1947 is found from the male table for 1938-1948 using
the death rate for age 30,

The exposure group categories never changed. Regardless of subsequent orchard
work or retirement from orchard work, these categories were retained at their 1938
designations. It was felt better not to mix people who were in different exposure
groups in 1938. Their changing exposure would be reflected better by changing
cxposure duration categories than by chaaging group categories.

FOLLOW-UP RESULTS

By the cut-off date of 1 October 1969, the current status of 1175 of the 1129 possible
study members was detertnined, Of these 1175, 452 had died and 723 were located
alive, In addition, 26 were located at some time after 1938 but lost before 1968.
Only 28 (2 per cent) were not located. This latter group included three members
who were focated but were excluded from the current study; one because he was
not & Wenatchee resident but had participated in the earlier study while visiting
relatives, the other two because of large age discrepancies. A classification of the
1201 study members followed-up appears in Table 3.

Upon contact with the study member or informant, the information obtained
included name, birthdate, follow-up age, sex and current status (dead or alive).
For deaths, follow-up age was age at death. For those followed for a time but lost be-
fore 1968, follow-up age was the age last known alive. Information on orchard
experience after 1938 and the reason for leaving orchard work was also obtained.

Death certificates were abtained for 442 of the 452 deaths. Five of the other ten
were war deaths. For the other five, the date of death was not specific enough to
locate the death certificate.

The characteristics of the 28 study members lost to follow-up were investigated.
Those people baving little (ten years or less) or no orchard exposure were more
likely to be lost than those with more exposure (3.0 per cent agaiest 0.7 per cent).
Females were more likely to be lost than males (3.3 per cent vs 1.7 per cent). For
both sexes, orchardists were lost frequently and consumers most [requently. )

A similar classification study of the 26 study members who were followed briefly
but lost before 1968 yiclded almost identical results. It is quite unlikely due to the
small number of members lost or withdrawn and the small number of orchardists
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‘thin thesc sategories. that these people would have significantly affected the analysis
sults bad they bezn completely followed.

ANALYSIS RESULTS

For all study members combined, the SMR was 0.70. It is substantially below
00 due to the choice of a standard population, Washington State, which includes
‘ban and disabled populations, both higher-risk mortality groups not included in
£ Wenatckee area.

No consistent differences were observed in the SMR by exposure group category.
he overail SMR was 0.74 for the consumers, 0.78 for the intermediates, and 0.65

, ¢ the orchardists. Orchardists certainly gave no evidence of increased mortality.

: Analysis by time period also showed no consistent differences. The overall SMRs

: ere 0,68 for 19381948, 0.74 for 1948-1958 and 0.68 for 1958-1968. The time period

- ecific SMRs were very similar even for smaller classes. For example, for males age
5+, the time period ratios were 0.98, 1.02, and 0.94 respectively, for intermediates
1d 0.59, 0.70 and 0.64, respectively, for orchardists,

Analysis by exposure duration showed inconsistent differences. There was no
cideace of increasing mortality risk due to longer exposures. For example, the
tegory males age 55+ contained 78 per cent of the deaths in the two positive
iposure groups. Restzicting attention to this age-sex category, the SMR for ex-
Jsure curation 1-5 yr was 1.25, for 6-10 yr was 0.93, for 11-15 yr was 0.92, for
320 yr was 1.95 and for 21 4+ years was 0.65 for intermediates. For orchardists
¢ SMRs were 0.40, 1.61, 0.60, 0.81, 0.61, respectively.

Analysis by sex gave an overall SMR of 0.69 for males, 0.73 for females. Sex-
secific analysis by exposure groups showed that male intermediates had the highest
MR, 0.89 compared with 0.62 for consumers and 0.64 for orchardists while female
rchardists had the highest SMR, 0.86 {only 18 deaths), compared with 0.79 for
snsumers and 0.67 for intermediates.

Age-specific analyvsis added no dramatic insight. At the vounger ages, 0-54, females
-d exhibiz some increased mortality (SMR of 1.03 based on only 19 deaths), primarily
: the consumer category. The male SMR for the 0-54 group was 0.51. For ages
34 the mal: SMR was 0.72, the female SMR was 0.70.

Table 4 summarizes the observed and expected deaths and the SMR for total
rortality. The classes shown include consumer (total), intermediate (3 exposure
urations and total), orcbardists (3 exposure durations and total), 3 age groups,
nd total for all groups. The expected deaths were 447; the 5 war deaths were ex-
‘uded from the analysis. The only category suggestive of excessive mertality is the
termediates with 11-20 yr of exposure.

