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FOREWORD 

The primary mission of the Health Effects Research Laboratory i§ to 
provide the EPA Regulatory Offices with human health assessments for pop
ulations exposed to environmental contaminants. This information is used 
in the Agency's standard setting procedures to ensure that man is pro
tected from significant adverse health effects. 

The objectives of the investigation reported herein were to assess 
the human health implications of consuming drinking water contaminated 
with arsenic. The investigation involved comparisons of body burden 
levels, physical ex1mination results, and cancer incidence and mortality 
rates between a population exposed to 0.18 to 0.21 mg/l of arsenic in 
their drinking water and a comparison population not so exposed. Levels 
of arsenic in hair and urine clearly reflect the levels of arsenic in the 
drinking water. However, no significant differences were observe~ between 
the health or mortality experiences of the arsenic exposed and comparison 
populations. 

The results of this study fail to demonstrate significant health 
effects associated with exposures to ~oJerate levels of waterborne arsenic. 
However, since the study was relattvely small (145 exposed and 105 com
parison participants), these results ~t be considered as only part of 
the evidence nece~sary for assessing the human health implications of 
waterborne arsenic ~xpo$ure. 

James B. Lucas 
Acting Director 
Health Effects Research Laboratory 
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ABSTRACT 

This study evaluates the health effects of arsenic in drinking water at 
~evels 1pproxi~tely four times tht Ma~illlUlll allowed by the National Interim 
Prilftlry Drinking Water Rtgulattons. Pt\Ysic1l ex1111in1tions of 250 people 
~ncluded evaluating dermatological 1ndineurologic1l health, s19p11ng h1tr and 
urine for arsenic content and testing tor anemia. Water consU111Ption est1..tes 
i-ere used to estimate arsenic ingestion. 

· Stu~ part1~ipants came from a h~geneous, stable population with m1n1
t!Ull influence from cigarette smo1:ing d"e to the predominantly •Monnon" 11ft
1Style of Millard County. Utah where th~ resided. The 145 •exposed• partici
~ts ~,..,.. frQm /finckl'1 ind t>eseret wbtrt ctr1nk1r.g wtter arsen1c content ...... 
~raged 0.18 a~ 0.21 mg/l respectively. A matched control group of 105 
participants was selected from neighbo~ing Delta where drinking water arsenic 
lveraged 0.02 mg/1. 

; A clear relationship was shown be1Ween the amount of arsenic consUllled and 
~he amount of ansenic present in hair •nd urine samples. Dennatolog1cal signs
compatible w1th arsenic exposure were r"are an.t, when found, were scattered 
~1ngly among bottl exposed and control participMnts rather than being clustered 
~s multiple signs on individuals with higher arsenic exposure. Anemia was not 
~ound significantly more often among e~posed participants. Nerve conduction 
slowing did not correlate significantl~ with arsenic exposure levels. Typical
signs and symptoms of arsenic intoxication were r.~t found 1n any of the study 
participants. 

· Cancer incidence and cancer death rates did not suggest an excess of 
cancer in the exposed COlllRUnity. In general. the exposed participants ap
peared to be as healthy as control participants. No adverse health effects 
~ould be confinned by this study for people exposed to arsenic in drinking 
wa~~r at four ti111es the maximum allowed by current standards. 

, This report was submitted in fulf1llment of Grant No. R-804-617-01 by
the Utah State Otpartment of Health under the sponsorship of the U.S. Environ
Mlntal Protection Agency. This report covers a period from ~~ul!fllt-er 1. 1976 
to January 31, 1980, and work was completed as of February 29, 1980. 
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~ECTION 1 

INTRODUCTION 

BACKGROUND 

Arsenic is a coirmon mineral w1dely distributed in the environment. In 
various chemical roni>inat1ons, arsenic is notorious primarily for its acute 
toxicity (Lisella et al., 1972). Epidemiological evidence has accumulated to 
show that arsenic consumed in drinking water has been re· 1onsible for specific 
signs and symptoms of illr.ess, and even death (Zald1ver, 1974 and Tseng et al., 
1968). Since 1900, limits or standards have been set to control the ainount of 
arsenic that can be pennitted fn food and water (Lfsella et al., 1~72). In 
the United States the "Interim Primary Drinking Water Regulations" ~ll(lloil" 
maximum of 0.05 mg. of arsenic per liter of drinking wat.er (Environnental Pro
tection Agency, 1976). This U.S. St~ndard is unchar.ged from the U.S. Public 
Health Service Standard of 1962. 

While several studies suggest that specific signs, symptoms, and medical 
~roblems may be associated with too much arsenic fn drinking water, they also 
show a number of conspicuous disparities ·in the kinds of signs and symptoms
recorded depending upon wherP the various episodes were studied. 

Tseng, et al., {1968} reported a major episode of waterborne arsenic 
poison~ng i an area on the southwest coast of Taiwan. The predominant signs, 
symptoms, and illnesses reported from this study were hyperpigmentation, kera
toses, skin cancer, and a circulatory disorder locally known as "blacltfoot 
disease. 11 The average concentration llf arsenic in the well waters consumed by
this population was 0.6 mg/liter. Water frcm the wells was used for more than 
45 years. This study showed the prevalence rate of skin cancet· to increase in 
direct proportion to the arsenic content of the well ~ater. 

In the city of Antofagasta, Chile (Zaldivar, 1974) an investigation was 
made into reported chronic arsenic poisonings. The source of arsenic was the 
drinking water supply. The mean concentration of arsenic in this wat~r ~as 
determined to be 0.8 mg/liter. Children (0-15 jears of age) were the predomi
nant patients. Among the signs and symptoms recorded frofll this population 
were weight loss, diarrhea, general debilitation, ~norexia, and scaling of the 
skin. Over 80 percent of the affected population had abnormal skin pigmenta
tion, many had hyperkeratosis of palms and soles. There was a high frequency
of bronchopulmonary disease, especially bronchiectasis. There were also 
several cases of ischemia and myocardial infarction, also mesenteric throm
bosis. 
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Vallee, et al., (1960) reported that polyneuritis and motor-palsies may
be the only manifestations of chronic exposure to arsenic. Heyman, et al., 
(1956) investigated 41 cases of arsenical polyneuropathy. A number of the 
case£ had more than chronic exposures. For these patients the onset was sud
den ~nd drimatic. The first signs in those patients with ~hronic exposure 
were weakness, prostration, muscular aching, and personality changes. Cutan
eous manifestations were recorded after six weeks. Large areas of skin over 
the trunk and arms became highly pigmented. Hypertceratotic scaling developed 
especially over hands and soles. Some of the patients developed white trans
verse bands on their fingernails (Mee's Lines). The onset of symptoms of 
neuropathy w~s characterized by the appearance of numbness, tingling, and sen
sations of "pins and needles" in the feet. Sensory examinations showed a de
crease in touch, pain, and temperature sensations in their hands, feet, and 
lower legs in a synmetrical "stocking-glove" distribution. In mor~ severe 
cases other signs and symptoms were recorded. 

Tsuchiya (1977) sunmarized a number of arsenic studies in Japan. He 
called attention to abnonnal electromyographic findings in residents living 
near mining and smelting operations where copper and arsenic trioxide were 
produced. Interest has developed in the possible prolongation of nerve con
duction ~elocities due to the absorption by the body of certain toxic metallic 
ions. 

Mizuta et al.,(1956) and Miyata et al., (1970) [as reported by Tsuchiya
(1972)] studied arsenic poisonings resulting from consumption of contaminated 
soy sauce and milk. Anemia was rt!ported as a frequent abnonnality exhibited 
by the vict~m<>. 

Arsenic has been associated with diseas~s of the cardiovascular system 
in a number of epidemiological studies. Early in 1901, Reynolds examined 500 
patients suffering from arsenical poisoning. Cardiac and hepatic signs and 
sympt:cms were recognized in approximately 25 percent of the patients. Thir
teen deaths were attributed to congestive heart failure. Later Borgono and 
Greiber (1972) and Zaldivar (1974) reported on dennatological manifestations 
and deaths especially ,unong children. Over 70 percent of the cases were chil 
dren 0 to 15 years of age. Deaths were reported due to thrombosis of mesen
teric and brain arteries, narrowing of coronary arteries, and/or myocardial 
infa,.ction. 

An association of arsenic and cancer has also been reported in some of 
the studies. Rasset (1958) reported keratoses associated with carcinomas of 
the ~nternal organs. Sorrmers and McManus (1953) reported a study where cancer 
of skin and internal organs were associated with arsenical poisoning. How
ever. conclusive evidence for such a relationship is not available. 

Not all studies of people with arsenic exposure from drinking water 
showed evidence of health effects. Morton et al., (1976) expressed disap
pointment to have found no association between drinking water arsenic levels 
of approximately 0.100 mg/l in Lane County, Oregon and skir. cancer incidence. 
Dennatologists of that area seldom saw arsenical keratosis or hyperpigmenta
tion despite their awareness of the widespread potential exposure to arsenic. 
Goldsmith r.t al. (1972) evaluated the health significance of 0.100 to 1.000 
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mg/l of arsenic in drinking water in Lassen C?unty, California. They conclud
ed that although arsenic levels in drinking water above 0.05 rng/1 '"creased 
arsenic levels in the hair, they could find no evidence of any specific ill 
ness associated with elevated arsenic levels. 

It is evident from the literature that cutaneou! lesions (hyperpigrnenta
tion, keratoses, and some skin cancers) are the more consistent signs of 
chronic arsenic exposure. With reference to these studies the National Acad
emy of Science (Arsenic 1977) observ~d, "It should be noted that many studies 
of populations 'at risk' have failed to evaluate cutaneous changes adequately.
Proper examinations of the skin of people subjected to chronic low-dose arse
nic exposure have the potential of providing valuable infonnation rela~ed to 
dose and duration of exposure necessary to cause changes in given populations. 
In a word, these benign skin lesions may be regarded as sensitive indexes of 
expcsur~ to an agent that has potentially ser~ous consequences." 

Since exposure to arsenic in drinking water has produced such varied re
sults, continued research and study are necessary in order to more accurately 
assess the health impact of arsenic on the reside~+s of a COITlll.lnity where the 
drinking water contains a level of arsenic that exceeds the maximt111 permitted
by the National Standards (Fowler, 1977). 

Since an adequate animal model for arsenic intoxication studies has not 
been found, there is a need for studies to be performed on populations that 
are inadverter.tly exposed to arsenic it1 their drinking water (National Acaden\Y 
of Science. 1977). The residents of Hinckley and Deseret, (Millard County,
Utah) are among those inadvertently exposed populations. The Hinckley com
munit~'s drinking ~dter supply contains a level of arsenic (mean= 0.180 mg/
liter) approximately four times the maximum limit permitted by the National 
Standards. Deseret residents have only private wells which contain arsenic 
in the range of 0.053 to 0.750 mg/liter. (Only residents of Deseret with 
wells exceeding 0.150 mg/l were included in this study.) 

This West Millard County area and its residents provided an excellent 
opportunity to study the health effects of drinking water conta:ning concen
trations of arsenic which exceed the National Standard. The drinking water 
in Hinckley and Deseret exceeded the level of arsenic permitted by the Stand
ard while arsenic in the water supply of Delta was ~1ell within the limits of 
the Standard (mean s 0.019 mg/l). The residents of all three communitie3 are 
part of the same stable, ho:nogenous, predominantly "Mormon" population. The 
study of these corrmunities was undertaken in 1976 by the Utah State Divis~on 
of Health under a grant from the United States Environmental Protection 
Agency. 

OBJECTIVE 

The objective of this study was to test the following hypothesis: 

A populat10n which consumes drinking water containing levels 
of arsenic which exceed National Drinking Water Standards by
approximately four to eight times will show more signs and symptoms 
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of chronic arsenic poisoning than a matched control population 
which consumes drinking water with minimal arsenic content. 
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SECTION 2 


METHODS AND PROCEDURES 


STUDY DESIGN 


This study was designed to test the hypothesis and evaluate the health 
effects of consuming arsenic in drinking water by the following methods: 

1. Assessment of environmental exposure to arsenic. 

a. Environmental sampling in each c011111Unity to docunent arsenic 
exposure potential from drinking water and airborne particulates. 

b. Estimating drinking water's contribution to arsenic consumption
by obtaining answers to a water conSllnJ>tion questionnaire from each 
study participant. 

c. Measuring levels of arsenic in hair and urine samples of 
participants from each C011111Unity to show levels of arsenic uptake
fr<'m the environment. 

2. Assessment of health status. 

d. Examining partic~pants for dermatological signs of chronic 
arsenic poisoning, such as hyperpigmentation, keratoses. vascular 
changes, and skin cancers. 

b. Detennining nerve conduction velocities and perfonning
neurological examinations on participants. 

c. Measuring hematocrits to identify anemia among participants. 

d. Evaluating cOllll'lunity death rates and cancer incidences. 

STUDY SUBJECTS 

Description of Stuc:ty COllll'IUnities 

The West Millard County. Utah, area is located near the center of a large 
desert valley. The land slopes to the southwest; however, the valley is so 
large ft makes the land appear flat. The area is rural with dgriculture. the 
primary source of livelihood. 
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The illhabitlnts of the area are over 95 percent caucashn. The early 
Monnon settlers of the area were predominantly English with a small number 
from Scandinavia. In the 1860s and 1870s, they settled in Deseret. As their 
numbers increased, they moved out to form other c01T111unities, including
Hinckley, and later Delta. Many of the families in these stable co11111unities 
are related to each other. 

