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SUMMARY

STUDY ON ELIMINATION OF TRIHALOMETHANE FORMATION
IN CHLORINATED SUPPLY WATER BY HYDROGEN PEROXIDE

Trihalogenmethanes (THMs) formed during chlorination of water
have been concerned due to their health effect risks. This study focuses on
the effects of THM formation produced by a secondary disinfectant
comprised of silver and hydrogen peroxide (H,0,/Ag"). Three types of
source water including synthetic and groundwater which provides for
Hanoi water plants were tested over a range of conditions such as chlorine
doses, temperature, pH, bromine, ammonium and dissolved organic carbon
concentrations. The results showed the reduction of THMs in water supply
reached the average 63 + 12% by H,0,/Ag" The study shows that a
potential benefit of using mixed disinfectants will be applied for
eliminating the formation of disinfection by products whereas maintaining
the effective disinfection.

1. M3 dau

Trihalogenmetan (viét tat 1a THM - bao gém 4 hgp chat CHCL,
CHCl,Br, CHCIBr, va CHBr,) sinh ra do phan tng giita cdc chat hiu
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co c6 mat ty nhién trong nudc ngudn va clo sir dung cho qué trinh khir
tring nudc. Cic nghién citu thong k& vé dich t€ hoc hién nay cho thay
ham luong THM cao trong nudc mady c6 quan hé véi sy tang cic
chitng bénh ung thu bang quang, gan, hién tugng tré so sinh nhe can
trong cong déng dan cu. Do vay khuyén cédo ciua Hoi bdo vé moi
trudng M§ cho phép téng nong do cua 4 hop chat THM trong nudc
uong 1a 80 pg/L. Con tiéu chuin clia bo Y t€ Viét Nam nam 2002 quy
dinh cho 4 hop chat tuong iing 1a 200, 60, 100 va 100 pg/L.

Céc nghién cqu thuc hién tai 8 nha may nuéc Ha Noi tir nam 1998
- 2003 [1] cho thay téng ndng do6 THM tao thanh trong nudc cap cua
Ha Noi tuong d6i thap, dudi 60 pg/L. Tuy nhién thi nghiém clo hod
mau nudc ngdm cua cic nha mdy da cho thay so véi cic loai nudc
ngam, nudc hé dung cho san xuat nude cap trén thé gidi, tiém nang toi
da tao thanh THM cila cdc nguén nudc ngdm Ha Noi & mic cao
(khoang 200 - 400 pg/L véi cac nha may nudc phia Nam Ha Noi). Két
qua thuc t€ khong phan dnh ding nguy co hinh thanh THM trong nudc
cdp do mot s6 yéu t6 c¢6 anh hudng dac biét nhu nong do amoni cé
trong nudc ngam cao, liéu lugng clo hod thap. Khi xir Iy dé giam dugc
nong do amoni xudng dén tiéu chudn cho phép clia nudc cap va thuc
hién qud trinh clo hod véi liéu lugng dam bao hiéu qua khir tring thi
nong d6 THM trong nudc cép lai ting cao.

Dé néng do THM trong nudc cdp khong vuot qua cic tiéu chuin
quy dinh, ngudi ta c6 thé lya chon nhiéu giai phdp tuy thuoc vao dac
diém nudc ngudn, tiéu chudn doi héi va kha nang diu tu cong nghé [3].
St dung cic chét gay dong tu thich hop, tang cudng oxi ho4, hap phu,
phan huy sinh hoc, hay ha thap pH c6 thé loai b6t cic chit humic -
tién chat cia THM trong nudc nguén. Sau qud trinh clo hod, c6 thé
dung cic bién phdp hadp phuy, suc khi, hodc oxi hod dé loai bd cic san
phdm phu cia qia trinh khir tring. Trong mot s6 trudng hop, & quy mo
nho, dé phan huy cac hop chat co clo doc hai sinh ra do clo hod, ngudi
ta dung ozon két hgp vdi tia tir ngoai.

