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Prediction of chlorination disinfection by-product trichloromethane
generation model of raw water in northeast China

JIANG Xu'”®, ZHAO Munan', JI Feng2 , CUI Chongwei1

(1. State Key Laboratory of Urban Water Resource and Environment ( Harbin Institute of Technology) ,
Harbin 150090, China; 2. Harbin Water Supply Group Co. , Ltd. , Harbin 150001, China)

Abstract; Raw water with natural organic matters produces a variety of halogenic organic compounds after liquid
chlorine or sodium hypochlorite disinfection, known as disinfection by-products ( DBPs). Among them, the
generation of trichloromethane (TCM) has attracted extensive attention. Factors affecting its formation including the
organic content, pH, water temperature, chlorine dosage, disinfection contact time, and so on. According to
survey, the scale of the water treatment plants in many cities and counties in northeast China is mainly small with a
daily production capacity of less than 50 000 t/d. Moreover, due to the problems of testing capability and cost, it
is impossible to detect TCM continuously in effluent water, and once the raw water quality changes, the safety of
the effluent water quality will not be guaranteed. Therefore, the establishment of the prediction model between TCM
and conventional parameters will help water treatment plants with no TCM detection abilities to predict the
generation of TCM. In this study, taking a large water treatment plant in northeast China as an example, the
contents of each parameter were detected using national standard methods. With the method of multiple linear
regression analysis, the parameters which concern with the characteristics of raw water and disinfection processes,
such as water temperature, pH, turbidity, potassium permanganate index, and chlorine dose, were added to the
establishment of the TCM generation model. The multiple regression model provides a good prediction method for
the generation of TCM in small and medium-sized water treatment plants with similar raw water characteristics and
disinfection processes.
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Fig. 1 Process flow chart and sampling point of water supply plant
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Tab.1 Range, mean, and standard deviation of variables

TCM/ Cly/ CODy,/
TiH 1 pH TD/NTU T/°C #E(SP)  HFE(SU)  BFE(AU)
(mg-L7") (mg-L~1) (mg-L~")
SSUN 0.003 1.15 6.54 0.57 1.21 2.03 0 0 0
IEIN 0.054 2.01 7.12 8.16 24.52 7.15 1 1 1
P-4 0.017 1.55 6.85 1.44 10.83 3.98 0.26 0.24 0.24
Frifti 2 0.010 27 0.190 29 0.182 1.431 5.794 0.918 0.438 0.432 0.432
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NOM 7K Y5 7K Jiz 45 5. 3 8 38 1 BT #9 45 48 & 1
Rl I R b v Al 22 , SR K KR (T) 4R 728 460 il
1.21 ~24.52 °C,pH # 6.54 ~7.12,TD # 0.57 ~
8.16 NTU,ClL, 2 1. 15 ~2.01 mg/L,COD,, 42.03 ~
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J& T.TD Ll f CODy, , 8K ¥ 8l 32 28t BLAE B AF
2 X KR IR Rl A DL R AT B 2 W K
RS B, T CL A pH AR fb Y I/

PN AR i 22 JH] OC R AT, B X A5 AR i 2 ] A
MXRYEFEATHESE. 3R 2 W LLE ), TCM 5 Cl,
(R*=0.530) .pH(R* =0.468) .COD,,, (R =0.445)
BT IE R AMEAR DG, BB LR = A7 F) T TCM Y4

Ji T3 A, e [ Bk W 45 A8 o 2 ) 8 AH S e B
CL 5 TD. T, CODy, Z In] B A & 35 & A 5 4k
CODy, 5 pH,TD | T Al Cl, Z [A] B A Ik 25 2 P A5G
PET 5 TD Z 6] A7 35 2R A SC . 25 1, m Ul B
TCM 5 %78 B 22 [ B AAFEA R OC &

i BT 250 A FI W 2 S TCM. AR il 22 []
MR R W IAT 4, LA e AR i iR E
MR SRR R BN T 25 T K, I S R it
Py BTVEAE S BT, 26 3 Hh ] S P AG 36 6T B Y P AR
4 P AR T R F MK, 4552 S B3 RV 2 7 22
[l PR A 1. R /N e 28 it AT b 7 2200
GETAE RN 4 PR, 5 B 21 o 4 P HERR S5 K
IA KRR ARG =R S & TCM A il
LA 3,4 n LU 215 AEHRRR G 7K AR i [N 3R
Jr okt TCM Az Ji A 520, I, A A s 225