The drinking water supply for the ~rea comes from deep wells. Two com
munities, Hinckley and Delta, have developed p~hlic drinking water systems. 
The residents of smaller surrounding camnunities, such as Deseret. obtain 
their drinking water from individual wells located near the family home. 

Arsenic content of groundwater fn this area tends to increase toward the 
southwest (See Figure 1). Delta, the lar9er of the three stud/ co11111Unities 
(population = i610), 1s situated in the northeast of Millard County and its 
drinking water wells contain very little arsenic (less than 0.025 mg/l). 
Hinckley (population = 400), which is west-southwest of Delta, discovered 
arsenic levels of approximately 0.180 mg/l fn water from its new culinary
well which was completed fn 1968. Prior to 1968 Hinckley residents consumed 
water from private wells. Of the five private wells available for testing in 
Hinckley during the study, the average concentration of arsenic was 0.178 mg/l
(range 0.100 - 0.250). Private wells serving families of Deseret (population 
~ 210) ranged from 0.053 to 0.750 mg/l with the higher concen~ratfons of 
arsenic tending to be found in wells toward the southwest. 

~election of Exposed Participants 

Exposed participants were selected from residents of the Hinckley and 
Deseret areas where their drin~ing water was tested and known to contain at 
least 0.150 mg/1 of arsenfr.. Males and females, five years of age or older 
and c1jrrent ,-esf dents of the arsenic exposed c01T111un1tf es for a mf nfmum of ff ve 
years, ~~re selected as exposed participants. The majority of the eligible
participants had lived fn their comnunf tfes most of their lives. All quali
fied individuals were included 1n the study, except for a few who (because of 
apparent antipathy toward government) refused the in\'itation to participate. 

Selection of Control Participants 

Control participants were selected from the residents of Delta where the 
drinking water supply contains less than 0.025 mg of arsenic per liter of 
water. Residents of Delta who had lived part of their lives in Hinckley, 
Deseret,or surrounding areas where the drinking water contained a level of 
arsenic that exceeded the National Standard of 0.05 mg I liter of water wer~ 
not selected as control participants. 

Control participants were screened for exposure to arsenic through use of 
arsenic-containing pesticides or other arsenfc-contafnfng chemicals. No con
trol participants were found to have this type of arsenic exposure. 

The age and sex distribution of the control population was made to re
flect the age and sex distribution of the exposed population (see Tables 1 and 
2\, Since tfle eligible control population was larger than the exposed 
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HINCKLEY ® 

I l 'llHe 

DESERET 

n&. 1. 	 Map of West Millerd County, Utlh, showing the geogr1pllfc 
rehtionship of tfle control ccmunity (Deltl) to the 
1rsenic eaposed CC111111Unitie1 (Hinckley 1nd Dtseret). 
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population, control candidates were grouped by age categories and a number 
was given to each. Control participants were ther. cnosen by random number se
lection from within age categories. 

Recruitment of Participants 

After obtaining cooperation of COIWllUnity leaders, public meetingi were 
held in Hinckley and Deseret to explain the need for a study of arsenic health 
effects and to solicit support. People attending the meetings voted to 
support the study. 

A card file (Figure 2) of families living in all three study cOfl'lllunities 
was prepared from various sources including the telephone directories, school, 
and church records. 

Participants were recruited by families. Families listed in the car1 
file were visited by study representatives and those willing to participa:e 
were recruited into the study. Infonnation required to detennine eligibi ,ity 
to participate 1n the study was obtained through the administration of a .1rief 
questionnaire entitled "Household Census and Water SurveyN (Figure 3). Plo~le 
meeting the eligibility criteria outlined above were selected to participai0 

in the study. 

A few families and individuals from the exposed corll!lunities (33 total 
people) were antagonistic toward the study and refused to participate due to 
antipathy toward governnent. We could not detennine how many of these 33 
people would have met the ,ligibility criteria had they been willing to parti 
cipate in the study. Table 1 shows that of the 223 persons detennined to be 
eligible for the exposed group, we were successful in scheduling 83 percent
for physical examinations. Although all adults over 30 years old were sched
uled for physical examinations, we encountered reluctance when we tried to 
schedule some young adults and youth. A few persons in all age groups failed 
to keep their appointments for physical examinations. Sixty-five percent of 
the eligible exposed group were actually evaluated by physical examination. 

Table 2 shows similar information for the control group. Of the 226 se
lected, 69 percent were successfully scheduled for physical examinations. As 
with the exposed group, some did not keep their appointments. Forty-six per
cent of the selected control group were actually evaluated by physical exami
nation. 

Table 3 shows the final distr;bution of study participants. The match 
between control and exposed groups remained quite close. Our concern ror bal
ance within the study population was directed toward balance between exposure 
groups. We wanted the control population to mirror the age and sex distribu
tion of the exposed population. We attempted to analyze possible imbalances 
in our study population using a multiway frequency table analysis from BMDP 
(Brown, 1979). This analysis for balance showed that the available exposed
population was not perfectly balanced across age categories, but balance was 
achieved between exposure groups. 

2The test showed that there were significantly more (P .005) total 
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FIG. 2. Data card for file of potential participants tn the arsenic study. 
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participants in the age category 13-20. Noneth£1dss, this characteristic was 
not significantly different between exposure groups. That is, the control 
population mirrored the age (and sex) patterns of ~.tie exµosed population even 
though the~ were significantly fewer control participant~ (D · .005). :'*» 
significant Qifferenc,,s between control and exposured part1c1pah~S were found 
for age categories ("P"s ranging fro11 .944 to .103) or sex (.-i • .~04). 

Table 1. Eligible exposed participants (from Hinckley and Deseret) showing
percent successfully scheduled for physical ex11111nations and ttic percent 
actually examined. 

Age Total number Percent Percent 
Group eligible scheduled exan•~ned 

Male Female Male Fetnale Male fb.111le 

7-12 24 14 421 43% 421 431 

13-20 28 27 681 781 431 521 

21-30 Es 7 88% 861 631 571 

31-40 11 14 1001 1001 821 791 

41-50 12 13 100% 1001 50% 1001 

51-60 14 13 100% 1001 79% 1001 

61-70 10 11 1001 1001 801 821 

71+ 8 10 1001 100% 75% 80% 

Totals 115 108 791 86% 581 721 

Grand Total 223 831 651 
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T1bl! 2. Randolr;y selected control parttctpants 1fl"Oll Delta) showt,,g 
~rr.~t s11ecusfully sdleduled for pflystcal uui1nat1ons and the per.:ent
_ct..;ally examtntd. 

Age k,11 ~r Percent Percent
Group ~elKted -~cheduled U•1ned 

t!ilf F!!!!l! Mile F11111 le! Mlle F...le 

?-1 ~ 24 18 251 221 251 111 

7:!- 20 JO 29 571 6:?% 20~ .CSI 

21-JO 11 9 731 7'lS 361 671 

31-40 14 19 861 951 571 681 

41-50 16 12 1001 921 441 581 

51-60 9 13 1001 771 891 691 

61-70 9 8 891 lOOJ 671 751 

71+ 3 2 lOOI 1()()1 671 1~ 

Totals 116 110 6Bi 711 411 531 

Grand Total 226 691 461 

Table 3. Age and sex d1str1button of study parttctpants iro11 control (Del ta) 
and exposed (Hinckley and Deseret) COllll!Un1ttes. 

Ages Ka1e 
Ciintro1 
i rema1e i Ri1e 

rx~sea 
r111111e I 

7-12 6 12.8 2 3.5 10 14 9 6 7.7 

13-20 6 12.8 13 22.4 12 1; .9 14 17.9 

21-30 4 8.5 6 10.3 5 7.5 4 5.1 

31-40 8 17 .0 13 22.4 9 13.4 11 14 .1 

41-50 7 14.9 7 12. 1 6 9.0 13 16.7 

51-60 8 17 .0 9 15.5 11 16.4 13 16.7 

61-70 6 12.8 6 10.3 8 11.9 9 11.5 

71+ 2 4.3 2 3.5 6 9.0 8 10.3 

Totals 47 44.8 58 55.2 67 46.2 78 53.8 

Grand Total 105 145 

.. J.2. 




ASSESSMENT OF EXPOSURE TO ENVIRONMENT,~ ARSENIC 

Enviro,.,..ntal Sampling for Arsenic 

"'nthly drinkin9 water sainples were obtained ft"Olll the Hinc:kley coanunity
drinking water well (~ay 1976 - May 1977). The purpose was to assess possi
ble seasonal variation in arsenic content of Hinckley water. and to ~QllPUte 
a better avera~e arnn1c content value. Delta cOWlllUft1ty dr1nlt1ng water was 
sainplP.d simll~rly during the same tinie j.leriod and tested for arsenic content. 
Some months £~ch of the three Delta wells were sapled individually. while on 
other months a mixed sample from the Delta water syst1111 was taken. 

The families in Deseret had no c01M11nity water system. so individual 
private wells were saq>led and tested to evaluate arsenic levels. Prior to 
selecting Deseret residents for participation in the arsenic study, each po
tential participant's hon1e drinking water well was sampled and tested for 
arsenic content. 

An air monitoring station was established near Delta to measure total 
suspended particulates on a daily basis for a year (July 19/7 - June 1978).
Each week the filter with the heaviest particulate load was set aside for 
arsenic content analysis. The purpose was to obtain an estimate of the 11110unt 
of airborne arsenic fn that dry desert region on the chance that airborne 
arsenic might confound the study. 

Collecting Hair and Urine Samples 

Early f n the study (May, 1977) 119 hair and 153 ur1ne samples were col
lected froin school-age children to document arsenic body-burden differences 
between Hinckley and Delta. Bottles for urine and envelopes for hair were 
delivered to cooperating families by study representatives. Participants 
were instructed to collect a first morning void of urine and to take hair 
samples from hair growing closest to the skin. There was some evidence that 
our collection instructions were not consistently followed. Resulting hair 
and urine samples were picked up from families and delivered to the laboratory 
for analysis. 

Later (August, 1978), as part of the physical examination, 185 hair and 
234 urine samples were obtained. Each particiPctnt in the physical examina
tion was given a urine saq>le bottle. Most produced a urine sample at that 
time. No attempt was made to account for possible diurnal variation in urine 
concentrations. A few took the sample bottle home with then, but generally 
did not return with a urine sample. Table 4 shows the number of participants 
from each study c011111Unity and the number of urine and hair samples received. 

Each participant in the physical examination was given a self-addressed, 
postage-paid envelope with his name on it. Each was instructed to place a 
quantity of hair from their next haircut in the envelope and mail it to the 
address on the envelope (the study headquarters). Hair sa!llples began arriv
ing at the office almost irnnediately after the physical examination and con
tinued for several months. Almost 75 percent of the participants sent in 
hair samples. which was considered an excellent return. Most of the people 
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~ failed to s•d hair samples were frtom the control c011111:mity. ~JI-le 5 
shows the age and sex distribution of participants who sent fo hait ,i\ 1i·.1~s. 

Tabh 4. Number· of physical examination participants from each study 
~omnunity showing number of hair and urine samples received. 

Number of 8wnh1r gf nm12]1s cgll e.; !.c:_d__ 
Conmun1ty 

~arti ci ~ants Urine Hair 

Control (Delta) 105 99 68 

Exposed c011111Unities 145 135 117 


Hinckley 102 95 80 


Deseret 43 40 37 


~·""..,.,ta 1 2i50 Z34 185 

Table 5. Percentage of participants who sent in hair samples by age category, 
sex, and exposure group. 

Age Category Control Grou~ Exposed Group 
Male Female Male Female 

7-12 67'.t 100% ~0% 50% 

13-20 33% 62% 83% 64% 


21-30 75% 50% 80% 100% 


31-40 63't 46% 78% 64% 


41-50 57% 86% 83% 85% 


51-60 86% 89% 82% 85% 


61-70 67% 67% 88% 89% 


7o+ 100% 50% 100% 78% 


%of Total 64% 66% 85% 77% 


S of Grand Total 55% 81% 
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1taboratory MethA<ts for Arsenic Detennfnations 
: 	 ' 

: Analyses for arsenic in water, uritne, and hair samples, and on the air 
!sample filters were done by the Utah Stat~ Division of Health, Bureau of 
lLa~ratories. The water was analyzed by the automated sodium borohydrate
11nethod using a tube furnace. 

: 	 - Aftet spect fie wn1trwn measuru· f'M'-ncrr-urrne samr>Te~ a 25 ml ali
iquot was withdr•wn for ashing. The sa~ples were ashed using a mixture of 
initric, perchlotic, and sulphuric acid~. The ash has dissolved in water, 
1diluted, and an•lyzed with the auto.nat~ hydride method. Urinary arsenic 
,levels were not adjusted for specific ~ravity. 
' 	 ' 

; Hair samples weN' washed with resJdue-free detergent, rinsed thoroughly 
·with distilled water And dried at room.temperature overnight. A portion (0.1 
·to 1.0 g) was weighed and ashed using• mixture of nitric, perchloric, and 
isulphur1c acids~ The ash was dissolved in water and diluted to 100 ml. The 
!samples were analyzed using the automated hydride method. 

