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Formation of eight aromatic chlorinated/brominated disinfection
byproducts in indoor swimming pool water

MA Jian WANG Junjie HU Shaoyang LI Zhigang XIAN Qiming GONG Tingting ™"

(State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University, Nanjing, 210023, China)

Abstract; Disinfection is an important process during the treatment of swimming pool water. During
disinfection, the disinfectants may react with organic matter and inorganic ions in water to form
disinfection byproducts ( DBPs). In recent years, DBPs in swimming pool water have attracted more
and more attention. In this study, the occurrence of eight aromatic chlorinated/brominated DBPs in
five indoor swimming pool water and the incoming tap water was studied, various water quality
parameters were determined, and the correlations between the water quality parameters and the eight
aromatic chlorinated/brominated DBPs were examined. The results indicated that the levels of free
chlorine . chloramine ,Br™, 1", various forms of nitrogen ( total nitrogen, ammonia-N |, nitrate-N and

nitrite-N) | DOC and UV, in the swimming pool water were generally higher than those in the
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incoming tap water, and the water quality parameters of the swimming pool water with different
disinfection methods showed significant differences. All the eight aromatic chlorinated/brominated
DBPs (with the detection limits of 0.08—0.64 ng-L™") were detected in the five swimming pool
water samples. The concentrations of the aromatic chlorinated DBPs in the swimming pool water were
significantly higher than those of the brominated DBPs. For both aromatic chlorinated and brominated
DBPs, the concentrations in the pool water disinfected by ozone and chlorine were lower than those
of the pool water disinfected by chlorine only. The concentrations of the eight aromatic chlorinated/
brominated DBPs varied significantly during different months, and their concentrations in the pool
water were lower than those in the tap water. The two water parameters, Br™ and 1™ concentrations
showed significantly positive correlations with the formation of the aromatic chlorinated/brominated
DBPs.

Keywords: swimming pool water, disinfection byproducts ( DBPs ), aromatic chlorinated/

brominated DBPs, water quality parameters.
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FIESEA A EATTFE A IR IR R A2 5 Tk it /K v i A AL RN L B8 & AR RO, 26 T 75
il 74 (DBPs ) 1.

1974 4, Rook®" 1 WK £ 1k 7K vh % B DBPs, Fifi J5 78 1980 4F, A AT WK A8 7k Hh 7K o A6 ) )
DBPs' ™ R H AT M 11, B AE kK o Bt &3 T 100 B DBPs, 2 E AL = 5 HbE (THMs ) | 16 2
iz (HAAs) <0 Z 5 (HANs) (54 Z. 8 (HALs) < R ( HKs ) F1 N-IE RS BZEE " Hod THMs 5 HAAs 2
Tt 5 = (B JE DBPs, 3X 28 DBPs 76 AN [A)fF 53 Hh v B 25 S AR K, LV B K SF-343k A pug - L 000
AR E, itk A PR JUANRRAE . (1) A HLATTCHL TSR < A% K 69 BT B JE LS 7ok A
FAKPEIK 5 vkt K i A LB B TCAILES TR T2k B HUFEK (HORIK) A6, AR5 WA A R PRI B N Ry 5
A NP B 55 B bkt K A ML S TEHLES T 1R, PRk vtk i DBPs 1978 HLAT TEAIL AT 9K 4
AT S BRI ZREPE > (2) IR L kit K A 3 TR K — s LA O v AR 5 (3) TH R AR
P T3k b 7 25 B R 75 ) 9 A, kst K v A8 A 9 00 ) e — B AR (4) R
[ - Pk b K SR FHAR PR AR 2, 455 B8 SR 0T, TR0 0kt s iz B ) 2 0 8 AR K (5) AR B 88 s 1% IR K
DBPs M) ARZRBEIR 1R 22 LR UK K ) DBPs WA 3 PR iR e, B2 A P A
N g R 25 | v IR R AR TR 200 T W A E B AR AR T UK K Y X BB RRAE | S Bt /K P DBPs
(A A S AR K M 22 AR K, A2 A DBPs I FP 2 57K -t 2 TR TR H H i3t kit 7k DBPs
(RIS L AN B AR 7K DBPs A7 5 45 B AR A H M 52 A1) THMs 5 HAAs DA K — S0 E AR % DBPs
MRFSE , JEHAEFR X Tk /K DBPs TR 4 I = .

