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W OE LIRS UUIE K R AL - AR N 4L A T A BT RR K R ST 45 A BB TR [ R AT AL
YR E AL R S BR AR 1 5 X 45 b BRI H K R I A A ALY (DOMY), R FH BB IR Ik 174y F R m 4y 9, 1
FHE AN AT R SOG TS | = 4R8I Sy IR X 45 S 0T K B B R AT T b . S5 R WY, BRI ok
DOM 43 T i £ 3 B 43 15 76 <1 kDa /N 23 T 5t & X [A] #1>100 kDa 19 K 2r T B & K A, 2 T & & 9k
46.04% . 42.79%, TR BEEVITEXT K43+ FT i i) DOM A B L BRACE , IREEDITE oK . KMRIRf i thoK . 474
h H K Y DOM %43 A 7E<1 kDa X [8] U1 W% AL B 72 b B 5 o i, Hop g A g B T BEN £ 3K
BB G YRR G ; W C oA, WD ] 825 U HI R ik Az 0 S8R 1 F0 A8 TR 1 200 e ) 5T e
WIS F AR W BT RE N AL AW IO IR K IR . 24— A B (BRIl AR B DUTE ) J5 04 A NI
B 1 L BR 3 41518 60% F1 35%; U C FlE D L BRI KT 99%, 2 " FAb B OK fEmR fb Fir A LR, 0 A fn
W B 1 L BRZ A R 23% Fl 48%. 1% T2 W B X U0 H K TP A ML A B R R BRASCR . AHE . CoD.
TOC. BOD; #) 5K BF N 1K 99.99% . 98.81% ., 98.74% . 99.78%, ik#) T (15 /KHEA WAL T KB K B AR e ) i
B %rifk .

KR WIHIREK; WEEENY; ST RES M T4t

DI U S — b A 4 Ja o RN ) 3 e R b Iz A A T WA, HORO AR T B R
Bigssnl . R i rER . K RHA G, BRI M. Wk, B e hael. YIEm R K B
AN EE L FEPER L IR B AR AT A A 25 (B/C ol 0.05~0.2) SRF AL, BOH: B HECS:
X PR B N ft s U KA . FREAE 2016 AFEITHY CEZfERIEY 4 5% ) (R K [2016])7
CL K U 5 7K S0 AL, I B B0 D) % K 200 28 ot 7™ A A B A R R . AR, DI HIR TR
SREPRBIC, 774 T RERUTHIRE K, ok AN BRI RS 255 2 20 i TUITEIUZ K h e
s BHA: 2018-12-04; FAHHEA: 2019-06-05
EEWE: ERARBFEEFEITHE (51678388)
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G YAAE VLY, WA LY R . BRAE A HLY 25 SR AL Ak B SR K B S

HAET, T KAL) 5 AL AL B A58 B AR Mk, H A i 98 408 22 10 J R SRR AR B4 A=
TG 15 KB Tl R K BT AN S AT . R 4 AR T SR B OK R R AL -0 AR T A A R R
K, RBAARE KT F 2 53 F i <1 kDa (% f#PEA UL (DOM), I B H 35 45 36 1 i U
MBS £ . L1 D R H Fenton-4f S8 /K i IR AL /47 AL & T2 BV B E K, RIIE K&
Fenton flif A AL BRIS , /Nor F A ALY A R0, I B0 05 & A VL v ke i, WAt s
iR 5 4 T 1 5 D't i B B o IR . CHENG 45 SR F IR %80-4f- % -Fenton T. 22403 25 4% 0K , 38 i P47
Kl 1% (PARAFAC) fift by thiZ A 95 LR K & 4 DIOCH T, 430l A 73 1CRREETR) . 4 2
Oy 3CREER) . o 40T 4RI BT, IREAXT 4 Ao B AL BERUR AR 22, I SRR A
I3y 2 BB R 2R AH , Fenton X243 4 47 831 22 BRAIUR

HAl, CFA IR EZEPEAME KT Rz K 8% KD 45 Tk g
K o XU I I K A B AT AR R A BILA e AL R O R DL GE . PR, ASBIRSE LABLAEOI T HE
TP S R U0 H0 W 032 7K Ry b BT G, b B T TR B DO UE 7K A TR Ak -G A LA VR AL A T 45 Ak 1
BT KAV HEAT T 2 F B or A . RAMRIBOETE | = 4ESOEiE i, IR A A T2
A% KBS DOM B 5L, LI iR B4 A T2 A BT % /K 32 4 P 4K 4 -
1 #MRl5E%
1.1 #&E