~ •~h- ~otuftle air sa111ples were r.olltcted on s x to 1n<:h glass :'ii>er filtlrs 
'The filters were cut into strips 3/4 x 8 inches which are equal to 1/12 of 
ithe entire sample. The strips were heited in 3 N nitric acid for 30 minutes. 
;After cooling, the solution was decanted into Phillips beakers. Distilled 
:water was added to the beakers containing the strips and placed in the ultra
!sonic vibrator to allow the nitric acid trapped in filter to diffuse into the 
(Water. These washings were added to tlte first decanted solution. Concen
!trated sulfuric acid was added to the ¢Olnbined solutions. The resulting solu• 
:tion was evaporated to fumes of sulfuric acid. After cooling, distilied water 
was added to dissolve the ash and dilute the material to 25 ml. The resulting
samples were ana1yzed by the automated borohydride method. 

In general, the following control prccedures were followed for every

.20 samples : 


1. 	 At least one blank. 

?.. 	 Four or more standards ranging from 5 to 40 µg/1iter arsenic. 

3. 	 At least one "spiked" sample. 

4. 	 At leas:t two duplicate samples. 

5. 	 Unused glass fiber filters were cut the same way as the high volume 
filters and run for controls. (0.3 ~g of arsenic average on unused 
8"x10" filters.) 

Estimating Arsenic Exposure from Drinking Water
! 	 I 

. When study participants reported for their physical examination, they 
were asked to complete a "Water and Bewrage Consumption Questionnaire" 
(~ure 4). As they filled out the questionnaire an assistant showed him or·"'-r an ngh.t. ounca ...uer. ~·•Ad Ilk.ad fw. ~5-~°km- &f the Yaf'-lettS- .... r . , 	 ~ 
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REPLICATIOll QUESTIOllHAIRE 24 28 295 

MILLARD COUNTY ARSENIC STUDY 
WATEP AND BEVERAGE CONSUMPTION QUESTIONNAIRE 

NameDate --------- 

Water Consllllption 

Considering all the sources of your drinking 1111ter (including home, work, 
scllOol, etc.); please estimate how many 8 oz. glasses of plain water you 
drink in a typical 24 hour day (s111111er and winter) from each water source. 

Sumner Winter 
1. Hinckley public 1111ter supply 8 oz. glass!s 
2. Delta public 1111ter supply 8 oz. gluses 
3. Private wel 1 at ha!le 	 A nz. glasses 
4. 	 Private well other than at home 8 oz. glasses 

Location 
5. 	 Other water sources 8 az. glasses 

Explain 

Beverages Consumed 

Please ~stimate how many 8 oz. glasses of the following beverages you d·ink 
in a typical 24 hour day (s111111er and winter). 

Beverages made with home tap water: Sulll'ler Winter 

6. Flavored drinks (Kool Aid, etc.) 8 oz. glasses 

7. Fruit Juice from Concentrate 8 oz. glasses 

8. Home canned juices 	 8 oz. glasses 

9. Postum, Pero, etc. 	 8 oz. glasses 

10. Coffee or Tea (made at hane) 8 oz. glu.ses 

11. 	 Other beverages with hane tap water 8 oz. glasses 

Explain 


FIG. 4. Water and beverage consumption questionnaire. 
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24 28 295 

MILLARD COUNTY ARSENIC STUD'Hf~TER MD BEVERAGE COllSIWTIDM QUESTIONNAIRE (Continued) 

Bevtraoes requiring no addition of tap .-ter: 
12. Carbonated Soft Drinks 8 oz. glasses 
13. Non..C.rbonatecl Soft Drinks 8 oz. glasses 
14. 	 C01111rcial Fruit I Vegetable Juices 8 oz. glasses


(Y-8. T01111to Juice. Pineapple. 

etc.) 

15. Milk 	 8 oz. glasses 
16. Beer 	 8 oz. glasses 
17. Wine 	 8 ~z. glasses 
18. Coffee 	(from restaurant or other 8 oz. glasses 

source away 	 fro111 honte) 
19. Other beverages 	 8 oz. glasses 

Explain --------- 

FIG. 4. 	 Water and beverag• consumption quest~onna1re
(continued). 

·"t 



times of day th.tt one might consune water or beverages (such as morning upQIJ_ 
rfsing, at noon~·for lunch, etc.). Thelquestionnaire included places for sum
mer and winter ater consumption, comm~nity sources of water, various types 
of beverages in luding those made with, home tap water and those not requiring 
addition of tap!water. 

~ Consumptiori of arsenic from well water was estimated from participant . 
responses to thQ 11 Water and Beveta~·-COMlJT!PttOn Quest1 onnatl"~......--llle···pfft"tcl ~ 
pant's da;ly we'l water consumption estimates were tabulated separately for · 
sU11111er and wint~r. For the purposes of calculating an annual arsenic dose, 
the daily sL11111er. consumption estimate *as applied to four months (126 days)
while the daily !Winter consumption estimate w~s applied to eight months (239 
days). The total estimated quantity of water consumed during a year (in 
liters) was then mult;plied by the numl>er of milligrams of arsenic per liter 
of the applicab'e well water, to derive t1.e estimated annual dose of arsenic 
from well water :(in milligrams). A cr~de estimated "Total Dose" was calcu
lated also based on the annual dose ti'11es the number of years each partici
pant had lived in the corrmunity. 

""5ESSM£Nf Of tttiALTH STATUS 

Physical Examinqt;on Facility and ~out1ne 

Participants in the physical examinat;on were g;ven an appointment during 
the week of Au'gust 7, 1978. They were scheduled from 10 AM through 9 PM de
pending on their availability and work schedule. 

The phys;cal examinations were conducted ;n several rooms of the Delta 
High School. Typically as participants arrived they were received by study
representatives who helped each of the~ fill out several fonns including an 
;nformed consent fonn, a water and beverage consumption quest;onnaire, a 
he~lth quest;onnaire, and a patient's personal history questionnaire. (See
Figure 4 and Apµend;ces A. B, and C.) 

After completing the fonns, the participants were taken to various sta
tions lor urine •samples, hematocri t detenninati ons, neurological examinations• 
and dennatolog;cal examinat;ons. Upon complet;on of the physical examination. 
each part;cipant's folder of examination papers was checked. The participant 
was then g;ven a: self-addressed, postage-paid envelope for a hair sample to 
be collected and ma;led later. 
1

0ERHATOLOGICAL EXAMINATIONS 

Dennatological examinat;ons were carried out on 249 of the 250 individ
uals who came for physical exam;nat;ons. Of the individuals exam;ned, 43 
;(17.3%) were fran Deseret; 101 (40.6%) were from Hinckley; and 105 (42.2%) 
were from De 1ta. 
! 

The examinations were carried out on a blind basis. The dennatologist
had no knowledg~ of the co111TA.1nity ;n which any individual resided. Body 
~s examined included face, back, abdomen, anns, legs, hands, and feet. N& 
lnte'ft was .made. to.. examine. the..ches.t.+thigb. or geuital .areas unless questiQd· 
able;es1ons weq ;ndicated by the stucb participants. Notations were made o"t 
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ttbe individual'' eye and hair color as/an indication of the susceptibility ..taJ 
factinic datnage •nd skin cancer. : · 

I 

Participants were examined for s:I'cific signs of arsenic toxicity, in-Icluding palmar and plantar (palms and oles) keratoses, diffuse p1l1111r Ind 
plantar hyperke~atoses. and skin tllftO in non-sun exposed areas. All such 
llllOrs were recdrded except for obvioU$1y benign lesions such as seborrheiC · 

h'lllJl?J~r..-.~ilftl1~.-.-lrtffclT6§tc"lllj-vermKlftl11gnanrtWIM'J un·wtt 
previously re•nfed were noted. The lo~ation (i.e •• sun-exposed vs pall!Nlr/
plantar) and f~uency of all keratoses and t""°rs were recorded. Any diffuse 
non-sun expos~ ihyperpigmentation was recorded. as were Mee's lines in nails. 
!Arterial insuff1ciency was noted to 1s$ess any tendency toward •blackfoot 
;disease" descri~ed for the Taiwan arse~ic episode (Tseng. et al •• 1968).' i : : 

. Following 'he dennatological examination. the previously COlllPleted 

l
i11Health Questio~naire" (Appendix B) waS reviewed by the dennatologist with 
the participant·to clarify any positiv• responses and the relative frequency
jof viral or bacterial infections. 

ifMJrological -£mtnat10ns 
I . 

i
I 

All participants 47 years of age •nd younger were ex1111ined by the neu
irology team. Older participants were excluded because neuropathies incident 
!to age were expected to be connon. We focused on younger participants. in 
lwhom neuropathY was not generally expected. to see if an excess of neuropathy
!could be associated with high arsenic ingestion. In all. 150 participants
!received neurolcigical examinations (De1ta 67. Hinckley 53, and Deseret 30). 
1Each participant f• 1led out a "Patient 1s Personal History" prior to examina
:tion (see Appe~ix C for copy of forms used with neurological exa•inations). 

All subjects were exill'lined by 1 neurologist in a room separate from that 
iused for electrodiagnostic tests. Lig~t touch, pain, and temperature sensa
,tions were tested. An aesthesiometer (a modified Von Frey hair device) was 
iusec:! to measure .thresholds to touch over the dorsum of fingers and toes. A 
:2 g force was taken as the lowest threshold for touch. A pinwheel was used 
:over the feet and legs for detection Rf hypalgesia and sensory level. Cooled 
:al1111inU111 discs Ind wooden discs (1 ~ were used for evaluation of tenpera
'ture sense in hands and feet. The nulllhr of correct responses in six trials 
was detennined. Position sense was ev•luated at the great toe. The number of 
jcorrect res ponses out of ten were detemi ned for 10° changes in pos i t ion. 
:Vibratory sense was evaluated by applitation of a 128 Hz tuning fork over the 
medial inalleolus while the examiner palpated the lateral 1111lleolus. Vibratory
'sense was ·rated as nonnal or decreased in comparison to that of the examiner. 
Deep tendon (stretch) reflexes were rated on an 0 to 4+ scale with 2 being
:nonnal, 1 just perceptible, 3+ unsustained clonus and 4+ sustained clonus. 
The general appearance of the hands and feet with respect to the degree of 
iSweating. color, 111Uscle 1n1ss, and skin temperature was also recorded. 

Vital statistics for each subject. blood pressure (left ann. sitting
:position) and a systetnic review uJing • standard National Board of Internal 
Medicine fonn were also obtai:'.ed {SH Appendix C). Partic1panu Wirt txam1ntd 
further if the medical history and neurological examination suggested the 

1t_ 
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-f~Stmce of invqtvement of the nervous ,system. 

Electrod1agnost1c studies were pe~fonned using a TE-4 electrotl\)'ograph.
All results were recorded on photograph1c paper for future reference. Median, 
~lnar and sural sensory nerves were st4died 1n the right limbs. 

~- · Motor nerves were evaluated by ap~lying a short duration (< 0.2 msec) 
'lupP"1111ui1Ml !qtere wve- Ptt1tt to e ·itrqximel end dtttel- point 1m the nerve 
Kabove the elbo~ and at the wrist for riedian and ulnar nerves1 at the knee and 
ankle for peroneal nerve) while recordfng fro~ a small intrinsic hand or foot 
~scle. The ti~ to first negative deflection of the evoked muscle action po
tential was recorded. Distal latency was subtracted from proximal latency and 
~he difference divided into the distande between the two points of stimulation. 
Latencies, amplitude.and wave form measurements were recorded. 

Sensory nerve conduction was evaluated by stimulating median and ulnar 
digital nerves wtlile recording the ner~e action potential at the wrist. The 
tonduction distance was usually 13 cm. The sura1 nerve was stimulated at the 
1ateral malleolU'S and recorded proximally 15 cm from the point of stimulation. 

. Temperatures were recorded by means of a skin (2 nm) thermistor using a 
~ellowsprings Telethennometer at the base of the first and fourth fingers and 
at the lateral malleolus. 

Data were recorded on the reporting forms (Appendix C). Means and stan
dard deviations for conduction velocities were then calculated for each nerve, 
geographic location. and age group. 

~ematocrit Detertninations 

Blood was drawn by finger prick method. The first drop was discarded and 
the subsequent ~lood collected in a hematocrit tube. The tubes were centri
fuged and the hematocrit readings made. 

The criteria uc;ed to evaluate anemia was taken from the "Biology Data 
Book" (1974). The normal range for fe~les 14 years of age and older is 37 to 
47 percent and for males 40 to 54 percent. Single values were given for those 
under 14 years af age. People whose hematocrit readings were below the listed 
values or ranges were considered anemic. 

~onmunity Death ~ates and cancer Incid!nces 

A retrospective epidemiological study was conducted to examine the pos
sible association of arsenic consumption with cancer and vascular diseases in 
the West Millard County conmunities. 

a. Car.~er Incidence: Using Tumof Registry data. age adjusted cancer in
~1dence rates we-re calculattu for Millard County and several cormiunities in 
Millard County. All types of cancers were included, including reported skin 
tancers. Skin cancer reporting depended on individual physicians since they 

· ~ not required to report them. All forms of skin cancer could be include~ 
llttOt just the types associated wit~ ars~ni.C:_· On.1.J• se'i~n percent of all can~ers 



f-portid fi'dll M)l llrd t;ounty wre sk1n cancers. 

