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TOXICITY OF MONOCHLORAMINE IN RAT:
AN ALTERNATIVE DRINKING WATER
DISINFECTANT

Mohamed S. Abdel-Rahman, Duck H. Suh

Toxicology Laboratory, Department of Pharmacology,
UMDN]—New Jersey Medical School, Newark, New Jersey

Richard J. Bull

U.S. Environmental Protection Agency, Health Effects
Research Laboratory, Cincinnati, Ohio

Monochloramine (NH, Cl) is under consideration as an alternative to chlorine as a dis-
infectant in public water supplies, to avoid trihalomethanes formation. This study was
conducted to investigate the toxicity of NH,Cl (0, 1, 10, 100 mg/l) in drinking water.
Glutathione (GSH) content in rat blood was decreased significantly after 4 mo treat-
ment, and the decreases were consistent throughout the treatment period. Treatment
groups showed a slight increase in blood osmotic fragility. After acute administration
(3 mi) of 20 and 40 mg NH,Clfl, blood GSH levels were increased as early as 15 min
and the increases were consistent up to 1 h, After 2 h exposure, however, the GSH
content returned to the control value. At 3 mo, red-blood~ell count and hematocrit
were decreased significantly, while after 10 mo treatment significant decreases in hemo-
globin concentration and mean corpuscular hemoglobin were observed, Monochloramine
administered in drinking water for 3 mo increased the Incorporation of [ *H]thymidine
into nuclei of rat kidney and spleen in the 1- and 10-mg/l groups, while the incorpora-
tion in testes was increased only in the 100-mg[l group. The body weight of rats was
decreased significantly in the highest treatment group after 3 mo treatment, and the
decrease persisted throughout the period studied. An examination of blood chloroform
content in afl the groups after 4, 6, 9, and 12 mo showed no significant changes com-
pared to the control.

INTRODUCTION

In recent years, there has been some concern and speculation regarding
the use of chlorine as a disinfectant in public water supplies, since chlorine
can react with various organic materials contained in natural waste waters
to form trihalomethanes (Rook, 1976). Chloroform, one of the trihalo-
methanes, has been shown to increase the occurrence of cancers in several
animal species (Kimura et al., 1971; National Cancer Institute, 1976). More-
over, epidemiological studies reported an increased risk of cancer mortality
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associated with the practice of chlorinating water (Kuzma et al., 1977; Page
et al., 1976). This had led to a search for an alternative disinfectant to re-
place the widespread use of free chlorine.

A number of alternative methods of water disinfection, such as strong
oxidizing agents, heat, ultraviolet (UV) irradiation, or change of pH, have
been suggested (Calabrese et al., 1978). However, the most commonly dis-
cussed alternatives may include chlorine dioxide, chloramine, and ozone.
Chlorine dioxide (ClO,) is a stronger disinfectant than chlorine (White,
1972), and it has the advantage of not causing the formation of trihalo-
methanes in treated water (Miltner, 1976). However, the potential toxic
effects of ClO, were observed in rat and chicken. Abdel-Rahman et al.
(1979) demonstrated that CIO, in drinking water decreased blood gluta-
thione (GSH) after 2 mo treatment. Moreover, alterations in red blood
cell morphology from the normal shape to echinocyte and dacrocyte were
observed in rat and chicken, respectively (Abdel-Rahman et al., 1979).
Furthermore, chlorine dioxide in drinking water altered the incorporation
of [3H]thymidine into the nuclei of rat kidney, testes, and small intestine
after 3 mo treatment (Abdel-Rahman et al., 1983a).

A combination of chlorine and ammonia treatment can be used as an
alternative disinfectant to the use of free chlorine (Dowty et al., 1975;
Eaton et al., 1973). This combination produces mainly monochloramine
(NH,CI) and to a lesser extent dichloramine (NHCI,), which do not form
trihalomethanes or produce much lower concentrations of trihalomethanes
(Symons et al., 1977; Brodtman and Russo, 1979). Although NH,Ci is
reported to be a less effective biocide compared to free available chlorine
(Environmental Protection Agency, 1978), it shows prolonged duration of
disinfective action, since residual chlorine is supplied slowly from NH,Cl
treatment. This practice also reduces unpleasant tastes and odors caused by
chlorinated aromatic compounds normally present in chlorine treated water
(Symons et al., 1977).