JEK B A R T S ATLAEOIN T 7= AR B VDR 7K o S 56 2R FH ol ik -1 R 190 0 - /K ik T A - S
R EE T 25, KSR Ak b AN G A0t () ke 7K, R /K R 24 b, A B S0 E KR Vg Ve k=
3:7(REAE AT /K A9 TOC ¢ B 5K fift R Akt HE K TOC W BE ARG ), HURE S0 BIA JEK o Faviib ok . IR
BEVTVE K . K AR R Akt oK o AU s K
1.2 MEFE

JKAE 3t 58 PEDE4E )5 76 48 h N 58 UK ST 70 B . COD SR JH B AR BR AP, TOC R FH s A WL 43 #r
1%, BOD, KRR RE, AMZERHE LR, K BIEIGE , P17 40-0] WoB Y63 4 Fn
=Y T .

SEE 4% : HACH-DRB200 #4 COD JH fi# (¥ (3 E W& Ay A 7); TOC-VCPH TOC 43 Hr 4% (H 74 & it
2\ Al); WTW OxiTop BOD 43 #r 4% (2 [l WTW 2 7 ), SenTix940-3 A pH i1 (£ [ WTW 2\ #) );
MSC300 B HEEHR (F I EE Bl 22 g8 61 UV-2550 BN 66 B+ (H A B He A |l); LSS5 AU =4
PG (32 Perkin-Elmer).
1.3 EBIERRsLIE

B R S 28 A 2l K R ERUE 3 Ok Ol s F), B Lh, T 2K b g (Gl 8 4l
7K TOC fH<0.5 mg-L ™), TAb 3 b J 0 U8 B T8 08 5 5%, ol B ) 170 X2k A7 4+ T
HAPH KA ] 0.45 pm R HEAT L 08, AR DR KA I A BERR T, DA 4H NL(99.999%) S 3K
1 (<02 MPa), fifi HoZ g% i 100, 50, 10, 3. 1kDa(p=63.5 mm) ¥ JE M5, W4 A 9% 0 o K FE
{RAFETE 4 °C VKA TR 4
2 #BR512
21 SXEBEITNBHSTEYIHEBRYR

VIR K 245 R BT A B , 4% 5000 H /K 9 K B 48 b BB AILTS Y i 5 BRI 1. |
T AT, VIEIWRE K &4 b BTN PRI, EOK S . COD. TOC. BOD; MY ¥k J3 3 i %
fiK, A44MT L AWM. COD, TOC, BOD, (¥ M R R A T 98% LA b 2B it kb 3
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Table 1 Effluent water quality of each treatment unit and removal efficiencies of organic pollutants

FaR(IES COD TOC BOD,

ST ; ; ; ;
e (ﬁ,gff,) N (ﬁ%f,) S (Ifff,) BN é’}ff , Hw pe o
ZVIN 9317 — 35428 — 11915 — 6 760 — 0.19 92
Rt 1010 89.16 15918 55.07 5413 54.57 4180 38.17 026 88
TR 9 99.11 7165 54.99 2520 53.45 2250 46.17 031 8.0
TR kR A <1 — 2101 70.68 748 70.32 960 5733 046 6.8
b4t <1 — 420 80.01 150 79.95 15 98.44  0.04 7.8
BEBRE/% 99.99 98.81 98.74 99.78 R —

o, MBS IT LR FIRR T 89.16%, IAF COD. TOC FF&ET 54% oA, Hi I ml %0iZ Fh 41 5
AR P ED LAY N AME, KRETOEAIS, AWM RITERREDT
99.99%, COD. TOC [T ERFEI N 53% 247, WL, AR DML, hTF L
FNREEDITEAL B , JUT- LB T B2 K v &3 0 sl i () i 2 WL, BRG, JK 1% B/C LB 45
FH@E, sl 019 ETHE] 0.26, FEETFZE 031, KiEER{LHLXT COD. TOC. BOD; I % Bg %555 K
70.68% . 70.32%. 57.33%, [AA} B/C Fb A 0.31 L TH%E] 0.46, 33 156 BH 7K i 2 Ak i 5 176 K43 19 o e
il BN AL, B e 3 T R K R ] A, R AR — AR A IR AR RO . R
X} COD, TOC. BOD; 2% %435 4 80.01% . 79.95% . 98.44%, iX i MH7E i A LACH &,
T PETS Yo b T4 m i M, BE(E BOD, £53 BIAR I 1 25 Bk o IR K (1 — 4% Hi 7K COD 4 420 mg-L™",
BOD, } 15mg-L™"', A<t mgL™", X8 T (I5KHEA R T /KB KB AR E ) MR ag B Zbr i
(75 Ye Wy B s Fo 3 HE R R 2 43 91 2 COD=500 mg-L™'. BOD,=350 mg-L™", £ Z=15mg'L").

