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Transformatlon Characterlstlcs of -Dissolved Orgamc Matter Durmg UV/

Chlorine Treatment of Mun1c1pal Sec’ondary Effluent y &

WANG Xue- nmg , ZHANG Bing-liang'4 PA Bmg cal 2
(1. State| Key Laboratory of Pollution Control and' Resourge Reuse School of Envm{nment Naﬁjmg University, Nanjing 210023
China’; 2. Research Center for Environmental ;\Ianotechntﬁogy (ReCENT) , Nanjing Unlver51ty, Nanjing 210023, China)

Abstract ‘As an emerglng advanced oxidation_tec hnology, UV/ chlorlne treatment is capable of effectively oxidizing various organic
pollutants Till now , the ‘transformation of dissolved éffluent orggm’ie matter (dEfOM) in real wastewater during UV/chlorine treatment
remains unc’lear In this study, ultraviolet and fluorescence Spectroscopy were combined with Fourier transform ion cyclotron resonance
mass %pe(’trometry to probe the transformation of dEfOM in two municipal secondary effluents during UV/chlorine treatment.

Meanwhile, the newly formed chlorinated byproducts ( CI-BPs) are particularly concerned. Generally, aromatic compounds and
fluorescent components could be readily removed after UV/chlorine treatment, and most of the dEfOM underwent transformation rather
than mineralization. Protein-like components, which accounted for the largest proportion of fluorescent components, were subject to a
preferential reaction. UV/chlorine treatment could result in the degradation of CHOS compounds and the formation of CHO compounds.
During this process, unsaturated and reduced compounds of large molecules were preferentially removed, whereas saturated and
oxidized compounds with low molecular weight were produced. Moreover, the concentrations of trihalomethanes and haloacetic acids
increased substantially after UV/chlorine treatment. In total, 255 and 133 Cl-BPs were detected in the respective effluents after UV/
chlorine treatment. In addition, 12 and 43 possible precursor-Cl-BPs pairs were identified, respectively, based on electrophilic
substitution and addition reactions by means of mass difference analysis. This study is expected to provide fundamental information for
practical application of the UV/chlorine treatment process.

Key words : dissolved effluent organic matter (dEfOM) ; UV/chlorine; Fourier transform ion cyclotron resonance mass spectrometry

(FT-ICR-MS) ; spectra; chlorinated byproducts
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Table 1 ~ Water quality of secondary effluents from WWTP A and B

SR uv DOC - S03- NO; 2+ * 2+ *
W pH Hﬁr%l 254 | cl | i 3 Ca | K | Mg | Na |
/S+em /em ™! /mg-L /mg-L /mg-]_fl /mg-L’l /mg-L /mg-L /mg-L /mg-L
A 7.40 398.0 0.078 5.38 57.08 58. 60 35.96 49.70 10. 16 7.78 37.93
B 7.67 433.8 0. 086 6.70 62.75 41.31 24.18 51.30 11. 34 7.53 33.10
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Fig. 1 Variation of DOC and UV,s, during UV/chlorine treatment
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Table 2 Precursor-product pairs of CI-BPs in secondary effluents from WWTP A and B

