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Fig. 1 Diagram of activated carbon precoated dynamic membrane reactor system
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LCPH EA BRI SN ; fb#7 588 (COD). A% (NO, -N), WAHSZA (NO, -N), A (NH,-N) 2k
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FebR, AR (H/C). &k (O/C). M X 2 & (double bond equivalent, DBE). f&1EJ5 #4541
(modified aromaticity index, Al AR EAHERE (nominal oxidation state of carbon, NOSC), T1HA
K= (1)~8) FirR.

X/C,y = 2(X/C:M,);X = ny,ng 1)
a=1/2xXQ2nc +ny —ng+2) 2)

aya = Xa;My) 3

b= (1+nc—0.5n0 — ng—0.5n41—0.5ny) /(nc—0.5n0—ngs — ny) 4)
by, = 2(b:M,) 5)

c=4—(4nc + ng—3ny—2no+5np—2ng) /nc (6)

Cuwa = Zle;M)) (M

M, = I/3I, ®)

K a, by e AN RGE YT (DBE), BIES IR (AL RIS AR (NOSC) FYTTAEL
K, s byas Cou TR @ by ¢ IIMBUTEAT; ney nyg. ng nyg. ng. np BIERMEAF0P ik . & .
AL AL B, BRI R AR EE (M) BITHR ORI B (1) B AR R HEAR Y
PN

2 GRS

2.1 EHESERNRRAA S ME K R BRI IENIER

B, W EHUKBFEAR (8 2) il RIS Z Al B S AN SR A A LA O R B . Hid,
COD #il DOC il 8 HAACTA N TR E s UV,,, FRIE 254 nm FRIROERE, mTRUS S IR & i
JBE K A B SUSHE TR S LB 5 75 AT AT L B K PR A AR BB RSS2 R A ISt A WL AR X 3 120
M COD. DOC } UV, HEFTLAE 1, B SIME KAE LSS IR N AR B2 1, HA AR A HL
R AR S A E BT B o KBRS IR K 2 sh 2SR R R i AL BRI a] & COD
DOC Fl UV, WZBRRIFTHT, 0T AP SIS XN Sl K A ML A BRASCR

WE 2 Fis, SRR #5AE El, HAImi e Bon 2, 30 min J5 il 280 H 2%
FE B TS P 5 R X AR s ey R S A BRI B ., s e B A B
TR, TSUYIEAE R AN, & B E A R B 2 Tl MR (RIS P T e I ik i



464

EZ0 A D S H18 %

*2 MRRASHEIKIK TS

Table 2 Characteristics of marine oily wastewater

AbHR - Cr/ NO,-N/  NO;-N/ SO,/ NH,-N/ CoD/ DOC/ UV
f/min P (mg'L™) (mg'l") (mgl") (mg'L™) (mgL")  (mgL™ (mg'L™") =
0 (8.29+0.03) (3314.25+211.05) (0.37+0.02) (8.19+0.17) (1 053.09421.19) (1.95+0.10) (165.41+8.59) (207.7243.13) (1.92+0.16)
10 (8.32+0.05) (2 869.75+125.58) (0.02£0.02) (7.84+0.08) (1 281.96+128.13) (0.41+0.02) (26.14+2.34) (33.2743.00) (0.54+0.08)
30 (8.27+0.08) (2 140.74+103.97) (0.05+0.00) (7.34+0.29) (1 191.74+96.03) (0.86£0.03) (53.24+4.80) (62.81+4.80) (0.82+0.05)
60 (8.34+0.04) (3 242.96+129.67) (0.17+0.01) (8.02+0.52) (1 232.17428.56) (1.34+0.11) (84.13+0.96) (99.34+8.88) (1.19+0.06)
120 (8.38+0.06) (3 056.25£269.38) (0.29+0.01) (7.69+0.36) (1 024.42+2.38) (1.59+0.05) (120.79+7.34) (151.63£14.07) (1.54+0.04)
180  (8.28+0.07) (2 970.43+215.59) (0.34+0.02) (8.23+0.12) (1 209.35+88.12) (1.78+0.08) (142.28+3.80) (178.17+14.70) (1.64::0.04)
60 100 -
80 |
T; 50
1 Y
Exl;) M40
& 40r
20 F
30 1 1 1 1 1 0 1 1 1 1 1
0 50 100 150 200 0 50 100 150 200
Kb FAS ] /min Qb RS ] /min
(a) 53 & (b) CODEBRE
100 80 1
80 |
60 |
;:; 60 | s
T kg
20 F
20 F
0 1 1 1 1 1 0 1 1 1 1 1
0 50 100 150 200 0 50 100 150 200
Kb S ] /min Qb FEHSHE] /min
(c) DOCZBRER (d) UV, B
B2 SEMRTASER MR s E SR BRI L R AHRAE A K COD. DOC #1 UV, BIFEMRHE

