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Abstract: At present, many waterworks adopt the same mode of chlorine dosing points in different
seasons to facilitate operation. It is costly, wasteful and poses a high risk of the disinfection by-products
(DBPs) formation. Taking raw water from the South-to-North Water Diversion Project in Tianjin as the
research object, the coagulation—air floatation—filtration—disinfection process of a waterworks was
simulated. Comparative studies of single point chlorine and multi-point chlorine were conducted to
explore their efficiency of controlling algae, killing germs and controlling DBPs (such as trihalomethanes,
haloacetic acids, haloacetonitrile and halogenated nitromethanes) in high and low algal phases. The
proposed solution of seasonal chlorine dosing processes is suggested: pre-chlorination before coagulation

(chlorine dosage of 0.5 mg/L) + chlorination with ammonia after filtration (ammonia dosage of 0.3 mg/L,
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chlorine dosage of 1.0 mg/L) during the high algae period in summer, and single point chlorination with

ammonia after filtration (chlorine dosage of 1.1 mg/L) during the low algae period in winter.
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raw water from the South-to-North Water Diversion Project;

algae control;

1 MHS5H®
1.1 JREAKKER

IR K B RT3 A R KT, HoK BT I
F 1o AKFEECIR] S 37 RY AT R0 ok 751 4k 2, e 4% 35
SIAETITE 4 "CHIPKAR | 1 ik & 38 2= U A

=1 FEKKR
Tab.1 Quality of raw water
o H HEREN | AR
KR/ C 27.0 ~ 28.4 9.8 ~15.2
pH 7.87~797 | 822~837
MU /NTU 0.76 ~ 1.07 0.50 ~ 0.65
COD,, /(mg-L™) 25~27 24~26
B FU0 AL 820 ~ 1260 19 ~32
AR Nmg- L") 0.12~0.19 | 0.02~0.04
WY& SBU(CFU-mL™) 350 ~ 430 140 ~ 210

1.2 Xk IZ

KT TEE K S BOMIBEER , R B— W ME80m
UG TREN | 22 2L N7 A P I 8 3 /K A8 s
Frach v, R D FS s AR AR S DR T K AR SR F
1. 1 mg/L, AR TGO bR E AR DR 5 AT A0S, B
J& G falcith N 25 HE AT K, T2 LA 1,

g i
A
PAC+FeCl,
JFUK SIFE bR K
JURE A JRURE R JURE 1 JRURE A
EB1 KT IERE

Fig.1 Flow chart of waterworks

XF 2018 4F H [ K s I bR BEA T AR SCAHE 3T, 25
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B S N4 AR B S AN [R]85 507 2R O
Ve AVE L BRALEE , DL KT DBPs i 4 il 25CR , AR
e 3 2K FEH DBPs AR LB FAR
1.3 REHR

NSRS HR 2R T 2 B S DA AR AL S B
KT TP, JFUK A 3. 0 mg/L 19 545 S AL R
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(PAC) F15. 0 mg/L 1) = S b8k (FeCl,) LU % & 44
AR, iE BB TR /N B 56 LA 240 o/min 98
FEREPE 30 s (MBS E G=420 s™) . IR TR P
Btk AT, 55 1 BB L) 180 r/min B3 B 2 min(G=
165 ™), %5 2 [ B L) 80 r/min 43 J& 3 4E 5 min(G=
32 ) ZJE AR min HATIE SRR, 10 min J5
K Z EAE N 25 mm 524 1500 mm B A HILBE 55 U8
FEALUE . UEAE SR A SR TR U2 U R T
WIERPRIAE N 0. 6 ~ 1. 0 cm, JEJZJE K 600 mm; JCAH
PENERIRIAR K 1. 18 ~ 2.5 em, JEE J7 400 mm; DL JE
200 mm B A1 ARG o U 7K I — 2 5 1Y NaClO
BT 7 30 min, SAEH ] KA R 1 1 mg/L(5H
AT SR E i EOR — B0 o e AR R
FEffiE, MR 401,

BB S A 2 S AP AN X SRR
J7 2R R JE I 2, 25 R R K K 5 2 M i Bl A
K, 2 BB AR R e, B8 U4
HARS g W3 2, WE UK RIRE R A K
DUASHORE A o BURE S5 A5 i 43 ) 0 LM Ay, — 1
O BN R ST ERORT TRV S B LR b s — 1
PR B IR I R Vs T AR K AR, IFAE 4 CUKA
AR THMs (HAAs .(HANs (HNMs 255 32817240 .