.36 - MoK OE T Ok k¥ %R 952 %

AN R R A DIE JRE B e 0B DA A B A A B 2 ] 9 5 R L A
H13% 2 AR, RS8R 2 ) AH G HEAS R AR v MR HA. B % 5 AR, e HiE nl LS LAY 372 i
B, BIEARAME AR 3R S PR f TCM 5 5 R H R 0GR L = 0w R R0 fE A0 8 B (e e 3 Xk AT
AR R AT PR, R P IEI X RIS LR B B AR D7 =i iR BE T LR 6 ~ 8.
x2 BEEMEXRY

Tab.2 Correlation coefficients of variables

S

AR TCM/(mg-L~1) Cly/(mg-L7") pH TD/NTU T/°C COD,,,/(mg-L™")
TCM 1

Cl, 0.530 1

pH 0.468 * * 0.185 1

TD 0.271 0.252* 0.088 1

T 0.315 0.386** 0.138 0.177 1
CODy, 0.445* 0.477** 0.256 * 0.354* " 0.238* 1

T T AE0. 1 MUK T B35 ™7 16 0.05 By REVEKE T 235
®3 ERMERE

Tab.3 Homogeneity test

4 F /i df2 p
Spring (SP) 1.156 1 73 0.286
Summer (SU) 0.017 1 73 0.896
Autumn (AU) 1.000 1 73 0.523
Winter (WI) 1.964 1 73 0.165

x4 WWAELW

Tab.4  Analysis of covariance

Source 1 2875 F A ¥5 F 2
Model 35.389* 4 8.847 223.222 0.000
T 4.770 2 2.385 60. 178 0.000
Sp 0.013 1 0.013 0.325 0.570
SPxT 0.040 1 0.040 1.008 0.319
Model 35. 380" 4 8.845 222,485 0.000
T 0.053 1 0.053 1.325 0.254
Su 4.277 2 2.139 53.793 0.000
SU x T 0.038 1 0.038 0.948 0.333
Model 35.343° 4 8.836 219.381 0.000
T 0.002 1 0.002 0.056 0.814
AU 3.805 2 1.902 47.233 0.000
AU xT 0.009 1 0.009 0.234 0.630
Model 35.355° 4 8.839 220.375 0.000
T 4.235 2 2.118 52.801 0.000
WI 0.001 1 0.001 0.014 0.906
WIix T 0.018 1 0.018 0.445 0.507

" R R HEC 0 R BCAHR.
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Tab.5 Choice of independent variable form
R Cl,/(mg-L™") pH TD/NTU T/C CODy,/ (mg-L.°")
5317 0.276 0.430 0.901 0. 800 0. 890
X HOE 0 0 0.203 0 0
%08 0. 164 0 0.429 0 0
TR 0.811 0. 844 0.914 0. 898 0.909
=R 0.917 0.919 0.914 0.918 0.911
EiEg 192 0 0 0 0 0
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Tab.6 Model test

R R! BiEE R PR TR 22
0.974% 0.948 0.943 0.170
T E AT TCM, ' A i 5 ik [ .
x®T1 FEDW
Tab.7 Variance analysis
A Nl df ¥ F P
FF48F 36.235 7 5.176 178. 888 0. 000"
RS HT 1.968 68  0.029
At 38.203% 75

VN ARF TOM, ! AR SR 2R 1.
*8 FERRAHBEMERR

Tab.8 Coefficient significance test of the equation

- [N HEVEES S TR Y3 P
B PrifEiR2E B

ey 1.796  0.232 1.519 7.748 0.000
[CL]> -1.725  0.240 -1.038  -7.172 0.000

pH? 0.210  0.087 0.132 2.427 0.018
[CODy, 1>  0.545  0.131 0.297 4.158 0.000
1/TD 0.033  0.013 0.092 2.496 0.015
SUxpH -0.509  0.129 -0.234  -3.951 0.000
SUXT 0.554  0.184 0.168 3.016 0.004

NI LG & Hhn] DA AR R

TCM =1.519 x[Cl,] —1.038 x [ Cl, ]* +0. 132 x
pH? +0.297 x [ COD, 1> +0. 092/TD - 0. 234 x
SU xpH +0.168 x SU x T.
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Fig.2 TCM multiple regression normal probability diagram
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