The direct 'method of age adjustment was used. Age specific incidence 
rates for the standard population (Utah) "'ere not readily available to enable 
iUse of the ind1y,ect method of age 1dju~tlnent. An age adjusted incidence rate 
· s 11so c1lcul•ted for the residents f Millard County population. This was 

for purpos• of cQ11p1r1son to ind cite whether county residents wre hr•• 
~UUlllG-~~...~~~IW+iK~--&fL· ----------- ------ - -- ----------------- 
I I 

, b. Death Altes: Using vital statistic records of the State of Utah, age
djusted rites for cancer and three v1i'cul1r diseases wre calculat•u f~r 43 • 
011111Unities in ~tah; tncludtng Hinckle , Delta, 1nd Fillmore in Millard Count1. 
hese rates wrei calculated to make a omparison for the death rates of the · ~illard County CIClllllUnities un~•r study1 All cancer-caused deaths were included 

~n the study. · 
I : t 

Since the study c011111Unities hid snlall populations and 1ge specific death 
rates for Utah were available, the indirect method of age adjustsnent was used 
in calculating death rates. An 1ver1~ of the 1960 and 1970 census data for 

of the jl_ cttjfes wes used to c.lcu1*8--d~th -rate& -for- the years 1956 ....., 
rough 1976. Since no 1960 census po~lation breakdown data were available~ r Hinckley, t"- 1960 percentage of age distribution for Millard County w1s 

•pplied to the Htfnckley population to ~timate a 1960 1ge distribution for the! 
residents of Hinckley. This estimate was averaged with the 1970 age distribu
tion data and t~e- resulting figures werle used to calculate the age adjustt:d 
~eath rates for Hinckley. · 
I 

! In order to check the method for estimating Hinckley's 1960 age distribu• 
tion, the 1970 age distribution was estimated by the same method. The 1970 
~stimate was c~ared to actual 1970 cerisus data. The 1970 estimate had a 
harger population tn the 65 year old arid older age groups than the 1970 censu$ 
Hata. If the saJie bias were introduce~ because of estimating the 1960 age 
~istribution, the age adjusted death r~es for Hinckley would be slightly
•ower than they should be. . 

~TATISTICAL METHPDS 

_ Data collected in this study were sunmarized with various univariate, bi~ 
variate, and 1111ltivari1te statistics. Data were keypunched on an Entrex 600/40•nd a computer tape was generated and sent to the State of Utah's main frame · 
~omputer, an Itel AS/5. This 4 megaby~ computer operates under IBM/s MYS · 
operating system software. · 

: The data were analyzed using the statistical software package SAS, sup
plied by the SAS. Institute, Raleigh, No~th Carolina. Also used was a program

called ECTA based on a procedure by Leo· Goodman, University of Chicago,

Illinois. 

, The following procedures were used~ 1) analysis of variance, 2) cluster: 
•nalysts, 3) correlation analysts, 4) d~scriminant analysis, 5) factor analy
~t!!. 6) chi-square analysis of 2-way cohtingency tables, 7) log linear analyst.J 
_..,.multi-way contingency tables, 8) regression analvs1s (least sauaresl, 



~l analysis of iAeans and standard devi-tions using t-tests and F-tests. 10)
canonical correlations analysis. and l~) simple descriptive statistics includ~ 
ing computer-printer plots (histograms, and scattergrams). 
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SECTION 3 

RESULTS 

~SESSMENT OF E~SURE TO ENVIRONMENTA~ ARSENIC 

' rsenic in Drin~n Water : 
I 

I 


Monthly wa~r samples taken fl"'Oll Hinckley and Delta (May 1976-May 1977)
showed arsenic cbncentrations averaging 0.180 mg/l for Hinckley and 0.019 1119/l
for Delta (see Table 6). 
~-·· .. 

Table 6. ArsMiic concentration in well water of three study communities. 

Niili>er of I 

Arsenic co"tent ~mg/1)
COllnlni t,y ., samples Mean nge 

Delta* 23 0.019 0.006 - 0.032 

Hinckley** 12 0.180 0. 150 - 0. 220 

Deseret*** 27 0.210 0.053 - 0.750 

*Samples fr~ Delta's three public wells sometimes individually and 

sometimes as' mixed by distribu~ion system. 


**Samples f~ Hinckley's single public well. 
' 

***Single samples from 27 private wel~s in Deseret. 

i 
Deseret wel~ waters averaged high~r in arsenic content than did 


~inckley's or Del'lta's. Families in DeSeret whose wells tested less than 

b.150 mg/l were not included in this study. Mean arsenic in well water of 

Peseret parti ci plants was O. 270 mg/l. ;

! . 

~rsenic in Alnbi!f!t Air 
I 

Arrbient air monitoring (July 1977~June 1978) showed an average of 0.005 
~3 for arsenic (Range 0.001 to 0.01~ ~g/M3). These figures are biased to
~ overestimating the amount of arse1ic in ambient air because arsenic - 



+lnlfYses" Wire- cii(focied-onfy--for "the--d.ys-with greater" total suspended par- 
t"ffculates in am6'ient air. Nonetheless• the amount of arsenic found was 
·extremely low. We concluded that the •mount of arsenic in the dry desert 
,dust that became airborne particulates:was not sufficient to materially bias 
iinterpretation of ars~nic exposure viaidrinking water. 

~enic Exposure Estimates 
:::__ ------ -- - . - ··- . --·- -- ... -~ -- - . 

. Water consu"ption data from participants in the physical examination was 

.tabulated for each conmunity (see TablI 7). The consumption patterns were 
JSimilar for eac~ comnunity. Individua s with similar work tended to have 
;similar water c~nsumption rates. High st consumption of water was associated 
iwith fanners and others who worked out+of-doors 1n the area's hot (900-105°F)
idesert environnMtnt. A few participant$ estimated their water consumption at 
!more than eight liters per day in the sunrner. 

. Compared with "Dafly Fluid Intake" ias discussed in the National Interim 
:Drinking Water Regulations. (Env1ronme•tal Protection Agency. 1976). these 
iparticipants reported higher than aver•ge fluid intake levels. This should 
IMt be WM}(pected then the &flea's -de~t erwiroument. .... 

Table 7. Dail,y su111ner wat~r consumption rates for residents of three 
· study corrmunities. 

er 

Conm.mfi;l of participants 


: Delta 105 2.7 0.5 - 12.0 1.9 

Hinckley 102 2.9 0.3 - 13.0 2.0 


' Deseret 43 2.4 0.3 - 8.0 1.4 


Estimates of arsenic consumed by each study partidpant showed a wide 
.range (see Table 8) within each comnun1ty depending on the water consumption
1evels of each participant. Nonetheless. the mean arsenic consU111>tion level1
~as lowest in Delta (control) and highest in Deseret. 

! The product of length of time exposed and the estimated arsenic consump
;tion rate was calculated as "Total Dosf. 11 Table 9 shows "Total Dose" esti 
mates for Delta were substantially below those of Hinckley and Deseret. al 
though some ove~lap was evident. 

Arsenic in Hair 

Initial sampling of school-a9a children and their parents in 1977 showed 
Hinckley residents averaged more arsenic in hair (0.82 µg/g) than in Delta 
.residents (0.32 'µg/g). 

- ---·Sampling in 1978 as part of the physical examination showed a similar 
't':_ ·-T-- --- ·---·... . -- . -------·-- - - . ------. - - - - -- - " 
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Table 8. 16inua1 arsenic cons~n fro111 dr1nk1ng water for study 
Dart1ctoanti frmn thl"@A 5tudv c nftfA5. 

an 
i 

f--Rllrf+lr-t."ftft1~Ht---- ·-----~- - -- - ······ --t-tt;t·--- -- ···- ·- • - -m ·- --·- -- · -___,..,._____ -- 

· "Exposed" 145 1152.4 12 - 853 119 
I 

Hinckley 102 j135.5 12 • 853 115 
I 
I

Deseret 43 i192.5 14 • 736 148 

Table 9. £.stfmated "total dose" qf arsenic fro111 drinking water for 
study parti'cipants from three stuclY conn1nities. 

Comnunfty 
Niiiiber of 
!;!lrt1 c1 l!lnts :

;Meir. 
11 Tota1 arsenic dosew 

Range 
(mglia

hn 

Delta (control), 105 ·716 32 - 8,052 443 

"Exposed" 145 4~079 161 • 23,884 2,797 

Hinckley 102 4,222 265 - 23,884 2,875 

Deseret 43 39743 161 - 14,250 2,419 

ttern. Table :10 shows Deseret residtnts to average somewhat less arsenic 

~ hair than Hinckley residents but mo~ than Delta residents. These arsenic 
.in hair data wet4e transfol"lle\1 to their !logs and a Duncan's "°'ltiple Range
Test was perfo.. The results showe4 that Hinckley and Deseret did not 
~iffer from each other s;gnificantly b~t both were significantly different 
:from De1ta. 

. A "t"-test ·cQlllPlring Hinckley and Deseret (exposed) hair arsenic levels 
with Delta's (control) showed the diff•rence to be statistically significant 
·at P • < 0.0001. 

When c011111.1ni~ of residence was itnored and hsir arsenic levels were com. 
'pared to esti1111ted annual arsenic cons11111Ption, a dost-response relationship · 
was clurly evident. Table 11 shows ~at those with the lower esti1111ted 
annual doses, also had lower hair arse•ic levels. The greater the annual dost 
of arsenic the ~1gher was the arsenic level in hair, except in the over 300 mt 
~rsenic per )!Hr category, which wa$ not sf gnificantly different from the.~ 
~tber cateaor1es. ' 



iable 10. Co.arhon of arsenic 1n hair of r~sidents of three corrmunities_. 

Co11111Unitl 
er o 

sam~les an 

:Del ta Ccontrol) 68 Ol.32 0. 10 - 3.10 0.20 
11 Exposed" 117 1•.17 0.10 - 4. 70 0.80 

Hinckley 80 1.21 0.10 - 4.60 0.90 

Deseret 37 1:.09 0. 10 - 4. 70 0.65 

Table 11. Arsenic level in hair compared to estimated annual arsenic dose. 

.... HMr erfff!ic 
N Annual dose g~tric mean Grouping* 

(mg} (l!g[g} 

5 0 - 9 0.12 A 

55 10 - 29 0.21 A 

46 30 - 99 0.46 A 

69 10() - 299 l>.83 B 

10 300+ 0.47 AB 

*Means with the same letter not significantly different at P = .01 (Duncan's 
Multiple Range Test). 

Arsenic in Urine 

Initial sa~pling of school-age ctrf ldren and their parents in 1977 showed 
Hinckley residents averagec more arsenic in their urine (0.098 mg/l) than did 
Delta residents (0.009 mg/1). 

The 1978 physical examination sani>ling of urine showed a similar pattern. 
but with somewhat higher average concentrations. Part of the reason for the 
apparently higher concentrations compared to 1977 was the laboratory's manner 
of reporting of extremely low urinary arsenic levels. Part of the time the 
laboratory reported the lowest levels as 11 less than 0.010 mg/1," but subse
quently reported the lowest levels as 11 less than 0.040 mg/l." In analysis of 
d&ta these samples were handled as beinQ 0.010 and 0.040 mg/l respectively 
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Table 12 s**5 Deseret to have th+ highest average arsen1c-1n-ur1ne con
ntrat1ons. T~se urinary arsenic dafa were transfonned to logs and testecf 

ith the Duncan~s Muitiple Range Test •. The results showed that as with ha1r 
enic, Hinckley and Deseret did not fiffer fr'Olll each other significantly, 

t both were significantly different front Delta. A •t•-test showed the two 
posed cc.nunOies to have more a.-senlc 1n ur1ne than Delta at the~• < 0.0001 le~el of significance. 


lrable 12. Coinpirison of arsenic in urine of residents of three COll'Unities. 


: 
ltonnunft,y I 

N""6er of 
samples 

$n.e~rsenfc concentrat1r~ {!!IZ1l 
~rt t tf c mean Ra.,ge 

I 

Mial an 

rDelta (control) 99 :o.048 0.010 - 0.220 0.040 
; 

' 1"Exposed 11 135 i0.185 0.025 - 0.660 \) .158 

~tncttey - . - t .. 95 1 6;l75 6.025 .. &.580 6.l50J

Oeseret 40 :0.211 0.030 .. 0.660 0.160 

Table 13"sh6ws a strong dose-resJ)tnse relationsh;p between esti111ted 

annual dose of 4rsenic and arsenic in urine. The higher the estimated arseni4 

dose per year, the higher the average ievel of arsenic found in urine samples. 


Table 13. Arseiic levels in ur;ne compared to estimated annual arsenic dose. 

Ortne arsenic 
N Annual dose geonetric Grouping*

(mg} p!an (mg/l) 

10 0 - 9 .034 A 
' 

73 1o - 29 .044 A 

63 30 - 99 .089 B 

76 le<l - 299 .152 c 
12 300+ .302 0 

*Means with the same letter not signiflfcantly different at P =01 (Duncan's
Multiple Range Test). 



~SESSMENT OF HflLTH STATUS 

Pennatological F'fndings 

; Results of the dennatological exal1f1nat1on are show~ in Table 14. The 
finding of signs suggestive of arsenic ;toxicity was rare, with only 12 of 249 
~t1cipants having any signs associated with arsenic ingestion. The fact 
~-no- par tfciPfmt-had mor1! -than one ~gn tt ;e-~ pfgmentatton and malttpte
Fancers) suggests that the findings maj have been incidental and not related 
ito arsenic. 

Table 14. Specific signs associated .with arsenic ingestion as found in 
dennatological: examinations. 