22 FZAEEBATHKDOMBS FRENH

SR FH 0 s R AT 7K R B 43 o o o A I P A A LB (DOC) e AiE DOM., F 5% D) il i
15 7K Ak 38 5 i v 45 Ak BB T KA HLT A A [R) 43 5 ak DX R 43 A AR, R LB B U0 K Y
5 5 R4 Ab BT AR FH o A AL BT H 7K DOM (943 B 40 A 1 43 FLRRAE F1 431 o 0 A
A3 UL 1R 2,

&L AT, BRI 7K DOM 43 F T i 3 22 434 £ <1 kDa /N3 i i X [H] F1>100 kDa 9K 43
TR X, TR & A 46.04% ., 42.79%, 4y T AR 1~100 kDa B 2H 2r & AR D, X
07 11.17%. R BEVTVE K o 7K R Ak it 7K % G- 420 H 7K DOM. 32 %2 43 7 £ <1 kDa 19 /43 F it &
XE b, 5 A5k 93.75% . 84.98% . 90.67%. 4 2 Al 1, IREEVLIE X Ko F A HLY 25 Brai R
g, Hoh %F>100 kDa ) DOM 2= & Z Al ik 95.59% . 10~100 kDa ity DOM % [%: & K 97.96% . 3~
10 kDa ) DOM £ B # N 75.56%, 1 %t F <3 kDa BY/IN5r T A HLY 22 BR R EE 6. 40 b e B 2 2
e TR T AU EA KR, BOREES 52 9L B LBk i/ T A VLY R A R
IKEIPER, BOREERT R BRSO 2217, B 2.0 AT, KSR AL M nT K K 4 A ML B AL R Ny
FHOLWY, [FBSAFAE—EFE B AR AT AL SN, #Z K i B Ak A #EJ5 <1 kDa A1>100 kDa # DOM Y
F RS9 h 73.10% F1 93.04%, i 1~10 kDa () DOM W B 5 38 474803t 3= B L B 19 42 <3 kDa 1Y
DOM, ZBR#FEH 80.09%:
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r o s £2 SLBHTHKDOMNATFRENT
g0l % é‘%%fﬁgﬁﬁ Table 2 Molecular weight distribution of DOM in the effluent
. ] ;]‘ i from each treatment unit
D 60r DOC/(mg-L™)
i 731 ikt /kDa - — - -
s 20 vl IREEDIIE KRRk AR
a
<1 2 490.0 2355.0 633.5 138.0
20 1~3 24.0 23.0 61.5 0.4
E _ N 3~10 90.0 22.0 38.0 8.0
<1 1~3 3~10 10~50 50~100 >100 10~50 120.0 10.0 15 15
3T irkit/kDa ' ' ' '
— = 50~100 370.0 0 39 2.4
1 ZSRXEETEHKDOMES FREFHFEILL
>100 2314.0 102.0 7.1 1.9

Fig. 1 Molecular weight distribution percentage of DOM in

the effluent from each treatment unit

2.3 FALIEE TTHK DOM B 55K WS E

B AFLEATTH K B DOM Fl4rF i <1 kDa (1 DOM MBSO GiEtn & 2 FiiE 3 s, B8 2 AT,
2 Kb 3 25T K S DOM 1437 i i <1 kDa B DOM %8 4Pl 32 % 4E v 78 200~300 nm 4 B il
7K 5 DOM Fl143 T JF f <1 kDa ) DOM 7E 250~300 nm 40 777 — S48 53 A W g . fy b o] #EWE, S
WE K RE A AT HIEAEY . TR MAIAE AP, X 0T G5 YTEIR R 5 o i A
TR TR 0 R 3R SR 2 0 o ik 1 ik A5 AT ML) 1 o i o8 AL R B A IROR . BRI AR A e,
TR EEDLTE /K 2 DOM Fl43 T i fit <1 kDa i DOM 7E 250~300 nm W Wt WA fir B ¢, 33 Ui I TR BE DT TE
X R IR SR A ML A B R BRRCR o KRR Akt K L 4 ST K S DOM RN 4y T
<1 kDa ) DOM, 7E 250~300 nm &b W 5 e 58 55, 3K 13 B o G e A0 6 A 1 R A — 1) R A 22
R WWEE2ME3H, HTIREELHZIE, 7 BifE<l kDa i) DOM /5 £ DOM 1Y 80% VA I,
B, & DOM %8 41 W e o 1% 76 TR 358 O 7K« 7Kg IR Ak sl HE KR &g 4Tt 18 K AW 5 T 4 T
<1 kDa A28 HMR IO TE IR ARAHAL