Bai bdo nay s€ trinh bay két qua nghién citu st dung H,0,/Ag" 1a
mot tdc nhan khi tring b6 sung véi muc dich han ché su tao thanh
THM sau khi di clo hod nuGc nguén.
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2. Thuc nghiém

Hod chdt, thiét bi _

- Hoén hgp chat chudn chia 4 chat THM c6 néng do ting chat |
mg/ml trong metanol va chat noi chuin p-bromoflobenzen cé nong d¢ 1
mg/ml trong dung moi metanol (Tokyo Kasei Kogyo Co., Ltd, Nhat Bén),

- NaOClI 4% va ABTS (Aldrich, Steinheim, Pic). Cic hoi chat
khac nhu metanol, H,0, 30%, NaNO,, Na,SO;, KMnO,, Na,C0,
Na,HPO,, KH,PO,, NaCl, KBr, AgNO; loai tinh khiét phan tich cia
cac hang Fluka (Buchs, Thuy S¥), Merck (Darmstadt, Diic)

- Céc d6 thuy tinh, dung cu: lo thuy tinh 20 ml, nip nhom, dém
cao su - teflon, dung cu dap va m& ndp nhom, kim 14y miu khi, chai
thuy tinh nau 0,5 1, thiét bi diéu nhiét

- Thiét bi siac ky khi khoi phé QP-5000 (Shimadzu). Thiét bi
phan tich téng cacbon TOC-2000 Shimadzu (Nhat Ban)

Thuc nghiém

3 loai nuéc ngudn khao sit bao gém:

- Cdc mau gia: mau nudc nguodn gia duge chuan bi bing cich pha
axit humic (dai dién cho nguoén tién chat THM), KBr trong dém
photphét 0,01 M dé dat dugc mau c6 néng do Br 0,08 mg/L, 6 tdng
cacbon hitu co hoa tan (DOC) 1 - 6 mg/L va pH theo yéu cau

- Mau nudc ngam ldy tai may nuéc Ha Dinh

- Mau nuéc ngam 14y tai nha mdy nudc Ngoc Ha

Thi nghiém dugc ti€én hanh tuin tu theo cac budc: trudc tién, mau
nudc ngudn duge diéu chinh ti pH thich hop; qué trinh clo hoa nudc
nguén (st dung NaClO lam tic nhan clo hod) sau d6 duoc thuc hién
trong chai thuy tinh nau kin; sau thoi gian nhét dinh, thém H,0,/Ag’
va ti€p tuc thyc hién phan tng trong diéu kién diéu nhiét. Tai thdi
diém xac dinh, thém Na,SO, dé dimg phan tng cia H,0, va ldy miu
nudc d€ phan tich nong do THM.

Néng d¢ clo duge xdc dinh bing phuong phip do quang sir dung
thue thir ABTS, néng d6 THM dugc phan tich bing phuong phap sic
ki khi kh6i ph6 sir dung k¥ thuat 14y mau trong khong gian hoi, gid tri
DOC dugc xdc dinh bang phuong phép phan huy va do héng ngoai
dung thiét bi do téng cacbon - TOC, nong d6 bromua vi amoni duge
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phan tich bing phuong phap sac ki long 4p sut cao véi detecto do dan [1].
Néng do H,0, dugc x4c dinh bang phuong phdp chuan do st dung

KMnO,.

Dé khao sat anh hudng ctia cdc diéu kién phan tng ti kha nang
loai bd THM, 6 day thi nghiém dugc bo tri nhu sau:

Bang 1. Diéu kién cu thé cia cac day thi nghiém

Day | Diéu kién mau nuéc

Diéu kién clo hoa

Diéu kién bé sung

nguon H,0,/Ag
1 Miu gia: Br: 0,08 mg/L. | Nhiét do: 25°C Khong bd sung
DOC:1,23va6mg/L | Liéuclo:2,3va6
pH: 7 mg/L
Thoi gian: 1 ngay
- Mau gia: Br: 0,08 mg/L. | Nhiét do: 25°C H,0, 30 mg/L/Ag* 30
DOC: 3 mg/L. Liéu clo: 3 mg/L pg/L va H,0, 60 mg/L/Ag’
pH: 7 Thoi gian: 1 gid 60 pg/L