Chloramines have been found to cause the formation of methemoglobin,
depression of the hexose monophosphate pathway, shortened erythrocyte
survival, and hemolysis in hemodialyzed uremic patients (Eaton et al.,
1973). Shih and Lederberg (1976) reported monochloramine to be a weak
mutagen when reversion of Trp C to Trp' in strain 168 of Bacillus subtilus
was used as an indicator. Recently, Abdel-Rahman et al. (1982a) demon-
strated that there was no significant teratogenic effect in rats treated with
NH, Cl in drinking water daily for 3 mo prior to and throughout gestation.

The studies described in this report were conducted to provide informa-
tion on blood glutathione, osmotic fragility, hematologic parameters, and
chloroform formation in rats treated chronically with NH,Cl in drinking
water. In addition, the effect of NH,Cl on the incorporation of [3H] thymi-
dine into the nuclei of rat liver, kidney, testes, small-intestinal mucosa, and
spleen was studied.
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MATERIALS AND METHODS
Preparation of NH, Cl Solution

Chlorine gas (Matheson, E. Rutherford, N.].) was bubbled into double-
distilled water and the concentration was determined according to the
diethyl-p-phenylene diamine (DPD) method of Palin (1967). Monochiora-
mine solution was synthesized by the addition of stock chlorine and am-
monium hydroxide to a bicarbonate buffer of pH 9.0, as described in a pre-
vious report (Abdel-Rahman et al., 1982a). The concentration of NH, Cl was
then determined by the DPD method of Palin (1967). This method also
detects any small amounts of chlorine or di- or trichforamines present in the
solution. The levels of chlorine and dichloramine were less than 1% of the
NH, Cl concentration, and no trichloramine was found in the solution.

Animals

Sprague-Dawley male rats (150-170 g; Taconic Farms, Germantown,
N.Y.) were used in this study. The animals were maintained on a 12-h light/
dark cycle with constant temperature (25°C) and relative humidity (50-
55%). Animals drank 0, 1, 10, or 100 mg NH, Cl/l in deionized water daily,
and food was available ad /ibitum. Rat body weight was measured during
the treatment.

Determination of Blood Glutathione
and Osmotic Fragility -

Heparinized blood was collected by cardiac puncture at 2, 4, 6, 8, 10,
and 12 mo after the NH,Cl treatment. For the acute experiments, 4 rats
were given a single dose (3 ml) of 0, 10, 20, or 40 mg NH,Cl/I by gavage,
and blood was taken at 15, 30, 60, and 120 min after administration. Blood
glutathione was determined by the method of Beutler et al. (1963). The
osmotic fragility curve for rat blood was prepared with different concentra-
tions of phosphate-buffered saline (PBS) (Dacie, 1977). The concentration
of 0.45% PBS was used for the calculation of the osmotic fragility.

Hematologic Analysis of Blood Cell Compartment

Heparinized blood was obtained every month for analysis of blood cell
compartment from rats treated with NH,Cl. A Coulter counter (Model S)
was used to determine white-blood-cell (WBC) and red-blood-cell counts
(RBC), hemoglobin percent (HGB), hematocrit percent (HCT), mean cor-
puscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean
corpuscular hemoglobin concentration (MCHC).

[3H] Thymidine Incorporation in Rat Organs

Methyl-[1',2"-3H] thymidine (110 Ci/mmol, New England Nuclear) was
administered intraperitoneally (0.5 uCi/g body weight) to rats treated with
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NH, Cl for 3 mo. The rats were sacrificed by decapitation after 8 h following
the administration. [®H] Thymidine incorporation into the nuclei of rat
liver, kidney, testes, small-intestinal mucosa, and spleen was determined by
the method described by Abdel-Rahman et al. (1983a).

Determination of Chloroform Content in Blood

Heparinized blood was collected by cardiac puncture after 4, 6, 9, and
12 mo treatment. Chloroform concentration in blood was determined as
described by Abdel-Rahman et al. (1982b).

Statistical Analysis

Treatment effects were analyzed by analysis of variance (ANOVA).
Duncan’s multiple-range test was applied for paired comparisons, and the
significant values are reported at the p < 0.05 level.

RESULTS

Blood was collected in heparinized tubes by cardiac puncture at 2, 4, 6,
8, 10, and 12 mo from groups of rats drinking NH, Cl. Blood glutathione and
osmotic fragility were determined as described in the methods section.

