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INTRODUCTION

Free chlorine has been widely used as a disin-
fectant for urban wastewater treatment and
biofouling in condensers at power plants. Ammonia
is commonly present in receiving water systems.
Chlorine instantaneously reacts with ammonia to
form combined chlorine: monochloramine and
dichloramine.1) Snoeyink and Markus2) found that
the predominant species in residual chlorine was
monochloramine. The toxicity of chloramines to fish
has been reviewed.3,4) Chloramines have been found
to cause the formation of methemoglobin, depres-
sion of the hexose monophosphate pathway, short-
ened erythrocyte survival, and hemolysis in
hemodialyzed uremic patients.5) Much of the desired
toxicological data has been determined using fish,
invertebrates, and various algae of importance in the
aquatic ecosystem as biological reagents. A standard
procedure for the use of an algal bioassay to deter-
mine toxicity has been adopted by the American
Society for Testing and Materials.6) Yamamoto et al.7)

reported that the disappearance of monochloramine

was due to self-decomposition which was acceler-
ated presumably by some dichloramine also present.
Pain8) showed that the presence of excess ammo-
nium ions retarded the decomposition of mono-
chloramine. Suzuki et al.9) reported that the disap-
pearance of monochloramine in artificial seawater
was slower than that in distilled water. To remove
monochloramine, adsorption on activated carbon or
photochemical decomposition have usually been
used.10) One problem with the use of activated car-
bon is its cost. The photochemical reaction with ul-
traviolet irradiation hardly occurs without a combi-
nation of oxidants. We studied several scavengers
to find an effective one. In the process of these ex-
aminations, it was found that rice bran removed
monochloramine. This work describes the inhibitory
effect of residual chlorine on the growth of green
alga, Selenastrum capricornutum, and the removal
of algal growth inhibition by direct reaction with rice
bran.

MATERIALS AND METHODS

Algal Species and Culture —–—  The experiments
were performed with the green alga Selenastrum
capricornutum. This alga was purchased from the
Global Environmental Forum (Tsukuba, Japan). The
cells were grown for 5 days in medium containing
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12.1 mg/l magnesium chloride, 4.4 mg/l calcium
chloride, 0.19 mg/l boric acid and 0.42 mg/l man-
ganese chloride proposed by Suzuki et al. (1996).
The cultures were incubated at room temperature (22
± 2°C)with illumination of 4000–5000 lux. Cell den-
sity was determined using a hemacytometer under a
light microscope in order to maintain density in the
range 1–2 × 106 cells/ml.
Materials —–—  Rice bran was purchased at a lo-
cal market. Sodium hypochlorite solution and acti-
vated carbon (powder and granular, coal based car-
bon) were purchased in practical grade from Wako
Pure Chemical Industries Ltd. (Amagasaki, Japan).
Preparation of Free Chlorine and Monochloram-
ine —–—  Free chlorine solution was prepared by
dissolving sodium hypochlorite solution in distilled
water after analysis of available chlorine. The con-
centration of available chlorine was determined by
titrating the liberated iodine with sodium thiosul-
fate solution. Monochloramine was synthesized by
adding chlorine to a bicarbonate buffer of pH 9.0
(13.13 g sodium bicarbonate and 1.32 g sodium car-
bonate per liter of water).11) The following equation
was used to determine the amount of chlorine to be
added to the buffer:

Chlorine (ml) = A × B/C

where A is the desired monochloramine concentra-
tion, B is the final volume of monochloramine solu-
tion, and C is the chlorine concentration (mg/l). Then,
ammonium hydroxide was added. The concentra-
tion of free chlorine and monochloramine were then
determined according to the diethyl-p-phenylene di-
amine (DPD) method of Palin.12)