Signs of ar~en~c ingestion Control Exposed 

Palmar &plan~r keratosis 2 

i>iffuse palmar or plantar hyperkeratosis 2 5 

Tumors (nonsun-exposed) 0 0 

Diffuse pigme~tation (nonsun-exposed) 0 

Arterial insufficiency 0 

Mee ' s 1 i nes i n. na i l s 0 0 
~-'-~~~~~~~~~~---'-~~~~~~___;:;~~~~~ 

Total 3 9 

Percent 2.86% 6.25'.l'; 

These twelve participants were not clustered among the more heavily ex
posed participants, as might be expected ff high level arsenic exposure were 
responsible for the findings (see Table 15). For each indicator of exposure, 
~he twelve tended to tall on either side of the mean for their respective 
~ommunity. The ages of the twelve averaged 57.5 years (range 26-82). Half 0 1 

the twelve were females, ha1f were males. The signs of arsenic ingestion 
given in Tuble 14, were regressed against annual arsenic dose and the lo~ of 
annual dose, but no significant associations were found. 

The "Health Questionnaire" (Appendix B) used by the dermatologist con
tained symptoms reported in· the literature for populations exposed to high
1evels of arsenic. Table 16 displays the participants' responses. No mean
ingful differences were !\een in the nUl'llber of individuals experiencing symp
toms associated with arsenic toxki ty iin the exposed comnunities compared to 
the contNl. 

ae 



~able 15. Four measures of arsenic exP<>sure for the twelve participants who 
~howed dermatolaqical siqns c0111Pat1ble ~1th chronic arsenic poisoning. 

:farti d pant 1s R4ir Urinary "Yearly "Total 
~01111'1n1 ty Sign artsenic arsenic Dose" Dose" Age 

(1f9l9l (!!!9ll} (!!!9} (mg} 

~lta Palmer &planter 
i keratosis 0.1 0.025 20 1240 78 
Delta Diffuse palmer 
! hyperkeratos is 0.6 0.070 135 6885 54 
~lta t>1ffuse palmer 
: 
I 

hyperkeratosis 0.4 0.050 12 240 59 
~c«1ey - oiffuse m1 l4 palMer 

hyperkeratosis 1.9 0.380 150 3900 26 
~inckley Diffuse mild plantar

hyperkera tos is 0.6 0.095 12 336 51 
~inckley 01 ffuse pa1mer 

hyperkeratosis 3.0 0.420 117 7956 68 
~inckley Diffuse pigmentation 0.1 0.130 79 4898 62 
~inckley Arterial insufficiency 1.2 0.060 83 5700 82 
~seret Palmer &plantar

keratosis 0.2 0.180 61 4148 72 
bese-rt>t Palmer &plantar

keratosis 570 14250 73 
Deseret Diffuse plantar 

hyperkeratosis 0.4 0.160 604 7248 32 
Deseret Di ffuse pa1mer 

hvpertceratosis 0.270 162 810 33 



I 

~le 16. Symp1'tns recorded by study ~art1cipants on a "Health Questionnafre.•j 
showing results from the study co11111uni~1es. 

I---
Symptoins !Control ExposeC1 

!
fatigue and malaise 17. 1% 11. a: 
Arthrf tis 11. 4% 9.0% 

~weating of hards &feet 6.7% 5.6% 
' 
Bacterial infection 3.8% 2.8% 

~erpes simplex 9.5% 13.9% 
: 

Headache 15.2% 15.3% 

iJTzzi-ness. trouble with balance 21.0% 13.9% 
; 

tough or hoarseness 3.8% 6.9% 

ParP.sthesia 2.9% 4.2% 

Extended sun exposure 14.3% 13.2% 

Any type of cancer 5.7% 7.6% 

Abdominal pain or diarrhea 7.6% 6.3% 

~rological Fi~ings 

Nerve conduction data are presented in Table 17 according to age group,
corrmunity, and nerve examined. The mean values for conduction velocity for 
any given nerve did not vary significantly with respect to age or connun1ty. 
However, some participants in each co11111Unity and age group had below nonnal 
conduction velocities. For sensory nerives. velocities below 37 m/s were con
sidered abnonnal provided nerve temperature was above 30°C. 

Sensory nerve conduction was obse~ved to be primarily affected, with the 
sural nerve most often involved. Participants with low foot temperature ex
plaining the slow conduction were also indicated. In such cases velocities 
were corrected according to the factor 1.8 mis/degree. For example, a sural 
velocity of 32 11Vs at 2a<>c could be corrected to 35.6 m/s at 30°C. The cor
r~cted velocity remains below nonnal. Thts is an estimated value which will 
"4!ry somewhat from participant to participant because the nerve temperature 



"•ble 17. Nerve conduction veloctty• .,.lues wttll rMPKt to 1ge, loc1tton 1nd nerves ex.,.tned. 

eo-untty/Age UlMr 11111tor Medt1n 11111tor Ul Mr sensory Median sensory Perone1l Sural 

Delu 

Ages 7-12 58 t 11 (II• 2) 61 t 4 (II• 8) 51 t 3 01• 8) 51 t 6 (II• 8) 53 t 4 (II• 8) 46 t 4 (II• R) 

Ages 13-20 66 ! 9 (II• 9) 66 ~ 10 (N•19) 50 t 5 (11•18) 50 ! 4 (11•19) 53 t 5 (11•19) 42 t 3 (11•19) 

Ages 21-30 65 t 7 (II• 4) 62 :t 4 (11..10) 49 t 4 (II• 7) 45 t 4 (11•10) 51 t 5 (11-10) 39 t 3 (11•10) 

Ages 3l-40 63 ! 4 , ... 4) 63 t 4 (11•21) 51 t 5 (lls17) 47 t 5 (11•21) 52 t 4 (11..21) 43 t 3 (11•20) 

Ages 41-47 60 t 9 (II• 4) 57 t 6 , ... 9) 45 t 7 ,,.. 8) 46 ~ 8 (lls 9) 54 t 6 (II• 9) 44 t 4 (II• 8) 

Htncklel 

Ages 7-12 67 t 3 (II• 3) 59 t 7 (N• 6) 52 t 6 (II• 5) 48 t 4 (II• 6) 55 t 6 , ... 6) 45 t 5 (II• 5) 

Ages 13-20 65 t 11 (lls10) 59 t 7 (11•20) 47 t 7 (11•16) 48 t 7 (11"20) 54 t 11 (11-20) 43 t 4 (11•19) 

Ages 21-30 67 t 1 (II• 2) 64 t 3 (II• 4) 46 t 8 (II• 4) 50 t 7 (II• 4) 52 t 7 (II• 4) 42 t 7 (II• 4) 

Ages 31-40 62 t 6 (II• 2) 63 ! 4 (11•13) 48 ! 5 (11•10) 46 t 6 (N•13) 47 t 6 (11•13) 42 t 3 (11-13) 

Ages 41-47 62 t 2 (II• 3) 60 t 4 (II• 9) 48 t 7 (II• 5) 44 t 7 (II• 9) 49 t 7 (Ila 8) 42 t 6 (II• 8) 

Deseret 

Ages 7-12 64 t 8 (II• 8) 62 ! 8 (11•10) 46 t 9 (II• 9) 47 ' 3 (II• 9) S& t 9 (11-10) 44 t 3 (11•10) 

Ages 13-20 52 t 11 (II• 3) 63 ~ 3 ,,... 6) 50 t 9 (II• 6) 47 t 7 (II- 6) 50 t 5 (Ila 6) 43 t 6 , ... 6) 

Ages 21-30 67 t 2 (II• 2) 67 t 5 (II• 5) 46 t 4 (II• 3) 48 t 6 (II• 5) 58 t 10 (II• 5) 43 ! 4 (II• 5) 

Ages 31·40 67 t 7 (II• 5) 57 t 10 (II• 7) 49 t 3 (II• ~) 47 t 11 (II• 7) 53 t 4 (II• 7) 41 t 5 (II• .") 

Ages 41-47 (II• 0) 60 ! 1 (N• 2) 51 t 8 (II• 21 45 t 2 (II• 2) 50 t 3 (II• 2) 44 t 4 (II• 2) 

*All v•lues tn •te" per second 



ries along iti course dependfng-uponTthe-sh-a~-of-the·--1~9.--- T~k-i~g-~~ch 
rticipants in~ consideration, six e posed and six controls were found to 
e slowing of sural 	nerve conductfon~(Table 18). In Hinckley, five partici~
ts had other nerves with abnonnal cdnduction, as did three in Deseret and 
in DPltit_ · 

"table 18. Stadt; participants- judgett-td have M>nol'lhal nerve con4uctfon 
(temperature corrected). 

Part1 ci pant 
Conmunity age range 
' 

Delta (controls) 	 13-20 
21-30 
31-40 
31-40 
41-47 

~inckley 	 13-20 
13-20 
21-30 
31-40 
31-40 
31-40 
41-47 
41-47 

Deseret 7-12 
13-20 
31-40 
31-40 

txposed (Hinckley and Deseret) 

· NUiiiber of Nerve With 
parti c1 pants abnormal condyct1on 

2 Sural 
3 Sural 
1 Sural 
1 Median Sensory 

~1~ Median and Ulnar Sensory 
8 ("" 11.9% of 67 part1cfpants) ._ 

1 Ulnar Sensory 
1 Median and Ulnar Sensory 
1 Sural 
1 Sural 
1 Median Sensory
1 Peroneal 
2 Sural 
1 Median Sensory &Peroneal 

--9-(= 17.0% of 53 participants) 

l Ulnar Sensory 
1 Sural 
1 Median Sensory
l Sural and Median Motor 
4 (= 13.3% of 30 participants) 

13 (= 15.7% of 83 	 participants) 

The data can be viewed from the standpoint of number of nerves with abnonnal 
tonduction. More nerves were involved f n exposed participants; median motor 
and peroneal nerves in addition to the median sensory, ulnar sensory, and 
sural which were also seen in control participants (Table 19). 

·-- Participants with nerve conduction slowi~g were found in all three 
llt:onmupit.ies. The nwmer of. .parti.cipants involved was small but the .data 

JE. 



cite-I s119iff.Y-1ncrilsed profiortidn of part1cipants with slow1ng of 
e conductforw .ong the exposed paJ11cfpants. Actual nerve conduction 

-. c1t1es were ~ressed against annu•l arsenic dose and the log of annu1 
se. but no s1ghfffcant assocfatfons _.re found. 

'~e 19. Abnorilll nerve conduction v~loc1ties (temperature corrected) by 
...,.4t:y 11ul •te ef ,.,,4etSNnt9 aeee)Hng te nerves "ft91~ 

Age ~erv~~~ a6nonaa~ c11nduct1on
L:nity
I 
I 

~ 

range Sur• an 
pnotor 

Med an 
sensor;r 

Ulnar 
sensor;y 

Peroneal : 

! 

belta 7-12 0 0 0 0 0 
13-20 2* 0 0 0 0 
21-30 3 0 0 0 0 
31-40 1 0 1 0 0 
41-47 0 ~ 1 1 _o 

lrftaT Del fa fco~r61) ' -6765•9. 21 · 01 2167•3.M 1/58-1. 71 01 ..... 
j 

~inckley 7-12 0 0 0 0 0 
13-20 0 0 1 2 0 
21-30 1* 0 0 0 0 
31-40 1 0 1 0 1 
41-47 2 .___Q_ 1 0 1 

~otal Hinckley 4/49•8.2i 01 3/52•5.M 2/40•5.0l 2/51•3.91 

I 

peseret 7-12 0 0 0 1 0 
13-20 1 0 0 0 0 
21-30 0 0 0 0 0 
31-40 1 1 1 0 0 
41-47 0 _Q_ 0 0 _o_ 

~otal Deseret 2/30•6. 71 1/30•3.Jl 1/29•3.41 1/27•3.71 Ol
; 
I 
I 

~otal Exposed 6/79•7.61 1/82•1.li 4/81•4.91 3/67•4.51 2/81•2.Sl 
' (Hinckley and Deseret) 

*One with nerve temperature 1 ess than JOOC. 

Neurological and physical findings are sunmarized in Table 20. No trends 
lifere noted for any particular neurological finding or geographical 1ocat1on. 
~n general. typi'cal signs and symptOlllS ;of arsenic intoxication were not pre
.ll'nt in any of the participants examined. but slight 1mpainnent of sensation 
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•in the feet was found in two oartictoants of each comnunity. 

Table 20. Neurolnafo11l i11nd physical findings. 

I Comnunhl - ' .Lt- F1ndi11gs ---·-· -Deha · ·- · H1nct1er-- -· -·-- ·-··-b!rim
I 

Fold feet 3 2 0 
I 

tramps 8 6 2
' I 

Sweating 0 4 2

I 

~creased reflexes 3 0 0 


creased sensat1on 2 2 2 


l;erpal turmel sytldn>Me ' 0 e 1 '!!>-·· 

Hematocrit Findings 

Table 21 shows results of hematoc~it testing. The percentage of partici 
pants wfth anemi~ tended to be higher tn the exposed cOlmlAnitfes~ however. two 
pf the four anem1cs in Deseret came from one family (mother and son. age 7). 
~nother son of the same family (who at 2 years old. was too young for this 
study) was subsequently found to have anemia also. Two other sons (ages 14 
and 9) were study participants, but did not show anemia. 

Table 21. Anemia fn study participants from three study conmunfties. 

