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Abstract: The wastewater from a cellulose ether production plant in Henan Province still had a

COD of 45 000 mg/LL to 46 000 mg/L after physical and chemical treatment. To achieve stable
compliance, a three-stage UASB coupled with A/O process was adopted for its treatment. The start-up
characteristics and pollutants removal effect were investigated. The results showed that under the
conditions of 35 ‘C and influent pH>6.8, the influent COD of the three-stage UASB was gradually
increased from 3 000 mg/L to 45 000-46 000 mg/L., and the HRT was shortened from 45 days to 6.7 days.
After stable operation, the COD removal rate remained above 97%, with an average COD removal rate of
80% in UASBI, far exceeding that of UASB2 (13%) and UASB3 (3%). The pH separation was UASB1<
UASB2<UASB3, and the ratio of volatile fatty acids and total alkalinity (VFAs/TA) of each stage was less
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than 0.3. The average gas production rate reached 2.28 L/(1-d), and the gas production per unit organic

matter was 349.82 mL/gCOD. After the A/O process was fully loaded, with the mixed liquor return ratio of
200%, sludge return ratio of 100%, and SRT maintained at 12.5 days, the removal rates of COD, TN,
NH;—N, and TP were 84.81%, 78.82%, 98.39%, and 77.38%, respectively. The operation was stable, and
the effluent met the Indirect Discharge Standards for Water Pollutants in the Chemical Industry (DB41/

1135-2016) in Henan Province and the receiving water standards of the wastewater treatment plant in the

industrial park.
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Fig.1 Flow chart of three-stage UASB coupled with A/O
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Fig.2 Changes in volumetric loading and HRT of
three-stage UASB system
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Fig.3 Changes in COD concentration and total removal

rate of three-stage UASB system
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Fig.5 Changes in pH of three-stage UASB

FE A B2 T, T K G fer o R R RS
BB P R UASBL N &R T 7= AR A BILIER , VEFAs 3R
SR, P LE G PE TR, K pHBE 2 6. 70, I
ek HE TR AL, UASB2 .\ UASB3 14 pH U1 A0 i FE A , (H
Ty Re 44 7 H e 1R A K TR 19 pHL, T 3252 i #2/)
RYEART COD LBRFEFEZ 96. 60%. 1E UASB1 N
BB , pH B TH 5, COD K bR HA5 LIk .
Ja S5 ) Gl a7 3)) , UASB1 .UASB2 .UASB3 Y pH
Iy tE AR L 7. 2~7.4.7.5~7. 8.7. 8~8. 1., J#H
N PRAE A T B i B pH R 7. 0~7. 5, HAEAR IR
T UASB2 Al UASB3 4 pH A 12 12438 ‘B V0 T s 7= B s
AT RECR AR S TE 1

<111 -



B4E oM

OE 4 K HE oK

www. cnww1985. com

YA R S FE AT AR I, RGP pH
Pk UASB1<UASB2<UASB3. X Bl 2 2518152 FH G 2%
SRR ZR G0 (UASB ) b BEBH 2 TR R K i 2 2R, 26
— 2% UASB 555 — 2% UASB 7K pH % (43 511K 8. 40
59.02) 1}, COD B BRF N 70% A4y, fm T HL 2%
UASB, B £ 2% UASB R 41 pH 53 8§ I A 23 5% 1)
77 B TR T P AT R A A AR L R O
TR O T R 4 b AR
2.1.4  HIKTA K VFAs 197284k

7K TA & VFAs )28k 18 6 lrzs o AT LAE
L TEYIAL I, A& 9% UASB H 7K VEAs 1 TA ¥k i 1
82 ETHas xOR il PRI RGN EA L%
X BB ) VEAs AT G o (HUR Bl B2 VA
PR R TR S TR W b T =, 2 N AR A 1
FERT, VFAs 23 TRaE . YWIMEwIi], UASB3 7K TA
W E 237 T UASB1 FI UASB2, 3% J2- 1 T~ B 0 2% 9 1o
HRT 94k, UASB3 7 i 0B 7K 2 e BE A AL 55 A i
1) VFAs IR Z X i MTE AR R 3/ . Bl 81T
BF[E] A 4 A%, UASB3 W (1) TA Wk 32 i K [, a8 47
R T VEAs B B it 5 I A% 1A HE R
A TR TR 3R THB B, UASBI A5 T 4 85 w5 17 7 1F
TR, S P R 5 1) VEAs B B R 7E 175~181 d i)
AR . BRI VEAs 7EEAIK pH R X = !
Pt R FE MR AT . FE R GBI BT IR
UASBI1 9 H 7K VFAs ¥ J& [% % 5. 52 mmol/L ( LA
CH,COOH 31 331. 2 mg/L) , B AL AL Z il VFAs 2
SR PTG R L H VEAs X7 B 5% B B0 5% i Bk T
pH, HUA 78 pH BAKET , B B 740 i VEAs L] K
s B 7 1 BE T R COD Al 25 B3, I 2 e s i K
VFAs/TA 24 0. 26, 1 0] LLFIE &R 58 A PR Ak, T
o PR e BRI A TR R