Procedure —–—  One-hundred ml of medium con-
taining 1–2 × 104 cells/ml was placed in a 250-ml
glass Erlenmeyer flask, to which monochloramine
or free chlorine solution and rice bran were then
added. The cultures were incubated for 96 hr at room
temperature (22 ± 2°C)with illumination of 4000–
5000 lux and at 100 rpm. The concentration of
monochloramine or free chlorine was determined by
the DPD method of Palin,12) and cell density was
determined every 24 hr.
Batch Method for Removal by Rice Bran and
Activated Carbon —–—  To study the removal re-
action, batch tests were carried out. Sample 100 ml
free chlorine or monochloramine solutions were
placed into 100-ml glass-stoppered Erlenmeyer
flasks, to which 1 g of rice bran or activated carbon
(powder and granular) was then added. The samples

were mixed with a stirrer. The reaction mixture was
filtered through filter paper (quantitative ashless
no. 5A, Toyo Roshi, Ltd., Japan) to remove the rice
bran or activated carbon. The initial 10 ml of filtrate
was discarded because of the adsorption of mono-
chloramine by the filter paper. Ten ml of this filtrate
was placed in a test tube, and the concentrations of
free chlorine or monochloramine were then deter-
mined by the DPD method of Palin.13) A blank con-
taining only free chlorine or monochloramine solu-
tion was used to monitor the stability of the free chlo-
rine or monochloramine with respect to time. The
removal efficiency of rice bran was calculated by
eliminating the contribution. Ammonia was mea-
sured by the indophenol method.
Determination of Chloride Ion —–—  Fifty ml of
the filtrate obtained in the batch method section was
used for the analysis of chloride ion. Chloride ion
was measured by titration with 0.01 mol/l silver ni-
trate using potassium chromate solution as the indi-
cator.
Statistical Analysis —–—  Values are shown as
means ± S.D. Data were analyzed using one-way
analysis of variance (ANOVA) and, when appropri-
ate, by the Student-Newman-Keul test. Results were
considered significant at p < 0.05.

RESULTS AND DISCUSSION

The growth inhibition of Selenastrum
capricornutum exposed to different concentrations
of monochloramine during various periods is shown
in Fig. 1. Significant inhibition of growth with
monochloramine occurred at concentrations of more
than 0.1 mg/l. This inhibition was observed in the
first 24 hr of exposure and was maintained until the
end of the 96 hr exposure period. On the other hand,
significant inhibition of growth with free chlorine
occurred only at the concentration of 1.0 mg/l, but
there was growth (Fig. 2). These results show that
inhibition of growth with monochloramine is more
toxic than that with free chlorine. The toxicity of
monochloramine to the growth of the green alga
Selenastrum capricornutum with or without rice bran
is shown in Fig. 3. The algal growth in the test me-
dium without rice bran showed significant (p < 0.01)
depression. In contrast, the algal growth in the test
medium with rice bran (both of 0.5 and 1.0 g/l) was
reduced a little for the first 48 hr, but improved to
control levels within 72 hr. This result shows that
the damage by monochloramine at the initial stage
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recovered with the progression of time. Figure 4
shows the removal efficiencies of monochloramine
in distilled water as a function of time for rice bran
and activated carbon (powder and granular) at 1 g/l
levels. Monochloramine was removed from water
samples with an average removal efficiency of 97%
after 60 min when rice bran was added to distilled
water containing 1.0 mg/l monochloramine. The re-
moval by rice bran was similar to that by activated

carbon (powder). After 60 min of reaction time, the
removal appeared to plateau.

Figure 5 shows the free chlorine removal effi-
ciencies in distilled water as a function of time for
rice bran and activated carbon (powder and granu-
lar). Free chlorine was removed with an average re-
moval efficiency of 99% after 5 min when rice bran
was added to distilled water containing 1.0 mg/l free
chlorine. The disappearance of free chlorine by rice
bran, as well as by powderized activated carbon, was
very fast.

