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W OB KA S TR HEE KK R, (B A A AR YR T e 2 T R R P24 (DBPs) RIS AR
AR SR I S A AR ST T K IR M A 2 T AR N UK AR B A4 5 ) B K H R B R PR AT AR BRI, R T A
. IR LA K pH AR . SR - A fa I WL R TR R P A B S5 IR, SCR X
NH,"-N. TN I TP §JF2 B LSR5k 74.93% . 53.98% 1 73.02%, i DOC {SREAIN, wtEA P4 (DOM) Hijy
F 437 E<500 Da ) DOC % & i Ak - 2R/ i34, >3 000 Da ) DOC VA Irsfin . A = pi A o A i 3
(TTHMFP) 1 & K £ B8 2= ik 3% (THAAFP) Vi 72 5 BUHE in i #a #, 4> F JJi & <3 000 Da 7 HL4 *h TTHMFP
THAAFP WA BT TR, 4> F >3 000 Da ) TTHMFP 1 THAAFP EIEFE Inp s . 8 T3 3 Muk44Ed
R 2 EAE RN A 28 (DCAA), =5 LB (TCAA), =F M EE (TCM) FI -4 2 (DCAN)4 Fhil a1k
W, YRR B R AR R TR, REEERYN TCAA, BRYESE R T DCAA F1 TCM B4 A%,
B S A R T30 TCAA R9ZERY, DCAN A9A: AR VA B FEE pH AT S BUE B TR FRERI#

KHEIR KM AKAEADREY; HEREY

FRUF A TR AN TR S K R S TE S — P A TAS TRRSE, #olhe—fEAuEER
TR R S, A G5 G i ik K IR K B HAA N S fiae it . N TR B A S PRIk
FZKIER R ZRsgey) g, B, SR, A TISHAR Bt n] RE SRR @A M4 (dissolved organic matter,
DOM) WRIER, St A TN G DOM M AT GERIE T 3 N TH . AKAAESIR AR . AR R 5
BN I R R RN A 1B b P ORI B R, 3X 48 DOM 8 o S0TH 35 T Be I LI 28 Rl 7
(disinfection by-products, DBPs)™!, 4l = |xi B! 45 (trihalomethanes, THMs) £l X {8 Z. ik (haloacetic acids,
HAAs). PELLERIN %5 W5 1 Bl i B AE IR a I 2RI = E . 25583010, B Z S A
Rt I = 1< B A i3 (the trihalomethane formation potential, THMFP) 5% 5a il [4E-2 164 = MM
KA, FRIFLEERYIATER DOM fEIR/K /2 THMs BURTAY) . i FRIESIR) K/ NE52 0 DBPs TR
i, DOM )43+t (molecular weight, MW) J& IR /KA AR P A B EARET ., SRINT, 765 MW 1843
1) DBPs JE R THAT WEEE]— A HS . I, 798 DOM 43 iit 5 DBPs IEROCER, AF T4
izl DBPs HARY, PREEIRFIK G4,

ARk, O KECTHINTER DOM A RTH R IR, SRR s M N ALY 2
SHUK TR A HLE( (dissolved organic nitrogen, DON) & B T &7, #A A& ZIH TR~ (N-
DBPs) HiiArRlER . SRR A S 5 | AR DOM YE8 DBPs BRI FIHFEA R . A
FERUER e A S T AR A U0 B, AP /KR A 25 T AR KB/ KK TR B2, A 20 i o i o7 5
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B B AR E 5 Y oK o DBPs BRI PERT . R, BEBERGE R ETAR I . DRI At £
HEMrx 3 Bk AEA DM CEITE RIS, TR9E T @UIH RS S5 1%t 3 Rk A=A RyiE #eRl =9k
BN, PR IR K & e it S5
1 MR5REE
1.1 LR ERIT

BERI T SRR IR A= K, FEEAnIE] | 7R SEBke B BB i KAEIIX . UK X LA B
TREEALIX 3 AN BT AL, - HICSENER | Fs o FETRBE VR Ak X 5 | A B 0 L £0, 5% £ 45 0% 1
20 g'm”, SEAEHCEE R 10 g@m . JFUKMERTFERAKEE, SRFRVGES I KEYIX | TUKRYIX L
FRFEGAGIX . S250 HIZK A S Tl UK 0, KT pH o 7.48~7.56, Z AN 0.43~0.87 mg'L™', SN
0.06~0.12 mg-L™", &E N 1.78~2.29 mg-L™'",

