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Abstract—In this paper, the disinfection effects of chlorine dioxide (ClO:) on some main viruses, algae
and animal planktons in water and the influence of ClO; on the inactivation of some microorganisms
studied under various conditions such as the dose of disinfectant, contact time, and pH value, etc. were
researched and reported. The effects and influence were compared with liquid chlorine, and results showed
that the killing effect of ClO: on algae is about the same as or better than that of liquid chlorine and
the inactivation effect of ClO, on viruses and animal planktons is more remarkable than that of liquid
chlorine. The viruses were effectively killed off by ClO; in a wider pH range. Moreover, the mechanism
of viruses killed by ClO, was tentatively investigated. Then, it is concluded that ClO, is an excellent

disinfectant as a substitute for liquid chlorine.© 1997 Elsevier Science Ltd. All rights reserved
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INTRODUCTION

Microorganisms besides bacteria also include viruses,
algae and animal plankton, etc. in water. Microor-
ganisms have different influences upon humans’
health and water environment. Many viruses can
result in incidence of mass epidemic disease causing
illness or death through dissemination of water, e.g.
myocarditis, poliomyelitis, hepatitis, encephalitis,
mumps and herpes, etc. Therefore, the inactivation of
viruses is awfully important for drinking water. A
virus is a kind of micro parasite with DNA or RNA
wrapped in a protein shell. The virus is hardly
removed by filtration, etc.; it must make use of the
disinfectant, such as ClO, or others, to be inactivated
(Bitton, 1980, Yingli er al., 1986; Yongxin and
Zongshe, 1989; Xingjin, 1986; Junli, 1993).

The algae and animal planktons grow and
reproduce in lake and reservoir easily. The microor-
ganism in the water has a serious influence upon
normal operation of filters and effluent quality in
waterworks (Ruixian and Xianjiu, 1989; Sudou,
1989).

In this study, the inactivation effects of ClO, on
Poliovirus-1, Coxsackie B;, ECHO-11, Adenovirus-7,
Herpes simplex virus 1 and Mumps, etc. in water are
investigated experimentally, and the killing effects of
ClO; on some algae and animal planktons in water
are carried out. The results show that the inactivation
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effect of ClO; on viruses and animal planktons is
more remarkable than that of liquid chlorine, the
killing effect of ClO; on algae is more or similar to the
chlorine. This provides a valuable basis for the
further investigation of ClO, and its application.

MATERIALS AND METHODS

Experimental materials and methods for inactivation of
viruses

(1) Poliovirus-type 1 and Adenovirus-type 7, introduced
from The Virus Institute, Chinese Academy of Protective
Medical Sciences.

(2) Coxsackie virus Bs, introduced from the Local
Diseases Institute, Bai Qiuen Medical University.

(3) ECHO-11, obtained from The Virus Laboratory,
Fifth Institute, Chinese Academy of Military Medical
Sciences.

(4) Herpes simplex virus type 1 HSV, introduced from the
Microorganism Teaching Investigation Section, Harbin
Medical University.

(5) Mumps, introduced from the Shanghai Biological
Products Institute.

Experimental method is cytopathogenic effect method
(CPE). The cells used in experiments were HeLa cell and
Vero cell. Culture medium for cell: Eagle New, made in
Japan.

Experimental materials and methods for killing effect of algae
and animal planktons

The samples of algae were sampled at points in Hei Yu
pao pond, Harbin and various cross-section of membranes
attached on media in the pilot oxidation pond.

Algae: use algaemeter and use microscopic count.

Animal planktons were sampled from the biological
membrane in our indoor pond’s filter.
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Number of animal planktons was determined by
microscopic count.

RESULTS
The test of inactivation effect of ClO, on viruses

(1) Test of inactivation effect with various ClO;
concentration on viruses. Taking two disinfectants, i.e.
ClO, and liquid chlorine, with concentrations of 1.0,
3.0, 5.0 and 7.0 mg/L contact with six kinds of virus
for 30 min. Then 0.1 mL of each share was removed
and was added in 0.9 mL of maintenance media,
respectively, to inoculate the cells. Each set was done
in 4 parallel samples which were cultured at 37°C and
observed continuously for 7 days. The results are
shown in Table 1.