Next, we investigated the time course changes
in monochloramine and free chlorine in the medium
with or without rice bran. Without rice bran, the dis-
appearance of monochloramine was very slow and
prolonged. After 96 hr, over 60% of the mono-
chloramine still remained in the medium without rice
bran (Fig. 6). In contrast, after 24 hr monochloram-
ine was almost perfectly decomposed in the medium
with rice bran (rice bran: 0.5 or 1.0 g/l). The disap-
pearance of free chlorine was more rapid than that
of monochloramine (Fig. 7). After 24 hr, over 80%
of the free chlorine was destroyed in the test me-
dium without rice bran. Further, free chlorine was
almost perfectly decomposed 24 hr after rice bran
addition (rice bran: 0.5 or 1.0 g/l). Next, we investi-
gated the mechanism of removal. Kim et al.13) re-
ported that monochloramine reacts with granular
activated carbon, as shown in Equations (a) and (b):

Fig. 1. Growth Inhibition of Selenastrum Capricornutum by
Monochloramine

Significantly different from control group: *p < 0.01,**p < 0.001.
� (control): NH2Cl 0 mg/l, �: NH2Cl 0.01 mg/l, �: NH2Cl 0.1 mg/l,
�: NH2Cl 0.5 mg/l, �: NH2Cl 1 mg/l. Data represent the mean ± S.D.
of three separate determinations.

Fig. 2. Growth Inhibition of Selenastrum Capricornutum by
Free Chlorine

Significantly different from control group: *p < 0.01. � (control):
free chlorine 0 mg/l, �: free chlorine 0.1 mg/l, �: free chlorine 0.5 mg/l,
�: free chlorine 1 mg/l. Data represent the mean ± S.D. of three separate
determinations.

Fig. 3. Effect of Rice Bran on Growth Inhibition of Selenastrum
Capricornutum by Monochloramine

Significantly different from control group: *p < 0.01,**p < 0.001.
� (control): NH2Cl 0 mg/l, rice bran 0 g/l, �: NH2Cl 1.0 mg/l, rice bran
0 g/l, �:NH2Cl 1.0 mg/l, rice bran 0.5 g/l, �: NH2Cl 1.0 mg/l, rice bran
1.0 g/l. Data represent the mean ± S.D. of three separate determinations.
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Fig. 4. Removal Efficiency of Monochloramine by Rice Bran or Activated Carbon
Data represent the mean ± S.D. of three separate determinations.

Fig. 5. Removal Efficiency of Free Chlorine by Rice Bran or Activated Carbon
Data represent the mean ± S.D. of three separate determinations.

Fig. 6. Time Course Changes of Monochloramine in the
Medium with or without Rice Bran

�: rice bran 0 g/l, �: rice bran 0.5 g/l, �: rice bran 1.0 g/l. Data
represent the mean ± S.D. of three separate determinations.

NH2Cl + H2O + C* → NH3 + H+ + Cl– + CO*
(a)

2NH2Cl + CO* → N2 + 2H+ + 2Cl– + H2O + C*
(b)

HOCl + C* → H+ + Cl– + CO* (c)

Two different reactions (a, b) apparently take
place: C* and CO* indicate activated carbon and a
surface oxide on carbon, respectively. Thus, a por-
tion of the NH2Cl-N is converted to NH3 and a por-
tion to N2. Activated carbon is a well-known dechlo-
rinating agent for water. It reacts with chlorine as
shown in Equation (c). Johnson14) examined the ef-
fect of the presence of surface oxides on the reac-
tion with monochloramine; activated carbon samples
were reacted with 0.003, 0.007, and 0.010 mol of
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HOCl/g. This reaction results in an accumulation of
acidic surface oxides, the concentration of which in-
creased with the amount of HOCl reacted for these
levels of treatment. During the first 1 hr of the reac-
tion in our experiment using rice bran, no increase
in concentration of other chlorine-containing spe-
cies was noted. As shown in Fig. 8, the chloride ion
concentration began to increase, but the total N con-
centration began to decrease, indicating the conver-
sion of NH2Cl to an end product other than NH3.
The pH was essentially constant throughout the du-
ration of the test. Taking these results into account,
we concluded that the reaction was equivalent to that
of activated carbon. The monochloramine reaction

Fig. 8. Formation of Chloride Ions by the Reaction of Mono-
chloramine with Rice Bran

�: rice bran 10 g/l, �: rice bran 0 g/l, reaction time: 90 min, pH: 7.0.
Data represent the mean ± S.D. of three separate determinations.
Monochloramine solution was prepared according to the preparation of
monochloramine section.

