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Determination of the possible requirement and reference dose levels
for arsenic in humans"
by Eric 0 Uthus, PhD, Forrest H Nielsen, PhD2

Studies with rats, hamsters, chicks, goats, and mini­
pigs have indicated that arsenic is an essential ele­
ment. The form of arsenic that is biologically impor­
tant or performs an essential role is unknown. The
determination of the reference dose, however, is
based upon, or is concerned with, inorganic arsenic.
Because most essentiality studies use inorganic ar­
senic as a supplement, the possible requirement of
arsenic is also based on studies with the inorganic
form. Absorption of inorganic arsenic from the gas­
trointestinal tract correlates well with the solubility
of the compounds ingested.

In humans and most experimental animals, more
than 90% of inorganic arsenate and arsenite is ab­
sorbed. Once absorbed, inorganic arsenic is trans­
ported to the liver where it is methylated in humans
and most animals to monomethylarsonic acid and
dimethylarsinic acid. The methylation of arsenic can
be modified by changing the glutathione, methionine,
or choline status of an animal. If the ingestion of ar­
senic is low, no tissue significantly accumulates ar­
senic. The excretion of ingested arsenic is rapid,
urine being the major route. Urinary excretion is ap­
parently the major homeostatic mechanism for main­
taining a relatively constant body content of arsenic.

Criteria or indicators for the essentiality of an cl­
ement include the following: (i) has a relatively low
molecular weight and forms chelates, (ii) is ubiqui­
tous and present in significant quantities in animals,
(iii) is relatively nontoxic, and (iv) has homeostatic
mechanisms of control. The item that is generally
used to allow the conditional acceptance of essenti­
ality for an element with unknown biochemical func­
tion is to show that a dietary deficiency consistent­
ly results in a reversible or preventable reduction in
optimal biological function.

In 1975, Nielsen et al (1) found that arsenic dep­
rivation elevated perinatal mortality and depressed
the growth of rat pups . About the same time, Anke
et al (2) found that only 58% of arsenic-deprived
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goats and 62% of arsenic-deprived minipigs pro­
duced offspring compared with 92% and 100% of the
respective controls. The offspring from the arsenic­
deprived animals exhibited depressed growth and ele­
vated perinatal mortality rates . Some lactating goats
died, apparently from myocardial abnormalities (3).

In 1978, Nielsen & Shuler (4) found that arginine
supplementation (20 g . kg diet") to chicks resulted
in more severe and earlier arsenic deprivation signs.
Because the methyl group from methionine is impor­
tant in arginine metabolism, the hypothesis was
formed that arsenic has a physiological role that af­
fects or is affected by methionine, and thus altering
methionine metabolism should affect arsenic depri­
vation signs. This result was indeed obtained in nu­
merous studies (5). In rats that were fed supplemental
guanidoacetic acid , growth was significantly de­
creased in arsenic-deprived, compared with arsenic­
supplemented, rats. A similar result occurred with
chicks. Guanidoacetic acid utilizes a methyl group
in its metabolism. Thus supplementation of this com­
pound can alter labile methyl status. Arsenic depri­
vation has been shown to affect three enzymes (two
are involved in methylation) necessary for phosphati­
dyicholine biosynthesis. In both rats and hamsters,
arsenic deprivation depressed the concentration of
taurine in plasma. Taurine is a product of methio­
nine metabolism. Arsenic deprivation has been
shown to decrease the polyamine content and spe­
cific activity of S-adenosylmethionine decarboxylase
in rat liver. Thus there are numerous studies which
indicate that arsenic is essential and that the physi­
ological role of arsenic is influenced or associated
with methionine metabolism.

Therefore, there is apparently a need for arsenic.
This need becomes the most evident when an organ­
ism is exposed to a stressor that affects sulfur ami­
no acid metabolism. Thus the safe intake of arsenic
should be high enough to cover a nutritional need .

Only data from animal experiments are available
for estimating the possible requirement for arsenic.
Several experiments have been performed to ascer­
tain the response of arsenic deprivation signs in
chicks and rats fed graded amounts of supplemental
arsenic. These experiments indicated that less than
50 ng arsenic- g dier ' was needed to prevent depri­
vation signs. The minimal need seemed to be near
25 ng . g-I. These studies utilized diets containing
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20% protein , 9% fat, 60% carbohydrate, and 11%
fiber , minerals and vitamins, and contained about
4000 kcal . kg' . Thus animal needs for arsenic were
met by 12.5 to 25 11g ' 2000 kcal' . The daily amount
of food an average person consumes has an energy
value of about 2000 kcal. Therefore an adequate in­
take of arsenic for humans may be near 12 to 25 ug
daily. This value corresponds to mean dietary intakes
which have been determined to range from 11.5 to
40 ug . d'. The safe upper limit of arsenic intake is
higher than 40 ug . d:'. The Food and Agriculture
Organization of the World Health Organization de­
termined a maximum daily load of 2 ug . kg body
weighr' for arsenic. For a 70-kg person this value
translates to 140 ug . d-I. Furtherm ore, Buchet et al
(6) showed that the methylation capacity of humans
was reduced only when oral intakes exceeded
250 llg' d-'. Thus the safe upper limit of arsenic
intake could possibl y be in the range of 140 to
250 ug . d-'.

The determination of the reference dose (RID) was
based on the epidemiologic study in Taiwan summa­
rized by Tseng (7). The supporting experiments used
were those of Hindmarsh et al (8), Cebrian et al (9),
and Southwick et al (10). All of these studies had
shortcomings. In the determ ination of the RID, the
possible carcinogenicity of arsenic was not consid­
ered. The Taiwan data showed increased incidence
of hyperpigmentation and kerato sis with age and
dose. The skin data formed the most sensitive end
point. Thus the low dose in this study was consid­
ered to be the lowest-observed adverse-effect level
(LOAEL). The reference group described for the Tai­
wan study showed no evidence of skin lesions. This
group was utilized for determining the no-observed
adverse-effect level (NOAEL). The arithmetic mean
of the arsenic concentration in the wells used by the
individuals in the NOAEL group was 9 ug . I-I. The
arithmetic mean of the arsenic concentrati on in the
wells used by the individuals in the LOAEL group
was 170 llg· I-I. The actual NOAEL of 0.8 llg '
kg-I . d-I was calcul ated by multiplying 9 ug . I-I by
a water intake of 4.5 I . d: ' , adding 2 llg . d' intake
of arsenic through food, and dividing by an average

Editors' comment
This paper discusses the possible requirement and
reference dose (RID) for humans on the basis of in­
teresting studies which indicate that it is possible to
produce arsenic deprivation in animals. However,
such studies involve several methodological prob­
lems, and no biochemical function of arsenic has
been identified - neither has the biologically ac-
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body weight of 55 kg. A similar calculation was used
to derive the actual LOAEL of 1411g· kg-I . d'. The
uncertainty factor of 3 was used to account for both
the lack of data to preclude reproductive toxicity as
a critical effect and to account for some uncertain ty '
in whether the NOAEL of the critical study (Taiwan
study) accounted for all sensitive individu als. With
a NOAEL of 0.8 llg . kg-I . d', an uncertainty fac­
tor of 3, and a modifying factor of I , the RID comes
to 0.3 ug . kg body weight" . d'. For a 70-kg per­
son this level calculates to 21 ug . d-I . Thus the pos­
sible requirement and the RID of arsenic are essen­
tially the same.
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tive form. Moreover, there is no known deficiency
state in humans. Thus the editors think that it is
premature to advance a human requirement for ar­
senic even if it is given only as a "possible require­
ment."
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