Table 5 shows the SMR for intermediates and orchardists adjusted to the overall
nsumer SMR of 0.74. The p values shown are found from the chi-square statistic
e degree of freedom) equal to {observed deaths —expected deaths)t/expected deaths.
‘nly the 3 orchardists categories: age 45-64, exposure 214-; age 4664, all exposures;
id total were statistically significant. In all three cases the observed deaths were
nificantly fewer than expscted. The intermediate categories of age 65+, 11-20 yr
d all ages. 11-20 yr are suggestive of excess deaths but are not different from
:pected at the § per cent significance level.
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Tasze 4. O3sERVED AND EXPECTED DEATHS AND SMRS 5O TOTAL MORTALITY

Years of Age
exposure Cohort 0-44 45-64 65— Toal
0 Consumers
Observed 11 29 3 13
Expected 10.38 3848 - 103.69 152.46
SMR 1.06 075 0.70 0.7
{72}
1-10 Intermediates —
Observed 3 16 40 39 o
Expected 4.62 26.01 50.15 $0.78
SMR 0.63 0.62 0.80 03 =
Orchardists <
Obaerved 7 16 26 9 ~d
Expected 9.17 2836 2818 - 65.71 &
. SMR - 0.76 0.56 0952 ok en
11-0  Intermediates w
Observed ] 3 26 N
Expected 0.31 814 28.48 34.03
SMR . 0.00 0.97 1.02 " 100
Orchardists
Observed 2 25 49 b
Expecied 4.05 £]1.56 77.04 12268
SMR 049 0.63 0.64 0.63
24 Intermediates
Observed 0 1 9 20
Expected 0.00 2.5t 2746 2997
SMR —_ .40 0.5 0.67
Orchardists
Observed 1] 13 82 93
Expected 0.68 30.62 12131 $52.60
SMR. 0.00 0.42 0.68 052
All years Intetrnediates .
Observed 3 25 3 113
Expected 493 36.76 103.09 147
SMR 0.51 - 0.68 0.52 o
Orchardises
Observed 9 55 157 21
Expected 13.90 100.54 26.5) 34097
SMR 0.65 055 0.69 065
All groups
- Observed 23 109 318 447
Expected 2.2 175.79 433.31 634.03
SMR. 0.79 0.62 0.73 0.0

The analysis was also performed separately for cach of three principal causes of
death, heart discase, cancer, and stroke. The cause-specific life tzbles were vsed
with other deaths treated as withdrawals, Tables 6, 7 and 8 summarize these results.

It is seen that for classes suggestive of excess mortality for all causes, the excess
cannot be attributed to any specific cause. In most cases each of the three specific
causes are reasonably consistent. For example, for intermediates, all ages, 11-20 yr
exposure, the heart disease SMR is 097, the cancer SMR is 1.6, and the stroke SMR
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Tastt & TOTAL MORTALITY SMR ADJUSTED TO CONUMIR DEATH RATE AND ASSOCIATED p VALUES

Years of Age
exposure Cokont [ $5-64 65+ Total
1-10 Intermediate
SMR 083 0.83 1.08 0.98
2 value - 047 0.63 092
Orchardists
SMR 1.0} 0.76 1.24 1.0t
2 value 0.97 0.28 0.27 097
11-20 Intermediates
SMR . 0 131 1.38 1.3
© pyalve -— 0.44 0.10 0.08
Qxchardists
SMR 0.67 0.84 0.36 0.88
p value - 039 0.9 0.15
U+ Intermediates
SMR — 0.53 093 0.90
p value - — 0.75 0.64
Orchardists
SMR 0 057 091 0.84
p value -_— .04 044 0.09
All years  Intermedistes
SMR 0.81 0.92 .1t LoS
p value - 067 031 0.59
Orchardists
SMR 0.87 0.74 094 0.87
£ \alue 0.6 0.02 0.40 0.04
All groups
SMR 1.06 034 0.98 095
p value 0.76 0.06 0.73 0.29

is 0.65 (only 3 deaths). The overall SMR is 0.65 for heart disease, 0.73 for cancer,
and 0.79 for stroke. Less common causes of death, including kidney disease, liver
disease, and lung cancer, were also studied but were not found to be unusually pre-
valent. The normal-prevalence measures were obtained [rom relative cause-specific
YVital Statistics from Washington State for 1953, the midpoint in the follow-up period.