HUkES 1 Jing ==
/:\ i /l\
HEKFEY X

UKHIIX

HEEEALIX

1 ZWREREE

Fig. 1 A schematic diagram of the pilot-scale constructed wetlands

*1 ERERGAN

Table 1 The composition of pilot-scale constructed wetlands system

I e R ity My e B b s
HEAKEBIX 2 650x800x600%x15 0.8 ST NS 25 ik 30 RNl 2
TUKHEMIIX 2 5001 3501 000%15 1.6 Nk 10 et 4 5 RN 1
WEEALIX 38001 6001 700%15 5.6 WA G, B 20 e 5 R 1

1.2 KERERBIIDETE

1) LR E KRR . VRSCE BT MR & 4 DB, Qi 1 R, il THEKAEY)
XK, SERKFEYIX KT DIARH X K I ARSI K T, 28 0.45 pm S8BT UE 5 K ishl o
BT 4 C KRR 24 he

2) ARAAYHRIEIR T . SIS B PR RO AR, FABAK VRS TR R 5L
A 1000 mL A9EEFRHT, FEREAR I AGB A K TR R, KIE LA R #EEREESR 24 h, 48 0.45 um S8
UE, JHEE TOC 2 2 mg L™, F5-ZIAHR AR/
Y o BB e % fl B TR 4l K

wh ORI, ISR BT ERIE A 0.45 pmyg Bt

P5% 2 min 5, 4 0.45 pm JEAETUE, JERREE I I I ]

TOC 2 mg L™, frIBE AR 500 Da 1 000 Da 3000 Da 10 000 Da
3) AW S ES . RIS ik, g g N e I

WG BN 2 s . AR 9T, MR 0.5 I

mol-L™! (kAR . 0.5 mol-L ™' MY SE LTk g | <soopa | | <1000Da | | <3000Da | [<10000Da |

30 min, SETENE 3 K, HJEHRBLAKEE, Hik B2 S TRESFIRELR

JERFAERBEEK T . BEFANR 0 B AR Y Fig. 2 Operation steps of molecular weight grading
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JE (10 000, 3000 . 1000, 500 Da) XF il G UE, HHUEM R E (MSC300, HIGAEH) B THE T
b, VAT RS, KRR B SR AORER:, N RSIRESTE 0.1~0.22 MPa, B0 TRt
1198 100 mL HEAUK T IEKEE, 25 50 mL/KEERIIER . LIFATIES Tid0g, &0 FRaX BN a S
s 2R

1.3 Sscig

ZRESCHR [13] J59%, B 100 mL KFET 250 mL #EEIRH, KB IA 2 mL pH=7 9 0.01 mol-L™
BETRER G MPAIRE , T 0.5 mL A %GEUR R EE K 4 000 mg- L' B9 GARRENIT AKRE T A A S i ik
FER 20 mg-L™', 7E (20£1) °C 4 FlBLION 72 h, R NJEHEHAFENE (PCTT, HACH) JEAER
WIRETE 3~5 mg- L™, A 0.5 g FUSRMARZ ks . Ladsad B v ) i G0 S0 FH T A B R RAE G K
BE, ST R HAoKEE, NG AL RIS 3~5 mg L' A,

XFFIKAEAEPAEYIHI &, H TOC 2 2 mg' L™, M 100 mL 7KF:T 250 mL BN, JIA 2 mL
pH=7 [ 0.01 mol-L™" BfREh g v, FALREEHIGINA 0.5 g BURMPRZ L . SEAL RN A S5 A
. i E 10 mg' L', pH=7.0, 7E (20+1) C &M PRGN 72 he FERNFEARZSIFRIRTHE T, RRReE
| MR A TAMIE R RN, FHERZ RSB IMEAR 2. 4. 6. 8, 10mg'L™", DL CLit). #&E (10,
20, 30 °C). pH(5. 6. 7. 8. 9).