VLA, BT AR AER K R R B0 T 8 ol AR 5 7 e A/ IR IS 35 I 72 90 ( C1-/Br-DBPs ) 77|
G35R 2,4 ,6- =AM 2,4,6-—IRRM 3,5- " KMIR 3,5- UK MIR 3, 5- - 4- R R
3,5- T IR-A-FRIEIEPEE 2, 6- F-4-RH FE AL B 2, 6- R4 FE R Y. 5 UL A4 I % 15 A% DBPs A1
Eb, 5 A 1 DBPs A5 #E %, H A T3 0 & & 2k A0 sk A0 A A 1 0 i A Tk b
KB EEPEPIAR 25 S I, Vot K i S R 3 T A kK Y 3 EL o K B A% b 3R R IR —
SEHEE L MR DBPs D5 A R K48 DBPs 1E e — 2R B & MY FR M DBPs , A AT BEXT Tk dth K A 8
fEFE A W3 5TEk. 195 F R Cl-/Br-DBPs AN 3 #8  , He 32 B i 28 14 R ik 2548 31X W A =ik
AMNE A WEGE M, AT PR 1 h SF3FE MW 21 mL 3kt k7, [ B A5 0F 58 % 1, 95 & ik
Cl-/Br-DBPs ] DL it Bz ik 23 12 A MR 53 413k #6535 5 i ki A% DBPs 38 ] ALE S FE R VE R ik — 2
R o B I BRI T4 THMs 5 HAAs 7 R0, H R Tkt ok o7 55 7 % C1-/ Br-DBPs fU I 5 4570,
AR TR [ S A XUk 7k 5 7 5 Cl-/ Br-DBPs BT ST, DA e iR F 25 A T
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KK B LR Sk [ kK 8 R BB M4 D7 A5 % Cl-/Br-DBPs (2,4, 6- = SUR . 2,4, 6- = TR |
3,5-ZF0UKRR 3,5- IR KGR 3,5- A 4R FOR I 3,5-TR-4- BRI 2, 6- 5 -4-H R
3 .2, 6- ZJ5-4-fl R W ) BV BEAKCE XKtk 5 H RZK B 7K BS80S 8 Fh 2% 45 1% Cl-/ Br-DBPs [ ¥k JiE
AEHEAT T XA T, HEX K BRS80S 8 FhJ5 & I C1-/ Br-DBPs I A= BLEAT T AHOCHE 3.

1 SZEG#B43 ( Experimental section)

1.1 250

ARSI v BT R 20 25 5 SRR R Gk el s e el 8 FibRiESL T 2,4 ,6-= 50K (98%) 2,4 ,6-
IR (99%) \3,5-ZFKMIR (97%) 3,5- KGR (97%) \3,5-—I-4-F2 IR HE (98% ) I
T Sigma-Aldrich A 7] ,3,5- " 5-4- 5K P RE (98%) 2,6- S -4-TFEHKE (96%) 2,6-_1R-4-fif K
K (99%) W4T A RIS /L L-PUIR IR  JC/K B REH (Na,S0,) Ak4H (NaBr) BULER (K1) 14T
Sigma-Aldrich 2], B AT 560 | 208 A1 BEIA T Merck 28], g (H,S0,) BEfR (H,PO,) i #ifik
£(Na,S,04) W TR 5L Al A PR /] S AR & AU & A e 2R 1R A | s 1R k35 (2 1
F Hach 2\ ¥].
1.2 JKFERRAE SR

AT R T v EARTR M XI5 AR A A 3% Tk i (A -E) Akt K SR Sk H R KR
( ARV IEBEE K ), o A (D PR R A+ S0 G IH 22 720, B L CLE Ykt R F S0 8.0
mn AT BIAE 2017 A5 10 A (11 AR 12 H K 2018 4F 1 HHEAT T 4 YCRSE IKFEREE TG 0 IWiEh 4 . — &80 H
TS E 5 53— &8 53 1T DBPs I , 3 5 43 K B 75 20 A B IR I 2 25 B K&
0.45 pwm YRR UE ) , IRAFAE 4 °C vRAR i LU S/ A3 0 AR Ak, 76 52 56 Fi PR KRR A 3 % 7.
1.3 KRS E

IKRERAEIG R DPD 78K T a2 3 XK BE A 1l AY SRR S (B R A SR Sl B A ) o
T3 TR B 1 B 143 91 R FH B8 1 (03517 (1CS5000, Dionex, USA ) il H SRR & 25 B 144 o i
(NexION 2000 ICP-MS, Perkin Elmer, USA) #4707 , B2 2 AL A8 MO AN & ZCR K i S 5003
Hr{Y (model DR2800, Hach, USA) #EATill5E , pH UV g, S IE I A ALK (DOC) 23 1R FH pH H( A211
pH Meter, Thermo, USA) , 4376611+ (UV7595, Shanghai Analytical Instrument Factory, China) 1 TOC
AT (vario TOC, Elementar, Germany ) #4103 T A5 A8 7K S B AE R AR Je RS 204 700 2 .
1.4 JKAEEALHL

