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Abstract: The accelerated industrialization has aggravated the water pollution in China. The
discharge of high-salinity organic wastewater will lead to further deterioration of the environment.
The effective treatment of wastewater is essential for the recycle of water resources. This paper
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reviews the research progress in microbial treatment of high-salinity organic wastewater through

typical cases and introduces the survival and tolerance mechanisms of microorganisms in

high-salinity environment and the research and application of microbial treatment of high-salinity

industrial organic wastewater. Furthermore, this paper puts forward the existing problems and the

prospect of the research and application in this field, which can provide references for the

development of biological treatment of high-salinity industrial organic wastewater.

Keywords: high-salinity industrial organic wastewater; biological treatment technology; microbial

application
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FEE TR, PR EE | Bk 2 usm
HRERE T Mg™'. Ca® Fe’'/Fe’ fl A4
J& T 25 2 AR B A% 518 BT T i T 2552 80N
P, TR E B 2R E A H R T
DU e TAEFFRASEE R . XL Jm & it
R R B R D7 U EPS S iR T
2 B R AT | DT B B e PR B4 T BB
ifii COs™ 55 PO 25 T8 LT A B B T8 4 A%
MIVERT, HE—AAR UERURL 15 TR T

BT COD ZLBRFCRSP, SAGS HIBLARE
WARHE CHE . HEE T E R — e E s, By
U HP 8 B e TR Xk W R R A R A A I R
BERBEARC, PHE R, 2 54kt fE
= A 1L 41 7 (ammonia-oxidizing bacteria, AOB)FI
P il 1R A AL 41 1 (nitrite-oxidizing bacteria, NOB)
TEERFEAY 3R 33 g/L F1 20 g/L NaCl (g Fh ]
K1 FHOEMSREAIES G EKNEBABER
Table 1

DU A AR D DY T 243 B N 1%82 5
2 2%, WIS T0%TEEE 40%,
X2 R A A R SRR A AR R G AL
KRR, HUE#2RE SAGS 5| ARA
PTG RIFLL SBR T L AbFRmERE K, KITE
3%MIERIE T, AR E R R 50T LU
FRE 90%F1 70%LA b it o 7AW or e &
B, S5 TS R EE nirS il nirk 19 465 5%
DRIP8 DUBCT B 21 IR R A 3% N A A 3
RCR T BRI 5 i) DR R B T o i S BB AR
TR SBRZR Gt HRMInE i ) R S T e rT
DA 22 G2 10 O USRI A, (R RT3 AR X 3
2 Tk, AR B T RN
XA T AE WA i T Bt 2 0L F A W5 K
IR ARG, W LAVE A U SAGS b3 & R 7K
B R AR AN R i 22— (3 1)

Application effect of granular activated sludge treatment of salty organic wastewater

VAt AEPRE LR AR FIEK Qb PRACR: BTN
Type of reactor Salinity (W/V) Type of wastewater Outcome References
Aerobic granular sludge- 3% Simulated wastewater, COD: >90%, TN"D: >76% [25]
sequencing batch reactor activated CH;COONa: 1 000 mg/L,

sludge process (AGS-SBR) NH,4CI: 350 mg/L

Aerobic granular sludge- continuous 1%—4% Simulated wastewater, COD DOC?: 91%-92% [26]

flow reactors (AGS-CFRs); Algal-
bacterial granular sludge-continuous
flow reactors (ABGS-CFRs)
Aerobic granular sludge-

25 mg/L
0.2%-2.0%
sequencing batch reactor activated
sludge process (AGS-SBR)
Aerobic granular sludge- 0.5%-3.0%
sequencing batch reactor activated
sludge process (AGS-SBR)

Sequencing batch airlift reactor 3%
(SBAR)

Flocculating bacteria
Psychrobacter aquimaris X3-1403

Simulated wastewater, COD
(CH3COONa): 500 mg/L, 70%
NH; -N (NH,Cl): 50 mg/L
Simulated wastewater, COD
(CH;COONa): 200 mg/L,
NH; -N (NH,CI): 25 mg/L
Simulated wastewater, COD
(glucose): 1 000 mg/L
0.08%-3.00% Simulated seawater wastewater, COD: >90%, TP®: >80% [43]
glucose: 800 mg/L, CH;COONa:

(CH;COONa+glucose):
600 mg/L, NH, -N (NH,Cl):

COD: 90%, NH;-N: 95%, TN: [40]

COD: 88.9%-90.5%, NH;-N: [41]
43.7%—72.6%

COD: 85%-90% [42]

