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Abstract: An effective technology in controlling trihalamethanes (THM s) fomation in the case of large a
mountsof branide presentingwasproposed, and thewater of River Huang seriously polluted by bramide inwin-
ter in Tianjin City was studied The THM s fomation characteristics during prechloranination using preformed
chloranines and converted chloramineswere studied through jar tests Results show that, in prechloramination
process, the fomation of THM s by prefomed chloramines is very fav, while that by converted chloranines is a
little higher And the fomation of THM s, epecially Br  substituted THM s, increaseswith the increase of tme
and CL: N ratio aswell as the decrease of pH. The reault obtained in a pilot plant shawvs that compared with
prechlorination, the prechloramination process can efficiently control the formation of THM s, egecially theBr

substituted gpecies W ith equal chlorine dosage, the prechloranination can maintain a larger chlorine residue

which offers a larger CT value than prechlorination
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Prechlorination has a good effect in enhanced co-
agulation, algal removal and disinfection, but for the
DBPs concem, it is being canceled or changed t ozo-
nation and other processes in many countries For the
econamy senge, it is still widely used in most develo-
ping countries such as China ™?'.

Chloranines are widely used as disinfectant all over
theworld®. Recent years most of the studies such as
the chloramine chemistry, contolling disinfection by-
products (DBPs), disinfection abilities and control micro-
bial stability in distribution systam are all well studied,
but the prechloranination process is neglected .

Consider for the characteristics of rav water and
treatment processof the majority of water plants in Chi-
na, prechloranination and its efficiencies in ranoval of
pollutants are been investigated For the rav water of
northern China, the reault hows that the Br causes a
large anount of THMFP egecially Br  aubstituted
THM swhich have a greater oxicity fomation In order
to estimate the ability of prechloranination in control-
ling DB Ps fomation of rav water rich in bromide, the
THM s formation characteristicswere studied through jar
tests and caompared with prechlorination in pilot plant
The reaults damonstrated that the prechloranination can
efficiently control the fomation of THM s in rav water
polluted by bramide
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1 M ateralsand M ethods

1.1 Materials

In all cases reagent grade chamicals were used
without further purification Stock chlorine lutions
were prepared by diluting sodium hypochlorite into chlo-
rine-demand-free water © a ooncentration of about
2.00 g/L, and then standardized by iodametric method
Ammonia chloride slutionswere prepared by disolving
anmonia chloride powvder which was baked for 2 h at
100 in chlorine-demand-free water to a concentration
of 1.00 g/L (calculated asN). Prefomed chloramines
was prepared by mixing stock chlorine lutionwith am-
monia lution at a certain CL, N ratio at pH 8.0, and
then stirred for 20 min  Buffers used in this study were
mixtures of KH,RO,NaOH, KH,FO,NgB,0, and
NgB,0,NaDH to obtain pH values in the ranges of
6.0-7.0, 80-9.0and 9.0- 10.0, regpectively.
1.2 M ethods
121 Jar tests

Folloved the ssmple was adjusted o the pH nee-
ded by HNO; orN&OH (if necessary) , 2.0 mL buffer
was added For the test of converted chlora-
mines, anmoniawas dosed Fill the incubation bottle
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three quarters full with buffered water sample, dose
with prefomed chloraninesor chlorine, cap bottle and
invert wice Fill o top with buffered water sample and
cap headgace-free Invert 10 tmes The bottle was
incubated in dark at 20.0  for a certain tme After
incubation, measure chlorine residue and pH, and
sanple for THM s The sample for THM swas quenched
by0.1mL NaSO; (50 g/L). THM swere analyzed
by headgpace method using a gas chramatograph e
quipped with an electrolytic conductivity detector (A gi-
lent 6890N GC, U. S A. ). Chlorine residue was ana-
lyzed by FASDFD method TOC was analyzed accord-
ing o USEPA method 5310 C. The THM s fomation
potential was analyzed using U nifom Fomation Condi-
tions (UFC) test for the result of themethod has a per-
fect according 1o practical condition ™.
1 2 2 Pilot plant experiments