1{nemla 

: C011111Uni ty Number tested Nuiriber Percent 


1 Control (Del ta) 100 5 5.0 


·Exposed 137 10 7.3 


Hinckley 95 6 6.3 


Oeseret 42 4 9.5 


If a familial tendency toward anemia existed in this Oeseret family. the' 



!!!'centage of •'*"'1a for Deseret could jbe sOllM!What biased toward the htgh s_~,w 
ffo other f1111f11~ 1ne11f1s were observe~. 

! Because of the apparent trend 3rd 1110re ane11fl tn comuntttes wtth tn 
~reasingly high •rsenfc levels in drin 1ng water, 1 chi square test for a 
~inHr trend was 111de (Brown and Be ttf. 1979). No s1gniftcant trend WIS 
lOOnd (P• • 33) • 1 

, Table 22 s... that Hinckley p1rt~ct.,.nts with anell11 were significantly: 
blder than 1ne11i'c _,.rt1cip1nts fro11 De ta or especially fro111 Deseret. Only trt 
Hinckley wert the Mjority of anellics 1111le. H1tr and urine arsenic was · 
~reater 11110ng a~c p1rttc1.,.nts froas the exposed c01111aanit1es as was esti
lilated annual ars.entc dose. ; 

table 22. Characteristics of anemic ~rticiP1nts fro111 three c011111Unit1es. 

t ... ......•racterhfu • Delta - tttnctle;y D!ffrrt
I i 
i 

,.ge: Mean 26.4 56.0 16.3 

Range 8 - 46 30 - 82 7 - 35 

:Sex: l Female 40 67 25 

Hair arsenic: Mean o. 15 0.62 1.65 

(µg/g) Range 0.1-0.2 0.1-1.2 0.4-2.6 

Urine arsenic: Mean 0.044 0.099 0.188 

(mg/1) Range 0.025-0. 06! 0.050-0.150 0.030-0.530 

Estimated annual dose 

of arsenic: l\tean 16.8 103.0 78.5 

(mg/year) '-nge 4 - 49 12 - 218 23 - 153 

Cancer Incidence 

Age adjusted cancer incidence rates for Mil lard County are shown in 
Eigure 5. These. rates {derived from t&Ainor registry data using th~ direct 
l!tbod of___age.__acUustmentl shOllf Hine.kl.elf ..to. Jwte._a somewb1t..lcwer Jncidence 

is 
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FIG. 5. 	 Age adjusted cancer incidence for conmunities of Millard 
County, Utah, 1966-1976 (direct method ~f age adjustment). 
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-!ef cancer (1966i1976) than did Delta.JThe highest incidence was found fo1 
['111110re, the M~lard County seat Coo lation 1,411). 

!Conllunit.Y Death !Rates 

Table 23 s~ a9~ adjusted death!rates (indirect adjustllent method) for 
~cer, ce...Oro~1scul1r, c1rdiov1sc~J:f:e:nc1 1rter1oscleros1s for 43 Utah COIO' 

ftfes fo1 t~ years 1956 1916~-.. -6----9-~ g11phfc1H7 -tM releti~ 
1sh1p of the var,ous connunit,y death ra es to each other. · 

, I 
Cdn~Jt--Compared to 42 other'Utah conninities (see Figure 6),

!Hinckley ha ~highest cancer deaty•te (138 per 100,000). Delta's cancer 
death rate was ilnong the higher of t e Utah cOM11.1nities. The Hinckley can
cer deaths werelof specific interest cause of the coniuntt,y's arsenic expo!,sure. For the ~1 years (1956-1976) for which the rate was calculated, 14 can• 
jeer deaths were 'reported for Hinckley., The types of cancer were the s1111e 
!types most freq&lently reported for Utd: lung, breast, large intestine, pros• 
:tate, stomach, leukemia, kidrtf'y, uteru•• bone, and connective tissue. There 
!was no unusual tancer death pattern established for the arsenic exposed 
ie--nHy. 

Additional insight on cancer rates in Hinckley can be obtained by
noting the age specific death rates for Hinckley cQ111Pared to other Millard 
:eounty c0111111nittes (Table 24). Hinckl+Y cancer deaths were limited to the 
!older age cat~r"'fes (over 45 years)• whereas, cancer deaths in people under 
,45 were observed in Delta and Fillmore. and the State of Utah as a whole. 

Circu]atory Diseases--Figure• 7 and 8 show Hinckley had lower age
'adjusted death rates for cerebrovascullr and cardiovascular diseases, than 
Delta had. Figure 9 shows Hinckley's death rate for arteriosclerosis to be 
:higher than Delta's. 

Age specific death rates for these three circulatory diseases 
(Table 24) show that deaths occurred in the older age categories for the 

:study conr11niti~. For Hinckley, all terebrovascular diseases occurred in 
individuals over 70 years of age. Hinckley cardiovascular disease death~ 
were more conmon 1n the 70 - 74 year age span. 

'Stat~stical Analyses 

For statistical treatment of the data, Hinckley and Deseret participants 
;were combined since they constituted t~e "exposed" participants while Delta 
~participants functioned as "controls." 

"t"-Tctst--A simple "t"-test (Goodnight, 1979c) was perfonwecl to 
C0111P1re average health and exposure indicators from the control and exposed
conninities. Table 25 shows that only the exposure indicators were signifi 
cantly different between exposed and control c011111.1nities. None of the health 
indicators were significantly different between exposed and control c011111Unitie~ 

Chi ~uare Tesi--For those health indicators for which incidence 
;could be calcu ated. ax test (Sall, 1979b) was perfonned to test the 
'lmtl1t1voott1es1J"·thn ttle 1nctdenc1r 1n e1ctt·cm1111mtty ns the same. Table -26-" 
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Table 23. A9I adjusted death rates (per 100,000) for four dtsHHS for selected Utlh 
CC11191Untttes, 1956-1975 (tncltrec:t ..ttlod of age adjustJ!letlt). 

CER£8AO CARD JO ARTER JO-
CClJNTY CITY COOE CANCER VASCULAR VASCULAR SCbE!!l~IS 

IEAYER 
IEAYER 
MILFORD 

01 
01 
02 

135 
123 

123 
70 

274 
263 •25 

IOX ELDER 02 
BllJGHM Cln 01 80 73 176 21 
TRDllllTOll 02 85 36 l!M 16 
&Ml.AllD 04 lOfi 80 171 1 

CACHE 03 
LOGAN 01 73 75 153 12 
SllllTHflELD 02 95 79 173 19 
HYRllt 10 27 46 171 11 
WELLSVILLE 11 116 76 205 9 

04 
DllA&ERTON 01 91 39 138 10 
HELPER 02 122 32 258 9 
PRICE 03 124 58 233 10 
WELLllliTON 05 70 '9 206 11 

DAY JS Ofi 
llOllMT JFUL 01 105 63 217 14 
CLEARFIELD 03 95 127 157 6 
LAYTON 06 99 55 223 27 

&RAND 
~ 

10 
01 129 73 214 14 

JION 
emu CITY 

11 
01 95 68 200 2 

PWWM 04 71 45 254 14 
JIMI 

NEPHI 
EUREKA 

12 
01 
02 

61 
130 

81 
95 

1!16 
295 

41 
24 

MILLARD 
DELTA 
FILUllllE 

14 
01 
02 

116 
90 

82 
82 

170 
177 

22 
24 

HJ NC KLEY 03 138 54 138 36 
SAN JUAN 

Bl.ANDJlli 
M>fCTJCELLO 

1!1 
01 
02 

1Ofi 
64 

68 
55 

134 
119 

8 
37 

SANPm 
EPHRAIM 
~lfTJ 
GUNNISON 
lllT. Pl EASANT 

20 
01 
02 
04 
07 

95 
83 

109 
84 

76 
81 
46 
73 

218 
187 
257 
236 

10 
8 

16 
17 

TOO£LE 23 
&IWITSYJLLE 
TOOELE 

01 
02 

116 
119 

48 
50 

32t 
251 

9 
t 

UTAH 

IMSATCH 

25 
AMER JCAN FORK 01 
LDIJ 02 
FAYSOll 04 
PlEASAlfT 6110¥ E OS 
PROVO Ofi 
SPANISH Fmtlt 07 
SPRJNGYJLLE OI 

26 
HEIER 01 

114 
104 
113 

73 
54 

105• 
80 

87 
76 

" 79 
50 
80 
78 

79 

187 
216 
U6 
185 
141 
224 
196 

279 

13 
15 
28 
26 
11 
14 
18 

14 
.sHJll&TON 

ST. GEORR 
ElfTERlltt JSE 
HURRJCME 

27 
01 
03 
04 

75 

" " 
49 
69 
14 

173 
115 
210 

17 
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Table 24. 	 Aft spectftc dHtll ,..tes (dHtM/100,000/YHr) for utati 
incl three Mtl11rd County c-ntttes, ltsa tllru 1975 for 
c1nctr, c1rdtov1scul1r dt~e11e, cer9bl"'0¥1Scu11r dtse1se, 
Incl 1rtertoscl1rosts, shawtng IUIMn of dHtl\s 1nd tllt 
1verqe she of the 199 groups. 

c-ntty i- 6 ..... ,.. and lllullller of ............._ l 
Characteristfcs D-1 !i•H l!i·l4 c:r'" --.S-64 6!t 

CNICER 
State 7 (158) 6 1274) 6 (2?3) 1t {875)
Ftllmre 0 14 1) 0 ,.. !""l !! j!!il17 1~ 196 llJ 
Delta 0 0 22 (1) 61 4 189 11 

Htncltl~ 0 0 0 0 390 6) 1053 8) 


CARDIOVASCULAR 

1 (25) 0.4 (18) 1 (34) 18 (840) 275 (8788)
State 	 2079 f28587)

Ftllmre 0 0 0 17 (lJ 1638 58l
0 	 0 30 (2 392 ~26J'.'O 47Delta 0 344 1599 

Htndtl~ 0 0 0 0 325 S) 1316 (10 

CEREBROYASCll.M 
State 1 (24) 0.5 (23) 1 (36) 4 (201) 52 (1651) 797 (10965) 
F111mN 0 0 0 0 60 (4? 1017 (36?
Delta 0 0 0 0 34 (2 1088 (32 

Htncltl~ 0 0 0 0 0 789 (6) 


ARTERIOSCLEROSIS 
Stlte 0 0.07 (3) 0.2 (7) 0.5 (21)
Ftl lmre 0 0 0 0 11)

15 ll"l""l 	'°'311 l""lDtltl 0 0 0 0 17 1 212 8J 
Htncltl~ 0 0 0 0 65 1 395 3 

AGE GROUP SIZE 
Stlte ~19,004 1224,417 75,607 227,502 159,613 68,759 
F1111110re 157 347 202 293 332 177 
Delta 202 400 224 330 291 147 
Htncltl~ 40 108 57 79 77 38 

I . 	 . 
~hows the ~ariables considered and tha~ the health indicator incidences did 
'1ot differ signi·ficantly betweP.n expos~d ana t:cntrol conmunities. thus we were 
unable to reject the null hypothesis.
I 
! 

: F~tor Analysis -- Twenty~nii'le SP ected th and exposure indi
cators were subJicted to a factor analysis (Sall, 19/9a). Pearson product
~nt correlation co-efficients were 4sed. Five of the indicators were 
;transferred to their natural logs because of their non-nonnal distribution. tQ 
make them more '"nonnal." Table 27 shows the 29 indicators. 
I 
! Figure 10 s.hows 11 factors developed by the factor analysis (1.1sing 
1"Equamax" rotatilOn method). The facto..s are ranked in order of the amount of 

f ~ability explained with the basic i"formation they contain. Variables 
.-1u.in each factor ar~ rAn~AA in ~...ter 1 of the variable's importance to the 

43 




Table 25. A group analysis cc.tpar1son of •ans for health and exposure 
indicators in exposed and control cOlllDUnities. 

Variable 

Urine arsenic 
Annual dose 
Total dose 
Hair arsenic 
Urine/hair ratio 
Aqe 

Years in cOlmllni ty 
Ulnar motor d.1.*** 
Ulnar 1111>tor v. 
Median motor d.l. 
Median 11e>tor v. 
U1 nar sensory d.1. 
Ulnar sensory v. 
llledi1n sensory v. 
Perone.-i1 d. 1. 
Peroneal v. 
!iural v. 
iemltocrit 

t Test COntrol control 
sig. level nuri>er mean &std. dev. 

p <.0001* 99 48. l:t30.7 
p <.0001* 105 24.2:t22.1 
p <.0001* 105 716 :1:1112 
p <.0001* 68 .32t.49 
N.S. (.45)* 66 269:t219 
N.S. ( .46) 105 38.7:t19.3 
N.S. ( .40) 105 26.2.:t15.4 
N.S. ( .04) 24 2.29:t().31 
N.S. (.88) 23 63.8:t8.2 
N.S. ( .43) 67 2 . 98.:tO. 46 
N.S. (.13) 67 62.6:!:6.8 
N.S. ( .18) 58 2.63.:t0.33 
N.S. ( .06) 58 50.2±5.~ 

N.S. ( .30) 67 47.8±5.4 
N.S. ( .88) 67 3.99±0.90 
N.S. (.68) 67 52.3±4.6 
N.S. (. 77) 65 42.5:t3.8 
N.S. ( .48) 100 43.5±3.6 

Exposed Expgsed
111e1n &std. dev. nuimer 

185.3:tl24.3H 135 
152.4:tl30.8** 145 
4079 :t38()7H 145 
1.17 	:tl .09** 117 

448 :t581** 111 


40.6 :t21.5 145 
28.0 ±17.6 145 
2.53 .:t0.59** 38 
64.1 :t8.5 38 
3.05 .:t0.55 82 
61.0 :t6.5 82 

2.73.:t0.45 67 

48. l:t6.6 67 

46.8:t6.4 81 

3.97.::-0.92 81 

52.7:t8.4H 81 

42.7:t4.4 79 

43.2±3.6 137 


• 	l~ese t-test significance levels were c~uted usfng log-transfonied data due to 
non-non111l1ty of the variable. 