ARSI R PR AR BUR 28 R 4 1 5 IR A T /KRR I TOAR 3, SR A R . I 1 L KA 7
BEPEZME TN 70% B pH (ETEZE 0.5, 885 A 100 g Jo/K Gl 4m 8 AR AN FE K FE b A AR R 5¢
ERIEEERSE 2 L r-SF A 100 mL FEEEUT JEERA RV T2, 8 15 min 54 L2AHUAH
A3 250 mL FREEH 78 27 CARMRSFAE T #ATHEH 25 % , HRI A AT 2 0.5 mL BHINA
10 mL ZJE I 5 BHOEEL0AE T TE 30 CARB AT AR ZE 0.5 mL.7E#1T HPLC-MS/MS 73 H7 Z i,
FIr A RS B Ak RE 2 1 mL,IRAIEH 0.45 pum (9 PTFE JEAR T 8.
1.5 HPLC-MS/MS J3#r

K H HPLC (Agilent1260)-MS/MS ( AB SCIEX API4000) f)£2 S Wil ( MRM) R 8 Ff F #5 DBPs
TR S E RN B % Gong %1 WBFSE , #H4T B S R0 B S L. 45 8 Fh DBPs RURTIAES 7
(MS1) JEff b (m/z) T8 F(MS2) Jiifof e ZF& HLHE (DP) FIERERE (CE) 51 73 1 P A (il S B0 S
W AAGEFE RS . XSelect HSS T3 column (2.1 mmx100 mm , S FTHKi4E 3.5 wm, Waters) ; FEikL .40 °C ; JFRE
RBLS L Tl : O0E/7K Tk :0.5 mL e min ™" BREEVEMGSRR AT AL 4R 12 min . JRIAH I/ /K AT L
M 10:90 ZeMEMAE A 90: 10, 22 0.1 min: Z&MEAE[A] 10,90, FFARSEREF 2.9 min , fHikE T FA.
1.6 it {RuE S5

TEPRACBAR (6 1% 5 R i S50 , %t 8 R 35 7 % Cl-/Br-DBPs i £k MV L, A1 0 22 50, K6 BR , 8
B, RIS ROk 5 BE EAT 1 VPAG At BRI T oAy - Folfil— AN i 11 BR Ak B, LUZOR B TiC 1 7 A
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e S I HARACSS B 7 L6 740 M , A5 81 7 LA AAnE I 22 3R L) 3.14 BV 5 ik p A H PR o PR
58 7 YR S A A ARG AR v i 25 < 10% A9 e IR B2 ] ) 2SR 7R 20 B T IBIBCRTE 90% 3 110%
Z 0] A5 = 5. 0 95 B 1k 3 R ARk A 25 SR AN . 8 R 95 7 5 CL-/Br-DBPs FY 7 U5 46t BR Sy
0.08—0.64 ng-L™", ZE RN 0.27—2.03 ng- L', [BIYCH K 90%—105% , K% FE YK T 10% , 156 R 5L
() KTF 0.993, LG 2,4 ,6- = A/ A 2—100 ng- L™, Hfh 7 F4 5~ 0.5—100 ng-L7".

F1 8 Fh DBPs Tkt
Table 1 Optimized MS/MS conditions of each analyte

AT m/z
zim " prv——— =gy DP/V CE/V
2,4,6-=F A 195 35 -60 -50
2,4,6- =AM 329 79 -60 -57
3,5-"EUKk IR 205 161 -40 -21
3,5- KR 295 251 -54 -21
3,5- G -A-FRHOR H 189 35 -64 -50
3,5- R4 ¥R HOR S 279 79 -68 -48
2,6- " -4-TH IR 206 160 -31 -35
2,6- -4 AR 296 79 -70 -57

2 L5 511E (Results and discussion)

2.1 KBiSH

Uitk 5 AR B AR RT FM A B 1 BR.S A KHKCRAE RL(A—E) B (A AR
U RN v BEYE L4350 1.7—2.8 1.2—5.5.2.0—3.8 ,0.3—2.1,3.7—6.8 mg-L™", [ 3k/K i B4
WPEAE 0.1—0.4 mg- L™ Z[H], IR A phy A% S A9 38 240 8 1 Sl Bl Tl LA, Dt i o Sl g ok 38 2
B 5 75 T R 7K . Xiao 252 ARk K rf SR B AE 0.4—0.6 mg - L7 2Z [A], Chowdhury %" Il 159k ith
KB EIREETE 0.2—1.54 mg- L™ Z [8] , B EAR T A5 ) I 5 {1, 3 AT REZ: R R AR W5 rh 38 2 A Uk it
TR, T BN B e 0 A 9 R 0. 2 SR s, A5 SRR A SRAE IR [i) A SR K R SR AR AR B AN K
{EPK K ) B S 22 ORI HLT AR SR SRR B A T T AT K (A D) B Sk B T AR T 2
HAHEFRTKHIK (B .CE).