The pilot plant is build up by o parallel system
with a design flov of 120 m’ /d camposed by o preox-
idation reactor with a each detention tme of 10 min, a
mechanical mixerwith a detention time of 1 min, a wo

stage mechanical flocculating tank with a total deten-
tion tme of 18 min, then a disolved air flotation
(DAF) tank with a detention time of 15 minwith a re-
flux ration of 7%, and at last a dual media filterwith a
filter velocity of 8m/h (Fig 1). At the exerimental
period, the parametersof two systanswere kegping the
sane, and the ocoagulant used was FeCl, with a dosage
of 11.2mg/L at the inlet of mixer One of the gystans
was dosd with 0.32 mg/L ammonia folloved by
2.0 mg/L chlorine while the other only dosed chlorine
at the inlet of preoxidation reactor Ammonia stock -
lution wasmade up by dilute agua anmonia in tgp wa-
ter and calibrated before using Chlorine stock lution
was prepared by dislving chlorine gas in tgp water
and calibrated by iodametric method before employing
All of the chamical agents used in pilot plant were
dosed by metering pump (P046 L iquid M etronics LM |
Milton Roy, MA, U. SA. ). After a stabilization time
of a fav days chlorine residue, TOC and THM swas
smpled at the outlet of preoxidation tank, DAF and
filter
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Fig 1 The flow chart of pilot plant

2 Realtsand D iscussion

2.1 The Character istics of Raw W ater

The URCTHM swas designated as the THVI s foma-
tion potential tested by UFC method ™. A s shown in Fig
2, UFRCTHM sof rav waterwent along up fran Nov 2004
b Mar 2005, reached 282.4[ g/L, as campared with
FEB. 2005 and Nov 2004, increaed by 30.2% and
107. 2%, regpectively, while the UV, and TOC (not
showved in the article) had no o digtinct changes At the
agect of THV s pecies illustrated in Fig 3, the increar
ssof THV s fomation are all due o the increase of Br
aubgtituted THM swhile the chlorofom theatrically greatly
decreaes For the Imitation of detection, the bramide
concentration in the rawv water was not detected But
campared with the works of other investigaior '™, and
the condition of the region near Bohai Sea, itwas conclu-

ded that the pollution of bramide was the main reaon of
the great increase of THM s
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The contradiction occurred: prechlorination would
cause a large anount of THM s fomation, but without
prechlorination process it is very difficult to achieve the
effective ranoval of organics and disinfecton Am at
this contradiction, the prechloramination process is
been studied in this pgper with both jar test and pilot
plant examination
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Fig 3 The variation of UFCTHM s gecies in raw water

All of the experiments were perfomed in Mar
2005, and the representative characteristics of rav war
ter are low temperature, lowv turbidity, rich in humic
substances, high bramide concentrationwhich are the
main precurors of chlorinated byproducts™ **'. The
main paraneters are given in Tah 1

Tab 1 The typical parameter of raw water

idity UV TOC _ Alkalinity NH; - N
Paranete Turbidi 2_1 — aln_l1 3 =
NTU an mg- L "mg- L mg- L

Average 7.11 0.107 4.6 179 7.84  0.08
2.2 Jar Test
2.2.1 The effect of chloramines dosage on THM s for-
mation

The effectsof chloramines dosage on THM sfoma-
tion were shovn in Fig 4 The THM s fomation in-
creased with chloramines dosage, but therewas a great
difference betveen prefomed chloramines and conver-
ted chloranines the increase of THM s using prefomed
chloranineswas dower than that using converted chlo-
ranines At condition of the dosage greater than
6.0 mg/L using prefomed chloranines the fomation
stabilized at 6 Y4 g/L with no distinct increase This
damonstrated that the prefomed chloranines caused
only amicro lever anount of THM swhich was consist-
ent with other investigaprs '**'. Differently from the
prefomed chloramines, the THM s fomation increased
alongwith the converted chloramines dosage, and had
a good linearitywith it But for the two kindsof chlora-
mines at the dosage thatmost utilitiesusually used, the

724.