1.4 FKEEmALIE

1) K SR E o 2 BESCERM Jyide, (T HHTHE 01797 3R DU 3 2@ 35 O BE iR, B 20 mL 7K BRI A
1 mL #RERIR AN 8 g ToKGRIREN, ¥R ZTKRRIN T &M, A 4 mL & AR (300 pg L™ 1,2- RN
fot) FIAUT SR A0, F#E 30 min JEHCEZ AP 2 mL 25 —FE6F, A 2 mL H,S0,:CH,0H
(10% BRERFR AL BEA) AFEEN 1:9 BLE A HT AR, e 50 °C )N 2 he [N 2 h J5¥8 4
W, A S mL BRRENAR (150 gL, RGHESEHESZ, H S mL BRI T ZR/KIER,
Bl FEKIRRAZT 03 mL, FEEIETAIA 1 mL AR ESNER, 1RSI ES. 1 mL F2
B LRSI, AL Bk s

2) ZRHBE S CIERIE . S HESCHR [14] 75, B 20 mL ZKAEIIA 4 mL HSRUT JEE, JEhnA
8 g JUKGRIREN, PRZAIUGHHE 30 min J5FEHL 1 mL _LEAHUETSA/NEH EHINE
1.5 KSR

D) R HIE . 2 (NH,-N) RKSIREL /66 s BA (TN) SRR 57 FR A 42 1k
ey M (TP) R BREREN M, TOC fdi ] TOC 43T (Aurora 1030W, T L E I 1nA FR S 7))
MRE

2) HERIHIINE . ) LR SIEOCHR [15] 777, fifiF Agilent technology7890B “TAHE Y, {fi
ECD #: il %8, {43% 4 HP-5(30 mx0.25 mmx0.25 pm), # NEaiA /<, Wi 1.2 mL-min', #EFEH
220 °C, &Es 250 °C, FHEFFHN 60 C 144% 5 min, ZRELL 10 C-min”' FHEZE 140 °C Ff444% 3 min,
PA 2 °C-min”' FHEZE 240 °C FH44F 5 min.

=R RS K N S IROCHR [15] 7k, RO AR B35, i Agilent Technology
7890B S AHEIEAY, f#H ECD K:illgs, %A HP-5 (30 mx0.25 mmx0.25 um), #FHS HEAAT,
1.0 mL-min™", #FFEE 230 C, Kl#s 250 C. FHEEFH 60 C LAEF 2 min, #RJ5 2L 10 C-min
THEZ 160 °C FH54F 2 min, FLA 10 C-min' FHEZE 200 °C H454% 2 min.

2 HR5TH

2.1 SOREBMERBEABRYR

8 A58 T SLe EAr /K H1 it 0.058 m*-(m?-d) ™" Z5/F FXF NH,-N | TN 1 TP B EPRACR, 455
2 ine HIZK NH-NAKLF 0.5 mg' L™, EFEE (HFKIAETERME) (GB 3838-2002) 19 1T /KPR
#E, TN A TP 205 F 1.0 mg-L™" A1 0.05 mg- L', JF), ETFEZE hIKAEFERME) (GB 3838-
2002) B MZAKARHE, LA EASERE], SCEEE %) NH, -N TN #l TP KERECR R 4T

TR R L bRis e EEA AL . LRI SRR S bR Rl S . ko
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2 LI EXT NH,-N. TN 1 TP #IERRHR
Table 2 Removal effect of NH,"-N, TN and TP in system

- NH,"-N ™ P
Vi

B/ (mg L") LR FEWE/ (mg L") EBRR% FERE/(mgL") EBRE%
ok 0.840.042 — 1.92+0.071 — 0.11£0.010 —

HERRPIX K 0.55+0.042 48.62+7.65 1.25+0.057 34.91£0.55 0.07+0.013 36.63+5.87
DIKAEY X H 7K 0.36+0.028 41.90+0.85 1.04+0.071 16.84+1.89 0.05+0.004 27.93+7.04
WEERLIX K 0.2440.014 15.7843.87 0.89+0.106 15.05+4.42 0.03+0.010 40.63+14.76

PR — 74.9342.95 — 53.98+3.83 — 73.02+6.57

f AR AL EE RN, RIE AT SR Dk, AR S I R e e T G BRI BL 2 —
MK A RIEA PRI, ARV ZR A HL AT DIV A DU S R AL AR R, DN EU 5B . SR
TEYIRAR I P S A 2R . RAEAYIY, B EER A at iR
2.2 TR EXHSEIERAIEI RN

