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Linking Optical Properties of Dissolved Organic Matter with NDMA Formation

Potential in the Huangpu River

DONG Qian-qian', ZHANG Ai*, LI Yong-mei’, CHEN Ling’, HUANG Qing-hui'

(1. Key Laboratory of Yangtze River Water Environment, Ministry of Education, College of Environmental Science and Engineering,
Tongji University, Shanghai 200092, China; 2. State Key Laboratory of Pollution Control and Resource Reuse, College of
Environmental Science and Engineering, Tongji University, Shanghai 200092, China)

Abstract: Surface water samples from the Huangpu River were filtered to measure the UV absorption and fluorescence spectrum.
Dissolved organic carbon (DOC), N-nitrosodimethylamine (NDMA) , and its formation potential ( NDMA-FP) were also analyzed to
explore relationships between the properties of dissolved organic matter (DOM) and the formation potential of disinfection byproducts-
NDMA in the Huangpu River. The study found that; NDMA-FP concentration increased with the increasing of DOC concentration (r =
0.487, P<0.01), but it had negative relationships with SUVA,,, and HIX (r= -0.605, P <0.01; r= -0.396, P <0.01).
NDMA-FP concentration had positive relationships with the fluorescence intensity of protein-like substances such as low-molecular-
weight (LMW) tyrosine-like and tryptophan-like substances (r =0.421, P <0.01; r =0.426, P <0.01), but had a negative
relationship with humic-like substance (r= —0.422, P <0.01). Therefore, NDMA formation potential increases with the increasing
DOM content in the Huangpu River, which is significantly related with the protein-like substances, but decreases with the increasing
aromaticity and humification of DOM.

Key words : dissolved organic matter; disinfection byproducts; N-nitrosodimethylamine; specific absorption coefficient; humification
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H SUVA,,, Filill NDMA 79 25 5% 0% 5E it 45 SR 1 A8 2
s 76 DOM %GR A b 5 NDMA (9IE 58 I
WA TR E IR W, ARl g £
P AR FB , 38 AT R F-53 871 ( PARAFAC) %
A= DOM 43 o S B 1 L SR B 0T 25 9Ol
25, 3 B AE 53 7 K 8] 2= R M 9 DOM 4143 5
NDMA A= I HE 1) ¢ R LIRS LE 5Ll

1 #BE5HE

1.1 #EECRES DOM &

2012 42 ~12 A, BWAN A — R s v i
FNUE 1AL R ZKFESFTRE. REFW
JKEEHT ISEEG 2, 0.7 wm FLAR B B 55 2F 4 18
( Whatman GF/F ,450°C it} 4 h) #4734 98, HAFF
B P Y A IR R A

HUE i GF/F 3 I8/KFE P28 0. 22 wm Y EEIR£F
HERBAR ( Millipore 23 ) L € J5 | #E4T LM I, %
GRS MBI E | 25 28 d Z RIS 37 YK BEIR
. BARIR.

(1) AR EIEN E  FROGHR ESh-1] W43
JEGEE H (b 5T B3 JH TU-1901 {88 ,5 em H A
ML) XA S R AT IR SO 4 4, D K 4V 1Bl 800 ~
200 nm. WIEAR a, =2.303 xA(X) /L HEWR I FR
Boa,(m™"), 8 A AWK (nm) AL IEE K
AN SGCEE L R e L G, R R B SUVA,,,
AR AE 254 nm AbHYIOEEE S DOC WY HLfE, &
RERSAR f 1 S 57 B PR RR O S 1. EL/E, R ER
7R 250 nm PERAME G 5 365 nm PEKALOGEE Y
Ffi, HAE A K/ DOM 4 F iR/ R

(2) ZIEIETEM E 2 3 B AL (F-
4500, H A H 3728 /) Xl i AT = 48615 (EEM)
i, AW E/E, =240 ~ 400 nm/300 ~ 550
nm K500 3 nm 12 nm; K5OGS EE 2852
FBRES AR 20— AL B, SEA T A7 R 20

(MATLAB Ver. 7.7.0) , 34856205 . 851k
FE¥ (HIX) JH TR AF DOM (19 JE FEALFR BT, & X Ny
254 nm R ERK T, K GHE K TE 435 ~480 nm 5
300 ~345 nm BN DGR BERUMEL L A=
PrUEAE K ( BIX) FH T M 15 8 3 7K A= A= 4 2B 7 1 BT
B, B 310 nm R BTN, &SI KAE 380 nm 5
430 nm AbYEE TR B HAE . S T A
Yl aliK.