Data were also collected on reason for leaving orchard work. Responses included
bealth, death, retirement, other employment, and other, This information did not
prove useful. The female response rate was too low to allow any use of the reasons.
While the response rate was slightly better for males, no additional information on
the contribution of lead arsenate spray exposure to mortality was gained,

DISCUSSION
The main conclusion of this study is that excess mortality does not occur con-
sistently from exposure to lead arsenate insecticide spray. While the results are
suggestive of excess deaths at some lesser exposures, the evidence is that many lives
inchiding those with the longest exposures are not being affected. An exhaustive set
of class-specific analvses did not incriminete the lead arsenate exposure as a consistent
factor in the observed deatbs.
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TABLE 6.  OBSERVED AND IXPECTED DEATHS AND SMRS POR REART DISEASE SIORTALITY

Years of Age
exposure Cohort 0-44 45-64 6+ Totl
0 Consumers
Observed 1 8 26 3s
Expected 152 1429 4.7 &S50
SMR Q.66 036 058 058
1-10 Intermediates
Otnerved ] ] 17 2
Expected 0.950 1029 2139 3259
SMR L10 0.78 0.7 030
Orchardists
Odserved 0 4 lg.3 . ;2“
Expected 1.7 11.594 b}
SMR 0.00 034 0.81 0.4 “-”'l
11-20 Intermediates o
Observed 0 4 10 14 o
Expected 0. kXY 10.88 1440 o=
SMR 0.00 1.16 0.92 097 -
Orchardists : o
Observed 0 9 19 28
Expected 095 1829 34.60 sy N
SMR 0.00 0.49 0355 a1 an
24+ Iotermediates .
Observed 0 0 10 10
Expected 0.00 1.08 1.9 1338
SMR -— 000 0.81 0.7
Orchardists
Observed 0 ] k] £
Expected 0.18 1340 54.32 6150
SMR 0.00 0.60 072 0.69
All years  Intermediates
Observed 1 12 3 50
Expected 098 14.82 44.56 60.36
SMR 1.02 0.81 083 043
- Orchardists
Observed ] 21 68 1
Expected 290 43.63 10129 LY v
SMR 0.00 0438 0.67 0.60
All groups
Observed 2 41 131 124
Expected 5.40 nn 190.36 268.69
SMR 037 0.56 0.69 0.65

Several caveats are necessary. Information on important covariables such as
individual cigaretie smoking or lead-arsenic exposure from diet is unfortunatzly not
available. The local water supply was investigated as a possible source of lead or
arsenic and found not to be a problem.

It is difficult to be sure of the exposure dosage categories. Tt is unfortunate that
the individual blood and urine concentrations were lost. While the group-averages
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Tazlr 7. OBSERVED AND EXPECTED DEATHS AND SMRS FOR CANCIR MORTALITY

Yean of Age
exposcre Cohont 044 45-64 65 = Total
] Consumers
Observed 4 9 k] 16
Expected 1.68 9.12 11.68 2448
SMR 238 0.9% 0.22 0.65
1-10 Intermediates
Observed 0 3 7 10
Expected 0.62 4.57 7.02 1321
SMR 000 054 1.00 0.76
Orchardists
Observed 0 6 3 9
Expected 098 3.46 419 10.63
SMR 0.00 .10 0.7l 0.8
11-20 Intermedistes
Observed 0 2 §  §
Expected 003 1.47 48 498
SMR 0.00 136 172 1..0
Orchatdists
Observed [ 9 3 12
Expected 038 716 10.82 18.36
SMR 0.00 128 028 0.6
214 Intermediates
Observed 0 Q 3 3
Expected 0.00 0.38 340 kR
SMR — 0.00 0.88 0.79
Orchardists
Obsenved [/} 1 " 12
Expected 0.07 487 16.20 2114
SMR 0.00 0.21 0.63 057
Allyears  Intermediat
Observed /] - 15 21
0.65 742 13.90 2198
© SMR 0.00 0.67 1.1 0.96
Orchasdists
Obsarved 0 11 1?7 k13
Expected 1.43 17.48 3121 50.13
SMR 0.00 092 0.5¢ 0.6 .
All groups
Observed 4 k ] 15 0
Expected 376 - 3402 $8.30 96.58
SMR 1.06 0.83 0.61 0.7

followed the suspected exposure gradient, considerable individual variation was
| present. We cannot be positive who the most exposed study members were. The
; dosage level is particularly a problem for the intermediates, who have the most
| heterogeneaus exposure. .
" Several speculations which can be neither proved nor disproved are possible. One
might claim that orchardists who were most vulnerable to lead arsenate spray left
orchard work before 1938 so were either not in this study or were classed as
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TAME §. O33ZAVED AND EXPECIED DEATHS AND SMRS FOR STROKE MORTALITY

