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Early Chronic Low-Level Methylmercury Poisoning in Monkeys 
Impairs Spatial Vision 

Abstract. Five monkeys were treated from birth with oral doses of mercury as 
methylmercury (50 micrograms per kilogram of body weight per day); concentrations 
in the blood peaked at 1.2 to 1.4 parts per million; and declined after weaning from 
infant formula to a steady level of 0.6 to  0.9 part per million. There were no overt 
signs of toxicity. When tested between 3 and 4 years of age under conditions of both 
high and low luminance, treated monkeys exhibited spatial vision that was impaired 
compared with that of control monkeys. 

In the outbreaks of human poisoning 
from methylmercury in Japan and later 
in Iraq, one of the most consistent signs 
in adults was deficits in visual function. 
The deficit that has received the most 
emphasis is constriction of the visual 
fields, although other visual deficits, par- 
ticularly changes in visual acuity, have 
been reported with equal frequency ( I ) .  
Human data suggest that the fetus or 
neonate exposed to methylmercury in 
breast milk may be at greater risk from 
methylmercury poisoning than the adult 
and that the signs may be different from 
those of adult methylmercury poisoning 
(2, 3 ) .  

The visual system of macaque mon- 
keys resembles that of humans (4)  and 
exhibits the same signs and pathological 
lesions as that of humans when exposed 
to methylmercury (5-7). Macaques are 
therefore excellent models for testing the 
effects of methylmercury on the visual 

system. We separated cynomolgus mon- 
keys (Macaca fascicularis) from their 
mothers within 12 hours after birth and 
raised them in a primate nursery (8). 
They were given oral doses of mercury 
(0 or 50 kg per kilogram of body weight 
per day) as methylmercury starting at 
birth and continuing throughout the pe- 
riod of testing. Blood concentrations 
peaked at approximately 1.2 to 1.4 ppm 
and dropped after withdrawal of infant 
formula at 200 days of age to a steady 
level between 0.6 and 0.9 ppm (9) .  None 
of the monkeys showed any overt signs 
of toxicity. Food intake and weight gain 
were indistinguishable from those of 
control subjects and routine hematolog- 
ical measures were normal. No abnor- 
malities were detected during regularly 
scheduled clinical neurological examina- 
tions, and treated monkeys were as agile 
in the large exercise cages as controls. 

Optic head and macula appeared nor- 

Fig. 1. Diagram of the apparatus. 

0036-8075182105 14-0759$Ol.OO/O Copyright 0 1982 AAAS 



ma1 in all monkeys. Streak retinoscopy 
revealed that most of the monkeys' eyes 
were slightly hyperopic (+0.25 to +0.50 
diopters), as is normal for young pri- 
mates. One control monkey had slight 
astigmatism in the plane of testing in one 
eye, and the other was slightly myopic in 
both eyes (-0.50 diopters). One treated 
monkey had slight astigmatism 90" to the 
plane of testing in one eye, and another 
was hyperopic in one eye (+2.50 diop- 
ters). No monkey had refractive errors 
severe enough to interfere with the task. 
These monkeys exhibited no constric- 
tion of visual fields when tested in a 
perimeter that measured to approximate- 
ly 80". 

When the monkeys were between 3 
and 4 years of age, their ability to see the 
various frequency components of ob- 
jects was determined (10). The seated 
monkey faced two oscilloscopes at a 
distance of 114 cm; each scope subtend- 
ed 4" of visual angle horizontally (Fig. 1). 
On each trial, one oscilloscope (chosen 
randomly) displayed a stimulus of a ver- 
tical sine wave grating, while the other 
was a blank screen of equal average 
luminance. The contrast (11) and spatial 
frequency (cycles per degree) of the grat- 
ings were controlled by an on-line com- 
puter. The monkey was required to press 
the button corresponding to the oscillo- 
scope displaying the grating in order to 

receive apple juice through a drinking 
spout (12). For each of a number of 
spatial frequencies, the contrast at which 
the monkey responded with 70 percent 
correct choices was determined and con- 
sidered to be the threshold for that fre- 
quency (13). Monkeys were tested at two 
average luminances: 5 foot lamberts in 
the photopic (cone vision) range, and 5 x 

foot lamberts in the scotopic (rod 
vision) range (1 foot lambert = 3.4263 
candeldm2). The latter luminance was 
achieved by inserting neutral-density fil- 
ters between the monkey and the oscillo- 
scopes; monkeys were dark-adapted for 
20 minutes before being tested. 

The contrast sensitivity functions for 
the two control monkeys were very simi- 
lar to those published for other macaque 

1,000 Controls 46 
monkeys (4). The shape of the psycho- 
metric function was similar for control 
and treated monkeys (14), indicating that 
factors other than ability to detect the 
grating (such as motivation and atten- 
tion) did not differ between treated and 
control monkeys. All five monkeys treat- 

- 

ed with methylmercury exhibited impair- 

10 -7 
ment of spatial visual function compared 
with the two control monkeys (Fig. 2). 
At the high luminance, two of the treated 
monkeys (46 and 39) had contrast sensi- 

1 tivity functions indistinguishable from 
those of the controls, two (35 and 36) 

1,000 3 9 3 5 were impaired at high frequencies (and 
slightly at middle frequencies), and the 
fifth (34) was severely impaired at all but 
very low frequencies. At the low lumi- 
nance, all treated monkeys were im- 
paired, but patterns of deficit varied 
among monkeys. Two (46 and 34) were 
substantially impaired at frequencies 
greater than 1 cycle per degree, one (39) 
was somewhat impaired at the lower 
frequencies, one was most impaired at 

1 
middle frequencies (39,  and the fifth was 
moderately impaired at all but the lowest 
frequency (36). The deficits of individual 
monkeys under low luminance condi- 
tions were not correlated in any obvious 
fashion with their deficits at the high 
luminance. 