(3) WA HLER (DOC) M K i 8 Je AR
izftz pH 2 ~ 3, HLEA PRI HTIL(TOC-V oy, HAS
) Ml DOC Mk B, F il Tt 28 720°C , B4
Jo  BEAEEAINGE 2 ~3 Y. T RS DOC ALK,
FHIAR R WRATA BB (NPOC) A7 i HEA T AE
1.2 NDMA F1 NDMA-FP il &

SR FH 1o RO AH €335 1% 16¢ A ( HPLC-MS/MS)
PEATHRI 1 DBGE B GF/F JER L 0.45 um
FLAR R T TR 2T 4 156 i ( Millipore 23 7)) 33 9E , 34519
250 mL JEW 5 5 mL 0. 1 mol-L ™' —ZUHaA M (A%
M4 mmol-L~") JZ Wi 10 d, #RJ5 0. 48 mL 0. 568
mol - L ™' HLIR Il R 2¢ 1k 2 7, K 6 By BE N 7= 2B 1
NDMA [ B JE4E > NDMA -FP. @JH XDB C18 #
(150 mm x2.1 mm x3.5 wm; Agilent) X} 0. 45 pum
Ve LA BRIV 10 d e BYRE & 43 5 64T NDMA 1) [
$H%E¥,%E¥ﬁf§?§%ﬂﬁ 10 mL-min~". RHEE
EPAS521 #E#2 19 NDMA [ AHAE BUbrofE 77, I 15 mlL
TR B R R k. E e P A T mL
100 ng-mL ™'y NDMA-d6 1E R WNbR, ZEERAF T,
FHESCH VR 45 2 1 mL, f 0. 5 mL B4k, 7
PHEZIE T 45°CoKI N 15 min, B3 PR
R AP e ek, BRI Ak 2 A2 1
mL, #£47 HPLC-MS/MS M. @ik 4. ikt
b Agilent XDB-C18 ## (150 mm x 2.1 mm x 3.5
pwm). FENAH: FHEE(A) Al 2 mmol - L~ il BR 2 K I
W (B). BAEVEN .0 ~4 min, A H110% % 45% ,B
90% % 55% ; 4 ~5 min, A H 45% F+ %= 100% ,B H
55% %% 0% ; 10 ~11 min, A i 100% F& % 10% ,B
H 0% Jt 2 90%; fR+F % 13 min. ¥i #. 150
pLemin ™' PERER 10 WL, HEIE.30°C. JRE &1
ESI B IF B T Bkl SRM = Wiss ik
F4 500 V; BEFURIREE R 375°C ; RPN, B
N, FES43 5100 40 AU 18 AU; filffE <N &R,
MEFEAE 1.5 m Torr. NDMA HWAF[E] 4 3. 35 min,
NDMA-d6 () I} [E] 24 3. 32 min.
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2.1 HOHTLRIZ KA P O GIERRE

B VLR Z KA WU OGS RRIE S 80N 3k
1 7R, M2 ~12 A, BV DOC B EETE 2. 93 ~
5.94 mg- L' Z A1k, AR EARM R — i
K@ THKI KNy 53— T E 2RI |
TR, DOC KA G DL R B S 9 R B R
KKIEE. ay (HAE 3. 45 ~4.73 m ™' Z [0 284k, 36 [

R Z2 O AR AN s e A AIL 5 1 W e R e
AR VBRI EITK T DOM B HIX fi
F£0.41 ~0.90 JLFH N ( <1.5),BIX fH7E 1.05 ~
135 JEREIN ( > 1) 2k, i LA EHVE DOM JEA
ERLHT A AR IR o EY L B ays (AN
SUVA,, 7E 8 H ik 3| — i RH , X Al fe 5 B R0
BRIV P 1 G, AR B2 R ik LA B e S AT )
JE 22 7KAR DOM B SRR, [RIE, 326 -t DA T 3¢
BT YT DOM A5 3L A W I PE

®1 EHTIABEVURNZIMRBAR S REHESH
Tablel UV absorption and fluorescence characteristics of DOM in the Huangpu River