8 —
I /&t Monochloramine
E l:l H Hi4: # Free chlorine

Concentration/{mg:1 '}
=

(%]

Swimming pool water Tap

B1 A hRES e

Fig.1 Concentrations of free chlorine and monochloramine
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VKK AoRAK Br 5 T BV EE QK] 2 fizR.5 Nkt /K (A—E) o Br R BE G 43 62.1—
63.7.59.6—70.3 .62.1—79.6 .59.6—66.4 68.4—77.3 ug-L ™", A KKT Br AU ELE 32.2—46.2 pg-L™'
8] 5 kLK 1A I B S L4 o 2.6—12.6.3.9—10.5 . 2.6—14.4 2.6—12.5 #12.3—7.6 pg-L™", H
FeAK R T I BETE 1.5—6.2 pg- L™ Z ). 3k /K i Be 5 T B T A kK, 3% B IH I Tk & m
AR B RS NAR G ) Bk B i oRioxt T TR B J6I8 & vkt K 8 2 A koK,
Br RS & T 1Rl A D (RAMAEIRATHEE) Ut Br 5 1 A9 F- 35 80 B 4 51 469.02 pg - L7
169.48 pg-L™",B.C E(FIHEE) MUkith Br 5 17 AP35 Bk B 43 5108 72.52 .80.75.75.55 pg-L™',A.D
PTICHLEAE , 33X — 5 1 7] g f FaxX 0kt B 5 T AR AR R /D, 55— 5w ] RE R A AL g
FHE R K B 5 T A T IR R R AR R Y

120 —
100
80

60

Concentration/(ug-L™")

40

[
=

=

Swimming pool

=

yater Tap

2 Br 5 I AyHkE

Fig.2 Concentrations of Br™ and 1~

VKRS AR AR SR B HRBEUNP 3 Brzs, al LU ASTRERAE s A [ RA A ) SR 4 Ay 9k
MK AL R 22 57 0K (A AR 22 5780

0 D [ ] %4 Ammonia-N
L [ i (. Nitrate-N

[ v 265 e Nitrite-N

I 45 HL4 Organic-N

Concentration/(mg-L™")

Swimming pool waer Tap

3 BIESEMMRSE

Fig.3 Concentrations of different forms of nitrogen
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Tt K R U B B T R OK, VOt K R R R YR R 14.6 mg - L7, 1T H R K R R
£ 2.21—3.12 mg - L™ Z Ja]. yk itk i & ZUHR BEAE 0.11—0.42 mg - L7 2 18]t fg 25 8 Rk h ok
(0.02—0.06 mg-L™") . PIZKAE I A AR U 7t A2 e e 19, L AH A U & =R S IR A LA B
KK AR (0.09—0.31 mg- L"), 7R Uk it K 2R fh iR FE K, Wk BE VB I 7E 0.64—8.13 mg - L' 2
[i1] , 3 32 B PR AN AEWEIK I 23 ) K rhHE A AR 73 A HL (INBR R ) |, AN (R K b A [ SR A Bt
[t P Uk ) B2 SR, B0 K A LR 2 R A A R B A [ 2 T = vk
IKZ HBAFE—E 22 5, RAHGH BT K (B LC E) AHZS U0 R 8 22 bb S 480 RN S A5 T8 25 1 Tk
K (A D) AHXHE—28 X ST AR IE 45 RS2 — 200, T RE A% J R R A AU TR RE T T | BE T 22 oty
KA AR RS A SR R SER ISR

Pkt K pH {ETE 7.21—7.99 Z[8], A KK pH (HTE 7.31—7.64 Z [0 (& 4) , 3 5 55080k, ik oK 78R
[ SRAE A AN RIS 6] Y pH B 22 SRR A ok 7K B R — 8k,

10
(}_
A B C D E
T 1 1T 1T 1T 1 A B C D I
8__ —_ __ — __ _ 1T T 1 T I L | 1
> U m _ _
6_
- 5H
=
4+
3k
2_
I_
0 1L |
D ZR2cn 2z 9Cc UE - En RSP eReEeEnsREn 2 En 2R cs
8525828583348 22&52518253855:82525233525£
Swimming pool water Tap