oer Kt 061 RN
R ost gggﬁw
A RACY
KRR A
— IR
e i
R 2
= =
0 ! ! 1 — 0 1 1 1
200 250 300 350 400 200 250 300 350 400
P K/mm i /nm
2 FHALEE T KE DOM 3 BREBHEITHKS FHEE<1 kDa ) DOM
EL N LOMNR YA
Fig. 2 Ultraviole absorption spectra of total DOM in the Fig. 3 Ultraviolet absorption spectra of DOM with molecular
effluent from each treatment unit weight below 1 kDa in the effluent from each treatment unit

24 £AIFE T DOM B = 450 S4S1E
VI IR 7K 45 4k BB T HH 7K DOM ) = ZE 92 6 nIE 4 firzs o v A Matlab 3k 4432 F 47 1 15
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(PARAFAC) I BT 25 Ab BB IT /K = 428 6ok, @b th 240 = 490 B s 4 Bt i) = 4k 36 B 3
Ml B 1A =R PRI GR 22 300, I R T3S 8 e /D AR SRVE AR 25 - O Mt /b, s RO — BRR A
T 22 SR AR AL A3 50, DT 58 BUAL 43 0 o0 f U0, fbr 25 SR T, B it ok gy 2 9okl gy, 455
WES s, HALE T H KB HA 1A 50 B S wTAL, B KT & 415 1 ek
B WA 2 4560, 1§ A S Ex/Em=235 nm/430 nm; 1% B 24 Ex/Em=350 nm/430 nm. #4174} 2 $1 1)
BOCH WA 2 D96, 1§ C o Ex/Em=225 nm/350 nm; 1§ D & Ex/Em=265 nm/350 nm. IR EEILTE
K KA R A3t K B 1A 2 T SR A AL 2 AR B I AL g B BT H K Y
LA P2 AL 3 2006, 400 g AL 1§ B, 1§ E(Ex/Em=285 nm/425 nm), LI %0744
K e NETE SN R 2 A X BGHEATIHE : Em < 380 nm X 48 5 & /b5 55 75 R 19 5¢ ' PH A 25 46,54 1R
S| BOA O, 1 Em > 380 nm 1 XI5 2 IF IR AIAH G . g A Fillg B e R 2S5 H R
MZA G IR G WY, W C A, 1§ D Al eI B 057 A k2 B Bl B U0 # VR v 10 2E 1L
A= )RV TR Y 20 B ) o S LA i g B U E AT R 2R MM A Y B 2 R DY R R T A R U

M & 4 0], YIHIBUE K 245 A BR T AN LS, A S9OSR BRI, W AL 1§ B, 1§ C,
W Dy [F A BSOS A T3 i, Anig B, SIREEVIEAAFLE, W C. 1§ D EARSE S LR,
XU W VR BRE OO UE X A TS L AR O R A TR A 20 R A T R HL A ) LR ARG I BRI, X5 2.0
it —3 . KRBV, W A BPOEHREEFEIR T 59.84%, Hrh4rF ikt <1 kDa i) DOM Hr
W AR 56 R BEREAIR T 25.60%; W% B 1 2 SR BE R AR T 34.89%, 43 F it it <1 kDa ] DOM 1 il
B RBRBORE 2%, X UL TR EEAL BT K 53 F 9O A WL (5 F B it >1 kDa) B K BRACR LS . 2K i
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Fig. 4 Three-dimensional fluorescence spectrum of of DOM in the effluent from each treatment unit
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Fig. 5 Peak and axis graphs of the oil separation effluent based on the parallel factor method

MRl b B, W A B9 2GR EFRIN T 6.95%, b/ i<l kDa ) DOM ¥4Il T 8.69%, /N4y
T ¢ G5R BE (<1 kDa (A HLY 9¢ 65 B ) 7 e 1 84.62% | T+ & 98.84%; W B Y L3R FERRAR T
16.83%, 43 i <1 kDa ) DOM % G5 JE AR T 6.01%, /N4rF 2 68 5 b i 88.48% L F+ &
96.57%, X VL HH /K i B Ak 32 22 24 350 00 K or T 2O g A g B # AL i/ Ny 26 i, (6]
VN R AR R = N NI NE = = R e VAN = W (11557 A N e RV e i =Y Y T = B L s
T <1 kDa i) DOM i A A7 650 B AR T 29.99%, /Ny F 56 6 7 H i 98.84% F % &
83.72%; 43 Jit &t <1 kDa [} DOM Hv I B (1% 2% S 5 FE AR T 43.96%, /N4 F 9% S0 58 BE i L
96.57% [ Z 90.16%, X it B 4S8 LA b BE X /N4y T2 6 i B — 5 BRSO s 18 E A9 %¢
5 B AE 4 F it f <1 kDa DX [A] B 2 3 5, 3 3R WU E A RE hy o A8 A0 Ak 2 Gk 72 v iy o ) 7 4
T ) R A E 7 A 0 2 R 5 IR S T A R