1) BH T i iAs . 2B RS EA PR (dissolved organic carbon, DOC) 2BV FEIE M
Fkass, K (10.53+0.62) mg L™ BAINEIRESALIX /K (11.51£1.08) mg- L™, FBASCIGRE & P i
HHIRE R, 2R RIS NAE . NZERRUK R 3 FEHIAE AR R FAA7 i DOC 943 & 73 7
421, 528 f14.03 mg'g'-d", UHIRHT AR R I Y) 28T DOC RkIfZ—. &l 3 W%,
<500 Da 4143f) DOC A& b IR/ EY, 1000~3 000 Da (19 DOC TESEKAEY) X IR EE ALK 53]
BT 2.7% F19.9%, MTEZSSIUKKIXERR T 34.9%, >3 000 Da /) DOC BB, YANG
U BB RI, AR R E AT LK N A AL (N SRR FNAZA) e A R o4 Mad o,
I, SEEMIR IR Z MRS AN . GUO 25020 Xt AWk g R A ML AL T TRfSE, RIATE
YRS RE S, AR TR (MW<1 000 Da) HI4 /sl B 30 05 7 1 O MERR Ak & iz T 3R
£, I RS HEBH TSRS T A IR AR A MW>10 000 Da BAEYIRSWIA R [FRF, PLAEM (1)
5T BT Y K Zeast FUEN0 5 F S B JSORT 5 s Ao B 3 A e 3 n , HE FE kil T g Ay it 1
e Ve TRHU KIS TSI S R SR EE )

2) {HEERI YA AR R AR A . THBER = A R R AR R 4. [ 4 WAL, Rk H B
# (total trihalomethane formation potential, TTHMFP) Fl & x| £ iR A s #+ (total haloacetic acid formation
potential, THAAFP) {y R EA FRCA S, EIIK .
TEH A S TRE RS = A TH BRI = T A . AT S0 e 2T ORI K
B, TTHMEP I T 2840 ugL. THAAFP RN kI ik B2 A I ik

N 25.12 pg L™, YUKAEY XX TTHMFP 1y =~ 10} {F
BN STk IR A, TTHMEFP #1 THAAFP 3 5340 B

T 2532 pg' L Al 17.26 pgL ™', VREE G Ak X %t s

THAAFP (1) 3 il 5% #k & K , 3@ of I 20 oG 2 s

THAAFP 3 il T 33.68 gL', H#E/KAH Y X X

TTHMFP (1) % i A — & T ik, 8 o ot 5o [}%%%Fﬁ%
TTHMFP 401 T 5.96 pug- L™ /RIS & i
S S
» N N

(=}

DOC VA3, (A= B3 25 8l ™ P 1R BEAS A /\@Q QOQ

A, UEHHANRIOTH A U DOC A S52E5 . S \QQQ %QQQ/ 7 R
Z4:4 =5 Wkt (trichlormethane, TCM) il = P

S L2 (trichloroacetic acid, TCAA) BiiAY & B4 SN —

2 4L vy 22t B < h — A e
Bo HAEENE, Rih W —BH b Fig. 3 Change in DOC in each molecular weight
(bromodichloromethane, BDCM), — & 7% F ¢ range along the process



3318 ok L B ¥ W EEAVE S

700 900 1

[ ek 72 A% ok itk

600 b DY DUKHR ik D HEEELK K 250 b BN BUKH#IK Ik N
I [Z2 skt itk
500 £ =l oo | DA LK K

400
450 -

DBPFP/(ug - L)
DBPFP/(pg - L)

300 |

300
200 {
100 { ’*% 150 1 %
. [P . - e | 1N

0
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(a) = HE A (b) 4 Z B
4 HERIFMERBILIETK
Fig. 4 Change in DBPFP along the process

(dibromochloromethane, DBCM), —JRH 5 (tribromomethane, TBM) ¥ EA # A G, myRACTH R
Yy (Br-DBPs) AHEL T [FIZE B & WHEERI ™) (C1-DBPs) HA B YRR X alBEJE i Tl it
A TI5 A K AR SR IR b Br i B B m . WANG S5 e 1 dAfn] iy AL 350 o ik
309 pg- L™, ERIRHIKIEHAE S TR R R PR IR B 179 pg- L', TRAL T dvie B s )RR A
I FA T RS B A R B R Br-DBPs™, 7EARMST e T 5 Ff Br-DBPs, #E/KIHUER) 5 Ff
Br-DBPs [ 84N 263.94 pg L™, REEFEX /KIS FRER 244.55 pg L' Xl REEH TR sty
PR SEMEH . XU &P BT 2 FHBHAEY) A AT 25X Br (9, RV Br STEEIRIH . ZERR M &R
I, I SEUKEEFY) Br-DBPs BiifAdis .