500 mg/L, peptone: 250 mg/L

Aerobic granular sludge based on 5%
AT (Aspergillus tubingensis)
(AT-AGS)

Simulated wastewater, COD
(glucose): 900—1 200 mg/L, TN than FAS®; NH;-N: AT-AGS is
((NH4),804): 90-120 mg/L

COD: AT-AGS is 11.83% higher [44]

7.18% higher than FAS

@ Total nitrogen, TN; @ Dissolved organic carbon, DOC; ®). Total phosphorus, TP; @ Flocculent activated sludge, FAS.
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2, TE 1%—3%IMEREE T AT DAORIIER & g b 3
ROR s 1%—4%RY 0 T BURL S R RS € ARG,
TS R R U NI e ) A B R GEAE 4% 1 8 )%
T, ORLTS U B A B B B R
Zou PR R UTME RS AE CFRs T 4K BLK
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TEF AR b B SRR K T 28rh R4t
B A 35 N RE ) HAT — R i v 1 RE A B A
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Firp, WET S IR 2 OGN R RS ey
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IR, 283 WAk 5 R B R 1 15 8
£ 3.5 g/L NaCl [ Hi7k COD ZBFE8 T 97%
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ER L, TR AR T AR 5 e 3 A 2 1 Ak B K
R, USRI HCRBORM , AW Al e ok I
3 0 PR Y AR A, 5 S0 A BN A 1 BT 1 4
JRAERBEIR , SRS 0 A ) e AR AR A 5 e Ah
A R T Ak KA P BB S BUMAE Y S RY)
Z IRl ety , A Yo A R R e T A
(DGR ARSI P SEIVEIS:-H i AN}
BRI RTER PR ARG SRR A
NIRRT B A 0y =, i Pt AE ) SO
AT T YR AT I R A4k , 5 R B P 4 Tt
EREEE 3.0% (30 d), H COD M A M LBx%EH
P TR, a2t Z AR (90 d),
K COD K2 E M £ bR 2 B W 5N
I, RGPS Ve A T T ER 94k,
FEEE X AN [R] She YR 1 14 75 U R 7 7 A [R] 9 Ak 56 i 1)
PR, AT DA S g R vy EL T R R 1 e R R
WEEHIRE T -
22 WEAEMERKRRERRSEATIZ
TR Y BAA e M SO 2 DR A P Y
Ferk, 8 X — R e A s KA B PO B
TACHER, WD TSI AHERC, Horp
H W I v s (membrane bio-reactor, MBR)2&AE 4 [
N S A AR SR 12, @A Ry
HE G, AP R4 AT B[R A 2
B BAWI RN g —FP A T B B BRI
AEYRE IR T 25 KA R, M TR S AT
PR BAT SRR = . R L $iT
phiireine . FRIsles . (GBS T
RS R S, FHTACPR s R K MBR T2 3
A B4 B MBR (membrane separation MBR,
MS-MBR)HIS, MBR (aceration MBR, AMBR)"",
MS-MBR i F (8 BRAR B8 LA AN [ Ry ik
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J& (microfiltration, MF), ## i€ (ultrafiltration, UF)
4N & (nanofiltration, NF)J& , BEFLIASEUN, K
R SCR AN AOK BB Ry , {0 R S8 R B A5 e 2
P JETFANERL) NF-MBR FIBER MBR
(forward osmics MBR, FO-MBR)/J& T & &
MBR (high retention MBR, HR-MBR), A LAB{f
HOHR BRI T B, A — AR T AR B
H AR R AR S BRI T — 2k
ARSI R Tk, IR E R Geh B ik
—HARTE, 3 A PRI A B S B
MS-MBR £ 5 SBR. #%3f KA= W fIE S vy
(moving bed biofilm reactors, MBBR) . A= #4%fil
Ak LV #% (biological contact oxidation reactor,
BCOR) A I i =X K 475 Y JK (up-flow anaerobic

&2 MBR RASETIZAEEREHEKEANR

sludge blanket, UASB) . ZBK& i, LIxseT
2R IKAE K, AT LA — PR m A R R
HIAK B, i TR B/, MS-MBR
FITE PTG AR B T2k, AT DAORIE R e id v s
JenygiiE, MS-MBR X HBA LR 16 15 et
i (8] (sludge retention time, SRT)FI7K F745% &4 B}
[fi] (hydraulic retention time, HRT)JE 7 iC He, A1
AL LS D3 /N ) 2R G AR S B i A ) Ak B A7
il FEAR 25 b K AL PR B H, MBR 41
G126 30 g/L B NaCl #88&+, #k/K COD 78
100-2 300 mg/L i}, KF AR AT LLE ] 80%L4
#J COD mi & A MLk (total organic carbon, TOC)
EBRACE, X EAMA AR LRFWREIRFRTE
80%LA I (3 2). PR T2 AR EAEA LT 3% A9 ER