Fig. 7. Time Course Changes of Free Chlorine in the Medium
with or without Rice Bran

�: rice bran 0 g/l, �: rice bran 0.5 g/l, �: rice bran 1.0 g/l. Data
represent the mean ± S.D. of three separate determinations.

with carbon appears complex. All reaction products
except the surface oxides were measured in this
study. Further studies are needed to determine
whether the surface oxides are present on the sur-
face after this reaction. Rice bran contains adequate
nitrogen and phosphate. In our laboratory tests, it
was confirmed that nitrogen and phosphate did not
dissolve from rice bran. We also found that rice bran
accelerated the growth of the effective microorgan-
ism. Therefore, the use of rice bran is an efficient
and cost effective method for removing chlorine re-
siduals from environmental water. Rice bran is a by-
product of making polished rice from brown rice,
and is therefore a waste product. This process also
offers a significant use of lees material in terms of
recycling.

REFERENCES

1) Corbett, R. E., Metcalf, W. S. and Soper, F. G. (1953)
Studies of N-Halogeno-compounds. Part lV. The
reaction between ammonia and chlorine in aqueous
solution, and the hydrolysis constants of chloro-
amines. J. Chem. Soc., 1927–1929.

2) Snoeyink, V. L. and Markus, F. I. (1973) Chlorine
residuals in treated effluents. Report prepared in the
department of civil engineering, University of Illi-
nois at Urbana-champaign, for the Illinois Institute
for Environmental Quality. Bull. Environ. Contam.
Toxicol., 54, 440–443.

3) Brungs, W. A. (1973) Effects of residual chlorine
on aquatic life. J. Sci. Technol., 18, 2180–2193.

4) Mattice, J. S. and Zittel, H. E. (1976) Site-specific
evaluation of power plant chlorination. J. Water
Control Fed., 48, 2284–2308.

5) Eaton, J. W., Dolpin, C. F., Kjellstrand, C. M. and
Jacob, H. S. (1973) Chlorinated urban water: a cause
of dialysis-induced hemolytic anemia. Science, 181,
463–464.

6) USEPA (1989) Algal, Selenastrum capricornutum,
growth test Method 1003.0. In Short-term methods
estimating the chronic toxicity of effluents and re-
ceiving waters to freshwater organisms, Second edi-
tion, NTIS, Cincinnati, pp. 147–187.

7) Yamamoto, K., Fukushima, M. and Oda, K. (1988)
Disappearance rates of chloramines in river water.
Water Res., 22, 479–484.

8) Pain, A. T. (1950) A study of the chloro derivatives
of ammonia and related compounds, with special
reference to their formation in the chlorination of
natural and polluted waters. Wat. & Wat. Engng.,
151–159.



618 Vol. 50 (2004)

9) Suzuki, Y., Morishita, R. and Maruyama, T. (1996)
Toxicity evaluation of monochloramine and chlori-
nated sewage effluents by a phytoplankton growth
test. J. Jpn. Soc. Water Environ., 19, 861–870.

10) Johnson, J. H. (1970) The effect of dechlorination
on the adsorptive capacity of active carbon, Special
problem, Univ. of Illinois, Urbana.

11) Rahman, M. S., Berardi, M. R. and Bull, R. J. (1982)
Effect of chlorine and monochloramine in drinking
water on the developing rat fetus. J. Appl. Toxicol.,
2, 156–159.

12) Palin, A. T. (1967) Methods for the determination
in water of free and combined available chlorine
dioxide and chlorine, bromine, iodine and ozone
using diethyl-p-phenylene diamine (DPD). J. Inst.
Water Eng., 21, 537–547.

13) Kim, B. R. and Snoeyink, V. L. (1980) The
monochloramine-granular activated carbon reaction
in adsorption systems. J. AWWA, 72, 488–491.

14) Johnson, J. H. (1970) The effect of dechlorination
on the adsorptive capacity of active carbon, Special
Problem, Univ. of Illinois, Urbana.