** 	 Indicates the standard devfatfon is ~ignificantly different between groups by 
11 or less, using untransforlled data. 

***d.l.., Dfstal latency for nerve. 

-v. Velocity fc.r nerve conduction. r 

Ifactor. 

The factor that explained the most variability in the data set, "Factor 
l ," could be called the "exposure factor" as expressed by the interrelation
ships of estimated annual and total doses of arsenic, by livin~ in exposed or 
control co11111unities and L>y the amow~t of arsenic found in hair and urine 
samples. The significant correlation; among these exposure variables t.ai...es on 
added importance since none of the health indicators correlated with this 
exposure factor. 

"Factor 2" could be callt:d the "age factor" since years in co11111Unity are 
.t@l<tted to age. 
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Tabl. 26. Chi square test fomparing incidence of symptoms
in exposed and r ~trol c011111Un1t1es. 

r= 
Chi sauare ____ I _____ Control 

Variable! 
I 
- sig. level f percent & no. ·--ee~:ri~ic!no:-· ·· 

j 

I 

Abnonnal Dermat9logy N.S. (P•.22) 2.9% 3 6.3% 9 

Palmer/Plantar ; 

Keratosis N.S. (P•.76) 1.0% l 1.4% 2 


Diffuse Palmer/tlantar 
Hyperkeratos1, N.S. (P•.46) 1.9% 2 3.5% 5 

Any type Cancer; N.S. (P=.61) 4.8% 5 3.5% 5 

'Plnmt>ness I T1ng~ing N.S .. (1'=.sor- ·11.u 12 TO.U 15 

Touch &Tempera~ure 

Sense N.S. (P=.13) 1.0% l 4.2% 6 


Reduced Energy N.S. (P=.70) 10.5% 11 9.0% 13 

Nerve Conduction 

Slowing N.S. (P... 51) 11.9% 8 15. 7% 13 


Anemia N.S. (P•.47) 5.0% 5 7.3% 10 

Sex = Female N.S. (P... 82) 55.2% 58 53.8% 78 

"Factor 3" primarily contained a siex/arsenic-in-hair relationship. Women 
tended to have less arsenic in their hair than men. 

, "Factor 411 was a composite factor :showing a relationship between sex, 
reduced energy l~vel, and some neurological measurements. This factor indi
cated women reported more "reduced energy levels" than men. Women had higher
inedian sensory, nerve velocity and lower distal latency for the median motor 
rierve. 

"Factor 5" encompassed correlations between neurological measurements as 

did "Factor 10. 11 


• 

"Factor 611 contained the relationship between sural nerve velocity and 
/designation of ~erve slowing. It 1ndi4ated that the lower the sural nerve 

Jielocity became, the more likely the neurologist was to judge the individual- · 



.'LlAble 27. Hea'ith and arsenic exposuri indicators used in factor analysis. 

Test 

!General 

jExposure 

iDermatologic exam 

iQues tionnai re 

!Neuro1ogi ca 1 ex"1! 

iHematocri t 

* Transfonned to natural 

Indicator 

Age
-··-sex 

Urine arseni¢* 
Hair arse.1ic* 
Annual dose*: 
Years in conmunity
Total dose* 
Urine/hair ratio* 
ColllllUni ty 

Arterial insufficiency
Palmer/plantar keratosis 
Diffuse palll!frfplantar

hyperkeratosis
Hyperpigment•tion 

Any type cancer 
Numbness &tingling
Reduced touch &temperature 

sense 
Reduced energy level 

Ulnar motor distal latency
Ulnar motor velocity
Median motor distal latency seconds 
Median motor velocity
Ulnar sensory velocity 
Median sensory velocity 
Peroneal distal latency
Peroneal velocity
Sural velocity
Nerve slowing 

Hematocrit 
Anemia 

log. 

Units 

years 
·maTe/femaTe 

mg/liter
µg/gram 
mi 11 i grar.1s 
years
milligrams
ratio 
exposed/contn 

yes/no
yes/no 

yes/no
yes/no 

yes/no
yes/no 

yes/no
yes/no 

seconds 
meters/second 

meters/second
meters/second
meters/second
seconds 
meters/second
meters/second
yes/no 

% 
yes/no 



t-actpr z 	 Factor 3 

1. Annual dose 	 Year& 1n c0111M1n1ty Ur1ne/hatr ratio 

2. Collnun1 ty Age 	 Hair arsenic 

* Urine arsenic 	 S2x 
... 
-r.-rota1 dose 
5. Hair arsenic 

Factor 4 	 Factbr 5 Factor 6 

1. Median sensory velocity Peroneal distal latency Sural velocity 
2. Median motor distal latency Ulnar sensory velocity Nerve slowing 
3. Reduced energy level PeroJ"eal velocity 
4. Sex 

tactor / 	 t-actpr 8 Factor 9 

1. Anemia .. 	 Arterial insufficiency 
2. Hematocrit 	 Red~ed touch &temp. Diffuse palmer/ 

sehse 	 p 1 anter hyper
kera tos is 

3. Hyperpigment~t1on 	 Any type cancer 

Factor 10 	 Factpr 11 

1. Ulnar motor velocity N\lllbness &tingling 
2. Median motor velocity 

Figure 10. Factors developed by factor analysis ("Equamax" rotation). 

1s having nerve slowing. Half of the aerve slowing observed was associated 
11th the sural nerve. 

"Factor 7" contained hematocr1t. lnem1a. and hyperpigmentat1on variables. 
'he relationship bebileen anemia and hyperpigmentat1on resulted from the fact 
~at the only person in the study with hyperpigmentation also had anemia. 

"Factor 8" and "Factor 11" dealt with abnonnalit1es of the extremities~-



~actor 811 1mplled that ff the dennato!Jogfst saw arterial insufficiency 1n ___ J 
ithe extrem1t1es, the part1cfpant was n;>re 11kely to have claimed to have had. 
"reduced sense of touch or tempfl!rature sensations 1n feet or hands." "Factor. 
11" simply repr~sented participant cla/fms to have had persistent or unusual : 

·numbness, tinglfng or sensations of 1 P('ns and needles 1 in feet or hands. 
I 

,_ The relat1bnsh1~ 1n "Factor 9" ~=!~:~ed that 1f the dermatolCl~ist
tound d11'1'Use J>ilmerrplantar riypern ;--tftn1rrrctparrwa!"" ln!.'l"em@ly · 
to have ar1swered "yes" to t.he questio~, "have you ever had any type cancer?" . 

All of the: relationships seen in Factors 2 through 11 could occur in any.
c011111Unity of ~ple without arsenic exposure. Indeed this factor analysis 
indicated arse11)-~ exposure was 1ndepende11t of these heal th indicators. 

D1scr1m1nant Anplysis 

For discri~inant analysis, the classification criterion was determined 
by a general sq~are distance measure (Goodnight, 1979b). Two groups were 
considered: the arsenic exposed participants (Hinckley and Deseret residents) 

"!Md ·control participants (Delta· res1deftts). ~ea1th problems upon which the
discrfmination was basett were: Nerve conduction slowing as determined by the 
neurologist (see Table 18), dermatologtfcal signs compatible with chronic 
arsenic poisoni~g as determined by the; dermatologist (see Table 15), and 
anemia (see Ta~les 21 and 22). When there were missing values, observations 
were deleted.' This meant that only participants under age 48, who received 
the neurological P.xaminations, were considered in this analysis. There were 
141 observations, 79 exposed and 62 co"trcls. 

The discriminant analysis misclassified 49.6% of the participants. Of 
the 79 exposed participants only 15 (19.0%) were classified as exposed based 
on the health indicators. Of the 62 control participants, 6 (9.7%) were 
misclassified as exposed. 

Since almost half (70/141) of the. participants were misclassified by the 
discriminant anilys1s, the analysis i1r4>lies that the health problems were not 
sufficiently related to arsenic exposure in this study population to permit 
discrimination (differentiation) between exposed and control participants. 

Canonical Correlation Analysis 

In order to avoid any bias from using conmunity-of-residence as the 
definition of exposure to arsenic, a canonical correlation (Goodnight, 1979a) 
was perfonned wtthout using comnunity-bf-residence data. As in the discrimi
nant analysis, nerve conduction slowing, arsenic-like dermatological signs 
and anemia were used as the set of h~lth-problem-indicati ng (dependent)
variables. Arsenic levels in hair and: urine, estimated annual arsenic dose, 
years-in-conmunity, and sex were used as the set of explanatory (independent) 
variables. 

No significant canonical correlation was found, indicating no evidence 
~a relationship between health problems and arsenic exposure. 

mailto:ln!.'l"em@ly


SECTfoN 4 


DISC~;;;ON ANJ 
; 
~CLUSIONS 


This st~ ;had a relatively small istudy population. but CQlllPensattng for' 
mall size (froiii a statistical stand~nt) was the fact that we were dealing
1th a hOllOgenoJs. stable population w th min1n111 influence from cigarette
moking due to £predolltnantly •Mo n" life-style. We had a distinct por
1on of the stu population with a si nificantly higher exposure to arsenic ~ ''"°"' drinking w ter. The study result showed consistency and logic within 

~hemselves. Fo~ example. in the factof analysis. the data were sufficient to 
!develop several :internally consistent factors that gave confidence in the 
idllcript1Ye abttlity t1f the ·data set.-· • ·· - ·· -- ·- · · - 

This study ~hawed a clear relatio~ship between the amount of arsenic con
~umed in drinking water and the amount:of arsenic in scalp hair (n•185. r-.47, 
~"'<.0001) and urin4! (n•234. r•. 70. P·<~OOOl). This relationship was expected
since the ingestfon of an element obv1dusly will result in its excretion. 
~rsenic levels found in hair and urine !samples were simply considered tools to 
~valuate arsenic exposure. ' 

. i 
Our study pbpulation was not as heavily exposed to arsenic as were popu

~ations described by Tseng et al. (196~) in Taiwan or by Borgono and Greiber 
K1972) in Chile., Likewise. the signs •nd symptoms they ascribed to arsenic 
~xposure from drinking water were not duplicated in these Utah camiunities. 

I 

If there wa~ a corrmon theme in arSenic exposure episodes in the litera
re. it was the! presence of cutaneous ;hyperkeratotic lesions and hyperpig
ntation. The :literature led us to ~lieve that even at these relatively 

ower arsenic-1n~water levels we could expect an excess of cutaneous man1fes§tions of arsenKc toxicity. but we did not find any excess. Benign skin 

es1ons. that th~ National .kaden\Y of ~ience (1977) regarded as •sensitive 


exes of exposure." were not found 1P correlate with actual arsenic ex

ure data. T.., few observed dennato;· g1cal signs were scattered singly 

ng individuals of the whole study ulation. rather than occurring to

9ether on individuals with higher arse .1c exposure. 

. Anania was found. but not signifidllntly more often among exposed partici 
ts. Nerve conduction slowing was f<*'nd in participants of each study com
ty but was not correlated with arst$lic exposure. Typical signs and symp
of arsenic Intoxication were not fbund in any of the stucb' participants. 

Cancer incidence and death rates dtd not suggest an excess of cancer in 
~exposed c0111111n1ty. In fact the da~ implied that cancer incidence was ... 
iblatjyely low h> ltirt.cir.~ __ Deaths_.due..to cancer 1.n. H1nckJ91_wer...1bsent in.,. 

,ig 

1 



younger age groups and most conmon in people over 70 years of age. Indeed 
people seemed to live to "ripe-old" ages in these study comnunities. 

Our hyPothesis that arsenic consu~ption at the levels found in Hinckley 
and Oeseret drinking water would result in signs and symptoms of chronic 
arsenic poisoning, was not confirmed by this study. Residents of Hinckley 
and Deseret appeared to be as healthy as Delta residents. When connunity of 
residence was ignored and health indicators were compared w1th measures of 
arsenic exPosure, the participants with higher arsenic exposure did not show 
evidence of health problems any more than did participants with lower arsenic 
exPosure. 

After reviewing these data compared to published data, we wondered why
the various episodes ascribed to arsenic exPosure differed so much in signs 
and symptoms of illness. Assuming arsenic was an indisputable exposure 
factor in these episodes, what confidence do Wf! have that some other toxic 
exposure factor may not have also been present to produce some of the signs 
and symptoms unique to the various episodes? For example, why "blackfoot 
disease" in Taiwan but not in Chile? Why were children the predominant
,,.tients in Chile? Is it possible that factors such as dietary habits or 
malnutrition might influence the expression of various signs and symptoms of 
arsenic intoxication? 

One aspect of these arsenic episodes that has not been adequately
assessed is the species of arsenic present ic the implicated waters. Since 
As+3 is known to be much more toxic than As+5, the species of arsenic in 
water may explain why Hinckley water may not produce toxicity, while arsenic 
in water elsewhere might. The species of arsenic in Hinckley water was deter
mined to be predominantly (86%) As+5 by Dr. Kurt Irgol1c of Texas A &MUni
versity, College Station, Texas (Personal communication, 13 February 1980). 

