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Chlorination Characteristic and Disinfection By-product Formation Potential of

Dissolved Organic Nitrogen Compounds in Municipal Wastewater

LIU Bing', YU Xin®>, YU Guo-zhong', GU Li’, ZHAO Cheng-mei' , ZHAI Hui-min', LI Qing-fei'

(1. School of Urban and Environmental Science, Xinyang Normal University, Xinyang 464000, China; 2. Institute of Urban
Environment, Chinese Academy of Sciences, Xiamen 361021, China; 3. College of Urban Construction and Environmental
Engineering, Chongqing University, Chongqing 400044, China)

Abstract: In order to explore the chlorinated disinfection by-product formation potential and chemical structure of dissolved organic
nitrogen compounds in municipal wastewater, the water quality parameters, such as DON, DOC, NH, -N and UV, etc, were
determined in the secondary effluent and the molecular weight distribution of the DON was investigated before and after the reaction with
chlorine. DBPs were determined by gas chromatography, and the changes of DON were characterized using fourier transform infrared
spectroscopy and three-dimensional fluorescence spectroscopy before and after the reaction with chlorine. The results showed that DON,
DOC, NH, -N and UV,,, were 2.47 mg-L."", 14.45 mg-L.™", 5.42 mg+L™" and 15.88 m~', and m(DOC)/m(DON) and SUVA
were 5. 85 mg-mg ™' and 1.09 L:(m-mg) " in the secondary effluent. After the reaction with chlorine, the proportion of small
molecular weight (M, <6 000) DON increased from 78% to 70% , and the proportion of large molecular weight (M, >20000) DON
decreased from 21% to 14% . The medium molecular weight ( M,6 000-20000) DON accounted for a small proportion and was
unchanged. Among the DBPs, the concentration of bromochloroacetonitrile was the highest, which was 6. 887 pg-L™", and the
concentration of trichloroacetonitrile was the lowest, which was only 0. 217 pg-L™". In FTIR spectrum, the dominating bands were at
3500-3 400, 2 260-2 200, 1 700-1 640, 1 500-1 450, 1 150-1 100 and 850-800 cm ™' respectively before the reaction, and the 1 380-
1350 em ™" and 600-550 ¢cm ™' bands were the dominating bands in addition to the original absorbing regions after the reaction. 3DEEM
revealed that the variation of DON depends intimately on tryptophan protein-like substances, aromatic protein-like substances and fulvic
acid-like substances.

Key words: the secondary effluent in municipal wastewater treatment plant; dissolved organic nitrogen ( DON) ; disinfection by-
products; FTIR; 3DEEM
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Fig. 1 Diagram showing possible N transformation pathways in activated sludge bioreactors
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DON MyBi KA, H R AEXS 70+ i f2 DON(M, >
20 000) U7 & Lu sl R 219% A4



8 XY PKAE  F5 K P A A LR 5 W 0 A SR A ST 35 il 7 0 B v e 3159

R TR IKEIKBEHE

Table 1  Characteristics of the secondary effluent

o DOC UVysy NH, -N m(DOC)/m(DON) SUVA
DON/mg-L o 1 -1 -1
/mg-L /m /mg-1,~" /mg-mg /L+(m-+mg)
2.47 14. 45 15. 88 5.42 5.85 1.09
100 100
(a) 5 4URBE AT (b) HEERL

DONF & Jo sk 4+ 4%
3 o

[~
o
T

| o

>20 000 6 000~20 000 <6 000
LIRS E R

5

S0k

DONJT & i dik 43 8%

25

.

>20 000 6 000~20 000 <6 000
R4y i

B2 5&KMEHE DON #8345 FRES

Fig. 2 Molecular weight fractionation of DON before and after the reaction with chlorine

WSS LB, m(DOC) /m( DON) FJ 15 7k o K 4%
AP (NOM) SKIFEAYFEDR , m (DOC) /m (DON) HAK
FIREZRH] NOM R U5 T ¥ SR B 40 o 7 AL A LA,
B m(DOC)/m( DON) fRFE ALY Al 1 HEXT NOM
(1 5Tk SR BT S K T g K
m(DOC)/m(DON) BAK, {L K 5. 85 mg-mg ™", 7] #fE
D 7K DON = A Y575 7K AE Ak 383 2 v 4 sk
o AR W = W ( soluble  microbial  products,
SMPs) 7. SMPs J& 48 i 25 W) 7 K it 15 Y ) (A HL
Y. NH, -N%) 1 [ 8 o 20 0 28 i . 40 i i 4™
B, A AR R 25 Dy =X 1) Ji] B B A5 vh R A 1 i
bR o SMPs A RS RILEY,
WA, AR . 20, RS, Nam 557190
4 DON T {Ey SMPs (il £ 46 45,