®2 FRARGSHANSE SRME

Tab.2 Dosage of chlorine and ammonia in different

chlorination processes mg- L
. Al | naEE s | )
I VN P e e
s | HZ | 4% | BT | 4% | /4
SRR L1 — 1511103 03] 1.1
L2-a| 03 | 1.1 | 1.0 ] 03| 03] 1.1
ZEEA | 12-b| 05 1.0 | 08 ] 03] 03| 1.1
L2-¢| 1.0 | 06| 07|03 |03 11

1.4 #WMIEIRFAE

A :3,3,5,5 DU SEHRA I 2k 5 B 2R 4L
e AT RO s TR A VB ST LTS 5 COD,, : TR
PR R RIS s THMs .JHANs I HNMs: USEPA standard
methods 551.1; HAAs: USEPA standard methods
552. 3; DBPs: S AH 5L
2 BRE5H#®

2.1 BEZEEEHANEMNIERE DBPs B
2.1.1 XK TR bR 22 Bk

S 7 TR P B 2R 2 T IR BE R B, 2
TR T 2 5 I, Jekib 2 A WA R SRR

IO A= 1% DBPs , 45 TR 7K 2 4 SRAR vy ) KUz 4
TEPIRECE T, /KM EE R B IR #) 0. 1 NTU
LLR,COD,, AT 2. 0 me/L, W S BT ARESESK . %)
BRI LR ILE 3.
®3 EFEEREHAFARREAXTEIZRUKELRLE
Tab.3 Change of algae number in different

chlorination processes for the high algal bloom in

summer 10* 4~ L7
BE I JEIK SIEE Y Hi7K
L1 860+4 120+2 4+0 4+0
[2-a 956+3 114+1 3+0 1+0
L.2-b 920+5 106+0 3+0 0+0
[2-¢ 1 02316 112+1 1+0 0+0

M F 3 AT AL, D K e 2 AR Ak YE T R (860 ~
1 100)x10* 4/L, 245 PAICAN B , 3 2R 50 iR 1 e
ike Forp SR X B R BRSO B, P38 LB
Ik 87. 91% HH K BB A B, i b
BTy Y b B PH (AR T R R FE L2-b Al
L2—c Z i &, ) K s ie & 28k

fE L1 12-a L2-b il L2—c PU AP #5470 F L B
K T 75 B R (400+2) | (420+1) | (430+1) |
(350+0) CFU/mL, 7% H K 20 5k (42+1) (<1 .<1,
(120) CFU/mL, J&J5 K A /K 44K F 1 CFU/ml,
R B A 22 i B T KRR U BB AL GB
5749—2022 #3K (<100 CFU/mL) .

SRR UL, BT AR O KO AR 58 4 L BR
25, HAHF S A re A ) 1) 17 75 500, 5% B8 1Y) SRR
Y T 2 0 X P R BB, I R 4 TR A — SR
FE A T RE 2 A ) BN A R, MRS
FIVLH R0 A B MR R, 22 i ISR R B R I B 2 v v
() H 7K 2 ] FEdE
2.1.2  XPIHEERI W) LE B 5 e

B M2 S e N, )oK s £
) DBPs 3 %40 45 = 5 bE (TCM) . — & & TR
(DCAA) \. =5 LB (TCAA) . & L N5 (DCAN) Fl1 =
SUHEEH BE(TCNM) . Hirfr , TCM A i i e 22 (O
F2) AR A 2R 2 K 9 TCM AR e 34 ok
it GB 5749—2022 (I FRAE (60 pg/L) .

FER A A 4% 505 20F , THMs Fi HA As A9 A A%
0 & N-DBPs (1) 20 {5 1 10155, 5 M-S %
TR (L2) M H, &R 5 (L1 n] fff HAAs Al N-DBPs
A 1t BEAIK 609%0~90% 7647, iX 55 Bond % A 1 fF
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FELE R — 8, AR E R KRAE 59, AR A
P ST 85 /D T DBPs i A2 il = 2R H A S R
KW % U, PRI DBPs 4 A i KR AR . i
HWAACE SR B, K R R AR
BT I B A AL B R 1.0 me/L
B, DBPs A i 2RI . A B 0. 3
mg/L T+ =5 5 0. 5 mg/L B, W7 @I 9 A5 i 4 e
N, BN 0.5 me/L B Al Mo 2 2o . 45
PRI, B 2 v R S R AR A B B ST
AR TE R AR D PR PR ORI 2, R
REA PR B K AR AR e 4 i 22 i AR UL ]
DLKF 2 4 B, LA oK HE bR R4 3 B
Bom oy X BUEARBN A 0.5 me/L, U85 Se 2
0.3 mg/L FHAMEA 1. 0 mg/L,
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Fig.2 DBPs formation in different chlorine processes for