The results of blood glutathione determination are shown in Table 1.
At 4 mo, glutathione content decreased significantly in the 1- and 100-mg
NH, Cl/I groups. After 6 and 12 mo treatment, a significant decrease in the
glutathione contents was observed in all treatment groups.

Blood osmotic fragility results are summarized in Table 2. Increased
osmotic fragility was observed in the 10- and 100-mg/l groups after 2 mo
treatment. Although the osmotic fragility was increased in all treatment
groups throughout the treatment period, the significant values compared to
control group were observed only in the 100- and 10-mg/l groups after 6
and 10 mo treatment, respectively.

TABLE 1. Effect of NH, Cl in Drinking Water on Rat Blood Glutathione

NH, CI level
Treatment
time Control 1 mg/fl 10 mg/l 100 mg/l
2 mo 415+ 0.99 453+ 0.8 464+ 23 44019
4mo 43.6+ 2.8 31.8+1.3° 37.6+ 2.7 349+ 1,70
6 mo 558+ 26 425190 447+ 2.0° 430+ 240
8 mo 436+ 3.2 354+22 39.1 6.2 32.5+55
10 mo 47.1+ 3.6 36.5 + 3.4 58.7 + 2.80 49.8+5.0
12 mo 469+ 27 400+ 1.7 35.7+ 0.3% 36.5 + 1.50

Zvalues represent the mean + SE (mg%) from 4 rats/group.
bSigniﬁcantly different from control {p < 0.05), analysis of variance.
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TABLE 2. Effect of NH, Cl in Drinking Water on Osmotic Fragility in the Rat

NH, Cl fevel
Treatment
time Control 1 mg/f! 10 mg/l 100 mg/!
2 mo 43.8 + 4,07 539+ 8.5 62,9+ 4.1Y 55,6+ 3.6°
4mo 494+ 45 477 +89 65959 63.1%£55
6 mo 33.5+2.7 36.1 £ 6.4 41884 56.0+ 4.0°
8 mo 587+ 3.2 69.5211.7 59658 64.8:5.0
10 mo 50.3 + 6.1 43.4+39 ' 70.1 % 6.4% 61.1+ 4.0
12 mo 48.0+ 8.5 542+ 8.0 61.1+ 9.0 669 + 3.3

9Values represent the mean + SE (% hemolysis) from 4 rats/group.
bSigniﬁcantly different from control (p < 0.05}, analysis of variance.

The control values at 30 and 60 min were not determined in Tables 3
and 4, because it has been observed that GSH concentration and hemolysis
in control blood were not changed during the 2-h incubation period (Abdel-
Rahman et al., 1979). The control values for 15 and 120 min were used in
calculations for statistical analysis at 30 and 60 min, respectively. The early
effect of NH,Cl on rat blood glutathione after acute exposure is shown in
Table 3. In the first 15 min, blood glutathione was increased significantly in
the 20- and 40-mg/l groups, while the 10-mg/l group was without any change
compared to the control. At 30 and 60 min, the glutathione content in-
creased significantly in all treatment groups. However, after 2 h exposure,
the GSH concentration returned to normal values in all treatment groups.
in the same acute experiment, osmotic fragility was without any change in
the treated groups (Table 4).

The hematologic analysis of blood cell compartment was performed
every month, but only after 3 and 10 mo treatment were significant changes
in the blood compartment observed in the treated groups. After 3 mo treat-
ment, significant decreases in red-blood-cell count (RBC) and hematocrit

TABLE 3. The Early Effect of NH, Cl on Rat Blood Glutathione after Acute Exposure

Time (min)

Treatment 15 30 60 120
Control 43.0+ 157 < - 40315
10 mg/l 440+ 2.4 46.4 + 255 5072 1.10 411+ 3.5
20 mg/l 50,32 1.40 495 +1.1b 504+ 230 40,6+ 3.0
40 mgfi 48.7+ 2.80 505+ 15 53.82 220 46.8+ 6.8

9values represent the-mean + SE (mg%) from 4 animals/group.
Significantly different from control (p < 0.05), analysis of variance.
¢Not determined.
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TABLE 4. The Early Effect of NH, Cl on Rat Blood Osmotic Fragility after Acute Exposure

Time (min)

Treatment 15 30 60 120
Control 48.0 + 10,07 b - 48.1:11.2
10 mg/l 454+ 6.9 353+52 23739 314+ 4.7
20 mg/l 5441+62 37.0+ 5.5 449455 37.8 4.7
40 mg/l 449+ 125 30.1+ 108 3312 12.0 28,8+ 10.2

9values represent the mean ¢ SE (% hemolysis) from 4 rats/group.
ONot determined.