Fig.2 Changes in flux with time and the removal efficiencies of COD, DOC, and UV, of marine oily wastewater during the

filtration processes of activated carbon precoated dynamic membrane

i, XS RE T R, 15 g R BRI, EALPE 10 min B, SIASBEXS AN S0E K
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SR ORGSR RIS, SIS IR BRBCRIEHT FRE, HrPFE 0~60 min i, TFRE#%
HxHe, 60~180 min B, TFREHZAFIHSE, ) 180 min i, COD. DOC Fl UV, BIEBRZR/IHUTH 3.98% .
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S FAREHE AR, R Orbitrap MS SRBCULAMETTE A FF 8, WA EmACrEESE. 45
AL R R | B A/ DOM 45 T 74047
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0.42), XFRAEHEIK DOM FERILRIT AL 2 B Ko ikt . WA H D & S S L, fE4ad 5))
AR AL 10 min 5, %K DOM B m/z,,, x85/IME, FEEZEHER, 403 120 min A1 180 min
W, Hom/z,, RTWIGRE. SIS N ARAR A, TR Koo i S il R 7K DOM(UINE 71 1)
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Fig. 3 The changes in molecular properties of marine oily wastewater

Bk, &K K DOM BB IE 5 T PE38 0 (AL g) 55 B XUBE 24 5 (DBE,,) Fl Bk B b 1 80 25
(NOSC,,,) TESIZBER geib P A P S AR AL a3 . 7EShZS AL PR 10 min BAE] T HIME, BE
JESEI, AEAEEE 60 min IFIRFIRAAE, HEAGFRE, XRESNERY G4 0~10 min B, (&R
AR AP FH RERSC A 3t 5B 05 JE . MBI A ). BEJS , 7 10~60 min i B3 I 1] Fr) 44

I, BRI BRDTEAE R A, ABFE 60 min f5, SHASHRN FEERIREDFERE . AL
JEPEAL A2

B MEAL PR 5 K A W 5 AT R A s A B R AR B AL A B E . W 4(a) B, SRR
DOM TEAZ NS R W F eI R FIRT, A 2 221 FirF . BRI N 240 F] 10~60 min B, 43T
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Fig. 4 The molecular formulas number and the relative abundance percentages of marine oily wastewater DOM

AECEA PR, (SRS SOV TR SRR, 60 min J5 & R IR, 7 F=C8o/
WREERSIN, 33X FEE N TSR N #AE . 10 min B, 1EPESRTEE K 75 YL SR ot 3, g
7K COD 1l DOC HYEBRHIIE 80% LA E (K] 2(b)~(c)), WA T2 M, 10 min ZJ5, B
HIEVERWETRE IR NI, ZhSRER N #$61E K H COD #l DOC M R 318 NI, B FEOLAHL
YIRS AR R FHIE 4(b) AT, &7k DOM FEH S 4R FbAY (5 N. S, P o) L,
HAER SR 80% VA I, MiRRAENY) FEH CHO ZAL WAL (5 HZT 70%), XFI &k K
DOM 4 i 5} 42 Z=B%, CHOS KAWL & & KK DOM B =54y, HARX FREF ik 29% L) |, i
CHOSP Fl CHONSP A5 fLW 55/, HARXT E BN 1.65%~4.20% . ARSI % K+ DOM 2 & Y
CHOS ZEAHTRER H TR S K i fb &l SREsA —afb S mmiib ot = Sl sl SRR v ik
JEALFRRIRS RS, SEZK DOM H CHO ZEA ML 0 ISR S s Dk 8, FHLARXS S B SE DO AR 1Y
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HH ARt
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WH UL, AREEH C. H, O JTR4UNAESE

BRAE IS U, R AELE THfEK DOMUSHL, 4k 2

M, VKEZERIE DOM (¥ H/C F1 O/C X 47 X o Ledindladlzalzalas

I, ABEMERGIUER DOM KRR, 2K DOM e —

ST A TR BEATEIAE . 2 ms sk poM & VK Erbtos Famiaamat
b UL s A B\%?éﬂ%@*ﬁ{u {7 (ﬁﬂ H Fig. 5 The relative abundance of DOM components in marine
Bt S A AT SR AT ()0 B e S al R LR oily wastewater based on the compound classes in VK diagram