Table 2 Application effect of MBR and combined process to treat salty organic wastewater

S SN gRZER A ¥ LS g RE PR E =BT
Classification Type of reactor Bacteria Type of wastewater Salinity (g/L) Outcome References
MBR MBR Photosynthetic ~ Simulated wastewater, 30 HRT=48 h, SRT=30 d, NH;-N: [57]
bacteria COD: 2 310 mg/L, NH;, - 90.5%, COD: 88.7%
N: 48.09 mg/L,
pH 7.5-8.5
Front-end MBBR-MBR Active sludge Simulated wastewater, 10 HRT=15h, [58]
aerobic COD: 800—1 000 mg/L, NH; -N: 99.65%, COD: 80%
+MBR NH;-N: 80—100 mg/L
MBBR-MBR Marine bacteria Simulated wastewater, 30 NH; -N: 82%, COD: 93% [59]
starch: 1 800 mg/L,
NH4CIL: 191 mg/L,
pH 7.5-8.5
BC-MBR Halophilic Pharmaceutical 30 COD: 75% (Ampicillin conc.= [60]
bacteria wastewater, ampicillin: 50 mg/L), 60%—70%
20—100 mg/L, (Ampicillin conc.=100 mg/L)
Front-end AF-MBR Active sludge  Aquaculture wastewater, 34.5 HRT=8 d, TOC: [61]
anaerobic TOC: 100—125 mg/L, 92.8%-96.2%, NH, -N:
+MBR NH;-N: 40-50 mg/L 93.2%
UAS-OMBR Active sludge Simulated wastewater, Total HRT=2.2 d, COD, NH,-N [62]
glucose: 4.46 g/L, dissolved  and TP>95%
NH4HCOs3: 366.6 mg/L, solids: 4 g/L;
KH,POy: 53 mg/L 12 g/L
Aeration AMBR Active sludge Simulated wastewater, 30 HRT=24 h, COD: 92.8%, [63]
MBR COD: 220 mg/L, NH;-N: NH; -N: 98.5%, TN: 70.6%
32 mg/L
AMBR Active sludge  Simulation of phenol ~ 0-32 Removal rate: p-nitrophenol: [64]

containing wastewater
(glucose, phenol,
p-nitrophenol,
hydroquinone), COD:
573—1 489 mg/L

95.8%, hydroquinone:
91.8%—-95%, COD:
86.4%-90.5%, TP:
89%—96%
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AR R 5 T J2C 225 HEE 19 7 A T Sl 4R0 R 15 5 3R PR B
Hr, AR S 7R SR AR A RO AR,
FixX—T.2., AMBR 1E 3%FHIEE B 4400 F R A
2R AT LA E] 98%LA I, AL MBR fY 80%
FBRRA B E AT, AL i MBR 2
137 s, AT AR T R G A & ER R B
PR R

3 Wi MmN

PUR LS PEIS Je IR, i i T2 it
RES A RUE Y C 2] ITEA = T 3% T
A PRORFR 05 ER PR IK o BEOX B ey R K B i
FRTE UK SIS, AN e TR AT s A D )
PRI I, SRS 5 UM A R A, An e A ]
Mt 5 2 W Dol A 0 0 i % A ML K A Ak B
I AR AR I RE , AR MR T s 1 A HLE K
AW PREARAR
3.1 WAEYESSRMEDEFHNE

A X RE TR 5255 7 SR A [6) , R ] LAAE —
RE R PR B A M 00 i R AR R B A ) o
Horp, e ER AR — MO EAE S TR AR M AE K

I H @ A4 K ARl 10%-15%0) NaCl, Tl
A YIERBIEA ST ER A P IER K A
RETE & A — 8 VR B B3R W it 5z A 4, LTt 52
R — ISR T R A 0 XA YR
FAAS R ) SR A 2 S s A AR K B
3.1.1 B—ERATT R