T H AF(2H) HFE(4H) HE(8H) (10 A) A£%F(12 A)
DOC/mg-L~! 5.94 +1.08 4.23 +0.45 3.31 +£0.56 2.93 +0.89 5.05 +0.66
C1 om B 3.76 +0.80 3.83+0.74 1.63 +£0.72 2.59 +£0.88 5.73 £2.53
C2 P 3.68 £0.59 3.28 £0.72 1.49 +£0.43 1.87 £0.50 4.70 £2.48
C3 FEom 0.60 +0.12 0.50 £0.09 1.01 £0.27 0.94 +0.31 0.59 +0.87
C4 B3R E 0.38 £0.07 0.55 £0.08 0.48 £0.18 0.81+0.18 0.82+0.43
HIX 0.5+0.15 0.43 £0.07 0.90 £0.40 0.61 £0.16 0.53 +£0.16
BIX 1.16 £0.09 1.24 £0.07 1.05+£0.08 1.23 £0.14 1.35+0.18
as355/m ! 3.85+0.96 3.45+0.81 4.73 £0.81 4.39+0.73 4.18 +0.94
SUVA,s,/L-(mg+m) ~! 2.57 +0.33 5.02 +£0.28 8.59 +1.90 7.91 £2.09 5.10 +£0.68
E,/E, 7.99 +£0.71 7.83+0.72 7.37+£0.16 7.43 +0.37 7.88 +0.66
E,/EL" — 7.88 £0.69 7.65 +£1.99 7.74 £0.45 8.11+0.75
NDMA/ng-L~! 27.9 +11.2 46.3 +11.7 17.7 £12.0 24.7+6.2 34.5+9.4

NDMA-FP/ng-L~! 200.3 +67.8 132.8 +31.0 80.2 +21.2 97.9 £21.3 144.3 +33.9

D) E,/Ey " AEEFRIEIIME ; 6 A K4 R IRI , R BRI

W1 7R, % 247 41 EEM SR #5472 47 1
IyME, F3 8] T KB &R C1 (E/E, =280 nm/319
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Fig. 1 Fluorescent components decomposed by PARAFAC
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4L i —FP 2R 38 i 4 7 C3 (E /E,, =256 nm,
316 nm/437 nm) " @ EFESK LB, CL, C2 Al
C3 J& T E Y R ff 21 43, T C4 TP iy —38 40 1 ¢
AR CER R FZE) . R0 N+
() ST 25 2 Ws A=  R I AELIS R A i 58 R B sk A
Wy A 1) T8 SE R R A F s> /N7 4 s
SRR TR o 16 7= ), AN S A AN 28 1) 15 L
W, YA AT REEAR /N B4, ARSI
SRR IR IS KR, H DOM 1Y E,/E, {H RS LTt
F (L 1) UL 3RS DOM 2 T A
FESGFR I 2 B2 v, Ko 7 19 9 S5 o B 2 4 A o A
fi#T.
2.2 CDOM 5 NDMA K Hmiik#ng ¢z

— A FE DOC S5 5T 3 mg- L', SUVA,
HKXF2-~3 L:-(mg-m) - E"]]J(Miqj,{ﬁﬁgﬂf':%lﬁ@
A SRR CDOM A B ARG AH G . AR A BF
FEP R B, NAMA-FP ¥ & 5 DOC ¥ J& & Wl 2 iEAH
KL SUVA,, 2 2 AHSE (L3R 2) , K] DOM
12 54 IR NDMA (949 5 7 A,
FAKEA WL TS B AL & e T 2R R P 4 4 A

(DT K2, 5 Ndiongue 2T ST A AT

R R ASHEBR AR PR A A ) 1 B R A 5 4
iz A AR RN, A4 SO A e TR i A R A E Sk S A5
AT , 5 S 2 A e ARRON T il 55 AR g i
KA. NDMA 5 o, 2 B TMHE, SRR
AR DGR MR /N, X AT RE S A ARG T 7K
PER (1 05 & Pk, I T 80 o 740 i s N R
BEPY A SR Y, S SRR, o SRR SR A DA
WES T HAE 355 nm B AR IR

{HJZ  Weishaar %[2] . Chen fff“o] . Ates gl
R, SUV A A SRy i 1531 55 1) 7 90 A 00 e (48 4,
AT, R 2 EHES =AW KL &
Wi CRAFHTE R W C R B —J5 T SUVA,, 1B
MU RA KRR 18] () 22 57, AS B 2% B BIF 9 7K R 11 b 5
YU NIREE 2 CE IR | bl 4 e A 4
FIFHERAE | WTA /N | I 2 ) AR B, T ik 4
HZEEAYLE T DBP Ak 22 5. 5 —JrmdeEds
FEHASBATRES S 5 MIE SR Y. Hlannt st
| EARSEY FLE 254 nm A B W s AR
NP — BB RE Y 22k L T SUVA,,, BRI Sk
T AS 5] 7K B T3 =5 w0 AR v e, (A X
NDMA ({00 25 LR FEAR >0 R AR b iy —
P ol S S AL A W S R R e A AR 1 R
. T RATE SRR Al ] SUV A, e A5 7K A7 45

R P R & R 1 R W A T BRI AR AR T
BV,
&2 NDMA R EEI{F45 DOM 245 EpExs
Table 2 Relationship between NDMA, NDMA-FP
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