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Abstract: Chironomid larvae propagated excessively in eutrophic water body and could not be effectively inactivated by the
conventional disinfection process like chlorination due to its stronger resistance to oxidation. In this paper, a pilot-scale study of
chlorine dioxide precxidation cooperating with routine clarification process for Chironomid larvae removal was conducted in
Shenzhen Waterworks in Guangdong Province, China. The expcrimental results wete compared with that of the cxisting
prechlorination process in several aspects, including the Chironomid larvae removal efficiencics of water samples taken from the
outlets of sedimentation tank, sand filtet, the security of drinking water and so on. The results showed that chlorine dioxide might be
more effective to inactivate Chironomid larvae than chlorine and Chironomid larvae could be thoroughly removed from water by
pre-dosing chlorine dioxide process. The GC-MS cxamination and Ames test further showed that the sort and amount of organic
substance in the treated water by chlorine dioxide preoxidation were cvidently less than that of prechlerination and the mutagenicity of

drinking water treated by pre-dosing chlorine dioxide was substantially reduced compared with prochlorination.
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Introduction

Chironomid, from the dipteran family Chirone-
midae, is a non-biting midge that is widely distributed
in the northern hemisphere at temperate latitudes.
Chironomid larvae can be found both in lentic and
lotic environments, usually in organically enriched
waters. First instar larvae are predominantly
planktonic, while older instars (second, third and
fourth larval stages) in most specics migrate to the
sediment and build tubes constructed from detritus,
algae and sediment particles (Charles et af., 2004).
Chironomid larvae could cxcessively propagate in
water source such as reservoir or fresh lake due to
cutrophication(Gtirgy and Judit, 1983), which induced
first instar larvae in source water te enter drinking
watcr treatment system. There are many serious
accidents of Chironomid larvae pollution in the water
treatment system in the Britain, USA and China
{Michacl, 1997; Bay, 1993; Zhou et of., 2003).
Although there are no indications that these organisms
pose a threat to public health (WHO, 1996), their
presence is not appreciated because most people
associate the organisms with low hygiene.

Chironomid larvae could not be effectively
inactivated by the conventional disinfection such as
chlorination due to its stronger resistance to oxidation
(Cui et al., 2004). In addition, the motility of first
mnstar larvae made it easily penetrate sand filter into
waterworks reservoir even municipal service pipe
(Zhou et al., 2003; Cui et af., 2004; van Lieverloo et

al., 2004). At present, most waterworks killed or
inactivated Chironomid larvae by prechlorination and
removed it thoroughly from water by subsequent
water treatment process. Although with a proven
removal of Chironomid larvae, prechlorination would
reduce the drinking water security for increasing the
halomcthane content in treated water. So it was
cssential to explore a more effective and safe removal
technique. As a powerful substitute or a supplemental
disinfectant for chlorination, chlorine dioxide can
eliminate bad odor and oxidize ferrous, manganous
jons in underground water. Moreover, Chlorine
dioxide has been reported to be cffective in the
inactivation of pathogenic organisms including
Cryptosporidium parrum oocysts (Ruffell et al., 2000;
Corona-Vasquez et ., 2002). Further, the oxidation
of natural organic material (NOM)} with chlorine
dioxide does not form halogenated disinfection
by-products(DBPs) such as dissolved organic halides,
trihalomethanes, and haloacetic acids (Korn et of.,
2002; Raczyk-Stanis et of., 2004). Previous studies on
ClO, focused on the disinfection efficiency for
harmful microorganism removal (Ruffell e/ af., 2000;
Corona-Vasquez et al., 2002; Narkis, 1995; Huang et
al., 1997a, b). However, information regarding
chlorine dioxide inactivation Chironomid larvae is
lacking in the literature.

In this paper, a pilot-scale study of chlorine
dioxide preoxidation cooperating with routine
clarification process for Chironomid larvae removal
was conducted in Shenzhen Waterworks in Guang-
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dong Province, China. The removal efficiency of
Chironomid larvae by pre-dosing chlorine dioxide in
water treatment process was comprehensively com-
pared with that of the conventional prechlorination
process. The rtesults showed that chlorine dioxide
preoxidation was an excellent substitute for the
conventional pre-dosing chlorine process. Hence this
provided a valuable basis for the further investigation
on Chironomid larvae removal from water treatment
process.