[ETENE 250 AN 1 e =X 7/ B 1] 12 Svig R N .0 4
WAE YA 2 a TE AN R E R KRR
FIF-r - Na 7 R i M A2 15 TR AU S 9 193
F Xl R S (K ) 8 T Bl is
(ATP K5 932 i R G)LHR SEBT8 i
— P T EEAE ATP DLSCRE Na i 5 K'Y
R, R AR Z2 W 6 TR7 10 240 Jf B S A FE L SR 21
Jii(bacteriorhodopsin and halorhodopsin), ‘& HA
IR BT AR AP EE, AR, IR
KBy, FERMIGY BT 22 RS UK B B | 1Y) ATP
i It BT tH5 B ATP 25 iZ0LHE 1T T () BE
O SR AN BT T R AR S8 A T BR A N R R
ER 2 XF 20 Y 4545, ROt PN AR 2 R )
(compatible solutes)) {5 5 SJE A Mg e
TE = R IREE AR A1 D) — it ER AL, xR —2
HA®RBBIE . SKIEERAEIE . XL
KUY AL BT i I N AN B B e, s
R 55 DNA ., & Al LA ik 2s
FIZHRET™ X — ML X 40 i o1 B AR A H AT
o A T TR SE AR A U de
novo [, FrLASEBLX —HLi 5 AR 2 1 fg
HAE TR,

TEVEERTAE D, I —FiRe Ik BT £R AL 1
WL TE A8 BN VG h 2 e i 1Y 2 R v R T S R
1) A9 v T K PR 2 SR, Hoh 22 A TR AN I3 A TR
A LIRS SRR AR R T —
S T 1B A 52 i 4 BRI e i e 2R v U0 TR
g ER T A Wy A B — i R B PR TR A R
W A K
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3.1.2 ERFRIMI R AL

FEfR S AR K P b P AR, TR
Yy ¥ e LA REIE 2R #EVE T, BRI O T Y
T R AL A2 A (AR AT o TRTRE PR it R AL
I %R B — R R T ER ML LA, R
S GEHE R EEA YR T ER LR S5 R d2s b )
PR - TR Z ) A BAE D AR Bt ER AL . BT, I
TCRZ T R ERALH IR AR HE | {H 2
EPS FURHZMEY) BT ML RS SN 21
AW BRSO 175 8 Hh R P AR S A N R B LA
M P R 2R o FEX RS, A Candida
sp.Fl Halomonas sp. 55 4L . WEER R 2L TEHRE,
EATAMY A B REGE T 52 S Eh R IR, IR REAE Iy A
TP A AR SR AR A R 27
32 BE/MRERCSERBINEKED
QIR R 5

g/ LA A Y B R G, WL
PR AR R G & SRR AR BRI, X Rl AR )
SR T B E 2B O R AT T . Xu e
P& R BRI, PEAS T —Fh R 4 FhORTR]
V40 K2 D3 R DA R AL R ) T 8 TR, 5 457 25
JRAERIXT RRAEAR LY, AE 5%EhBES50F T, dm
TR 8 A 32 SR BT R AR T 45.1%, KT X2
[ 36.2%; ALFRZHH T W5t 81.8% M R A i K
FXF BRLLIY 54.6%. 5 TR — Lo 40 R &2 24 H MRS
S e, il 2 ek 2 A DL R B AN A
X PR D) e A A aE o — o LB A R G, B
0 T g sk it H AR TS Y S BRI
SR T /1S 6 ) 2 v 5 A B 7K 3 e T A 2
— P e B S . Abou-Elela 52U\ S 2h it
M 7.2% B S I T R K rh 4y s A B i ER AR
Staphylococcus xylosus, F| P 1516
N, XT3 BRI GE P s A (RS g PETE TE
PTG R S THERERD 1.1 1RG, DL R&mEh
Ry, TEASTRERBE(0.5%—3.0% NaCl)i) 414 F ik

PN T & Eh ok A 73 ek ae, 4R, 78
1% NaCL¥REE T, A[FEEFPXT COD Y Bk 240
FEARLREFAE 80%—90%; 7E 2% NaCl ¥k, H
A TS TR R BRECE NIRRT 74%, #
FHIE 75 8 5T 6 T A TR TR R 110 25 R sk o ik
BT 91%, I fef T £ AP Y L BR AR A
FT 93.4%; 1F 3% NaCl ¥JE T, IR&1EMEI5TR
5T AR B A B 2 BR R IR T 93%,  HUM i T
IO T R PR FIRE T 94%, FEXFEPR A
R 7. 2% SR T, B R &
WA TAL S I COD LBRZET] LA E] 88%. i
A JUAR R B A8 8 B8 A X v B b AL K HE A T
b FRALA R S R iR TR Y TR TE
FER IR PR A R 1 COD ZBRakE, Xt
SR A B AR RE PR AR AR Y KOS A
FH it /W8 R L oAb A R TR, X R A
BILIR K AT Ah PR B 8 Jr o, 2 g e i)
FIARAR SO LAl A AT 2 A5 2 81 5 8 1
A AHAs G, XA YA SRR AR T
(BRI KSR 5T 1) AT LA IE R i
Yz BIFEAE ., /g R st AR Eh ik
I RAF Ve L B R e P A W e i LA R i ik
EA LRGSR S R Gk e v RS