3) £ o3 F i X R AR B = ) e i AR AR b . IR S AT, 43 F B <3 000 Da A7 HLA Y
TTHMFP ¥ RHE/D, 70 F >3 000 Da (920430 TTHMFEP #5RE N, X 5470 TR XA DOC 1754k
FAR—Z, UEHAREE/ NV B i — 1 e BT —E A R BRRICR, MK AP s Ko+ i
1) = FHBERTIARY . PLAER (B9 3% B K B AR 2R 40 W ) T SREAR 3R 43 W ) 2 2202 i <1 000 Da 1l
>10 000 Da (AN, HATBETE 1 000~100 000 Da 4TS 20011 SUVA (i, R
A AL BEEA B S T AR A G RE , PRI K A R IR R 40 T R AR R Ge R I R R IR
FAIRZ —

[FI), ZGirh<l 000 Da B A HLZH 4342 19 Br-DBPs YS Rk /L, 1ii>3 000 Da (140 43 4= )i 1 Br-
DBPs i 2 BIG Ik s, RS IR B R — N RS, HibKJFEK A 84, HUA 550
BB Y & BRIRA Y AT DATEIR K 528 (U] 2 f 2 i RN/ INER 58 ) I IN A LY (intracellular organic matter,
IOM) &, 32 1OM 1E ARSI Br-DBPs JE SR EH N, FESEMKEEERIE LT, ki &
RIFETMERE, SIKIRBEENLY), BEE AT EEZR KA. X ATREE: Br-DBPs Hiff
YId/ N AU R AR R R 22—

4) F R IX AR X CRRAI R . B 6 B, >3 000 Da HHIYIXIA RS HAAs A= o1
Wk, HeERgE A EY 50.13%~59.74% ., AL, <3 000 Da F{4H4) THAAFP 3R/ NM#aHY, 1
>3 000 Da f94H 7 THAAFP WG K, X5 RS 4553 B X [H] 1) DOC I TTHMPF (AR fL3EAR —2L,
HUA %5 B3R, XFFEA S SUVAERIK, S RaaUias T i A Ll e e i
B HAA FIRY) . SR KITIS S5 7656 F 2 i 3R /K NOM AR ST, SERRZRIEMEIR FHZK T K 1Y
HAA P& i o F B A s, mizmilis se /K IE KRR = AE () HAA 7E 1 000~3 000 Da iKE 55
XUESERRM], ARSI NS HAA IRET1 32K EERIRT S, FMEART o Bt oA S 45+ i
A HEER T A R A TR
2.3 IKEEYMOEYIRESEIF I R

1) AR A=A I AT R A e AN RIS AR AR A0 71 2 R A i o LA
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150 ¢ N 80 N 40 >
ok I #k O ik
K YUK ok RS VUK ik K JUKH#IX ik
o 23 B X ok 2 60 3 KRR Ak T30l 2 $EK X ik
iloo.mﬁ%@%{ﬁtﬂm Y :‘D S LR 7k : "'1- 5 R AL IX 7K
< = 40 = 20 l| N
: 2 s
50
= ’ 2 20 2
¢ @ A
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A \BQQ 'B@Q A \Q@ %QQQ QQQQ QQQQ
y & ° & & N
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Fig. 5 Change in THMFP in various molecular weight intervals along the process