Years of Age
exposure Cotont 044 45-64 €54 Totat
0 Consusners
Observed 1 2. 2 26
Expected 033 3.68 1849 252
SMR 213 0.54 324 118
1-10 Intermediates .
Observed 0 | s (3
Expected 016 224 19 10.99
SMR 0.00 04s 058 035 ¢n
Orchardists ’ -d
Obrerved 0 1 é T ™
Expected 0.2¢ 203 4 653 —
SMR 0.00 0.49 1.41 107
- &
11-20 Iotermediates .|
Obsened 0 [} 3 3 =
Expected 0.0t on kX - ] 4.60
SMR 0.00 0.00 077 oss N1
Orchardists ~
Observed 0 L 10 I
Expected 6.12 299 11.70 13.82
SMR 0.00 0.33 0.83 0.74
a4+ Intermediates
Obsenve 0 0o 0 0
Expected 0.00 0 424 447
SMR 0.00 0.00 0.00 0.00
Orchazdists
Otserved g 0 14 14
Expected 0.02 24 1801 - 20.44
SMR. 0.00 0.00 0.78 0.63
Allyears  Intermediates
Observed 0 | s - 9
Expected 0.17 17 1672 20.06
SMR 0.00 032 043 045
Orchardists
. Observed ] 2 0 32
Expected 0.41 742 N9 4142
SMR 0.00 027 0.88 0.%6
All poups
Observed 1 H 61 7]
Expected 093 14.28 .18 8.9
SMR 107 0.3 083 0.79

intermediates. Thus, those who remained in orchard work were a self-screened
group who were relatively resistant to any harmful effects.

Similarly, the people most susceptible to the lead arsenate spray might either
have died or moved away before 1938 leaving behind a selected group of better
mortality risks. This theory would account for the extremely favorable mortality
txperience of the entire cohort in comparison with the total state,
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Another difficulty with interpretation of study results is the relatively small number
of study members. Some of the suggestive excess deaths are not significant because
of small numbers. Many of the volunteers in 1938 are still too young to have reached
high risk mortality age. Large numbers of subjects are needed in studies involving
subtle effects of environmental exposures rather than mortality, which is a rather
crude index. .

To eliminate the possibility that those most affected by & potential hazard may
drop out before & formal study begins, future effects studies should identify and
follow all individuals from their first exposure to & possible health risk. In the future,
100, the expense of better defining individual expasure is obviously justified. Exposurs
can be better handled in prospective studies than in follow-up studies. :

From the beginning of the study, the limitations of the small size of the study

group, the paucity of exposure information, and the possible bias of the study pop-

ulation were apparent. However, the availability of such a highly-exposed group
afforded a unique opportunity to obtain a mortality analysis. A large gradient in
mortality experience would have overcome these recognized difficulties; that this
did not occur only emphasizes the importance of these limitations for future studies.

SUMMARY
A follow-up mortality study was conducted for a cohort of 1231 individuals in
Wenatchee, Washington, who had participated in a 1938 morbidity survey of the
exposure effects of lead arsenate insecticide spray. The individuals were classified by
spray exposure and duration as well as by age and sex. An ‘orchardist’ group had

highest exposure to the lcad arsenate spray while a ‘consumer’ group had no direct -

spray exposure. A third group had intermediate exposure, Duration of the exposure
was categorized into 0, 1-10, 11-20 and 214 yr.

Over 97 per cent of the original group was located in the follow-up which took
place in 1968-1969. There were 452 deaths. A life table method of analysis of the

standard mortalily ratio (SMR) was used. The standard population for calenlating -

expected deaths was the state of Washington. Rabe analysis was done for total deaths
and for the specific primary causes of heart disease, vascular lesions, and cancer.

For all study members combined, the SMR was 70 per cent, demonstratiog that
this cohort experienced less mortality than the Washington average. While several
of the analysis sub-categories had significant SMRs, the pattern of these differences
Wwas not consistent. Exposure group mortality ratios were not consistent with the
exposure gradient. Intermediates had the highest SMR (0.78) and orchardists the

lowest (0.65). The mortality pattem for increasing duration of exposure also was . -
po{ consistent. The highest mortality was experienced by the intermediate group in

the 11-20 yr duration category. For the cause-specific anzlyses, the pattern of mortality
was reasonably consistent for each analysis sub<ategory implying that excess deaths
were not solely due to any of these three specific principal causes. ’
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