(HCT) were observed in the 10- and 100-mg NH,Cl/l groups (Table 5).
However, after 10 mo treatment in the hemoglobin concentration (HGB)
and mean corpuscular hemoglobin (MCH) were decreased significantly only
in the 100-mg/! group (Table 6).

Table 7 summarizes the incorporation of [3H] thymidine into the nuclei
of rat organs (liver, kidney, testes, intestinal mucosa, and spleen) following
3 mo treatment. The results in kidney and spleen reveal that NH,Cl in-
creased the incorporation of [*H]thymidine in the 1- and 10-mg NH, Cl/I
groups. In testes, about a threefold increase of [*H]thymidine incorporation

compared to the control was observed in the 100-mg/l group.
‘ The weights of rats drinking NH, Cl daily for 1 yr are given in Table 8.
As little as 3 mo treatment with 100 mg NH, Cl/I resulted in a significant
decrease "in body weight compared to the control. This decrease of body
weight persisted throughout the treatment period, while no change was
observed in the 1- and 10-mg/l groups.

Blood chloraform was measured in the contro! and treated animals after
4, 6, 9, and 12 mo. No significant values of chloroform level compared to
the control were observed in rat blood during the treatment (Table 9).

DISCUSSION

The present investigation revealed that glutathione content in rat blood
was decreased after treatment with NH,Cl. The decrease of blood GSH

TABLE 5. Effect of NH,Cl on Rat Blood Cell Compartment after 3 Months Treatment

RBC HGB HCT MCV MCH MCHC
Treatment  (10°/mm?) (g%) (%) (FL) (PG) (%)
Control 91:029 150:03 459:06 400:09  148:03 328203
1 mg/l 87+0.2 155+ 02  444+1.0 42.8:22 17.1:0.7 349:04
10 mgfl 832020  151:02 41.0:06% 420£23 178:06 369:06

100 mg/i 8.3+ 015 147+ 0.3 403:07° 398:18 . 171207 364102

9values represent the mean + SE from 4 animals/group.
bsignificantly different from control {p < 0.05), analysis of variance.
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TABLE 6 Effect of NH, Cl on Rat Blood Cell Compartment after 10 Months Treatment

RBC HGB HCT MCV MCH MCHC
Treatment  (10°%/mm3) (g%) (%) (f1) (pg) (%)
Control 7.2+ 029 14,7+ 0.5 434 % 1.6 525+1.9 20.0£0.1 342+ 0.2
1 mgfl 7.4+ 04 14.8+ 0.8 41.7 2 0.7 52017 19.6%1.0 359+2.2
10 mg/l 7.2+ 04 13.0+ 1.2 385+1.0 49.7+3.0 18.2% 26 33.1¢ 31
100 mgfi 7.4+0.1 115+ 0.4b 38.4+0.6 45.0+£1.5 154¢= 0.4b 303+1.5

%Values are the mean = SE from 4 rats/group.
bSignificantly different from control {p < 0.05), analysis of variance,

TABLE 7. Effect of NH, Cl on [®*H] Thymidine Incorporation into Nuclei of Rat Organs

Intestinal
Treatment Liver Kidney Testes mucosa Spleen
Control 1.07 £ 0.049 0.21 + 0.03 098 + 0.18 11.06 £ 1.75 0.57 £ 0.14
1 mg/l 1.70+ 0.19 0.60 0,085 2.37 £ 0.30 18.00 + 495 1.86 + 0.382
10 mg/l 1.57+ 0.36 0.81+ 0.210 2.13+£0.72 8.09 + 3.19 1.48 £ 0.410
100 mg/l 1.89 + 0.35 0.50 + 0.08 295+ 093P 10.63 £ 2,28 1.25+0.33

9values represent the mean + SE as DPM/ug DNA from 4 rats/group given [*H] thymidine {0.05
uCi/g body weight) after drinking NH, Cl for 3 mo.
Significantly different from control {p < 0.05), analysis of variance.