2.2 FALTHEERD YA T R

ZEIRTT V5 KT g KNS 24 h J5 DPBs
AR, B 3 SR BB 9 EPASSL. 1 7
FE DPBs [ M0 3% €], AN[6] DPBs 114 £ B s [] 1
WL 2. AT, =& 4 (TCAN) i ik
JER0.217 pg L™, 5 2 (DCAN) Jifi & 9k &
3,827 pg- L7 ZENER (1,1-DCP) Jit &2 ik &
H2.437 pg- L7 SRS SE (TCNM) Jit 5 ik
JEHM1.058 peg- L', —F —IR LN (BCAN) i &
WP H6.887 pg-L™' . =& NER(1,1,1-TCP) Jfi
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Table 2 Retention time and concentration of the disinfection by-products

i H TCAN DCAN 1,1-DCP TCNM BCAN 1,1,1-TCP DBAN
{8 [/ min 5.346 6. 090 6.945 9.555 10. 385 12. 598 14. 324
A/ g L~ 0.217 3.827 2.437 1.058 6. 887 1.931 3,657
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RELE IR C =0 i 45 ¥z 2 W Wi %, 1500 ~ 1450
em ™ EIFEIR I C=C B4R 4 IR s, 1150
~1100 em™'J& C—O it 45 4i 21 W Wi 04 Fi 850 ~ 800
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Table 3  General assignments of the FTIR spectra
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(E/E,) A275 nm/ (325 ~335) nm; W& B H0v &
(E/E. )4 (230 ~235) nm/ (335 ~345) nm; W C
U E (E/E,) N 245 nm/ (420 ~435) nm. & A
FER TR Y o3 R P Y R A R R,
CHEMRIEEN T B NIy FHEEEAD, LN
A A ) R AR ) BODs ) BT; WE C R E HLIR KW



8

XY PKAE  F5 K P A A LR 5 W 0 A SR A ST 35 il 7 0 B v e

3161

JiR K S Rk 4 WTLVE S AR 5
DGV PR 5 A AN TR R B A AR, (B A T — € Y
fit%. e A S0 B A5E L LE (LIS GO i, g A L5 e
C SR EE LEME AN B 5506 C B0 56 J3E HE(E 0 0] 2 4%
5, XU AR HT R K A AL R P45t E
RAET WO, W A R B A IE(E 7 B AR5 SR

400

(a) 55 SRR 1

K/nm

I Je KA AR DO BE R 2 m LT R G AL AL
WGP 5 A3 n] fE7E A SN i 7
w5 R R 1 SRR E = ) S5 o B Y
FFAEICAAL, A RB N TE . VR IE(E  E
TES RN 5 KA 208 X T g5 gk p e B
RIS 5 A5 F 05 T SR A

400

(b) 5 H M

350

300 E 300
& / W
250 250
200 ' L > ' 200 ; ; - :
300 350 400 450 500 - 300 350 400 450 500
Ew/nm Ey/nm
5 SRRERIERERLINLIEE
Fig. 5 FTIR spectrum of different water samples before and after the reaction with chlorines
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Table 4  Fluorescence spectral parameters of different samples
I A % B % C
FE A/B A/C B/C
" E/E, i E/E, YR JE EJE, S
J IV i 275/335 2467 235/345 2346 245/420 802 1.05 3.08 2.93
S JE 275/325 2378 230/335 2202 245/435 653 1.08 3.64 3.37
W AR B AR TR A B A AR S Y X 3
ZalE

B R, PO BUR AR E, = 450 BRI
5 E, =500 56 ER HE(E, =370) , E LA
TR KR AL E N TEPER (0B | SR A
A ALY ) i SZ SN IR Y (Hb 2R A 0 A - R B R
AL T TR DL R IR B (A h
1.9) 1M AN A HL ¥ o 6 T8 AR (2
1.4) P80 Zad fH 8 TG KT g K
JEHECH 2. 09, WEL(E I JIW7 7K o DON 22k
FI5 K A 9 ab B2 i B AR e
(SMPs) . XiFE—2UESE T R K P8 e Y
DON FZRIE TG M5 R T T2 h iR
W KRS S A ALY, BT R AR
55 T 5 1 TR A O A T S
RIS T AR R s kT gk
K TP W DON 553 35 #l = 1 oA — /2 A
KA.
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(TCAN), 4 Z 5 (DCAN) ., & N (1, 1-
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