i i

20} 9 GREEE {50 106
UASB3 |\ . . A
10 ialln/ Y \ti/1, - = N V= VN 25 0.3
o0 0 — {0
= 20lUASB2 VFAs BIITA— VFAsTA 150 2 106
E 4%y A\ g £
% P ARHAAN e el o [ 25 E 03 :m
< 0 0 <\( 0o =
B 5olUASBI 50 = 10.6
10/ / "s \\/\“\v/ : //\Hx /A//\‘\L /' s \\/w/"’\ 25 0.3
0 0
0 50 100 150 200 250 300

t/d
B 6 TAFIVFAsHIZ{L
Fig.6 Changes in TA and VFAs

FEI T R a2 B T (319 d) , 45 9% UASB i 7k
VFAs W BE W T B, A T2 2 BEVa B 2 1, 430l
9 4.17.3.67.3. 17 mmol/L( Lk CH,COOH 743 5] Jy
250.2.220.2.,190. 2 mg/L) , %F 1 [ TA ¥ B 53 51 R
23.17.33.36. 18. 65 mmol/L ( A CaCO, it 43 5l Ky
1158.5.1668.0.932. 0 mg/L),4$2% UASB ) VFAs/TA
3B 0.18.0.11.,0. 17, H & ¥ UASB3 i) VFAs F-
P 2EIAK T UASB1 A UASB2, Ui R4t 2t K
BHEIAYIE, C B4 T —ENZmae ), #4505
REME AERF R 00T , PR3 R Ge A 1Y [l i 2 A 55 e
) COD Z%

2.1.5 K=k

= UASB RGN B an 8 7 s .\l
MM S B B AT T R R AR R I LT
B, B i 7 R BE TR 38 N B ) B R AL, X 2R T
AR 3R 1 5 COD 21 4 22 ik A= ™ P 7K 1 3 7 M 328
ek, e SR, S I EEIR A i
A BT B 7 AR B E TR A9 UASB J
IV i N AR RE R B I 0 /N, AL S AR R R
BT, #E175~181 diH[R] BAR = SR TR, Z I
IO 2 R AL Y S MR R, UASBI 58 11 7= /N0, i 5
Twa R 5z N g% N pH, 4R SEi5 4T 2 187 d, =%
UASB 1 0 25 B ST R [T FEi A is AT
BB, SO f B ARIE AT R, 77 AR BN AR, M
SER PR AR R 5 2. 28 L/(L-d) , BARi A WL Y 77
S AT Ik F) 349. 82 mL/gCOD, JE M AL R 5, "
SRR A . Z PR AN # To e =T b &
PR E R BRI T BRI SRR A

—o— BABUST

601 — SRR

25

5 =
2 2
= =
i e
& it
@ &
e =
2

100 150

t/d
E7 =ZUASBHIFSE2%H
Fig.7 Change in gas production of three-stage UASB

200

250 300

<112 -



www. cnww 1985. com

FRBEN 5 2 UASB#BEE A/O 4L 32 3 COD 4 2k Bk & = & K

FA2h HOH

2.2 AOLEZEHEF
2.2.1 COD EBR1EN

A0 T2 61 d 58 A 8l th 7Kk COD 2k 156
mg/L, £ R FRIEF) 84. 81%, HAKMNIK 8 i . M4
7K COD ¥ B I T+ B (300,500, 600,800 mg/L) ,
Jt B 45 SR E 7K v BE AR E 7 1 000~1 050 mg/L. £
JE B ET I, AJO R EEXF COD Y BRI A m . N
45.36%, o] B 45 o5 COD £ B AN 40. 529%, W
LRI A K TE A ORI AN IS R R =
R, 6 Ot %) DO MR BE HEA TG I 2 IR 5 mg/Le A
WFFEIN A, B P Y DO W 32 R 7E 2~4 mg/L, i
MR s T BUE TS e AR MR, kA TS U 2 Ak
L, B e b A FLBTE A K R S K
BCRY St RS BB 1 DO TIAE 1~
2 mg/L, FHTAE O AN , R GE 0915 Pe TR A e
B, SV MK R 27% . 4 3E K B R L R T i
B (5519 K), T LI £ COD £ B35 F I &, n] L
HRT (1) 48 58 % 52 4% W 875 e 47— g vhili o BE#
o shid BRAYIETT , A/O T 2% COD 2B R % i fa
BRI, e &35 580% L .