fiif /W R U AE R A A B T2 HR B
A BB ) — 43, 8 X TR B R g TR 1 7 2
P, FESL A VR FIHbAR AY E B AE R EE,
X AT B2 5 ) ) 07 35 A 2SR DA R S B o P 4 4
SRS e bk B PRy T, AT DA A Eh A A%
PREN B X, QnifE R b IX | VDX £
B X A5 e X A M 2 PR
T Fh PR BT %R0 0 35 A 0 2 1 R T R g
BRI, [R] S 0 2 R ) Y A Ml HE ORI K HE
JICIE L, DAfSE B 4 i 1 224 b 1 1 7K A BN
KEBLE .

AR, (=N b2 38 D LA ) 2 AL N K T
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FARTF AL B &, FERE TR SR
Tl AP EAR A T B RS, 2
HWEHIT LT Tk A 7, i TR & M Fh R
B ILNB iR R (polyhydroxyalkanoates, PHA), £
FUBR AN TG Y, W& ERE IO E N T —
RTAE A B AR ISR AL . SRTT, WEERGUED)
VERARBE AT, FEXT I Y 43— 03 7 T LR
IR, T & s T g SR A I TR T
H & Semal ) s g b i, ARig
X0 b X A BILA A T A SR A

4 HpEREZE

1o R AL K Ak X T S B ATl
OEIES o9 a s IRV & WP S i e S T X 7]
M AT B T EBARTE Tl 5K AL FER SR AZ L
T o ik WA HILEE K A B 5 ThT A 44 36 A M i
AV, AT BRI T 2R GRS o A
o5 R PRI T e AT R B R AR AR S T R P Y
BRI A2 L RE WA 10 BT 00 T AT o 7 SR A AL
POKR YA B AR e b, it 5| AR,
A LIS e A P Ak B G R T R AR E M LA R Ak PR
RO B H EDO T m R PR P A AR 5 VA A
TR IR Z 18], AR A=) 5 PR BE R - 2 [i]
AR AR AT AL B T TS A T IARRAS , R
AR G5 2 HIE 5 TR BOR , AL A b
57 RS ATY G S — P RIS R o1
i B [RIREd AT R R N A, (A28
i/ AR, AR ST BF5E
BNBEZ.

rrh DA A LR K RGEH B EY AL BT
F BT A7 AR 22 B TR, ] UM LA JLAS T 1
— B (1) IRERUVEY SR T Z . WA
55 0 T2 455 BB O Tl A By e 60 B A A
AIPRET, BEE A RS T, RS 26k
AW BWASAE , B Tt 2 g o R,

FE AT FLAT R 48 v T 5 1 i L LA e b e
i D REME M Rl s, I & Bl 5 2 e £ i 4k
T2, T A U e s SRR v i T
HREWRIZMR T MMESZ — (2) mik T
A L KA b B R G b e Y S A =2
0], AR A= 4 5 045 R 22 (B AR A AR AR
5L IRA T RGP RUEY Z 18] A S
IS 7 Z B AR ELAE AL, T3 24145
FBE 5 b 48 T3 ST AR R BB AR SEER i
YIVEThREM B AN, 35 SRR A S R T2
(AT o (3) A3 FRltrs H R ol il FE P g A
SCEL ERHLE I TIA, SESR A YA BRI
T RS R B2 68 T, DA ) /K Ak B
R o E AR T AR AR R AR A
TR P25, 191 i 2 g 5k A 05 v T ke P ke 3
PR PRETE B, e b B A AT LB
T IV R IR

ARCLER T A ik A B 5 SR AT AL K Y
MAYIEAR S T 2R, B T iZH AR AR i
s RIEES, W T UMY L, I
A T R AT AR G, 56 T A s S A W RV
BAASER | PR A A7 A ) 22 1) (4 A B D R A
FABLH, 22300 % 0 FRGE R, 456 AW
SR A T2 A Re Al e B Eh K AR A B AR
(CXCN) 1P
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