VIR K 28— S hb B (BRI AR BEUTIE), 7F Em<380 nm I, 1§ C. 1§ D AYZGIRJE 5 = b
FEAIR T 99%; 7E Em>380 nm [, W5 A g B 1998650 FE 73 BIFEAR T 60% 1 35%, 33X 10 ] — 2 4k #
X Em<380 nm AU AT WL HAT 4 B9 L BRAUCR , 1 7E Em>380 nm i, A3 HLY 2 BR FAHXT ARG, &
A B K A R Ak A G A AR ), #E Em>380 nm B, U A FIIE B A998 5 B 43 S BRI T 23% il
48%, %8I 2 A FE T AE Em>380 nm 1A ALY = BRRCRA TR .

3 #ig

1) >R FH B 11 -TE B8 DU € /K i PR Ak -4 S AR A0 & T 2 A0 3 T OIHI i K . SEe s R R, %
T2 G T 22X UYL K v A B A B0 S BRAIOCR , 4G T2 117K COD . BOD Fil £l 2646 b
KRBT CTEKHEA IR N ACGE K BTbRiE ) i B HARHERZEK .

XA T A4 B0 1 K DOM 47T T 40 F i 0 9 . 45 SRR W, FEh o i K
DOM 43 F Jii 5 & 2243 4 7£ <1 kDa F1>100 kDa; {R &E T 3E X K 4 F i &5 1) DOM A 5 4 19 2 BR A
B, IREEUIIE K L KRR A 7K L 440 /K i) DOM 322243 i 7E<1 kDa.

3) XA T2 h & A BT 7K ) DOM #1471 54RO TE | = 4E9 OGS Re Ik 40 . HOt
TERRAE BT &5 R aT A, AT K h &AM AR EGAEY . 285K A LE
Y. A RN AH T R AR T S i, o b R A A P AR Y B AR
BRI EACE Y . AR A TR Y 20 B o S LA WA AT ER — A B (B TR B DT TE ) HE A &
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Abstract A combined process of oil separation-coagulation sedimentation-hydrolysis acidification-aerobic co-
metabolism was used as to treat cutting fluid wastewater, and the transformation and removal performance of
different organics in each treatment unit were investigated. The dissolved organic matters (DOM) in the effluent
from each treatment unit were subjected to molecular weight fractionation by ultrafiltration membrane, and the
effluent from each treatment unit and its filtrate were analyzed by ultraviolet absorption spectrum and three-
dimensional fluorescence spectrum. The results showed that the DOM molecular weight in the effluent from oil
separator mainly distributed within the small molecular weight range (<1 kDa), and the large molecular weight
range (>100 kDa), their molecular weight ratios accounted for 46.04% and 42.79%, respectively. Coagulation
precipitation has a good removal performance on DOM with large molecular weight, and DOM in the effluents
of coagulation sedimentation, hydrolysis acidification tank and aerobic tank mainly distributed within the
molecular weight range lower than 1 kDa. There were five fluorescent peaks during the cutting fluid wastewater
treatment process, of which peak A and peak B could be assigned as a mixture of polycyclic aromatic
hydrocarbons and heterocyclic compounds. Peak C was petroleum. Peak D could correspond to the microbial
and bacterial cell material and its secretions or mono-aromatic hydrocarbons in the used cutting fluid. Peak E
could respond to a heterocyclic compound or a polycyclic aromatic hydrocarbon humic acid. Through primary
treatment (oil separation and coagulation sedimentation), the removal efficiencies for peak A and peak B were
60% and 35%, respectively, for peak C and peak D were over 99%, respectively. Through the secondary
treatment (hydrolysis acidification and aerobic co-metabolism), the removal efficiencies for peak A and peak B
were 23% and 48%, respectively. The treatment process had good removal performance on organic matter in
cutting fluid wastewater, and the total removal efficiencies of petroleum, COD, TOC and BOD; could reach
99.99%, 98.81%, 98.74% and 99.78%, respectively, and the organics indices in effluent could meet the B Class
Standard of Wastewater Quality Standard for Discharge to Municipal Sewers (GB/T 31962-2015).
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