As can be seen in Table 1, even with 7.0 mg/L of
liquid chlorine added, treating for 30 min, no kind of
virus was inactivated. But dosing 1.0 mg/L of ClO, on
the third day small cells fell out and there was no
change thereafter. Thus it can be seen that, dosing
1.0 mg/L, ClO, may kill completely or inactivate six
kinds of the virus mentioned above. ClO, is much
better than liquid chlorine in the capacity to
inactivate the viruses.

(2) Influences of contact times on inactivation of
viruses. Dosing 7.0 mg/L of chlorine dioxide and
liquid chlorine, contacted with the virus for 10, 30,
60 min, respectively. Then, the test of cytopathogen-
esis was carried out according to the method
mentioned above and whether the cells were damaged
was observed. The results were listed in Table 2. As
can be seen, 7.0mg/L of liquid chlorine and
contacted with the six kinds of virus for 10, 30 and
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60 min, no inactivation occurred. After contact with
viruses for 10 min the same dose of ClO; could not
inactivate six kinds of virus. But after contact with
viruses for 30 and 60 min, ClO, did inactivate them.
It is thus clear that ClO, is more effective than liquid
chlorine in the inactivation rate of viruses.

(3) Test on influences of pH value on inactivation
effects of viruses. With 3.0mg/L ClO, and liquid
chlorine and various pH values, contacted with six
kinds of virus for 30min, then the test of
cytopathogenesis was carried out. The results are
listed in Table 3. At various pH values (pH = 3.0, 5.0,
7.0, 9.0), liquid chlorine could not achieve inacti-
vation effects on Poliovirus-1, Coxsackie B;, ECHO-
11, Adenovirus-1, Herpes simplex virus-1 and Mumps
virus. But, Cl0O,, at pH = 3.0, 5.0, 7.0, had obvious
inactivation effects on the six kinds of virus
mentioned above. But at pH = 9.0, CIO; lost the
inactivation effects on the six kinds of virus, and
viruses could not be killed. This may be caused by the
disproportionate reaction of ClO. under the basic
condition.

2C10; + 20H-sCIO; + ClO; + H,O

It can be seen from the result that ClO, may attain
inactivation effects on the viruses within a wider pH
value range (pH =3 ~ 7).

(4) The experimental result of disinfection of
drinking water. To manifest further the inactivation
effects of disinfectants on viruses in water treatment,
ClO; and liquid chlorine, under conditions of
3.0 mg/L and pH 7.0, contacted with the six kinds of
virus mentioned above for 30 min. The results
showed that liquid chlorine, under the condition

Table 1. Disinfection effect of various disinfectant concentration on viruses (pH = 7.0, contact
time = 30 min)

Virus results in degrees of cytopathogenesis

Disinfectant
dosage
(mg/L)

Name of
virus

Before adding
disinfectant

Cl

ClO;
Before adding
disinfectant

After adding
disinfectant

After adding
disinfectant

1.0
3.0
5.0
7.0
1.0
3.0
5.0
7.0
1.0
3.0
5.0
7.0
1.0
3.0
7.0
1.0
3.0
5.0
7.0
1.0
3.0
5.0
7.0

Poliovirus
type |

Coxsackie
type B:

ECHO-11

Adenovirus
type 7

Herpes simplex
virus |

Mumps
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Note: sign it expresses the virus is not killed and results in cytopathogenesis.
-— Expresses the virus is killed and does not result in cytopathogensis.

ND—Not determined.
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Table 2. Test of disinfection effect of different contact time on viruses (pH = 7.0, disinfectant
dosage = 7.0 mg/L)

Virus results in degrees of cytopathogenesis

Contact Ch, ClO,
Name of time Before adding  After adding Before adding  After adding
virus (min) disinfectant disinfectant disinfectant disinfectant
Poliovirus 10 1 1 it it
type 1 30 it H Ht —
60 Ht it it —
Coxsackie 10 i 1 Ht 1t
type B: 30 it 1 T —
60 it it Ht
ECHO-11 10 i Hi it
30 it 1t fHt
60 it it A —
Adenovirus 10 it B #t t
type 7 30 it it 1t —
60 it it it —
Herpes simplex 10 1 s s 1t
virus | 30 il it g —
60 # it it —
Mumps 10 #H 1 it H
30 it i itk —
60 Hit it i —