Thai gian: 1 gio, 1 ngay va
7 ngay

3 Mau gia: Br: 0,08 mg/L
DOC: 3 mg/LL
pH: 7

Nhiét do: 15, 25 va
35°C

Liéu clo: 3 mg/L
Thoi gian: 1 gio

H,0, 30 mg/L/Ag" 30
pg/L :
Thoi gian: 1 ngay

4 Mau gia: Br: 0,08 mg/L

Nhiét do: 25°C

H,0, 30 mg/L/Ag" 30 pg/L

DOC: 3 mg/L Liéu clo: 3 mg/L Thoi gian: 1 ngay
pH: 6,7 va8 Thoi gian: 1 gio
5 Mau nuéc ngdm Ha Nhiét do: 25°C H,0, 30 mg/L/Ag* 30 pg/L
Binh: Liéuclo: 3,6 va10 | Thi gian: 1 ngay
Br: 0,11 mg/L mg/L
DOC: 3,2 mg/L Thoi gian: 1 gio
pH: 7
6 Mau nuéc ngdm Ngoc Ha:| Nhiét do: 25°C H,0, 30 mg/L/Ag* 30 pg/L
Br: 0,09 mg/L Lieuclo: 3,6 va 10 | Thoi gian: 1 ngay
DOC: 0,9 mg/L. mg/L
pH: 7 Thoi gian: 1 gio
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3. Két qua va thao luan

Co s6 lua chon cdc loai nudc nguon:

Trong nghién citu [1] dua trén cdc yéu t6 anh hudng téi su tao
thanh THM khi clo hod, ching t6i da rit ra két luan: cdc ngudn nudc
ngam cta 8 nha mdy nudc & Ha Noi cé thé chia thanh 3 nhém nhu
trong bang 2. Trong d6, nguén nudc nhém I c6 dac diém: tién chat
THM (biéu thi qua gia tri DOC) thdp, néng do amoni thap, néng do
bromua cao; ngudén nudc nhém II cé dic diém: DOC, amoni va
bromua tuong doi thap; nguén nudc nhém III ¢é diac diém: DOC cao,
néng do amoni rat cao va nong do bromua cao. Nhu bang 2 ta c6 thé
thay cdc nguén nudc nhém I va III ¢6 tiém nang (hay kha nang t6i da)
tao thanh THM déng lo ngai, dac biét v6i nhéom III 1a cdc nha may
nam O phia nam Ha Noi. Do vdy mau nudc ngam dai dién cho 2 nhém
nay 1a méu 1dy tir nha may Ngoc Ha va Ha Dinh dugc st dung cho cac
thi nghiém trong bai bdo nay. Dua trén tinh chit cia cic mau nudc
ngam Ha Noi, mau nudc gid duge chudn bi véi diéu kién nong do Br
0,08 mg/L, DOC 1 - 6 mg/L

Bang 2. Tiém nang tao thanh THM (THMFP,) cia mot loai nuéc
ngam cung cap cho cac nha may nuéec Ha Noi

Nhém Nha may THMFPf Mot s6 tinh chat hoa 1y ciia mau nudce
oxde (ug L trudc khi clo hoa
tinhtheo — poc  py= Br N/NH,*
CHCI3)
(mgCl1')  (m") (ngL")  (mgL™)
Nhom  Mai Dich 52 08-12 05-09 62-92 003-021
I Ngoc Ha 103
Ngo Si Lién 143
Nhom Yén Phu 59 0,8-1,1 09-1,0 15-24 0,10-0,13
i Luong Yén 51
Nhom Phap Van 406 20-64 48-150 60-160 720 1850
Ly Tuong Mai 172
Ha Dinh 240
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Két qud thi nghiém vdi cdc mdu gid (ddy thi nghiém 1, 2, 3 va 4):

Két qua cha day thi nghiém 1 (hinh 1) cho thdy anh hudng cla
ham lugng chat hitu co hoa tan va liéu clo téi su tao thanh THM tir cic
mau gia. Khi ngudn tién chat THM - chat hitu co hoa tan cang cao thi
luong THM tao thanh cang nhiéu. Dac biét khi li€u clo sir dung cao,
téng ham lugng THM tang manh thé hién qua twong quan d6 déc cla
céc dudng biéu dién trong hinh 1.