THM s fomation were all less than 10 4 g/L, much
lower than the standard of USEPA andWHO. Thisal®
demonstrates the advancement of prechloramination in
controlling the DB Ps fomation inwaterwhich abundant
in bromide
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Fig 4 The effect of chloram nes dosage on THM s forma-
tion

2.2.2 The dffect of reaction time on THM s fomation
As revealed in Fig 5, the fomation of THM s
increase with incubation tme using either prefomed or
converted chloramines For the tvo dosemodes, at the
initial period of chloramines dosed, the fomation of
THM swas very fast, but with the time extends, the
fomation velocity decreased For prefomed chlora-
mines, the THM sfomation at 30 min, 1 h and 8 h ac-
counted 25%, 38.4% and 78. 8% forwhich at24 h ,
repectively The fomation of THM s fram converted
chloranineswas higher at initial period, the fomation
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Fig 5 The effect of reaction tme on THM sformation
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at 30 min and 1 h accounted 44. 1% and 54. 2%, re-
ectively. But the ablute value of 24 h THM sfomar
tion for wo kinds of chloranines are all less than
15 g/L, demonstrates that extends of contact time of
prechloranination t© enhance the treatment will not
cause a great fomation of THM s
2.2.3 Theédfect of CL N on THM s fomation

Fig 6 illuminated that the increase of CL, N cau-
s an increake of THM s fomation for both prefomed
and converted chloranines, and as the time extended,
the effect of CL, N on the fomation of THM s became
obvious Moreover, the effectof CL, N ratio on the for-
mation of converted chloranineswas greater than pre-
fomed chloranines A's chlorine chenistry*’ shows,
chloranines instability, the hydrolyze and decomposi-
tion velocity increaseswith CL N, which will induce
the greater fomation of THM s W hatever while Cl, N
ratio betveen 3 1 - 7 1, the fomation of THM s in
24 h only increased 4 - 8.0 M g/L with no instinct
effect on total yield
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Fig 6 The effect of CL, N ratio on THM sformation

2.2.4 The éffect of pH on THM s fomation

As Fig 7 down, the fomation of THM s de-
creased with increasing of pH. AtpH 6.0, the THM s
fomed by prefomed and converted chloramines were
10.2p g/L and 16.4[ g/L, repectively But at pH
8.0, the THM s yielding decreased 0 5.0 g/L and
12. 3 g/L, repectively A sobvioudy shovn in Fig
7, the decreasingwas due the much more little fomar
tion of Br aubstituted ecies And at pH 10. 0, there
was amost no fomation of Br substituted gpecies and
the THM s fomationswere decreased © 2. 1M g/L and
8.6 g/L, repectively.

Many investigations™' pointed out that the in-
crease in pH oould enhance the basic catalyzed hydro-
lyze step in the fomation of THM s, and induce the

greater yielding For chloramines™ , the hypochlorite
and dichloramine hydmwlyzed and decomposed by chlo-
ranines are themain rean for the fomation of THM s
But these hydmolyzation and decomposition processes
are acidic catalyzed W ith increase of pH, the con-
centration of hypochlorite and dichloramine de-
creased which cause little fomation of THM s M ean-
while, with bromide present, the increase of hypo-
chlorite and dichloramine could oxidize Br o fom
hypobromous acid and bromamine, this bromine a-
gents have a better substitute ability and cause a
greater fomation of THM s
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Fig 7 The effect of pH on the formation of THM s

2.2.5 The €ffect of Br on THM s fomation

In order o test the ability of prechloremination in
controlling THM s at the condition of even more bramide
present, 0. 5mg/L and 1.0 mg/L bromide was dosed
o rav water The resultswere shovn in Fig 8: there
was an increaee of THM s fomation when bramide ei-
ther 0. 5 mg/L or 1 mg/L was dosed © increaze the
bromide oconcentration, but the ablute fomation a
mount are all less than 154 g/L which showed the abil-
ity of prechloranination on controlling THM s foma-
tion
2.3 Pilot Plant Exper ments