B4 vkib/KS ARKE pH (E

Fig.4 pH of swimming pool water and incoming tap water

kK T DOC 7E 9.90—17.85 mg- L™ Z[H], F &K DOC £ 4.46—7.09 mg- L™ Z 1] ; Jkith /K h
[ UV, 7E 0.05—0.09 cm ™' Z [a] , A /K ALE 0.02—0.04 em™" 2 [8], & B vk it 7K v JCi8 A AL e B 38 2 5%
FEANR S =Y & T HRK (R 2) JHRAEMAIKA B KK (A D) H DOC ¥ EZALF R
THEE KK (B .C E) 45 RS Lee SRS R —37, ATREAY B A 2 5L 4 09 AL RE F7 EL A58,
J T Vot K HR A BT BT A [, SUVA L, 78 A D Wkit 225 F B C L E kit , 2 B B A G A T 22 1Y)
b K T 3 B A LT | A

R 2 VKMKAE IR UV,,, . DOC F SUVA,, &
Table 2 UV,,, .DOC SUVA,,, of swimming pool water and tap water

SRRES A B C D E

Sampling sites q* T S T S T S T S T
DOC/

(mgeL) 13.50+4.05 5.20+1.58  17.85+1.60 4.50+1.57 16.23+2.69  7.09+1.12  9.90+1.83  4.51%2.07 15.26x1.98 4.46+1.59
UV,5y/cm™ 0.09£0.01  0.02+0.00  0.06+0.02  0.02£0.00 ~ 0.06+0.02  0.04+0.01  0.07£0.04  0.02+0.00  0.05+0.02  0.02+0.00
SUVA 5, ™"/

(Lemg-*m™) 0.82+0.34  0.50£0.24  0.40+0.12  0.61+0.32  0.47+0.18  0.51x0.13  0.74+0.41  0.67+0.40  0.53+0.50  0.62+0.28
‘mg *m

T o “S"UFUKIK Represents swimming pool water, “T” {03 F1 7K Represents tap water.
# % ;SUVA 55, = UV,5,x100/DOC.

Zr ETRUE I Stk A ARE S EE Br 5 T SR ER(BA AR MER EHER) .DOC

2
ol
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Ko UV 5, S8R 25 T A 2R K , X B8 SR AN [FRAE A5 AN [ SR AR I [R] 1Y) 22 S 50K [ IR [ 91 2 7
KAV KAE X LK TS BRI T —E 12 5.
2.2 HiRJ5 I Cl-/Br-DBPs

5 AUk K K Sk 3 Sk K 8 B 35 7 5 C1-/Br-DBPs (¥ BE 4 18] 5 it 7. Tkt K v, 8 0% 7 ik
Cl-/Br-DBPsY A K, Horb kG SR e g 190 3, 5- UK B R A 2, 6-— G -4-Tilf J 2Ky (K6 R ol
100% ) , 519K 2,4, 6- = 1R E (K R R 50% ) . de i A M N 19.57 ng-L7'(2,6- " 50-4-f L
M, E Ukt 10 J43FE) .5 AUk 4 YR B e m i R 3,5- - 4-FR R I (4.77 ng-L7")
FARKIN 2,4,6- —IR2KM; (0.20 ng- L") .5 ANk (A—E) 4 #1057 &% C1-DBPs 1734 Sk B 431
9.28 .13.08.15.90 .11.61 .19.63 ng-L™" ;4 B % Br-DBPs AU F1 MM /30 0.94 2.11 3.57 2.12,
3.06 ng- L™ AT LUF H 40k th K Hh 55 & % C1-DBPs ¥ 52 B 5 55 T Br-DBPs, iX 32 2L K o 25 STk it K H
THEEF AR E B B 5T B WJE R Al LUA B, T8 &5 % C1-DBPs 38 & Br-DBPs, JH R & Al
AR ATHEEMTK MK (A D) vk FE X ZAR T HHEIH UK HK (B .CE) , i — 7 H AT g2 A D
Pk /K TR S Br S DOC R BERCAIG, PRI A B 57 75 1% C1-/ Br-DBPs 1 KA1, 11 55 — 7 T Al g B A
S HAT A A DL AR /N 3T ALY, ST B AR T 5 75 1% C1-/ Br-DBPs [ i 3K 49 7K ~F- 52 il
HAE .S ANkt K AN TR A 18] 8 35 7 i Cl-/ Br-DBPs i 22 S AR AR K, 3x Al BE-5 Hcits /K 454~ A 173 1|l 7K
JR S HUE KA 5. Hang 4511003 T Uk Fh &/ ARG 4 Fl THMs 2 9 Fh HAAs, 255 & B, A TH
FEAY T K B THM, B2 HAA, (19SF- 336 B 73591 453.6 pg- L' 2 1203.1 wg- L7, 1 FH 5 00 G000 7 10 vk
WK THM, & HAA 253 BE 43510 h 296.4 wg- L7 & 710.6 pg-L7' . Al LA i THM, &z HAA, 7E 2
SN TR TK K PR B T R X S RGN B 14 55 E C1-/ Br-DBPs 1 45 SR — 2, {H THM, Jz HAA, [k Ji 52
B 425 T 9% 75 % Cl-/Br-DBPs, 3% 1] fig /2 I o THM, J2 HAA, 2 & Ak i 72 00 e & 7= Wy, i 0% & ik
Cl-/Br-DBPs ] DL ifE— 4 55 143570 sz A A THM, Sz HAA, W7