TABLE 8. Effect of NH,Cl in Drinking Water on Rat Body Weight

NH, Cl level
Treatment
time Control 1 mg/l 10 mg/l 100 mg/l
1 mo 3546+ 599 358.8+ 6.4 3489+ 6.6 3434+ 6.6
2mo 4054 +7.3 417.0+ 6.9 4073+ 8.3 389.0+ 8.8
3mo 4380+ 11,0 452063 4440+8.4 401.0+9.7°
4 mo 480.4+ 7.9 4934+ 11.1 478.8 + 8.3 437.8 15.5b
5 mo 4954 + 10.0 515.6 £ 9.7 482.7+ 14.0 457.2 = 16.1b
6 mo 5325+12.0 531.0+ 106 516.1+14.7 4779 £ 17.2b
9 mo 567.8+ 14 549.2+ 144 532.8+15.6 477.4 + 18.70
11 mo 5743+ 14.6 564.6 + 144 543.3+19.5 4992 + 18.7b
12mo 569.7 + 13.2 5773+ 189 535.1+14.0 4732+ 28.3b

@values represent the mean + SE (g) from 4 rats/group.
bSignificantIy different from control (p < 0.05), analysis of variance.
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TABLE 9. Effect of NH,Cl in Drinking Water on the Formation of Chloroform in Rat Blood Follow-
ing Chronic Exposure

NH, Cl level
Treatment
time Control 1 mg/l 10 mg/fl 100 mg/l
4mo 0.0+ 0.07 b 0.0£00 0.2+ 0.2
6 mo 2725 0.0+ 0.0 0.0+ 0.0 0.2+ 0.2
" 9mo 0.2+ 0.2 0.0+ 0.0 22+22 0.0+ 0.0
12 mo 0.1+ 0.1 0.2+ 0.1 03+0.2 0.0+ 0.0

@values represent the mean + SE as ng/m! from 4 rats/group.
bNot determined.

could be related to the oxidative stress of NH, Cl and the protective role of
GSH against damage caused by oxidants (Hill et al., 1964). However, blood
GSH concentrations were increased after acute exposure to NH,Cl. The
increase in GSH level is most likely related to an increase in the activity of
RBC glutathione reductase to compensate for the oxidation stress of NH, Cl
during the first hour after acute exposure. In a similar experimental condi-
tion, Abdel-Rahman et al. (1979, 1983b) demonstrated that chlorine dioxide
and chlorine decreased rat blood glutathione after acute exposure. The
discrepancy observed in the present study may be explained by the oxidative
property of NH,Cl, which releases residual chlorine slowly and enhances the
activity of glutathione reductase. Further study is in progress in our labora-
tory to confirm this phenomenon.

The present data show that erythrocytic fragility was mcreased after
2 mo treatment with NH,Cl. The increased osmotic fragility may be ex-
plained by the oxidation of thiol groups and the formation of disulfide
bonds on the red-cell membrane, causing hemolysis of erythrocytes. A
depressed hemolysis in controls at 6 mo might be correlated with the ele-
vated glutathione levels exhibited by this group at this time period. A lack
of dose-response or time-dependent effect in GSH and hemolysis with
NH, Cl administration is in agreement with other chlorine compounds such
as chlorine dioxide and chlorine (Abdel-Rahman et al., 1979, 1983b).

An analysis of red-cell compartment demonstrated that rats drinking
NH,Cl for 3 mo exhibited depressed red-blood-cell counts and packed cell
volume. Also, the decreases in hemoglobin concentration and mean cor-
puscular hemoglobin (MCH) were observed after 10 mo treatment. Since
MCH is one of the erythrocyte indices that define the size and hemoglobin
content of the red blood cell, a lower MCH value indicates some degree of
damage to the erythrocytes.

[3*H] Thymidine incorporation studies have shown that NH, Cl increased
DNA synthesis in kidney, testes, and spleen (Table 7). The data in this report
are in agreement with studies of chlorine, while ClO, decreases DNA synthe-
sis in kidney and testes after 3 mo treatment (Abdel-Rahman et al., 1983a,
1983b).
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It has been demonstrated that chlorite (ClO3), a metabolite of ClO,,
elicited the production of hydrogen peroxide (H,0,) (Heffernan et al.,
1979). Harrison and Schultz (1976) presented the involvement of myelo-
peroxidase (MPO) and its cofactor (H,0,) in the peroxidation of chloride
ions to hypochlorous acid (HOCI). This HOCI may then react with organic
compounds to form chloroform. Although NH, Cl is metabolized to chloride
(CI7) in the rat (Abdel-Rahman et al., 1983c), NH,Cl releases residual
chlorine slowly and may produce H, O, at the minimal level, which may not
influence the MPO system to form chloroform in vivo Table 9).
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