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Occurrence and Prediction Mod" l 'bf Disinfection By-Prodﬁcts in Tap Water

LIU Jun- plng ; CHEN Jing-ji', SONG!Y4- h YANG Yu-long®, LI angl‘song A MA Xiao- -yan' " ‘
(1-€College of ICivil Enﬂlneerlng, Zhejiang Unlversny ofJ Technology, Hangzhou 310014 \China; 2. School of Civil Englneenng and

Archpecture Zhe]laﬂg Umversny of Science and Technology,, Hangzhou 310023, Chlna 3. Collége of Civil Engineering and
Archltecture Zhejiang Unlverslty, Hangzhou 310058’ Chmd =4 Water Resources and Environmental Institute, Xiamen University of
Technology, Xiamen-361005, China)

Abstraét: Disinfection by-products ( DBPs) are defined as important parameters that can deteriorate drinking water quality. The
investigation was performed at a laboratory located on a campus in H City of the Zhejiang province. The purpose of the work was to
obtain knowledge on the occurrence of DBPs in tap water and boiled water taken from the same pipe, to establish a statistical model to
predict DBPs information in tap water based on physicochemical parameters, and to evaluate carcinogenic and non-carcinogenic risks
caused by DBPs on a predictional level. The results showed three categories of trihalomethanes (THMs) , haloacetonnitrile (HANs) ,
and haloacetic acids (HAAs) , including 10 species of disinfection by-products detected in drinking water. The detection rate of target
DBPs in tap water was 100% and the concentrations varied in the ranges of 10.12-28.39, 0.98-5.19, and 2.65-7.83 pg-L™",
respectively. In boiled water, bromochloracetonitrile ( BCAN) was not detected; the detection rates of tribromomethane ( TBM) ,
trichloroacetonitrile (TCAN ), and dibromoacetonitrile ( DBAN) were 46.43%, 82.14%, and 92.86%, respectively, while the
detection rate for other DBPs was 100% . The concentrations of THMs, HANs, and HAAs were in the ranges of 0. 60-12. 58, 0. 02-
0.52, and 2.42-5.86 pg-L™', respectively. After heating, the concentrations of THMs and HANs decreased by 84.22% and
91.45%, respectively. No obvious decrease was found for HAAs. The pH value and specific uliraviolet absorbance ( SUVA) had
positive correlation with DBPs, whereas residual chlorine and ammonia nitrogen had negative correlation with DBPs. Based on the
correlation between the physicochemical parameters and DBPs, a multiple linear regression prediction model of THMs was established,
with deviation less than 10. 00%, which can be used for the prediction of THMs in tap water. Based on the EPA recommended health
risk assessment model, the carcinogenic and non-carcinogenic risks of chlorine disinfection by-products through oral intake were
calculated. Tt was found that the carcinogenic risks caused by the disinfection by-products in the tap and boiled water were (17.24-
84.63) x 107 and (25.49-258.82) x 107, respectively, and the non-carcinogenic risks were (4.17-50.32) x 1072 and (6. 52-
107.74) x 1077, respectively. The carcinogenic risk caused mainly by THMs and bromodicloromethane ( BDCM) contributed the
highest cancer risk in tap water, while for boiled water, trichloromethane (TCM) was found to contribute the highest cancer and non-

carcinogenic risk. In boiled water, the reduction of THMs was up to 94. 38%), and the cancer risk was reduced by 79. 00% .
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and reference dose for non-cancer risk % 2r
DBPs Hom i ag?  BUBRRERT  JEEUESERIR L %
TCM B, 0. 031 0.010
BDCM B, 0. 062 0. 020 0r - Q ] % i —— o
DBCM C 0. 084 0. 020
_I 1 1 1 1 1 1 1 1 1 1
TBM B, 0.079 0. 020 #3K DCAN TCAN DBAN BCAN HANs
DCAA B, 0. 050 0.040 ok DCAN TCAN DBAN BCAN HANSs
TCAA B, 0.070 0.020 H2 ks sokinfokd g Z S %
1)%@%%%’141* AW AR B RS (IRIS) /\%ﬁﬁﬁ 2)B, SRR FE Fig. 2 Distribution of HANs in tap water and boiledwater
S B TR, WA T RS AZRBUR I, C Rl e A s at the sample site
Y
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30F T fA-dk Fig. 3 Distribution of HAAs in tap water and
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Fig. 1 Distribution of THMs in tap water and

boiledwater at the sample site
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Fig. 4 Concentrations of DBPs in tap water and boiled water at the sample site
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BRIk 16. 14 pg-L~'; HAAs LA DCAA 3, (5
DBPs 11 12. 55%; JE5Z 2% HANs & & 5K, 5 &
DBPs 19 9. 89% . J¢ 3 /K Nk 2 ik % )5 , TBMTCAN
I DBAN {9 4 tH 5 43 5 2 46.43%. 82. 14% Fl
92.86%, BCAN R £ i1t , H: 4% DBPs £ th 3 45 Oy
100% . A /K Hi-DBPs Je iU/ %* DBPs =Rl
kiéﬁj@‘rﬁc HAAS 57 DBPs E%Qﬂég\ Dcl;z}/ ,é.‘
g j(