1 Materials and methods

1.1 Description of the pilot plant

The pilot-scale experiments were conducted
between April and September, 2004. The pilot plant is
located in Shenzhen Waterworks and the raw water
was taken from a eutrophic reservoir, in which the
amount of Chironomid larvae has sharply increased.
The pilot plant diagrammatically represented in Fig. 1.
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Fig.l  Flow chart of pilot-scale study of two preoxidation
processes

All components of the pilot plant were
constructed of inert materials, including glass, Teflon
and stainless steel to be chemically inert, and to mimic
the design of Shenzhen Waterworks at a scale-down
factor. The raw water enters a constant head tank at a
fixed elevation to ensure that gravity flow conditions
are maintained throughout the pilot train, The water is
then sphit into two 1dentical treatment trains at a flow
ratc of about 50 L/min. As the raw water leaves the
constant head tank, metcring pumps inject aluminum
sulfate. Mixing is provided by static mixers prior to
cntering a three-cell flocculation tank. As the water
leaves the flocculators, it flows into a sedimentation
tank equipped with inclined-plates, then passes to an
sand filter. The filter had a hydraulic loading rate of
8.0 m/h. Chlorine and chlorine dioxide was added
together with aluminum sulfate. During the study, the
raw water quality characteristics are shown in Table 1.
1.2 Experimental methods

First instar larvae was determined by microscopic

Table 1 Water quality characteristics of raw water during
fhe experiment

Water quality parameter Range
Temperature, C 7 232257
TOC, mg/L. 2.13—291
UV, cm 0.387—0.459
Turbidity, NTU 59—77
pH 6.7—7.1

counting method, by which the changes of the number
of first instar larvae between raw water and treated
water from sedimentation tank and sand filter were
investigated.

Chlorine dioxide was generated by mixing a
hydrochloric acid solution{23% weight) and a sodium
chlorite solution (25% weight) according to a weight
ratio of 1:I, so exceeding about 300% the
steichiometric acid demand, in order to improve the
efficiency and to obtain a lower Cl,, ClOy and CIQy
production, Componential analysis of chlorine dioxide
was measured by iodimetry. A 10-ml portion from a
0.2 wm filtrate was collected to analyze ClO, and
ClO; using ion chromatography (DIONEX, series

Table 2 Componential analysis of chlorine dioxide

Chlorine

. Chloring Chlorite Chlorate
dioxide

Chemical composition

Percentage composition, Yo 81.7 11.6 48 1.9

4500, column AS-12A, 4 mm  {10—12), P/N 46034).
Componential analysis of chlorine dioxide gas is listed
in Table 2.

Raw water and treated water by chlorine dioxide
ot chlorine preoxidation were respectively sampled
250 L. Organic substances in water samples were
enriched with macroporous resin and then were eluted
with about 60 ml of carbinol. The carbinol sampies
containing organic substances were concentrated to
about 1 m! with a K-D concentrator. The concentrated
samples were detected in duplicate with GC-MS test
using gas chromatograph-mass spectrometer and with
Ames testes using TAI00 and TAOSE strains without
metabolic  activation $9 at increasing doses of
concentration (corresponding to 1, 3, 5, 7and 9 L of
equivalent volume per plate).

2 Results and discussion
2.1 Effect of chlorine dioxide dosage on Chiro-
nomid larvae

Chlerine dosage ranged from 0 to 4.0 mg/L and
chlorine dioxide dosage ranged from 0 to 2.0 mg/L
during the pilot-scale study. The results are shown in
Figs.2 and 3. The removal effects were strengthened
gradually with the increase of preoxidation dose.
When 100% of removal efficiency in treated water
from sand filter was obtained, the dosage of Cl0, was
0.51 mg/L, whereas 3.97 mg/l. was required for
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Fig.3 Effects of different chiorine dioxide dosage on Chironomid larvac
density(a) and removal rate(b) of Chironomid larvae

chlorine. In addition, the removal rate in treated water
by sedimentation and filtration were 78% and 92%
respectively under no preoxidation dosing condition.
The removal cfficiency of Chironomid larvae
were separately 78% and 92% by sedimentation and
filtration with no preoxidation dosing (Figs.2 and 3),
which showed that Chironomid larvae could be
partially removed from water by single clarification
process. As motility of Chironomid larvae in raw
water was found to be different, some Chironomid
larvae which finished planktonic life stage may be
more easily deposit together with the floc formed in
flocculation process or be captured by sand filter. But
the removal efficiency in single clarification process
was finite because Chironomid larvae with stronger
motility still might penetrate sand filter. Thus, their
removal further depended on the inactivation of
preoxidation process. Chironomid larvac could not be
completely removed at the lower chlorine dioxide
dosage (<0.51 mg/L), which showed that Chironomid
larvae with stronger motility could not be effectively
inactivated at lower dose of preoxidation due to its
stronger resistance to oxidation. Thereby, the
clarification process could not still capture this part of
Chironomid larvae. It was important to inactivate or
weaken stronger Chironomid larvae with adequate

available chlorine dioxide in order to remove
completely Chironomid larvae from water treatment
system. Above all, it is necessary to cooperate chlorine
dioxide inactivation and clarification process for
removing Chironomid larvae completely in the
viewpoint of drinking water security. Another
predominance of the cooperation is to reduce the
dosage of chlorine dioxide, and 100% of removal
efficiency is obtained with the dosage of 0.51 mg/L.
2.2 Comparison of removal effect of two preoxi-
dation processes