=200 A 80 = =30 o
2 T TSt 7
2 60 2 250 g
2 10 2 S 15} k=
£ g gl z
E £ £ 10 £
8 203 3 5| S
=] ¥ fefla M4 = g » AT i H ]
] H H s # 0w & 0l HLEReHA S HmHR HO O
Oet. NO\ Dcc Jan. Oct. Nov. Dec. Jan. Oct. Nov. Dec. .Ian Oct. Nov, Dec. Jan.
Swimming pool water Tap Swimming pool water Tap
g 55 L
= f = L 3 ] 5 7 n HEH H =]
o b - o o0 aptl kAo il “
Oct. NO\ Dec. Jﬂn Oct. Nov. Dec. Jan. |0 Ocl NO\ Dec Jan. (Jct Nov. Dec. Jan.
Swimming pool water Tap Swimming pool water Tap
=40 100 = 777 2.4.6- =4 %} 2.4,6-Trichlorophenol
: : p
o 80 RN 2.4.6- =LY 2.4.6-Tribromophenol
£ 30 § HH 26- __ﬂ -4- fifi 3/ 2,6-Dichlor-4-dnitrophenol
£ 60 S EHEH 2,6- TR -4- FEIEHEY 2,6-Dibromo-4-4nitrophenol
E° 40 E BEES 3.5- — 4 /k#%E% 3,5-Dichlorosalicylic acid
é 10 20 § = 3.5- — Wk HhRg 3.5- Dibromosalicylic acid
g - g [T 3.5- —4% -4- ¥4 HEE 3. 5-Dichloro-4-hydroxybenzaldehyde
O lA-EHEh B LS (1] HEE 3,5- T8 -4- EBILHEHIEE 3,5-Dibromo-4-hydroxybenzaldehyde
Ou.t Nm I)u. .l n.

—0— 3 FpiiRAE M 0 5 B Concentration of the 8 DBPs
Swimming pool water

B 5 kKR A oRoK R 8 FhF A RCL-/ Br-DBPs Y [
(HMAREIILFE 8 b DBPs S E)
Fig.5 Concentrations of the 8 DBPs in swimming pool water and incoming tap water

('The right y-axis represents the total concentrations of the eight DBPs)

H KoK, 8 Bl 7 % Cl-/ Br-DBPs 4 A K e i K6 RV B R 38.29 ng - L7'(3,5-R-4- 58 5L oK H
BECE Uk 10 H A3 AE). 5 D SRFE AL 4 IR FE T Y0 B 5 3 M) T ol 3, 5- 2 1R-4-F% R W
(15.36 ng-L7") , BfKmIH 2,4, 6- =IR W (0.39 ng-L™').5 DA KK (A—E) 4 Fi 357 % C1-DBPs (1)
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1A R AT R 36.44 38.17 .35.17 ,50.57 46.37 ng- L' ;4 FhI5 7 % Br-DBPs (F- 14 Bk B 43 51
22.26.26.11.,29.05.32.05.28.08 ng-L™", Al LIA H 44 RAER S 77 % C1-DBPs ¥R JE T Br-DBPs.

