23
2007

2 ( ) Vol 23 Na 2
4 Journal of Harbin Univer sity of Canmerce ( Natural Sciences Edition) Apt 2007

(1

1

Study on polluted raw water by pre-oxidation of chloram ine
YANGWei"? CHEN Ji€', L 1Xing, L ANG Heng , HEW ei-ji€’, L | Gui-bai"

(1 School of M unicipal and Envirormental Engineering, Harbin Institute of Technology, Harbin
150090, Ching 2 Deparment of Enviormental Engineering, Harbin University of Canmerce, Harbin
150076, China; 3 Suzhou L itreeU Itra- filtration membrane technology Ca , Ltd, Suzhou 215152, China
4 School of Civil Engineering and A rchitecture, Beijing University of Technology, Beijing 100022, Ching;
5 Tianjin W ateworks Group Campany L td, Tianjin 300040, China)

Abstract: Considering that contaninated rav water mostly contain high Ammonia- N and a
majority of water treament plants use prechlorination process in China, efficiency of chlora-
mine as a coagulant aid in enhancing coagulation was investigated by Jar stirring, using rav
water ssmple of A city which was containing high concentration of NOM and bramide inwin-
ter The reaults showed that, compared with no preoxidation, preformed chloramine appar-
ently decreased the turbidity of settled and filtered water with low dosage (2 O mg/L), and
the aid-coagulation efficiency was further enhanced with the increase of chlorine (CL) t
AmmoniaN (N) ratia
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) olids by ssdiment, flotation, or filtration, © now im-
Introduction ) . o .
proving the particle removal efficiency is al® an im-

Effective ramoval of cryptogoridium oocysts and portant objective as improving NOM removal by en-

Giardia by water treament processes mostly rely on  hanced coagulation process® *. But recent investi-

efficient chamical coagulation to entrap oocysts in co-
agulant floc articles, followved by ramoval of the floc

gations showed that®®, natural organic matters
(NOM ) ocould significantly heighten stabilization of
inorganicparticulates inwater, which caused high par-

12006 - 08 - 19,
(863 - 2002AA601140). (E200510) .

(1964 -), , , , : ; (1931-),



2 YANGW ei, et al: Study on polluted rav water by pre-oxidation of chloranine - 149

ticle counts and turbidity in finished water dueto poor
coagulation effectiveness, esecially for lov tempera
ture and lov turbidity ramwvater
been one of principle means for mproving the coagu-
lation process, which is generally aimed at destroying
the organic coating on the surface of particle and im-
proving particles removal efficiency”’gl. Traditional-
ly, chorinewaspredominant oxidantwidely utilized in
water treatment plant, However, whenwater is chlori-

Preoxidation has

nated, chlorine reacts readily with a wide variety of
organics o fom disinfection by-products, such as the
well-knovn trihalonethanes  and haloacetic
acids® ™. Thew DBPs have been identified as
cancer - causing reagents in the last three dec-
ades™', oprechlorination was progressively restrict
ed in most countries®.

Many investigations were conducted to evaluate
the efficiency of enhancing particle sgparation proces
s by different alternative oxidants, such as ozne,
chlorine dioxide, potassium pemanganate, hydrogen
peroxide, or ferratd' **!. Omne was reported ©
have dignificant positive aid - coagulation effective-
ness on particle ramoval at lov dosages, egecially in
organic rich rav watet** *’! | but in sme casespreo-
onation would hinder the ramoval of turbidity and in-
crease the concentration of residual coagulant metals
at low coagulant doses'*® | furthemore, for rav war
ter containing high bromide, an anount of bromate
would be fomed during ozonation process sugpected
of being more hazardous © human health ™. Per-
manganate preoxidation obviously enhanced the coag-
ulation of =everal kinds of surface waters, with sub-
stantial reduction in the settled turbidity*” *' | but its
disinfection efficiency was rather weak

Now chloraminewas the most favorable disinfect-
ant due © its lov DB Ps yields during gpplication and
lov cost But little attention was paid  its oxidation

efficiency of enhancing coagulation of polluted surface
water, partly because of its perceived relative inferior
oxidation strength t other altemative chemicals, but
at preoxidation unit its disinfection effect was better
than ozone or pemanganate at usual dosage due 1 its
high combined residual chlorine concentration and
long inactivation duration ability.