The present drink"lng water standards, promulgated in the National Interim 
Primary Drinking Water Regulations, has a "Maximum Contaminant Level" of 
0.05 mg/l for arsenic. This standard is based on the assumption that at an 
average water intake of two liters per day, arsenic intake from water would 
not exceed 100 µg per day (36.5 mg/year). 

In this study, no adverse health effects were found for exposed people
consuming an average of more than 150 mg of arsenic from well water per year. 
This indicates the amount of arsenic consumed from water by the exPosed popu
lation of this study was four times (150/36.5 = 4.1) the maximum allowed by
the current standard without evidence of adverse health effects. 
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APPENDIX A 

MILLARD COUNTY ARSENIC STUDY 

RELEASE 

I do hereby authorize infonnation obtained through physical 

examinations and special clinical studies to be released to the 

Millard County Arsenic Study conducted by the Bureau of Environ11ental 

Epidemiology of the Utah State Division of Health. I understand 

that 1nfonnat1on acc1111Ulated by this study will not be used in any 

way which endangers my right to privacy. 

I also request that any important health problans discovered 

through my medical examination be brought to the attention of my 

fllllily physician. 

=---..__...........__,,....._~~~~~~--'M.D.

Physician's Name 

Physician's Address 
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MILLARD COUNTY ARSENIC STUDY 

HEALTH QUESTIONNAIRE 

Dlte Nllllber 

Have l!!!:! recently lwld • 	 Yes No 

1. Any unusu.1 weight loss. 0 0
2. 	 Trouble with your energy level thlt has •de your 

daily activities lwlrder. 0 0 
3. 	 Any swelling of the Joints, or swelling or redness 

of the hinds or feet. 0 0 
4. Darkening of certain skin areas. 0 0 
s. 	 Thickening of skin areas, either scaly 1111sses 

or warty fonns. 0 0 
6. Persistent or unusual nUllbness, tingling, or 

0 0sensations of "pins and needles• in feet or !winds. 
7. Excessive sweating of the hands and feet. 0 0 
8. Discoloration of urine. 0 0 
9. Episodes of fainting, sores in the mouth, and 

0 0a1o11reness of increased salivation. 
10. 	 Any unusual coldness or discoloration of fingers 

or toes. 0 0 

Have l'..Q!!. !!!!: had 

11. History of ar1e111ia. 0 0 
12. Any unusual colicky abdominal pain, vOlliting or diarrhea. 0 0 
13. Frequent boils or other skin infections. 0 0 
14. Any frequent cold sores or fever blisters. 0 0 
15. Severe or frequent headaches. 0 0 
16. Feelings of dizziness or troubl~ with your balance. 0 0 
17. Any unexplained cough or hoarseness. 0 0 
18. Reduced sense of touch or te111perature sensations 

ii. your feet or hands. 	 0 0 
19. Extended exposure to the sun either through sun 

0 0bathing or working in the sun without your 

shirt (4 hours a day for 4 110nths out of the year). 


20. Any type of cancer. 0 0 
21. Substantial exposure to pesticides. l 1st llOSt 

0 0heavily used; including any arsenical pesticides: 
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D£11MTOLCMilC ONT 1 

Note: 

Label with 1 •e• any lesion 

biopsied or referred to 

l>fl>'sici1n. 


P • P1pfl l0111 


N • Flit p1~nted nev1 

R • Rliised pi~nted nevi 
T • Tel1ngiec:t1s11 

K • Ker• toses 

Area of other notftC>rthy 
lesions should be noted and 
labelled. 

RE,_RKS: 
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DEIUIMTOlOliJC CHART 2 


RE"'RKS: 



APPENDIX 8-3 24 28 297 

MILLARD COIJITY MSEllJC STUDY 

DEllMTOlOGJST Is EXM~llATION FORM 

O.te _____~---
CaH Nullber ------,.._ _______________~ 

Color of: 

Eyes: ( J Brvwn 

6eflf'ra1 AoDHrance 

] Blue [ ] Blue Green [ J Green 

Hatr: l Black 

Red 

[ 1 Dark Brown 

J Blond 

[ ) Lt gh t Bl"OWll 

Skin: Pi~n

) 

tation in non-sun expo~ld are.s 

Light Caucasian 

Medi1111 Caucasian 

Dirk Caucasian 

[ ) Oriental 

[ ) Negro 

Hue: ) Pale [ ) Nonul [ ) Allddy 

Amount of Scalp hltr: 

[ J Nol"lll 1 [ ] Overabundant [ ) Scant 

Skin Lesions: 

1. Active Keratosis: (Enter nlllber of lesions) 

Sctlp ArMS ------

HMd and Neck Dorsa1 hands ----

Trunk (ti.ck) Palas and Soles ----
Other _____ 
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MILLARD COUNTY ARSENIC STUOY - DE"TOLOGIST'S EXAMINATION FORM (Continued) 

Skin Lesions: (continued) 

2. 	 T11110rs: (Enter number of lesions) 

Scalp ____ 
Arms -----

Head and Neck ____ Dorsa 1 hands ____ 

Trunk (Bliek) _____ P1l111S and Soles ---- 

Other 

Probable t11110r type: (List) 

3. Hyperpigmentatlon: (1 - 4+) 

Trunk 	 Extl"f!llities ------- 

4. Hyperkeratosls: {Pal11S anc: Soles) 

Describe ----------------------- 

5. Vascular cha~ges - extren1t1es 

Describe ----------------------- 

6. 	 Nail changes: 

Describe -----------------------~ 

7. 	 Oth@r 1bnon11lities: 

Describe----------------------- 

-2

SR 
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NO. ____ 

I 	 NAME:___________ DATE:_____ 

AGE: ______ SEX:---- 

NERVES 
,...... 1 ...,.-v.11un 

P. LAT. D. LAT. 6t DISTANCE VELOCITY p D TEMP. 

UUl.~R {MOTOR} 

ULNAR fSEHSORY) 

MEDIAll CMOTOR) 

NEDIAN (SENSORY) 

PERONEAL 

SURAL 	 I 

SENSORY 

POS. YIB 0-4 AESTH. PAIN TEMP. 

TOES /10 	 Clll 

FINGERS /10 	 Cll j; 
AUTONOMIC 

COLOR SWEAT TEMP. 

TOES 

nr;GERS 

~ENTS 

RIGHT LEFT 
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PAn11rs PllSOIAl HISTOIY 

PIU.tNo. --------- Date __________ 

-..-,_____________ .__,_______________ 
·----------------------"-"'-"" -------- 
Doleell.atl ..,_ _________ Dectm --------------- t·- ....... _______________~ 

F_.r ..............,_ _______ 


•AlllLY tmroaY I ·-- ....... ...... .,.... ·-- (Mm 


F- 
lllotlMr ii_._.,_. (c.dtln/ 

1111 F 
111 F 
111 F .. F 
M F 

"-'"'* S-/DMllot-(~ :11#•/ 
Ill f 
Ill F 
111 F 
Ill f 

Ill • 
._.. ___,,.,_,_ __or-.,,,,_-.. ,..--...........
~ 

Do ,_t- ol Ml)' llloo4 rela&iw who has Of ti.I: (arcte .... re re1atlcllllllip) 

._ ..........., ..._

~ ..,_ 

--
~ ....... ...... . -.._
..._ 

0.-

....... It-,.- ~ ,._ ._,c.i. --- 
~ 

La.- • ~· t -c ..... ~ 

~ llAllTI: CC'll<lal 

Y• Ne 0. r• ...._-· a.-tw D ... D c.,. D F•--,_. -----
Y• Ne °"-~--·-"'..,.,_,....,.
Y• Ne O. ______ _. 1...... 0 z•. ,....,o ••. o....... a _ 

KH 1_,..._,0 z ............. o _,_,_..,o 
... 0...-- ............ ,........ 
... o.___..., ..._,,.._.,.__• 
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lllDICATIONI: 

An yw ,.._11y lllllll _, ot 1.. roao.-. ......_.. (Clfdtl ,__.. __ ,.."• ... A..-,-- •• ... ,.,.. ___.,....
•• ...
•• ... c-c.,. ---..... •• -... ... ... a.. .....•• ... ... ...._ •• ... ._,.•• \'• ... -- \'• 

... --.•• ... •• ... .._Y••• ... ------
Y• ...._,...--...-- ...a.

0 .... 

•• ... Y• ... .. __......... o....,.
•• ... ,.......... Y• ... 

......................: 


ll 



--------------------------------

Y• 	 No Att JOU lldl Mlnll ,..... --•tr ....... ,......, 

\• No Harre ro. net U. ~........... , ..., ,.,,..,.. ..,_..... _ 

Y• No Do,........ ""'.....,-... ..... , .., .........
0o,_,.._ ...__,_,....... -· Y• No 

y .. No Of 111... ,_'"'ta.• 1M Hiii CORllDl ptl"'
Arr JMI _.. • """"" 
v.. 	 No "... ,....................... 
 """"'H_,.,.._.... ,,....,,_.,,._...,,__• .......
v.. 	 No ,.. 	 No Do,• ........,. ................ el"" ....... O.tcol•• •11 

Ho._,dl__ _ 

H.,.•11111h.., .., 

A•r _,...._ ot,.......,
H.,.. ._... pn..tvn _...,., ---------- 

Dore ol 1111-INll,...... __ -------- 

Tot. IMMrtd by_,, lftd wotna1 (Circle) 

'I'• 	 No Do JOlll '~"r ..._ ..... ......_..._. flf ,..,. ••• •M ,....,... 

No 	 0o •..,,................... 

Dotfllct OCQJl' __..of•ttuil" 


Y• 
Y• No 


Y• No Do ............ , ..... """' ,_ .... 

Y• No °"'""•'"'- .......... _.. 

v.. 	 No Do •llor h•n _,,. .. - ol,.. - --· 
v.. No Dwt ..""re.... IMlll" 

v.. 	 No H•u row"" r.....d" ,.. No H... ,.oe .... wa~· 
y., No Sprll' of dtWllftt1 'I'• No [)rica.MI....,." 

v.. No Sprlh. of wc.t•a of .. .,,,, or .... Ye No ......... 
"" 	 No ......... ,.,.. Ye No N-' 


,.. No Du ,.ou r...-fttly UM ......"IPWH" Ye No Do ..... ""-dr - • - ._. 
v.. No l>o )'OU frt'fW•tly ..... tJoubM ,_,IMo._l"I ...Y• Do ... '-•dr - -- ... 

No 	 Do \oOU ff'f'CIWlltlJ haw ~Mn" 9C1111Utl"1""°' 
Havr you ..., had lh0<tMU of brnth' ICorcltl 

So Oo•ne ,.our u•uaJ won.. No W°hKl'l CMHll '~ IO C"GIU.lf\" 
v "" .. "o Cl11tt~"1 I flct\t of \l•n" !lo 4«.,........ ..,-.... 
v.. ..0 ~hKtr. ......nn )'°'9 II'""''" No H.,~ yo.""' e..,twtd btoo4"..0v.. Do JOU 9'.-..t I dllr"OfUC COWlt'I" 	 No Do JOU~ YP "l'IUCtli ..tWl'I. 

Ha-. your.tr had chtu p11n N t1pllntll 1n tht chtu wtuch t.pm wlltn (C-1rclt) 

v.. 	 No Whcfll cun1,_ yowr•lf' Y• No .....te, 4lc:aliwa llM sm.. 

No 	 •Mn •Ilka.. IPIMI a wnwr Y• Ho °'81ffe.. If JO. Rt\• 
y., 	 No"" 	 No \'• ()cnn.., II mt"Wlw11 •Ilk.. '91' 'tu.JI" 

'I'• No Ancr a M.W)' !Mii" ~·, No ww. • .a.. w1• 
Whe11 .,.1 or uatff.. 

v.. No Pllpn111t0ns lfyo. h1nct.na _ ... ...,_,.._..,_ --- 
Y• 	 No Y• No 111'otl •oil.. 111 cololl -· 

0o,.... ...,Oll ___ ,..._.
Ye 	 No 

Ha•t you ~•ntly hid pain 1n Liit stomach wlllch · (C'uclt) 

,.. No ().'l:un I - l ltwn 1Rtr I ...r 
v.. No h ~--· - .., ...... ,.... ,..... _ ,_. 

'I'• No A•11knt ,_ It ...t• 

v.. 	 No ,, ......... .., .a.a.. -*•DOllS" 

.. _ ....111 .........
\'• 	 No 

Y• 	 No --.....- ..,-.
v.. 	 No ....-..,.-_,. 
Y• 	 ... i.-"' ........ 
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~ ,. ... ............__, 

\'• ... ......._. 
... ....... 
,."" ... ..._.._,,. ... ...._. 

~ 

Y• ,. ... ....._................, 

"'",.. 119111: (Olck) 

,.. ... ,. .....-.......
.._.........
~ ,.. ... ... 
\'• ... -----~ ,. ... Diil--·

T_........ _.
,.. ... T---·-·,. .... c;............, ....... 

\'• ... '-·~-· 
~.. ,.... _.,, ... (a.de) 

,.. .. ...._..__...,.. 

'1• ... C-••••'"........_.

\'• Ille .... ... v.......... 
.... ... -..........._. 

..... Ille 

s...,. ...._ . 

,. ... u. ....... """'"'' ,. - ..... 
.... T_,_......,....... ,_.,.
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\'• ... -u.,_,.,_.__. .... ... 
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