XT L 8 Fh % A5 i Cl-/ Br-DBPsTEVK MK 5 H KK i iR B, & B A 7K v B9k B2 I 255 Tk ok,
SR S PRS2 « 95 7 5 Cl-/ Br-DBPs 1T LAZE T B2 500 1 FH N E— 250 M IR % i 1€ DBPs 7wk ithok i 41
B e, TR R R R A R A O IR O LK K 65 B R RIS i ) T A B T R
Cl-/Br-DBPs [l g i % 1< 1 DBPs {51k, S8k itk b 8 5% F & Cl-/ Br-DBPs ¥ B2 K T HR 3k [ Sk K.
2.3 AT

K FHAT FZ JR 8 AH DGR A3 T % 8 Fh 3% 75 5 Cl-/ Br-DBPs vk Ji 5 7K J5t 285 ] B AH DG VESEAT T 40T %F
TUKMAK (K 3),2,4,6- =KW 2,6- _IR-4-TEERL B S O7 75 15 C1-DBPs BUMREE S 17k B2 5 35 B AH
Xe33,5- KRR 3,5- A A-REIEREE 3,5- T IRKGIR FF G C1-DBPs M Br-DBPs i 5 Br ik
IR0 IEAOC AT T HRK(FR 4),2,4,6-=F KM . 2,6- " IR-4-ff 5K W M 3,5- . 1R-4-FE 508 H g
FROMERE 5 T e i 52 8 TEAROE . 3RS A | Br™ 5 1 REAE 2 5% 75 % C1-/ Br-DBPs 4 £E 1. /i A BT 5%
T Br 5 TREEM B INREGELE THMs 55 HAAs AYAE R | 55 & 5 Cl-/ Br-DBPs A A 38, T RE = R
N Br 5 T REMEAA HLETIRY B S 55 B Cl-/ Br-DBPs & S b ad 7 P i 77 4.

R3 RKESECEUKMOK A 8 97 A Cl-/ Br-DBPsH B 1A G 7047

Table 3 Correlations between water quality parameters and aromatic DBPs concentrations in swimming pool water

BA 2R WA WA AR RA

Total-N  Ammonia-N Nitrate-N  Nitrite-N ~ Total-Cl Free-Cl OVass roc SUVAss4 Br” r
2,4,6- =AW r 0.12 -0.32 0.23 -0.12 -0.03 0.04 0.17 -0.01 0.04 0.19 0.86
P 0.63 0.17 0.34 0.62 0.91 0.87 0.47 0.97 0.87 0.43 0.00
3,5-ZHK R r -0.39 -0.32 -0.27 -0.02 -0.12 -0.06 -0.39 0.17 -0.26 0.54 0.4
P 0.09 0.17 0.25 0.93 0.63 0.79 0.09 0.47 0.27 0.01 0.05
3,5-THEARESE -0.28 0.15 -0.29 0.07 0.18 0.23 -0.12 0.17 -0.13 0.57 0.31
HIEE P 0.22 0.53 0.21 0.76 0.45 0.33 0.62 0.47 0.58 0.01 0.18
2,6- -4l r -0.23 0.19 -0.21 -0.14 0.13 0.15 0.00 0.00 -0.12 0.49 0.25
R P 0.34 0.42 0.37 0.56 0.58 0.52 0.99 0.98 0.62 0.03 0.28
2,4,6- =1 H r -0.05 -0.09 -0.34 -0.29 0.25 0.26 -0.38 0.05 -0.39 0.43 -0.02
P 0.03 0.70 0.14 0.22 0.28 0.27 0.10 0.85 0.09 0.06 0.95
3,5- "Rk r -0.27 -0.12 -0.30 -0.25 -0.01 0.03 -0.17 0.00 -0.17 0.80 0.22
P 0.24 0.62 0.20 0.28 0.98 0.89 0.47 0.99 0.48 0.00 0.35
3,5- 245 r -0.22 0.20 -0.15 -0.02 -0.15 -0.14 -0.13 0.18 -0.31 0.29 0.13
R P 0.35 0.40 0.52 0.94 0.54 0.57 0.59 0.45 0.18 0.21 0.59
2,6-ZIH-4-Ti r 0.04 -0.19 -0.06 -0.08 -0.31 -0.24 0.14 -0.18 -0.02 0.20 0.81
R P 0.88 0.42 0.81 0.73 0.19 0.30 0.56 0.46 0.94 0.40 0.00
CI-DBPs r -0.25 0.00 -0.20 -0.07 0.10 0.16 -0.07 0.10 -0.14 0.60 0.56
P 0.28 1.00 0.40 0.77 0.66 0.50 0.78 0.69 0.56 0.01 0.01
Br-DBPs r -0.30 -0.06 -0.29 -0.22 -0.12 -0.07 -0.16 0.02 -0.28 0.68 0.43
P 0.19 0.80 0.21 0.36 0.61 0.75 0.50 0.92 0.22 0.00 0.06

R4 KBSECE ARIKT 8 D7 R Cl-/ Br-DBPs R E 9 HH G A 73

Table 4 Correlations between water quality parameters and aromatic DBP concentrations in tap water