KEEAL, (H TCM 5 M fe FER s 2 —, di bl
37.20% . #kH TCM . BDCM ., DBCM #1 TBM #H Ht
T3k K 43 BIFEAR T 60.20%. 98.42%. 97.08% i
94.00%, U6l 1k I ¥ 5 THMs /K fift 3 % ( BDEM >
DBCM >TBM > TCM)AHAF . i T HAstgﬁ%E
Tk, %ﬁkd@kﬁé’:#%@ p17,%2:25,26] ﬁu?dLF HANs 1
H TR, ,m.JjEKWEE 3.05%.
2.2 kAR 3 d 7K DBPs B #%ﬂ

HEK iz;lﬂkiﬂm?ﬁﬁé%% pH- {'%l’ Td/
UV o, A 0, (AR e b 5 DBy iy

HLAL 725 40. 85% ) ICAA 2. %71(513 Spearman *Haé BT LA 3. —
_ r ;;; VR dormesomss” B ) 2 g
P LT - Table 2 Flhysf(ocl}erﬁ‘ldal parameters of tap water 'at the sarr_lple site }-‘,-""
! N it Ji;i | .‘I;/Téfil;/lrflg: L' | pH'.? ' Toc/fmg 14! UV,5/cm ™ SUVA/I#(mg-m) ' & %/mg-L"!
Ij}iﬁ(@ ":-;"I 0.04 ~0.49 6.5007. 21 ok - .()-.79"'-,6 21 0. 008 ~0. 061 0.50 ~1.29 0.01 ~0.07
J *3 kAR L7k DBPs 5k FIELIEFRZ 18 SPSS HHX 547
Table 3 Relationship between DBPs and physicochemical parameters of tap water at the sample site
DBPS pH AR HA SUVA
TCM 0.721* 0. 290 -0.570 " 0. 464 **
BDCM 0. 103 -0.409 " 0. 196 0.640 ™"
DBCM -0.127 -0.217 0.270 0.241
TBM -0. 809 -0.019 0.344 0. 182
THMs 0.627" -0.641* -0.255*" 0.940 **
DCAN 0.571 ™ -0.254 -0.573 " 0.520 "
TCAN -0.161 -0.021 0. 227 0. 080
DBAN -0.202 0.208 0.407 " -0.203
BCAN 0. 331 0. 294 0. 096 0.336
HANs 0.637 " -0.355" -0.561 " 0.663 ™"
DCAA -0.175 0. 206 -0.514™" -0.085
TCAA 0.272 -0.007 -0.396 " 0.213
HAAs 0. 125 0. 093 -0.660 " 0. 086
1) = /R P<0.05, * * /R P<0.01
M3 3 ATLLE ), THMs Al HANs 5 pH B 58 HAAs 5 pH Z 8] JC 2 & I AH DG OC &, T g2

FZIIEAE R (P <0.05) , A BFFEIE SE i 414
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HAAs A9 BE pH (B TH s i AR, A Ui

/K EE pH {HAZ LTS Bl AR K. THMs 1 HANs 54y
FAEAREMFA LR (P <0.05). FIRIEE
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Table 4 Summary of THMs and HANs multiple

linear regression model statistics

DBPs  FHXRH(R) Gtk F B p IRETT %
THMs 0.8713 49.0950 0. 000 0 1.0190
HANs 0.5812 10. 063 0 0. 000 0 0.202 0

i 4 AT, THMs 14 MEASE 0 A OC 3 808
(R*=0.8713), 1M HANs [ 4H 3¢ R B XA (R
=0.5812). Ft, 76 FU i &  THMs %%M%*FU_I
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Fig. 5 Residual map of THMs and HANs prediction model for tap water
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Table 5 Cancer risk and non-carcinogenic risk in tap water and boiledwater at the sample site

DEPS o AU 30 XU
Je kK Pk T 3kk Hok

TCM (2.37~15.27) x10°° (4.84 ~118.02) x10~7 (1.78 ~11.50) x 1072 (3.92~88.33) x1073
BDCM (7.30 ~21.71) x10~¢ (0.17 ~9.60) x 1077 (1.37 ~4.08) x10 2 (0.03 ~1.81) x10 3
DBCM (4.51 ~20.18) x10 6 (0.18 ~11.26) x10~7 (0.63 ~2.80) x10 2 (0.03 ~1.56) x10 3
TBM (0.07 ~10.35) x10~° (ND ~2.65) x10~7 (0.01 ~15.28) x1072 (ND ~0.39) x10 3

DCAA (2.47 ~7.65) x10°° (20.19 ~75.60) x10~7 (0.29 ~0.89) x10 =2 (2.36 ~8.70) x10 73
TCAA (0.52~9.47) x10°° (0.11 ~41.69) x10~7 (0.09 ~15.77) x10 72 (0.18 ~6.95) x10 3
Bt (17.24 ~84.63) x10~° (25.49 ~258.82) x10~7 (4.17 ~50.32) x10 72 (6.52 ~107.74) x 1073
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