In the human as well as the monkey, 
deficits in vision produced by methyl- 
mercury are thought to be central in 
origin (15). The most severe pathological 
changes in the adult are in calcarine 
fissure, whereas infant poisoning results 
in a wider distribution of damage 
throughout the visual cortex. Our study 

0.1 1 10 100 0.1 1 10 100 indicates that impairment of visual acu- 

Spatla1 frequency (cyc le ldeg)  ity may occur independently of constric- 
tion of visual fields in infantile methvl- 

Fig. 2. Spatial contrast sensitivity functions for two control and five methylmercury-treated mercury poisoning and that impairmlnt 
monkeys under conditions of high and low luminance. For the control monkeys, the squares 
and triangles represent the individual animals. For each treated monkey, the x's represent acuity may be a sensitive indica- 
threshold at each frequency under high luminance conditions, and circles the thresholds at low tor of exposure. Whether this also may 
luminance. Solid lines on each graph represent envelope of thresholds for control monkeys. be the case in the adult is unclear, al- 
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though adult Minamata patients in Japan 
were found to have middle- but not low- 
frequency deficits (high frequencies 
were not tested) with little or no con- 
striction of visual fields (16). 

Although deficits in peripheral vision, 
especially constriction of visual fields, 
may be the most conspicuous and exten- 
sive visual lesion in methylmercury poi- 
soning, other visual changes seem to 
occur at the same time and possibly 
earlier under certain conditions. 

DEBORAH C. RICE 
STEVEN G. GILBERT 

Toxicology Research Division, 
Bureau of Chemical Safety, 
Health Protection Branch, 
Health and Welfare Canada, 
Ottawa, Ontario KIA OL2 
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Global Carbon Monoxide Fluxes: 
Inappropriate Measurement Procedures 

Bartholomew and Alexander have cal- 
culated (I) that the global CO uptake by 
soil is 4.1 x 1014 glyear. Although we 
should be satisfied to see Seiler's earlier 
estimates (2) confirmed, we are deeply 
concerned about the experimental proce- 
dure used by Bartholomew and Alexan- 
der ( I )  and what we feel are misquota- 
tions from Seiler's earlier paper (2). 
Their calculation is based on laboratory 
experiments that represent disturbed 
conditions, whereas our experiments are 
based on measurements made in the field 
under natural conditions. We are also 
concerned about the application of an 
unrealistically high CO mixing ratio of 3 
parts per million by volume (ppmv) and 
the use of the radiotracer technique with 
14C0 as the tracer. 

The CO uptake depends on concentra- 
tion, and observed ambient CO mixing 
ratios in the lower troposphere are of the 
order of 0.05 to 0.30 part per million 
(ppm); thus reported uptake rates based 
on mixing ratios of 3 ppmv must be 
overestimated by approximately one or- 
der of magnitude. Furthermore, the re- 
port by Bartholomew and Alexander to- 
tally neglects the fact that CO is not only 
destroyed but also produced in soil. In 
summer at high soil surface temperatures 
and ambient CO mixing ratios (5 0.30 
ppmv), the production sometimes ex- 
ceeds the destruction. Under these con- 
ditions the soil acts as a source of atmo- 
spheric CO. Extrapolation of results ob- 
tained at 3 ppm to low ambient mixing 
ratios, however, indicates that the soil is 
always a net sink, an incorrect general- 
ization. 

The existence of simultaneous produc- 
tion and destruction of CO by different 
processes in the soil clearly demon- 
strates the inapplicability of a radiotracer 
technique that measures only the oxida- 
tion of 14C0 to I4CO2 and not the pro- 
duction of CO by soil, The use of 14C0 is 
therefore inappropriate for the determi- 
nation of the CO net flux between the 
soil and atmosphere. Thus we feel that 
agreement between Seiler's earlier data 

0036-807518210514-0761$01.00/0 Copyright 

and those obtained by Bartholomew and 
Alexander (I) is fortuitous. 

The global CO uptake rate of 5 x 1014 
glyear (2) is based on in situ measure- 
ments carried out under ambient natural 
conditions, different types of soil, and 
different seasons and weather condi- 
tions, covering soil temperatures of 3" to 
50°C. This is well documented in (2); we 
therefore do not understand the state- 
ment of Bartholomew and Alexander 
that Seiler's estimate is based on "mea- 
surements of a few European soils in the 
laboratory" and "multiplying the aver- 
age uptake rate of a few soils at 15°C." 

W. SEILER 
R. CONRAD 

Max-Planck-Znstitut fur Chemie, 
0-6500 Mainz, West Germany 
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We are surprised that Seiler and Con- 
rad missed the crucial difference be- 
tween their studies and ours. Atmo- 
spheric scientists accept the fact that the 
properties and behavior of CO, SO2, and 
N20  are different, and they would not 
assume that the average values of some 
properties of five gases could be used to 
predict the properties of all gases. If it is 
inappropriate to conclude that, "once 
you have seen one atmospheric compo- 
nent, you have seen them all," it would 
also seem reasonable to suggest that 
soils differ markedly, and that averaging 
numbers for five soils, all from one geo- 
graphical area, does not provide a mean- 
ingful mean value for all soils. Soil tax- 
onomists have labored long and hard to 
develop a meaningful and useful scheme 
for the categorization of soils, and it is 
incumbent upon atmospheric scientists, 
microbiologists, and others to base their 
extrapolations on, or at least link them 
to, the classification systems thus devel- 
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