BA AR A WA BA RA

ToalN Ammonia-N Nivae-N NitwieN  Towl-Cl  Free-Cl 0 2 T0C - SUVAw B r

2,4,6-=F Kl r 0.47 -0.43 0.51 0.50 -042  -0.4 0.10 -0.56 0.52 -028  0.67
P 0.04 0.06 0.02 0.03 0.07 0.05 0.67 0.01 0.02 0.22 0.00

3,5- 5K r 0.54 -0.36 0.53 0.33 -023  -0.18 0.04 -0.24 0.19 -0.13 030
P 0.01 0.12 0.02 0.16 0.34 0.4 0.86 0.30 0.41 0.58 0.21

35-THAEEE 0 -024 -0.03  -020  -0.48 0.11 0.23 -032  -0.04  -0.12 0.18  -0.22

i P 0.31 0.90 0.41 0.03 0.63 0.32 0.16 0.87 0.61 0.46 0.35
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gik4

A HAR TEE) TR 5k R N
T;;fN Amrii-N Nifif-N 1\%2?@}51; Totfa Fiil Wase T0C - SUVAw B r
2,6- A -4-TH2E r 0.41 -0.30 0.41 0.47 -0.25 -0.59 0.31 0.09 0.13 -0.11 0.58
gy P 0.08 0.20 0.07 0.04 0.30 0.01 0.19 0.70 0.58 0.66 0.01
2,4,6- =R r 0.34 -0.03 0.34 0.32 -0.22 -0.34 0.38 -0.19 0.38 0.06 0.34
P 0.14 0.91 0.14 0.16 0.36 0.15 0.10 0.41 0.10 0.81 0.15
3,5-ZBUKHRR r -0.01 -0.42 0.03 -0.14 -0.07 0.15 -0.19 -0.25 0.10 0.04 0.21
P 0.97 0.06 0.91 0.56 0.78 0.52 0.41 0.29 0.67 0.86 0.38
3,5-TIRA4-REOR r -0.35 0.34 -0.32 -0.37 0.07 0.30 -0.08 -0.08 0.05 0.33 0.55
il 3 P 0.13 0.14 0.17 0.11 0.76 0.20 0.75 0.73 0.85 0.15 0.01
2,6- ZR-4-fif r 0.03 -0.17 0.04 0.08 0.01 -0.22 0.18 0.19 -0.03 -0.02  0.32
g P 0.91 0.46 0.86 0.73 0.97 0.35 0.46 0.41 0.90 0.92 0.17
Cl-DBPs r 0.27 -0.24 0.31 0.09 -0.29 -0.23 0.05 -0.19 0.18 -0.05 033
P 0.25 0.30 0.18 0.70 0.21 0.34 0.84 0.43 0.45 0.84 0.15
Br-DBPs r -0.43 0.09 -0.40 -0.42 -0.09 0.23 -0.08 0.05 -0.04 0.27 -0.28
P 0.06 0.70 0.08 0.07 0.70 0.33 0.75 0.84 0.85 0.26 0.23

3 %4518 (Conclusion)

(D IKMK P ARARASEAM Br 51 HESA SR ZA HESA HEE) . DOC K UV,, %
T b i e T LR Sk F R K, HAX S K 5t S LR N R R A A5 AN TR R AR B ] 114 22 S R R TRl 35 5 X
R 7K TE 3K B 7K B S50l R B — S 1 25 5

(2)5 AUkibK 8 FhOF A Cl-/ Br-DBPs A K i, Horh P2k B2 e = 9 oy 3, 5- 3 -4- 8 B R
T AUk K T 95 BTG Cl-DBPs Y B B B & F Br-DBPs, H TGI8 J& 35 &% C1-DBPs i J& Br-DBPs, 7£ 5
SIS TH B 10 Uk b /K b % v 3 3 AT R ST 3 10 UK Tt RS TR 0 () ik b K v 8 O B i
Cl-/Br-DBPsi i 22 530K B R B S 1 Xk 1z 53k B SRk v A R B

(3) vk, 2,4, 6- =5 KB \2,6- {5 -4-fH LK Wy K 95 F % C1-DBPs IA4E i 1V &2 i 3 1E
X3, 5- T EKMIR 3 ,5- A -4- R FEWEE 3,5- KR JF A C1-DBPs M Br-DBPs B4 i 5
Br ¥R B E IE M. ARk ,2,4,6- = EKEY 2,6- " IR-4-TE IR I 3,5- T IR-4- S IE RS A AR
S T S B EARSC T WL Br 5 T REAE E T 715 Cl-/ Br-DBPs 1 £E .
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