In china, <erioudly contaminated rav water gen-
erally contains high concentrations of NOM and Am-
monia—N, and many water treament facilities ill
aoply breakpoint prechlorination process for lov cost
reaons Considering the reurce water quality char-
acteristics and water treaiment processs traits, chlo-
ranine preoxidation wasmentioned In comparion to
other alternative oxidants such as ozne, chlorine di-
oxide, chloranine preoxidation has the advantages of
lov cost, easy operation and maintenance It may be
an econamic method o enhance the conventional war
ter treament process on occasionswith Iimited funds
for cgpital invesiment in sIMe countries

In thispgper, using the significantly contamina-
ted rav water of A city containing high bramide and
NOM as sample, the efficiency of chloramnine preoxi-
dation in improving the coagulation of surface waters
(indicated as turbidity and particle counts) was in-
vestigated by laboratory-scale in lov tamperature and
low turbidity periods

2 Materials and M ethods

2 1 Raw water quality character istics

All of the experimentswere perfomed inwinter,
and the representative characteristics of rav water
quality are lov temperature, lowv turbidity, rich in hu-
mic matters, and high bromide concentration Humic
matter and bramide are the main precurors of disin-
fection by-products Typical rav water quality parane-
ters are showed in Table 1

Table 1 typical raw water quality parameters

Turbidity Absat 254 rm TOC/ A lkalinity NH;—N/
Paraneters
/ntu (Abs/am) (mg- L-1) [(mg- L~ 1) (mg: 1 -1)
V alues 52 96 009 0 134 43 52 190 230 008 014
Colour Mn Total hardness Temperature
Paraneters . 1 pH value
J{e}] (mg- L1 (Cax;- L) /
V alues 15 25 <01 80 100 1 3 76 7.9
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2 2 Preformed chloram ne preparation for Jar
tests

In all cases, reagent grade chanicalswere used
without further purification Stock chlorine lutions
were prepared by diluting dium hypochlorite into
chlorine-demand-free water 1o a concentration of about
2 00 g/L, and then standardized by iodometric meth-
od Ammonia chloride olutionswere prepared by dis
lving anmonia chloride powvder which was baked for
2 hat100 in chlorine-demand-free water  a con-
centration of 1 00 g/L (calculated asN). Chlorine
Dlution mixeswith anmonia olution at a certain pro-
portion at pH 8 0 and stirred with magnetic stirrer for
20 min o fom monochloranine Then mixture is test-
ed by DD - FAS titration method o distinguish the
monochloramine and dichloramine If there is little or
no dichloranine, the mixture is prefomed chlora-
mine All lutionswere mixed with distilled deion-
ized water produced on aMilli - Q filter goparatus
Prefomed chloranine slutions were mixed immedi-
ately before use and were discarded after use
2 3 Jar - tests studies

The effects of variable concentrationsand Cl, N
ratio of monochloramine on Ferric Chloride coagula-
tion were studied through jar - test experments using
the rav water containing above water quality charac-
ters All the studieswere conducted in a series of 6

mmm NH2Cl 0.0 mg/1

NH2C1 4.0 mg/L

g 6mg/l

FeCls dosage/(mg

NH:C1 2.0 mg/L
NH:zCl 6.0 mg/L

8 mg I

ntu

Residual turbidity

a)Sediment effluent

Residual turbidity/ntu

glass beakerswith a six-unit stirrer gpparatus 1 5L
water sample and a certain dosage of monochloramine
weremixed at a geed of 200 r/min for a period of
tme Then, all of thewater ssamplewere subjected
coagulation with the addition of ecific dosage of Fer-
ric Chloride, at 200 r/min for 1 min subsequently,
the sample were dlowly stirred with the coagulant at
80 r/min for 18 min, and <ettled for 30 min Sample
of supernatant after ssdimentation were siphoned, and
The
residual turbidity of settled and filtered water was ana-
lyzed using a turbidity meter .

