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ABSTRACT 
Controlled Clinical Evaluations o f  Chlorine Dioxide, 

Chlorite and Chlorate i n  Man.  Lubbers, J.R., Chauhan, S. 
and Bianchine, J.R. (1981). Fundan~.  Appl. Toxicol. 1334- 
338. T o  assess the relative safety o f  chronically adminis- 
tered chlorine water disinfectants in man, a controlled study 
was undertaken. The clinical evaluation was conducted in 
the three phases common t o  investigational drug studies. 
Phase 1, a rising dose tolerance investigation, examined the 
acute effects o f  progressively increasing single doses ofch lo-  
r ine disinfectants to normal healthy adult male volunteers. 
Phase I1 considered the impact on normal subjects o f  daily 
ingestion o f  the disinfectants at a concentration o f  5 m g / L  
for twelve consecutive weeks. Persons with a low level o f  
glucose-6-phosphate dehydrogenase may be expected to  be 
especially susceptible to oxidative stress (Moore, 198Db); 
therefore, i n  Phase 111, chlorite at a concentration o f  5 
mg/L, was administered daily for twelve consecutive weeks 
to  a small group o f  potentially at-risk glucose-6-pliospliatc 
dehydrogenase deficient subjects. Physiological impact was 
assessed by evaluation o f  a battery o f  qualitative and quan- 
titative tests. The three phases o f  this controlled double- 
b l ind clinical evaluation of chlorinedioxideand its potential 
metabolites i n  human male volunteer subjects were com- 
pleted uneventfully. There were no  obviousundesirable clin- 
ical sequellacnoted by any o f  the participatingsubjects or by 
the observing medical team. I n  several cases, statistically 
significant trends i n  certain biochemical or physiological 
parameters were associated wi th  treatment; however, none 
o f  these trends was judged t o  have physiological conse- 
quence. One cannot rule out the possibility that, over a 
longer treatment period, these trends might indeed achieve 
proportions ofclinical importance. However, by theabsence 
o f  detrimental physiological responses within the limits o f  
the study, the relative safety o f  oral ingestion o f  chlorine 
d iox ide and i ts  metabolites, chlor i te and chlorate, 
was demonstrated. 

INTRODUCTION 
Chlorine dioxide is currently under serious consideration in  

the United States as an alternative to chlorine water treat- 
ment. Before chlorine dioxide may be used routinely as a water 
disinfectant, the safety of oral human ingestion of chlorine 
dioxide and its by-products must be assessed. For this pur- 
pose, a controlled clinical evaluation of chlorine dioxide, chlo- 
rite and chlorate was undertaken under the auspices of USEPA 
HERL SCR805643. 

The study was conducted in  three pans. Phase I was 
designed to evaluate the acute physiological effects of pro- 
gressively increasing doses of disinfectants administered to 

normal healthy adult males. Chronic ingestion by normal male 
volunteers was studied in Phase II. Phase Ill assessed the 
physiological response of a small group of potentially suscep- 
tible individuals, those deficient in  glucose-6-phosphate dehy- 
drogenase, to chronic ingestion of chlori~e. 

METHODS 
Subject selection 

For Phase I and for Phase II, normal healthy adult male 
volunteers were selected. No prospective study participant 
who exhibited a significant abnormality in  the routine clinical 
serum analysis, blood count, urinalysis, or electrocardiogram 
was selected. Subjects manifested no physical abnormalities 
at the pretreatment examination, were 21 to 35 years of age, 
and weighed within i 10% of normal body'weight for their 
frame and stature. A history of disease or any medical or 
surgical condition which might interfere with the absorption. 
excretion, or metabolism of substances by the body precluded 
Inclusion. Regular drug intake prior to the start of the investi- 
gation, either therapeuticor recreational, resulted in  exclusion 
from the study. Normal methemoglobin levels, thyroid func- 
tion, and glutathione levelswere mandatory. Written informed 
consent was obtained from each subject prior to initiation 
of treatment. 

For Phase Ill, volunteers were defined as glucose-6-phos- 
phate dehydrogenase (G-6-PO) deficient on the basis of a 
hemoglobin G-6-PD level of less than 5.0 IU/GM hemoglobin 
i n  the pre-study screening. Phase 111 subjects were normal i n  
all other respects. 

Water disinfectant preparation 
A detailed description of the water disinfectant preparation 

techniques has been presented by Lubbers and Bianchine 
(1 981). In  general,freshly prepared stocksolutionsof chlorine 
dioxide, sodium chlorite, sodium chlorate, chlorine and chlo- 
famine were assayed by the colorimetric techniques of Palin 
(1 976)thendiluted with organic-free demineralizeddeionized 
water to appropriate concentrations. Individual bottles were 
capped andstored i n  the dark under refrigeration until use. All 
bottles were coded by an independent observer and the iden- 
tity of each bottle remained "double-blind" to both the inves- 
tigative staff and the volunteer subjects. 

Study design: Phase I 
The sixty volunteers i n  Phase I were divided at random into 

six treatment groups (Lubbers and Bianchine, 1981).Ten per- 
sons were assigned to receive each of the disinfectants; the 
ten members of the control group received untreated water. 
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