Note: #f and —, see Table 1 footnote.

mentioned above, could not attain the inactivation
effects on the six kinds of virus. But ClO,, under the
same condition, contacted with six kinds of virus had
attained obvious inactivation effects. When liquid
chlorine was used to treat drinking water, with the
dose of 3.0 mg/L, though the index of colon Bacillus
and bacteria were qualified, the viruses were not
inactivated in water. This is also an advantage of
chlorine dioxide to substitute for liquid chlorine.
To sum up, liquid chlorine, with the dose of
7.0 mg/L, contacted with six kinds of virus for
60 min, could not kill or inactivate Poliovirus-1,
Coxsackie B, ECHO-11, Adenovirus-1, Herpes

Table 3. Test of disinfection effect of pH value on viruses
(disinfectant dosage = 3.0 mg/L, contact time = 30 min)

Virus results in degrees of cytopathogenesis
Cl CIO;
Before adding After adding
disinfectant disinfectant

Name of

virus pH

3.0
5.0
7.0
9.0
30
5.0
7.0
9.0
3.0
5.0
7.0
9.0
3.0
5.0
70
9.0
3.0
5.0
7.0
9.0
3.0
5.0
7.0
9.0

Note: it and —, see Table 1 footnote.

Poliovirus
type |

[ =

Coxsackie
type B;

= |

ECHO-11

[

Adenovirus
type 7

=

Herpes simplex
virus |

=

Mumps

[

FFFESEFFFFFFEIIFTFIESEFEIES
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E
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simplex virus-1 and Mumps virus. But, Cl1O, with the
dose of 1.0 mg/L and pH 3.0-7.0, treated for 30 min,
could kill the six kinds of virus mentioned above and
achieved very good inactivation effects.

Test on the killing effects of ClO, on algae in water

The water samples of algae were sampled in
various locations in Hei Yu pao pond and tested
immediately for the killing effects of ClO, and liquid
chlorine on algae in the laboratory. The results are
listed in Table 4. As can be seen from the results, in
addition to Chlamydomonas and Phorimidum, ClO,
has better killing effects on Ulothrix, Microphorumid-
ium and Ankistrodesmus than liquid chlorine.

To explain further the killing effects of ClO, and
liquid chlorine on algae, the tests on the killing effects
of ClO, were carried out in July 1992 again on algae
taken from various cross-sections of membranes
attached on media in the outdoor oxidation pond.
The results are listed in Table 5. It shows that the
killing effects of Cl0, were strengthened on Chlorella,
Prismatic desmids as increasing the dosage and
basically better than or equal to liquid chlorine.

Test of the killing effects of ClO; on some protozoan
and metazoans in water

The membrane sample was scraped by glass slide
from the indoor pond’s filter and protozoa and
metazoa living in it were observed under microscope.
Tests of killing effects by ClO; and liquid chlorine
were carried out. There were protozoa, including
Vorticella, Opercularia, Paramecium, Lionotus, Bur-
saria, Nematalycidae, Englena, nematods and
metozoa, including Rotora, etc. in this study. At
pH = 7.0, contacted for 20 min, the results are
listed in Table 6. As can be seen from the results, the
killed protozoa and metozoa were increased as
increase of the disinfectant dosage. When dose of
liquid chlorine reaches 7.0 mg/L, all the protozoa and
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Table 4. Test on killing effect of various doses of disinfectants on various kinds of algae (pH = 7.0, contact time = 30 min)