According to the above experimental results,
100% of Chironomid larvae could be removed from
treated water by 0.51 mg/L. of ClO, So during the
pilot-scale study, long-term removal effect by chlorine
dioxide preoxidation with 0.51 mg/L of ClO, was
investigated in comparison with the existing pre-
chlorination process with 2.0 mg/L of chlorine that
applied in Shenzhen Waterworks (Fig.4). Long-term
removal effect of chlorine dioxide preoxidation was
better than that of prechlorination in treated water
after sedimentation, as indicated in Fig.4, higher
removal of 90% by chlorine dioxide preoxidation
compared with 80% by prechlorination. Similarly,
Chironomid larvae could be thoroughly removed from
water body by filtration with chlorine dioxide,
whereas the same efficiency was not attained by
prechlorination with the conditions of dosage of 2.0

mg/L.
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Fig.4 Long-term removal effect on Chironomid larvae in two different
processes

Chironomid larvae hardly was removed from
water by sedimentation unless it was effectively
inactivated by oxidation with oxidant. The removal
result of sedimentation tank showed that Chironomid
larvae inactivation of chlorine dioxide was superior to
that of chlorine. For example, 90% of removal rate in
treated water after sedimentation was attained by
chlorine dioxide prexidation, but for prechlorimation,
only 80% was attained. The distinct difference in
inactivation efficiency of two preoxidation processes
may be the results of the body structure of Chironomid
larvae and the different performance of oxidants in
oxidizing cellular tissue. Contrasted to common
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bacteria or virus, Chironomid larvae possesses a
special surface structure such as bottom membrane,
epithelium, calcific layer, and so on. The body surface
provides stronger protection against oxidation for
Chironomid larvae. Chironomid larvae can not be
effectively inactivated unless the oxidant destroys its
surface structure by oxidation or directly penetrates
through it into the body as to oxidize inner protein to
lose the enzyme activity and not to participate in the
activities of the oxidation-reduction system. So the
higher oxidizability of oxidant is key to thoroughly
imactivate Chironomid larvae. For chlorine in chlorine
dioxide, oxidation number is expressed as +4.
According to counting, it contains 263% of available
chilorine, i.e. oxidizability of chlorine dioxide is about
2.5 times as high as that of liquid chlotine (Huang et
al., 1997a). So the ability of chiorine dioxide to
oxidize Chironomid larvae body structure is more
effective than that of chlorine. In addition, after
dissolving in water, 100% of ClO, exists in molecular
state not reacting with water molecular like chlorine,
which makes C10, contact Chironomid larvae surface
easily and permecate it through into body inner to

destroy inner cellular protein as to inactivate
Chironomid larvae. The above advantages of chlorine
dioxide not only result in a better inactivation of
Chironomid larvae but also a lower required amount
of it than chlorine.
2.3 Influence of preoxidation on organic sub-
stances and mutagenicity

The GC-MS examination and Ames test with raw
water sample and two treated water samples after
preoxidation were carried out in order to evaluate the
security of drinking water. The GC-MS examination
results are shown in Table 3. The Ames test results are
shown in Figs. 5 and 6.
2.3.1 GC-MS examination

Compared with that in raw water, the amount of
halogenated hydrocarbon in treated water by
prechlorination increased 13 species. However, the
total organic substance increased only 9 species. The
amount of organic substance decreased to 31 species
by chlorine dioxide preoxidation, which was equal to
50% of that in raw water. Moreover, the halogenated
hydrocarbon was only 2 species in treated water
(Table 3).