%24 JRIBCAE TR R Sl A AL B 5 il B R R P A AT DL B 201 2L URRAE 467

FRPNE JAh, AR AR TR IR KK ) DOM FFHE 74153508, S5 RFEIREK
firf DOM 2> T45 ) BB M, B4 75%~90% (MR A7, Bl T ACHIEshagim, A/0wK
DOM G T ZRAR TR AT, ZshZS IR #S AR RS, Sl K DOM 4 Ras s & 4t
B, (HSARZA NI &5 HEIEAS T B35 A B ] RS TS I, 7F 120 min A% 42.50% ()
T KAA, TG 05 1%/ 85 1 2 LA B ARG 2 BE AR LT AR B s T B I e/ 48 S A ML A s
H/C HHEAERAY O/C e, BESRHAESHE/K DOM Hiy 5 RS, (HIZZEA W R I -5 S8 &
JE7K DOM 2 TR R AR AL, A TR EA s s B F A A2 e A L R RE
ARG LRI

AN, BATBAIHT T &tk /K DOM 14 DBE {E-5 O/C HAHICRIBR T T AT SIS 5 1 24 35 7
H DOM HYHIAT OV R2EE . SAfb GEAIR) FEtE S0 PR rAs ik, 2558a0E 6 fin. BRIE-F40R DBE {4
AL, BEWELSYRS T REB/N, C=CE C=0 3 fxU# /U0 S # o)), &l
DOM Hilk 4k 0~15 F1 DBE A 0~12 PR RN (ABE AT ((0.60<0/C<1.15) W%, mitklEFEch
17~30 F1 DBE {8y 0~18 AW (A FIZH BT (0.05<0/C<0.03) %/, M480B8 s I o7 o B A AN
AR Erih 7k DOM £l . Bl SIS N AR BRI E R, 7E 10 min BT AU 17~30
AR TE0A DBE o 0~18 BYRE CURNEE (A BET B Bod D, i Msg @Bt S 2, 15H7E 10 min A
KA E AL B = B2 T i DOM #2255, bl AR IR S AL BE A v 40 1 i 0 o st i, Tl 10~
60 min ], ATLOWELRIGRIEFHCH 17~25 F1 DBE A 0~14 53X X3R5 (RS (B G>, iEmE
BESGWHE L, UL BRI, S AR RV RE A fb A g el 2, iR EE R S i o T
R A A 5 B SRR AT ITHE AN . 120~180 min M) AT LAWREZ S 25 e -4 X s €0 % (o B i /b
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Fig. 6 DBEs of marine oily wastewater DOM and the number of carbon atoms related with the O/C ratios

KT 2T AR SIS N A A B R R E i K DOM 2 AL AR AR 400 XA R PR R 2%
FREY DOM 7 VK EIH AR AR T T Hes . @il 7 BR, AbBE 0~10 min A, #E2:BRAY DOM 43 T4k
(997 Fh) i T ARSI B, HHEENISI TR VK B, SXRIIEX R, s R A
RS P R BE AR R BR SRk TR A DOM,  ELXASE A HA ve bt . hZS R i #eAb# 10~30 min
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Molecular composition characteristics of dissolved organic compounds in the
process of treatment of marine oily wastewater by activated carbon precoated
dynamic membrane
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Abstract Dynamic membrane technology has the advantages of high efficiency and low cost in the field of
advanced treatment of marine oily wastewater. However, the composition of organic matter in marine oily
wastewater is extremely complex, and further study is necessary for the molecular characteristics and changes in
the dynamic membrane treatment process. In this study, ultra-high-resolution mass spectrometry was used to
investigate the changes in the molecular composition characteristics of dissolved organic matter (DOM) in
marine oily wastewater during dynamic membrane filtration treatment. The results showed that there were more
than 2 200 DOM molecular formulas in raw marine oily wastewater, which were mainly composed of
heteroatomic-containing substances such as CHOS and CHONP. Due to the significant adsorption capacity of
activated carbon, an excellent removal rate occurred for most organic matter in the first 10 minutes of the
dynamic membrane treatment process. The removal rates of COD and DOC in wastewater were both greater
than 80%, and high molecular weight and unsaturated oxidizing DOM was effectively removed at this stage.
Subsequently, the adsorption capacity of activated carbon decreased, and the removal rates of COD and DOC by
the dynamic membrane gradually declined, both dropping to around 50% after 60 minutes, moreover no
significant changes occurred in the molecular composition of DOM in the marine oily wastewater. This study
revealed the molecular composition and variation characteristics of DOM in the process of dynamic membrane
treatment of marine oily wastewater, and could provide a certain process reference for the efficient treatment of
refractory marine oily wastewater by dynamic membrane technology.

Keywords dynamic membrane; marine oily wastewater; dissolved organic matter; ultra-high tesolution mass
spectrometry
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