250
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r‘g 100 . _._.—8 [Cl]=2mg/L
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Hinh 1. Téng nong do THM tao thanh sau 1 ngay clo hod
cdc mdu nudc gid
Ghi chi: - diéu kién clo hod.: pH = 7, nhiét do 25°C, [Br’] = 0.08 mg/L

Trong day thi nghiém 2, mu gia c¢6 ham lugng DOC 3 mg/L duoc
ldy 1am dai dién va thyc hién qua trinh clo hod véi c4c diéu kién tuong
tw nhu trong thyc t€ 1a néng do clo 3 mg/L, thdi gian phan ting 1 gio
(thoi gian luu clia nuée da clo hoé trong bé chita ctia cdc nha may tir
0,5 - 1 giv), pH = 7, nhiét do 25°C. Téc nhan khir tring b3 sung 1a
H,0,/Ag* dugc thém vao dung dich sau clo hod véi hai miic nong do
phu hop cho viéc dem lai hiéu qua khir tring cao nhit (log ctia kha
nang tc ché€ E Coli = 5 theo [3]) 1a H,0, 30 mg/L/Ag* 30 pg/L va H,0,
60 mg/L/Ag* 60 pg/L. Biéu d6 hinh 2 cho thdy khi sir dung tic nhan
khir tring b6 sung dan t6i han ché su tao thanh THM khoang 40 -
60%. Ca hai mic nong d6 clia H,0,/Ag* déu dem t6i két qua tuong tu
do vay trong cdc day thi nghiém sau chi st dung mitc néng do H,0,
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30 mg/L/Ag* 30 pg/L. K&t qua nay con cho thay gia thuyét tic nhan
khtr tring b sung c6 vai tro loai clo hoat dong du trong cdc méu nudc
lam diumng phan tng clo hod tao thanh THM trong thoi gian sau dé6. Cic
chénh léch nho giita két qua thu dugc khi kéo dai thoi gian phan ng
clia H,0,/Ag" c6 thé gidi thich do trong mau van con du mot lugng
nho clo hoat dong dan t6i su tao thanh thém THM nhung khong dang
ké. Do trén thyc t€ thoi gian luu cha nudc cap trong ong dan tir nha
mdy t6i nha dan chi khoang vai gio va lugng nudc mdy thuong duoc
tiéu thu hét trong ngay nén trong cdc day thi nghiém sau phan iing cia
H,0,/Ag"* dugc giit trong 1 ngay.

—

Tong THM [pg/L]

60

HzOZ/Ag . ["lg/l_)

Hinh 2. Anh hudng ciia néng do H,0,/Ag* va thoi gian phdn img
161 su han ché THM

Phan ting clo hod tao thanh THM phu thudc nhi€u vao nhiét do va
pH nén cic diy thi nghiém 3 va 4 dugc thyc hién dé kiém tra anh
hudng cua nhitng yéu té nay (theo doi két qua tai hinh 3 va 4). Khi
nhiét do tang, su tao thainh THM ciing tang ding theo 1y thuyét. Cu
thé khi nhiét do tang tir 15°C t6i 25°C, téng THM tao thanh tang 95%.
Khi thém H,0,/Ag", téng néng do0 THM giam 43 - 61%, tuy thudc vao
nhiét do phan tng. Ciing can phai chi y thém trong thuc t€ khi nhiét
do tang t6c do phan tng ting dong thdi cdc chat dé bay hoi nhu THM
ciing dé dang thodt khéi miu nudc hon. Xu huéng anh hudng cia pH
cling tuong tu nhu cta nhiét do. Khi pH tang tir 6 - 8 (1a khoang pH
phd bién cia cdc miu nudc ngam thuc t€) tdng néng do THM tao
thanh tang 92%. Khi théem H,0,/Ag", t6ng néng d6 THM giam 61 - 78%.
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Hinh 4. Anh huong ciia pH t6i su tao thanh THM

Dé khéng dinh thanh phan nio trong tic nhan khit tring bé sung
H,0,/Ag" c6 vai tro han ché su tao thanh THM, mét day thi nghiém
kiém chitng da dugc thuc hién khi st dung rieng H,0, hoac Ag* thay
cho hén hop H,0,/Ag*. Két qua cho thay viéc thém riéng Ag* khong
han ch€ dugc sy tao thanh THM. Trong khi d6 H,0, dem téi hiéu qua
tuong tu nhu déi véi hén hgp H,0,/Ag*. Do vay cé thé khang dinh
H,0, 1a tic nhan chinh dé dirng phan dng clo hod tao thanh THM con
Ag*s& d6ng vai trd duy tri kha nang diét khuén trong thoi gian dai.