CI-BPs T iA4) 5 KR I K 5 L % C1-BPs
PR s pEk ik ORI St
174. 052 825 C, H, 05 100 0 241.974 881 C,Hg04Cl,
318.087018 €, H,{04Cl 100 0 352. 048 046 €, H,40,CL
331.163 104  Cy5Hy0,N 100 0 365. 124 132 C,5H,,0,NCl
352.128883  Cy5Hy0,Cl 100 0 386.089 911 €5 H,,0,CL,
373.173669  C,;H, NOg 100 44 407. 134 697 €17 HysNOG Cl
gt 395142764 CisHy0, N 100 0 429.103 792 €5 H,,0,,NClI
424. 246 105 Cpy HyOy 100 0 458.207 133 C,3 H,0,Cl
438.225 370 Cpy Hy 04 100 4 472. 186 398 €y Hy104C
458.251 585 Ca3 Hy0y 100 0 492.212 613 3 Hy0,Cl
510.246500  CyHy0y 100 0 544,207 528 Ca6 Hy0, €
524.262150  CyHyuOyp 100 0 558.223 178 Cay Hyg0, €
536.262150  CyHyOyp 100 0 570.223 178 Cag Hyg0, €
192. 078 645 Cy H0; 100 0 296. 021 831 C H05CL
204. 078 645 €, H1,0; 0 308.021 831 - CpH 0 G
206. 094 295 CpHL0; 310.037.481 | Cpp Hi0s Cl 7
234.089 210 €, H,0, 338, 032.396 CaB, 010, /
248. 104 860 C,H,0,4 352, -‘048.‘046 | & C14H18069L§" -
250. 120 510 €, Hi0, 302.092 1035 354. 063696  C, H,,0{Cl; .;é}i Ha4 Cly
252136160 CiyHy0, 356. 079346 Vo cum0lced
- 260. 104860  CysH, 0, Jo4:048046 4 W L CuHO0CL
%.62". 08|4125 Cy,H,,05 31#'21.. 055718 ; 366 027311 C14H106Cl3 C14H{§07'le-"' .
- 262120 510 CisHiO, 366. 063 696 | CisHy 0,6, ™
264. 099775 €1y HyOs 316071 368; 3681042961 1, H,,04CHC, H O, G,
264. 136160 Cu o0, 368079 346 €15 Hy04Cl, o
/i 1275186880  CLH,O0N| ' 100 o 327. 108 482 C,,H,,0,NCl
A 278 151 810 CigH0, & 100 4 L~ = 382. 094 996 C1gHp04Cl,
280. 131 075 €5 HyOs " 100 S5 48 384. 074 261 €15 Hy0,Cl,
Y 282,146 725 €5 Hy,05 100 43 386. 089 911 €15 H,0,Cl,
282. 183 110 €16 Hy04 100 0 334. 154703 €, Hy05Cl
290. 079 040 C,5H,06 100 33 394. 022 226 €5 Hy05Cl,
AU, 290. 115 425 Cy6H, 405 100 30 394. 058 611 C6Ha0, ClL,
292. 094 690 Cy5Hi06 100 42 344. 066 283; 396.037876  C;5H,0,Cl; Cy5H 04 Cl
295.105589  C,,H,;NO, 100 42 347.077 182 C,,HsNO, Cl
306.146725  Cp,Hy05Cl 100 33 358.118 318 €7 Hy04Cl
314.092103  Cy5H,,05Cl 100 366. 063 696 €15 Hy05 Cl,
316.107753  CysHy05Cl 100 368. 079 346 €15 Hy04Cl,
318.087018 €y, H,;04Cl 100 370. 058 611 €14 Hy0; Cl,
334. 105 255 €, Hi0; 100 39 386. 076 848 €, H,404Cl
339.131804  C,oHy NO, 100 49 391. 103 397 €, H,,NO, Cl
348. 120 905 C 15 Hy0y 100 40 400. 092 498 €, H,,04C
353.111069  CoHyoNOg 100 49 405. 082 662 €, HyyNOo Cl
404. 147 120 Cy Hy 04 100 36 456. 118713 Cyy 1,40, €l
404. 219 890 Cpy H,04 100 46 456. 191 483 €,y 1,0, Cl
406. 235 540 Cy3 Hy 06 100 0 458.207 133 C,y 1,0, Cl
420. 214 805 Cy3 H30, 100 33 472. 186 398 €y H,104C
420. 251 190 Cay H306 100 0 472.222783 €5y H3,0,Cl
440. 241 020 Ca3 HagOy 100 48 492.212 613 Cy3 Hy,04Cl
448. 209 720 Cyy Hy04 100 27 500. 181 313 Cyy Hyy0, Cl
464. 241 020 Cas HyOy 100 35 516.212 613 Cy5 Hyy0y C1
506. 251 585 Cyy Hy0g 100 34 558.223 178 Cpy Hy0, €l
518.251 585 Cp5 Hy04 100 0 570.223 178 Ca5 Hy0,Cl
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