3

filtered with a filter pgoer (1 2 m pore size).

Reaults and D iscussion

Residual turbidity was used as the principle indi-
cabr for the evaluation of the efficiency of monochlo-
ranine preoxidation in enhancing coagulation of the
expermental rav water The low tenperature and low
turbidity water is rather difficult ©o coagulation due ©
the slower rate of hydmolysisof coagulants and the dif-
ficulty in flocculation because of the low concentration
of particles in the water

Figure 1 showsa typical comparion of a seriesof
coagulation testswith different coagulant or monochlo-
It is shown that, the addition of Ferric
dosage without preoxidation caused a limit reduction

ranine dosage

_'\HtIHUm L
12C] 4.0 mg/L

NH2CI 2.0 mg/L
\Htlrﬂm L

2]

|
".lr
'\

\
0.0L

'lnl

dosage

\vu[
]MI ng-L

(b)Filterlcl effluent

Figure 1 Settled and filtered water residual turbidity asa function of monochloram ne concentration

and Ferr ic chlor ide dosage n jar-test studies

of turbidity in settled water, whilst the lov dosage of
monochloramine could obviously decrease the turbidi-
ty of settled water For example, when Ferric dosage
was at4 Omg/L and 8 Omg/L, the residual turbidi-

ty of <ettled water was regectively 1 41 ntu and
1 14 ntu, and the turbidity of sedimentwater at 4 0
mg/L Ferric dosage was reduced o O 891 ntu by the

addition of 2 0 mg/L monochloranine It is noted
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that higher dose of monochloramine did not achieve
further gpparently reduction in turbidity, and the opti-
mum monochloramine dosage range was anong 2. 0

4. Omg/L.
© a great reduction in turbidity of filtered water (fil-

In the case of filtered water, therewas al-

tered by 1 24 m pore size filter papers) with low
monochloramine dosage ( <2 0 mg/L), and further
increasing chloranine dosage up © 6 0 mg/L a
chieved dlightly additional reduction in turbidity, es

N FeCl;4.0 mg/L
—1FeCl; 8.0 mg/L

Residual turbidity/ntu

1:1
Ratio of Chlorine:N(NH,CI dosage:2.0 mg/L)

3:1 5:1 7:1

(a)Sediment effluent

pecially at high ferric dosage (8 O mg/L) the extent
of reduction isvery Imited The filtration results indi-
cated that the floc particle size in the processof coag
ulation with monochloranine is larger than the case
without preoxidation

The effect of CL, N ratioson the settled and fil-
tered residual turbidity during chloranine preoxidation
is shown in Figure 2 It shows that there was a substan-
tial reduction in turbidity of both settled and filtered

Bl FeCl3 4.0 mg/L
[—JFeCl38.0 mg/L

0.3F

Residual turbidity/ntu

1:1
Ratio of Chlorine:N(NH,CI dosage:2.0 mg/L)
(b)Filtered effluent
Figure2 Settled and filtered water residual turbidity asa function of Cl, N ratio and Ferr ic chlor ide

3:1 5:1 71

dosage n jat-test studie monochloram ne dosage: 2 Omg/L, as effective free chlor ine) :

water with the increase of C, N ratio of monochlora-
mine, And the extent of reduction in turbidity was
more slight with higher Ferric dosage and higher Cl,

N ratio of monochloranine, egecially for filtered
water

4  Conclusions

L aboratory experiments were conducted for en-
hancing the coagulation of stabilized surface water by
chloramine preoxidation Jar-test studies indicated
that the turbidity renoval of settled water and filtered
water was remarkably mproved by snall anount of
prefomed chloranine preoxidation, increasingCL, N
ratio further enhanced the coagulation during prechlo-
ramination Therefore, chloramine isan effective oxi-
dant for enhancing the coagulation of surface water
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