DOC, #Ef7fifh, Z5HA03 3 i, M3 3 A, ARSLE %S B /KRR TAMETT Y 5K T i B
TTHMFP H)N, 1fii THAAFP 8K, AMFSTHEHCETHR -0 . SRR - Atk ta ey 3 Aok A A9
YIEATEACTETE, S5, 2 MukAAEYIR I THAAFP SAMETT AN K F/K A, %
TFHKERT, HAAs IR T 2R A SIS A Z (M R A N, FER A 5 A 5 o,
AP R, MR N T AR A B AN £, SCHOLZ 460 X FIuEuR 508
HUEBTSE R IR, 7K COD Jy (7.22+0.17) mg-L™, HI/KHHNE] (11.43+£0.21) mg-L™", BHIEFK 60%,
I HEZEPEAR . KRAUS %0 TR il [HE-26484 =AU DOM Kilix DBPs JE G RIRFSE
#W], THMFP fl HAAFP #]5 DOC Rk EE R BERIDE (R? 43310 0.87 1 0.84), {BHb4HNAY DOM ez
BURAREAEY), T BAREYA KN (5 A 6 H)DOC Bk Bl g, Ui e ME it (44l
YRR H R DOM B FETTHRE, MIAZEILRI Rt VILLA S50 Xt 35 2 BRI X g A
BRGEMIITREERTH, MR H K DOC R . A" R =42 S AR T 5
. KPR KA, T3, KPR 6 rRiBtiyinos iy, SfFEdemeaEis . 802y T
AR, RARBEHAE Y AR /I R S 28 s IR, X ey e o] LM RER™=)
HIARY) . LAERIRMIK R, FKAEAEYIRR 2R 3%t K TCMFP, DCAAFP 1 TCAAFP [ 5Tik#53 1)
H 3.34% . 3.32% 1 3.05%), FEEARE WHDKAEYIX G, EAR TTHMFP A FiEL, {5 TCMFP #4n
T 1312 pg L', AN PRI IR S TCM RURTAY), ATREN RS54 TCMFP By3g it 53
ko AW EIAIE Bt Rt A= AR, INSESERS AR, Bl R S SIS
Al A4 j K A @& % (chloral hydrate, CH), — % & %t (trichloroethane, TCA)., & N i (dichloroacetone,
DCP) I =N (trichloroacetone, TCP), /KA sh¥r= B Aa AU RS B n] EATERERI =Pk
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Fig. 6 Change in HAAFP in various molecular weight intervals along the process
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Y1, ik, SARRGEH KA A R
TP S I A —E BTk, TR
BRI AR TR MY . SRAR I N e
MERER = A s, DR K R
RIF=i A s R S5 Hd)E

2) sl g NG . WA pH XK AAEY)
PRI SRR = . XK AE A
AR A B B B = P N E 7 TR .
B 7 RIAL,  [RAE 25T PR AR 3 T 0 ) 7
R i K R, X TR RANFIK
AT B R AT R RN
RIS ARBTRAEL TR FHUKC A P
KA REYIRR 50 2 DBPs AR,
it faHEY) T2 DBPs RiAM) Al AN 1 R
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during the chlorination process of aquatic metabolites
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Abstract The ecological project in water source area can improve the quality of drinking water sources, but
the aquatic metabolites in it may be the source of disinfection by-product (DBPs) precursors. Small-scale
experiments were conducted to study the effects of the ecological project in water source area on the water
quality and the origin of main DBPs precursors in raw water. The impacts of reaction time, chlorine dosage,
temperature, and pH on the production of DBPs after chlorination of cattail root exudates, zizania root exudates,
and silver carp excretions were studied. The results showed that the average total removal rates of NH,™- N, TN,
and TP were 74.93%, 53.98%, and 73.02% by the experiments devices, respectively, and DOC increased along
the process. The DOC content for the dissolved organic matter (DOM) with the molecular weight distribution
<500 Da showed a general decreasing trend, while the DOC content in >3 000 Da DOM increased along the
process. The total trihalomethane formation potential (TTHMFP) and total haloacetic acid formation potential
(THAAFP) increased along the process. The TTHMFP and THAAFP of organic compounds with a molecular
weight less than 3 000 Da showed a decreasing trend along the process, while TTHMFP and THAAFP with a
molecular weight more than 3 000 Da showed an increasing trend along the process. The study also determined
the formation potential of four DBPs (DCAA, TCAA, TCM, and DCAN) after chlorination and disinfection of
three aquatic biological metabolites. TCAA was found to be the primary DBPs. Their output increased with an
increase of chlorine dosage and temperature. Acidic conditions were found to be conducive to inhibiting the
formation of DCAA and TCM, while alkaline conditions were conducive to inhibiting the formation of TCAA.
Overall, the production of DCAN increased initially and then decreased with pH increasing.

Keywords water source area; aquatic metabolites; disinfection by-products
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