Based on the jar tests, the ability of prechlorami-
nation on controlling THM s fomation are examined on
pilot plant A lthough the prefomed chloranines is e-
ven more effective than converted chloramines, but for
the difficulty in preparation of great wlune of pre-
fomed chloranines, the converted chloranines was
employed asmentioned above

Fig 9 shows the average value of a great anount
of data obtained during the operation Apparently, at
the equivalent chlorine dosage of 2. 0 mg/L, the THM s
fomation using prechloranination is much more less
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than that using prechlorination At the prechloranina-
tion process, the THM s fomation had no distinct in-
crease after Preoxidation Reactor 1, and it can be esti-
mated that the THM s fomation would not increase ob-
viously in the folloving disinfection process using chlo-
ranines But for prechlorination process, the fomation
of THM sgoes up alongwith the stream, and in the fol-
lowing disinfection process, the THM s could be fomed
continuously:
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Fig 8 The effect of Br™ on the formation of THM s

0

—-—
H
i
S}

NN

i ; 2
~ 16 { I -
21 L b
1 SN AT =
a 14 t S~ | I )

= | | ~ { 5
N AR RN ‘\\ | Y (1.0 =
7 | Ry N | -8
= 8 -l | ! N 1 &
o= ! | e ! TN [
= { RN | { \* L =
| ~ { ‘g
R f f { ~ | 05 s
41 | N Vﬁj\éﬁ% 2
[ 1 i || | * )
| NN AN Vg
0 ¢ + : t t 0
Preoxidation 1 Preoxidation 2 Flotation Filtration
3 Prechloramination-THMs —a— Prechloramination-chlorine
residue
£33 Prechlorination-THMs ~#- Prechlorination-chlorine

residue

The THM s formation and chlor ne residue at the
pilot plant process

Fig 9

2.4 Theory Analysis

The reaults of jar tests and pilot plant eperiments
demonstrated the advancement of prechloranination
process in contolling THM s fomation, egecially in
the water which abundant in bramide

The followving reactions occur as chlorine being
dosed in water.

Ky

HOCI + NOM
Kl =7

THM s (1)

726-

K2
HOCI +Br HOBr + CI (2)
K, =1.55 x10 (mol- L™*)*. s*
K3
HOCI + NH; NH,CIl + H,0 (3)
Ky = 4.2 x10° (mol- L) s*
Although K; is unknovn, many investiga

tiond™ ™ indicate that K, ismuch snaller than K, and
Ks. W hile chlorine is dosed in water containing bro-
mide, it react with bramide  fom hypobromous acid
first Campared with hypochlorous pecies, the hypo-
bramous pecies are more reactive in the fomation of
DBPs Researches pointed out that chloramines do re-
act with bramide o fom bromamine, but the process is
much slowver than the reaction betveen chlorine and
branide Al compared with hypobromous Pecies
the bramamine vyields little DBPs At the condtion of
converted chloranines was used, which is sid that
dose anmonia folloved by chlorine as mentioned a-
bove, chlorine reacts both anmonia and bromide
fom chloranine and hypobromous acid But as illus
trated in the above reactions, the reaction rate K; be-
tween chlorine and anmonia to fom chloramines is
much larger than K, beiween chlorine and bromide It
is said that in the excessof anmonia, therewill be ver-
y fav or no hypobramous acid fomed, which cause the
controlling of THM s fomation

3 Conclusions

1) The ssa®nal great increase of THM s is conclu-
ded to be caused by the pollution of bramide

2) Asindicated by jar tests, the increase in chlo-
ranines dosage, reaction tme, CL N, bramide con-
centration and decrease in pH could made the increase
in THM s fomation

3) The prefomed chloramines has a more ad-
vanced ability in controlling THM s fomation as com-
pared with converted chloranines, but the difficulty in
prepare it restricted its use

4) As damonstrated by the pilot plant experi-
ments, the prechloranination process has a excellent
effect on controlling THM s fomation in River Huang
waterwith high bromide, provide more chlorine residue
at eguivalent available chlorine dosage as compared
with prechlorination process
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