Experimental phenomenon

Cl: ClO:
Disinfectant Experimental Killing Experimental Killing
Name of dosage phenomenon rate phenomenon rate
algae {mg/L) (number of algae) (%) (number of algae) (%)
Ulothrix 0 Long in shape and green (52) in 0 Long in shape and green (52) in 0
all all
3.0 Long in shape and green 0 Long in shape and green 0
4.0 Crimp occurs, remain green 0 12 among them have become 23.1
brown
5.0 Crimp green turn to deep brown 94.2  All among them have become 100
3) brown
Chlamydomonas 0 Green (28) in all 0 Green (28) in all 0
3.0 Green (28) 0 Green (28) 0
4.0 16 among them have become 57.1 8 among them have become 28.6
brown brown
5.0 2 among them remain only 92.9  Green turns to brown (21) 75
green
Microphorimidum 0 Green (16) in all 0 Green (16) in all 0
3.0 Green (16) 0 Green (16) 0
4.0 3 among them remain green 81.3 1 among them remains green, 93.8
green turns to brown (all other
one)
5.0 3 among them remain green 81.3  Green turns to deep brown (all) 100
Ankistrodesmus 0 Green, round in shape 0 Green round in shape 0
3.0 Green body — Green body -
4.0 A round green turns to brown 2/3 of whole body has become 66.7
brown
5.0 A green part remains a green — All among them has become 100
trace and other part remains brown body
brown
Phorimidium 0 Green body 0 Green body 0
30 — — Green body —
4.0 All among them have become 100 4/5 part among them has 80
brown become brown
5.0 —— — All among them have become 100

deep green

metazoa are killed. But to attain the same result, only
5.0 mg/L ClO; is required.

DISCUSSION
Mechanism of inactivation of ClO; on viruses

The mechanism of killing bacteria by disinfectant,
in some respects, suits virus also. However, due to the
virus possessing its special structure, the disinfectants,
i.e. ClO, and liquid chiorine, do not express
completely identical inactivation effect on virus and
bacteria.

A virus is a kind of micro, super parasite.
Generally, its resistance to disinfectants is stronger
than that of bacteria (Meng Zao, 1986). Now
generally speaking, chlorine does not only react with
the protein of capsomeres to destroy semipermeabil-
ity of membrane of protein and making it disappear,
but also reacts with internal RNA and the RNA is
first deteriorated and then removed. Thus, chlorine
can kill the viruses and the killed viruses are
decomposed. Chlorine dioxide can adsorb and

penetrate into the protein of capsomeres and
react with internal RNA. Thus ClO; damages
the capacity of genetic group as the model of
RNA to be synthesized. Therefore, the surface of
the virus adsorbs high concentration of ClO;
molecules. This strengthens the disinfection effect
of chlorine dioxide considerably and results in
viruses to be inactivated eventually. Difference of
mechanism about the inactivation of virus by
ClO; and liquid chlorine results in the different
inactivation effects of using these two disinfectants.
As can be seen in our experimental results, for
liquid chlorine, under condition of 7.0 mg/L and
contacting for 30 and 60 min, there were no
inactivation effects on Poliovirus-1, Coxsackie virus
B;, ECHO-11, Adenovirus-7, Herpes simplex virus-1
and Mumps virus. As for ClO,, under conditions
of 1.0 mg/L dose and contacting for 30 min may
attain the inactivation effect on all six kinds of virus
mentioned above. This shows that ClO; has more
obvious inactivation effect on viruses than liquid
chlorine.
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Table 5. Test of killing effect of different disinfectant dosage on algae (pH = 7.0, reaction time = 30 min)

Killing effect on algaes

Cl ClO;
Disinfectant Experimental Killing Experimental Killing
Name of dosage phenomenon rate phenomenon rate
algae (mg/L) (algae count) (%) (algae count) (%)
Chiorella 0 Green, ball in shape (610) 0 Green, ball in shape (610) 0
2.0 Green (610) 0 Green 0
3.0 Green (610) 0 Green 0
4.0 Green (167) 724  Green (118) 80.7
5.0 Green (77) 87.4  Green (78) 87.2
6.0 Green (11) 98.2  Green (6) 99.0
Prismatic desmids 0 (980) 0 (980) 0
2.0 (980) 0 (980) 0
3.0 It has been slightly out of 0.4 (968) 1.2
shape, green (980)
4.0 (197) 799  (132) 86.5
5.0 (142) 857 (1) 98.8
6.0 (11n 88.6 2) 99.8
Chladophora 0 (260) 0 (260) 0
2.0 ND ND ND ND
3.0 (110) 577 (98) 62.3
4.0 (22) 91.5 (18) 93.1
5.0 3) 98.8 (18) 93.5
6.0 0) 100 ) 99.2

Note: ND—Not determined.

Chlorine dioxide is better than ordinary disinfec-
tants such as liquid chlorine or chloroamine in the
inactivation effect on the viruses in water.

Currently, chlorine dioxide is one of the most ideal
disinfectants for disinfecting viruses in water.