Table 3 Analysis of GC-MS resuolts of three water samples

Treated watcr by preoxidation

Raw waler

Organic species Chlorine Chlorine dioxide

Amount Peak area Amount Peak arca Amount Peak area
;&"ﬁn 7 “ 18 4?;052638 16 - 58362012 - 13 31660233
Olefin 2 1602876 0 0 0 0
Halogenated hydrocarbon 1 3871012 14 60857658 2 14712049
Arenc 2 SRO06ES 3 5371070 3 5213882
Heterocyelic compound 3 6596361 2 2358607 1 734126
Nitregen compound 2 47173412 4 10475373 | 8767319
Benzene 5 183340538 2 58419603 1 43063856
Alcahol, aldehyde, ete. 23 2760146360 30 243150804 . 1¢ 138438270
Total 62 572543882 71 43R995127 31 242609735

The different reaction mechanism that organic
substances react with chlorine dioxide and chlorine
teads to the corresponding results of GC-MS test, The
frec radical oxidation reaction happens when chiorine
dioxide reacting with organic substances and the
macromolecule organic compounds are oxidized into
oxocompounds and micromolecule substances, in
which some volatile compounds, even CO, and H.O,
are formed (Benjamin et ol., 1986). Moreover, the
stronger oxidizability of chlorine dioxide may casily
oxidize organic substance to such products with low
boiling point and minor molecular weight. The
electrophilic substitution reaction when chlorine
oxidizing organic substance results in the much more
formation of more mutagenic halogenated hydrocar-

bon such as trichloronmethane, most of which belongs
to high boiling point and macromolecule organic
compounds with long retention time (Reckhow er af.,
1990; Langvik and Holmbom, 1994). In addition,
much intermediate products such as aldehyde may be
produced during chlorination due to no thoroughly
oxidizing organic substances with chloring, which
results in that the total amount of organic substance by
prechlorination is more than that treated by chlorine
dioxide preoxidation. So it can be said that the
drinking water quality by chlorine dioxide preoxi-
dation is better than that by prechlorination.
2.3.2 The Ames test

The mutagenicity of concentrated water samples
before and after preoxidation was expressed as MR
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value(rate of mutagenicity). The result with MR value
greater than 2 was condidered as having mutagenic
activity. Figs.5 and 6 showed that raw water had no
mutagenic activity. However, MR value of water
sample by prechlorination was higher than that of
water sample by chlorine dioxide preoxidation at the
same doses. Cl-treated (2.0 mg/L) water showed
mutagenicity with TA98 strain(MR=2.34) and TA100
strains(MR=2.2) at lower doses(5 L equivalent/plate),
whereas ClO,-treated(0.51 mg/L) water had mutagenic
activity detectable only at the highest doses (9 L
equivalent/plate), in which the MR value with TA98
and TA100 were 2.3 and 2.17 respectively.
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TA98 and TAIQ{ strain are respectively used to
detect frame-shift point mutations and base pair
substitution mutations. The Ames test results show
that preoxidation with chlorine gives rise to the
formation of more mutagenic compounds. The
obvious mutagenicity of treated water by chlorine
precxidation is caused by much organic halogentated
compounds (14 species) formed in chlorination due to
electrophilic substitution reaction between chlorine
and organic substances. The special chemical active
group of halogentated compounds, halogen with
stronger electrophonic effect reinforces molecule
polarity as to easily react with biologic enzyme
system, during which the mutagenic action is attained
by a series of chemical reactions as DNA basc
substitution (Langvik and Holmbom, 1994). Whereas

less halogentated compounds (only 2 species) are
formed during chlorine dioxide preoxidation due to
different reaction mechanism {oxidation-reduction
reaction not electrophilic substitution reaction), so that
mutagenicity of treated water is lower than that by
prechlorination. In addition, the mutagenicity of
ClO,-treated water occurs at the doses of 9 L
equivalent/plate, which is alien to some previous
Ames test results (Huang and Li, 1998; Fiessinger,
1991). The main reason may be caused by impurities
as chlorine in chlorine dioxide gas produced by
generator (Table 2). The amount of chlorine accounts
for 11,6% of the total chlorine dioxide content, which
may result in the mutagenic activity analogous to the
result of prechlorination. This can be improved by
enhancing chlorine dioxide gas purity with advanced
generator.

3 Conclusions

Chlorine dioxide preoxidation possesses very
favorable inactivation effect on Chironomid larvae.
Chironomid larvae can be effectively removed from
water body by chlorine dioxide preoxidation co-
operating with the conventional clarification process,
i.e., flocculation, sedimentation and filtration. The
existing process of prechlorination can not attain the
same removal effect as chlorine dioxide.

In viewpoint of the security of drinking water it is
necessary to cooperate of chlorine dioxide inactivation
and clarification process for removing Chironomid
larvae completely. Another predomimance of the
cooperation is to reducc the dosage of the oxidant, and
100% of removal cfficiency is obtained with the
dosage of 0.51 mg/L.

GC-MS examination and Ames test further show
that the sort and amount of organic substances in
trcated water by chlorine dioxide preoxidation are
evidently less than that of prechlorination, and the
mutagenicity of drinking water is highly reduced. The
advantage of Chlorine dioxide disinfection may be
further improved by enhancing chiorine dioxide gas

purity.
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