Két qud thi nghiém vdi cdc mdu nudc nguon Ha Pinh va Ngoc
Ha (ddy thi nghiém 5 va 6)
Céc két qua chi tiét dugc trinh bay trong bang 3. C6 thé thdy mic
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dit mau nuéc Ha Dinh c6 nong do tien cnat 1AM va nam wgng
bromua cao hon han so v6i mau nuéc Ngoc Ha nhung néng do6 THM
tao thanh khi clo hod & cung di€u kién va ty 1é clia cic THM chia
brom lai thap hon. Diéu nay c6 thé giai thich do méu Ha Dinh c6 néng
do amoni rat cao (7 mg/L), khi clo hod véi nong d6 clo 3 - 10 mg/L,
luong clo dua vao uu tién tiéu t6n cho phan @ng véi amoni tao thanh
monocloramin. Kha nang phan ting ctia cloramin sau dé véi cdc chat
hitu co hoa tan d€ tao thanh THM la kém hon han so véi clo ty do.
Con mau Ngoc Ha, viéc clo hod véi nong do 3 - 10 mg/L da vuot qua
diém dot bién cua phan tng véi amoni, dén t6i ¢6 clo tu do du trong
mau, tao di€u kién thuan lgi cho sy hinh thanh THM dic biét 1a cic
THM chita brom. Khi b6 sung H,0,/Ag*, tuong tu nhu d6i véi miu
gia, nhin chung néng d6 THM trong nudc cap gidm 63 + 12%.

Bang 3. Su tao thanh THM tir nguén nuéc ngam
Ha Pinh va Ngoc Ha sau khi clo hoa va bé sung thém H,0,/Ag*

Ngu(‘i\n nudc H,0,/Ag Néng do THM (pg/L)
vag:f:;;'g" (mg/L) CHCI, CHCLBr CHCIBr, CHBr, Ting
Nudéc ngam
Ha Dinh
+3mg/L Clo 0 10.4 8.0 10.1 67 352
30 38 39 6.1 46 185
63%) (51%)  (39%) (31%) (41%)
+6mg/L Clo 0 17.6 8.7 8.0 51 394
30 6.4 3.1 5.9 50 204
64%)  (65%)  (26%) (%)  (48%)
+10mg/L Clo 0 362 143 10.4 54 662
30 6.2 34 6.0 50 205

(83%) (76%) (42%) 8%) (69%)
Nuoc ngam
Ngoc Ha
+ 3 mg/L Clo 0 3.0 20.2 12.3 1.8 433
30 1.1 5.9 32 39 14.1
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Nguon nuéc Nong do THM (pg/L)

H,0,/Ag
(mg/L) CHCl, CHCLBr CHCIBr, CHBr; Tong

va diéu Kkién

clo hoa
(63%) (71%) (74%) (50%) (67%)
+ 6 mg/L Clo 0 4.5 26.5 21.2 10.4 62.6
30 1.8 5.6 6.9 4.1 18.4
(60%) (79%) (67%) 61%) (711%)
+ 10 mg/L Clo 0 5.5 34 26 15.3 80.8
30 1.8 5.5 5.5 4.8 17.6

(67%) (84%) (79%) (69%) (78%)

Ghi clii: - diéu kién clo hod: pH = 7, nhiét dé6 25°C, clo hod 60 phiit sau
dé thém H,0-/Ag* va dé phdan img 1 ngay

- 86 trong ngodc don la phan tram han ché’tao thanh THM khi bé sung
H,0,/Ag"

4. Két luan

Str dung tac nhan khir tring bé sung H,0,/Ag* sau khi clo héa 1am
giam ddng ke lugng THM tao thanh trong nudc cap. Co ché c6 thé gia
thiét do H,0, déng vai trd loai clo hoat dong du trong cic miu nudc
dan t6i lam ding phén ting clo hoé tao thanh THM trong thdi gian tiép
theo. Viéc dung chat khir triing b6 sung dang hén hop nay 1a mot giai
phdp c6 tiém nang can dugc ti€p tuc nghién citu d€ han ché su tao
thanh céc san pham phu doc hai clia qué trinh clo hod trong san xuat
nudc cap dong thoi van duy tri duge hiéu qua diét khuan.
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