Analysis of activation energy (E)

According to Van’t Hoff-Arrhenius formula and
QO (i.e. ratio of requisite time for getting the same
disinfection effect, as the difference of temperature is
10°C, was called the coefficient of temperature), the
activation energy of ClO, to inactivate Poliovirus-1,
under 15-25°C and pH = 7.0, may be given about
E = 35,063 (J), corresponds nearly to the activation
energy (34,580 (J)) of liquid chlorine at pH = 7.0 to
colon Bacillus. The activation energy of chloroamine
to inactivate Poliovirus-1, under 15-25°C and
pH =9.0, may be about E=72511 (J). The

inactivation of the disinfectant on viruses is always
more difficult than that of bacteria. Therefore, in
terms of activation energy E, ClO, is better than
liquid chlorine or chloroamine in disinfection and
inactivation.

Influence of pH value

At pH = 9.0, CIO, loses inactivation effect on the
six kinds of virus mentioned above; this may be
caused by the disproportionate reaction of ClO;
occurring under the basic condition.

2CI0; + 20H-=CIO; + CIOy + H,O

CONCLUSION

1. Chlorine dioxide is considerably better than
liquid chlorine in the inactivation on viruses and may

Table 6. Killing effect of chlorine dioxide and liquid chlorine on animal planktons (pH = 7.0, killing time = 20 min)

Cl; ClO:

(mg/L) Experimental phenomenon (mg/L) Experimental phenomenon

1.0 The Paramecium, Lionotus, and Euglena swim slowly 1.0 The Parameciums were killed. The Lionoitus and

Euglena were decreased in amount and swim slowly

2.0 The Parameciums, Lionoluses disappear. The 2.0 The Lionoitus and Euglena disappear. The Amoeba
Euglenas, decreased sharply in numbers The and Nematoda were decreased in amount. The
Membraniporas, Amoebas were decreased in amount. Vorticella swim slowly
The Opercularia swim slowly

3.0 The Opercularia disappear. The Amoeba and 3.0  The Vorticella and Amoeba disappear. The Rotara
Membranipora were decreased sharply. The Vorticella crimp and swim slowly. The Nematoda were
swim slowly decreased in amount

4.0 The Vorticella swim slowly and numbers decreased 4.0 The Vorticella were decreased in amount and swim

sharply. The Membranipora disappear. The Nematoda
were decreased

5.0 The Vorticella disappear. The Rotara (Philodina)
crimp and swim slowly. The Nematoda were
decreased in the amount

6.0 The Rotara (Philodina) were killed. The Nematoda
were numbers,
7.0 The Nematoda were killed.

slowly. The Rotara were killed. The Nematoda were
decreased in amount
5.0 The Vorticella disappear. The Nematoda were killed

70—
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inactivate the viruses within the range of pH=
3.0-7.0.

(a) In our experiment, under condition of 1.0 mg/L of
ClO, and contacting for 30 min, ClO, possesses
obvious inactivation effect on six kinds of virus, i.e.
Poliovirus-1, Coxsackie B;, ECHO-11, Adenovirus-7,
Herpes simplex virus-1 and Mumps virus. Whereas,
under condition of 7.0mg/L and contacting for
60 min, liquid chlorine has no inactivation effect.
(b) Under conditions of pH = 3.0-7.0 and 7.0 mg/L,
ClO, possesses obvious inactivation effects on the six
kinds of virus mentioned above. Under the same
condition, liquid chlorine has no inactivation effect.

2. The inactivation effect on viruses of ClO, is
different from that of liquid chlorine; this is
originated mainly in different properties of ClO, and
liquid chlorine and different mechanism of the
inactivation of different disinfectants on viruses.

3. Chlorine dioxide is better than or equal to liquid
chlorine in the killing effect on some algae and animal
planktons.

To sum up, ClO; is better than or matchable to
liquid chiorine in the bactericidal and inactivation
effects and may attain the bactericidal and inacti-
vation effects within a relatively wider range of pH
value than liquid chlorine. Therefore, ClO; is a
broad-spectrum disinfectant. Chlorine dioxide is also
one of the most ideal disinfectants, disinfecting
viruses in water currently. Thus, it can be seen that

H. Junli et al.

ClO; is an excellent disinfectant to substitute for
liquid chlorine.
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