17K COD
2501 —e COD LB g
L]
.o . 80
200 /B
= S
% 150 / ¥
E — HRER 60 &
2 TR #
S 100 | s S
° [
50 \‘J 40
0
0 100 20 30 40 50 60

t/d
E8 A/0IZE3CODHERIE
Fig.8 COD removal effect in A/O process

2.2.2 AL

A/ Shid R b K B A S B AR s S
W9 Frzs . LA S shol i i T3PS Ve
it A, 2B W BAAE R HH KK BT, RS TS R GRS
9 2% B BE 0 22 20 5, 25 UK R SO B 4R v B 31
mg/L I (55 16 K ), /K B A 11. 49 mg/L, RGEXT
SRR EBRAFN 62.94% ., WA LR EE S A
M SR P AT G , 4 B i A A TP [ B 2
200% B (5525 K ), KB AR 28. 50 mg/L, R

iKF50. 87% . K5 R il Ak v 1 F7 25 E T4k
AESE IR AL 58 5 X A R I ok B2 22 s i Ak A s
EACAE T, A7O T 20 R AR W i L 3 3k 9 45 B2 i 1k
SN AR A R R KR 114 S g o R
4P R LR 1009% B, A St H B89 EG 40 2 I 2 e 323
RS 7 i S R o [ A 3 S N I B
Jei , ATt SRS AR 2 SIS N R G A
BRI . EU AL v 0 PN TR B 2 R A Sl ) PR AR
WBE, A Wi T L S shUE 12 R K
FE A, e 250 BV S B 38 1R 51) 78. 82% , H /K LA
4 20. 54 mg/L, i 2 KK BT K

7K TN o TN LR
35 EEIUKNH-N o NH-NZBRE Lo
9 g9 @9 5 00 990 5000, 9 °
%9
25
= . ,°\°°.°80
gﬁ o \.O ‘S
£ 21 i %
= AL 60 &
= o g
% 14 Kl
= ¥
40
7H B E
L)
NIRRT T T T
0 10 20 30 40 50 60

t/d
B9 AOTI Xt TN .NH,-NHEIEBHE
Fig.9 TN and NH,-N removal effect in A/O process

Ja s, #E K = A R 22. 33 me/L, B 15 R Y
K g2 94k, L9 AT LU H A/O 2R 4% 24 A 22 BR
R R S EBRRIE90% LU L. EAM LR E
SR A TR 5 A R AT e L, IR AL 2
J& TR A SRR AN, LR 0 A A sk A 5
T BB R kA ke G B AR AR T BT, O KR L
Py BE T R AR A S BN, RGN H AR A R
I HRRE M R BRECR . TEE 61 K, R HIKE AN
1. 31 mg/L, EBR3H 98. 39%,
2.2.3 WERBRIEN

A/O Y J5 Bl R % s 1) 25 B 0 18] 10 B
No LA, SR A0 T2 % B ny 2B R
AN HEFFTE 48. 36%0~52. 05%, /K BN 1. 05~
1. 10 mg/Lo X FEJE oK Je 4205 R Ir 8. 15 ak
BE R AL B R T B R o B R U I R) R B
WA LT e RIS . oA AUE B B R R S 5 i
N PHB (RFERIE TR FE T IR ER ) bk /b, FR | PAOs (3R

+ 113 -



B4E oM

OE 4 K HE oK

www. cnww1985. com

A, A B SR A SR Wl v ) X i il o PRI,
AR 5T 4 B S 20RT IHPE 9 AE BRSO A
WS, R BB LB A Tt . BiE A 8h
HIHEAT  TE55 16 KT, RG0 Mii £ R RITET
W, Xt T 250 PAOs X B M i & &8 iE T
TR, RS HEE , 2 b i A (%) B b 200 it 22 i, D
Ml R GRS T R o 56 34 KU il g b 738
R ARG IR (SRT)TE 12. 5 d 24y, RGNS
WY LBREE B Wi . 25 61 KX ,A/0 T HK
SBEORERTE 1. 39 mg/L, BB BRRINF 77. 38%, 15
SR KK BTER BRI R 47

5 -
P g e - oo 80
4 14 . L) - 9o 9
v 60
— kTP &
= 3 o TP LB 5
£ &
= 40
= 2 Ay
H
| 20
0 0
0 10 20 30 40 50 60
t/d

E10 A0 TEXMABHERNE
Fig.10 TP removal effect in A/O process
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