the high algal bloom in summer

2.2 ZFREHXEMIEIRE DBPs B #l
2.2.1  XPHRUK BTHE bR 2Bk

55w A L, & BRI A AR K
R A AR, 35 28l A 1 IR FH 7K RS A1, AR AL PR R 7
(20~32)x10* N/L, HJE FARRAT K , TR 5ERE 3 1)
BURE 2232 B —E RZ W, AT 58 T 30 o TSR Ao L TR B
IR, 35 T B R A AR B I e A A
S R A A PR SR K U Y
IEF] 0.1 NTU AR, COD,, Al 1. 5 mg/L, i 2 T
GB 5749—2022 B3Rk, JUK & SR HL 5 | ek
BRI R R, 28R R AE 57. 14%~73. 33%, -1 %
BRF0 65. 12% , 113775 B 2B T R IR BE g /N
Bifi 2 0 S AL 5 S8 Y BG0 , E 2KS E S R R B i
e AR T 2 R BRI 100% .96. 67%

100% F1100% (.75 4) .
F4 ZEEEHFAEREFTRATEIEZREKELEE

Tab.4 Algae concentration in different chlorination

processes for the low algae period in winter

10* 4~ L™
®E | K SIFEE i HK
L1 28+1 12+1 10 0+0
[.2-a 30+2 12+1 3+0 1+0
1.2-b 30£2 9+0 0+0 0+0
[2-c 30+2 8+1 10 0+0

TE AR E 0T N K g S8 01 (210+
2).(150+1) . (150+1) . (150+1) CFU/mL, & L1.L2-
a IR K435 4 (920) L (2+0) CFU/mL 4k, Hifth
VIRA o AT UL, B SO G8RN 22 RS8B4
PR B R LA [, 25 R St R 7 AR AR A
T P B i IR o] LA SR A i &

2.2.2  XPIHEERI Y LE LA 5 e

A A 2 SOy ST AR T K AR
F Y DBPs £ 45 TCM .DCAA .TCAA .DCAN F1TCNM
(WLIE3) . AHE T HE R m e, i) K C-DBPs 1)
A R 2 A, N=DBPs A= il R W S

CTcm

[C_IDCAA

CITCAA u
161 [_IDCAN
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L B -
i? 12
i)
=
H 8
o
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EREWIE
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Fig.3 DBPs formation in different chlorine processes for

the low algae period in winter

I 3 ] LU i, 2R FH A R & (L) AR FT 4
B Z g (L2-a  12-b) BF, 76 T /K R K
M TCAA, Z S8 E T AT, &MU Y
THEER] =P, TCM [k BE 4T e 5, DCAA FI TCNM
R B AE AR P A A BT A 22 A8 2 FE R R Tl S Ab
8 f (1.0 mg/L) T e B MR 3G I, OF BLAG I 2] 1
TCAA. H W55 E W], TCNM . THMs . HAAs 25 % 31
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C-DBPs A7 75 5 58 1) 40 Jf 5 % | 15t 4% 23 1 A S0 e A2
PET BBk USEPA 1A PG 26 45 il 18 55 8] 7 4 1) 4
TG, TR ST A B, HNM s 245 7 40 7 10
PrAERM S AMUE & TR K s A
B T 0 XURS: , IS0 T AT A TR XU .
o TR AL T S S TCNM R R o %) 5 R T g 2 4R
fRAE R T W 2 TCNM AR , I 1 — 25 S e i A=
BT TCNM, 3X 1] i 5 R & A b T2 A BE FE AR
TCNM AE BT R L BT K R 42 =5 TCNM AR Bl 3 A JiE
PLAR L. 56 T 0t , 0 S A T 25 100 SR FH 341K A 4%
A,

25 ik AE A AR AR IS 20 S BN
STy O R T R SR | A B DL S H At K S b
KT 2 S AR I AR AR P, TR, A 2
VG 300 R U8 5 =0 S S B S X BE e
Jehna 0. 3 mg/L NG 1. 1 mg/L.

3 it

O oA $5 S AR AS [R] 7K 5 e K G I 5|
VLK B R A8 I, K e (A2 3 AR K 12,
HFRTE ) (GB 5749—2022) R |, 18 e Ak 7K it Y [7]
B, BEAZ A 2447 il DBPs 1A= L

Q HEHEEEEMERHZ A8
TREERT P AL (B 0. 5 mg/L) +EJ5 N4 (0. 3
mg/L) NG (AR 1.0 me/L) , Z % 7 AL
Al SE4 BRI VR ML, H DBPs W A i

@ AR ECR R 2 i 2 &
) RS AU L FE A E N 11 mg/L I
0.3 mg/L I ZAF T, AT K i (e 2 58 9 25 Bk, HL
THEERD P AR T 10 pg/Lo
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