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Abstract [ Objective ]  The purpose of this paper is to systematically analyze the operation problems and their influencing
mechanisms caused by the discharge of wastewater from photovoltaic enterprises into the park wastewater treatment plant (WWTP) ,
and to provide a basis for optimizing the treatment process. [ Methods] Taking an industrial park WWTP [ scale of 10 000 m’/d,
mainly using " hydrolysis acidification + anaerobic-anoxic-oxic (AAO) + membrane bioreactor (MBR)" combined treatment process |
as a case, the water quality and quantity parameters during the commissioning period and stable operation period were monitored in
stages, including chemical oxygen demand (COD), total nitrogen ( TN), ammonia nitrogen, total phosphorus ( TP), salt, calcium
ion (Ca™ ), silicon ion (Si*), fluorine ion (F ) and suspended matter ( SS). Combined with membrane pollution electron

microscope scanning, pollutant element analysis and equipment corrosion status assessment, the impact on the operation of the
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treatment unit was quantified. At the same time, a short-term process modification scheme was designed and implemented based on the
monitoring result. [ Results] The photovoltaic wastewater accounted for 95%—99% of the total influent of the WWTP, and its typical
characteristics were high salinity, high hardness and low carbon nitrogen ratio (C/N). Through short-term transformation (adding hard
sedimentation tank, exceeding the operation of hydrolysis acidification tank, adjusting the process to " anaerobic-oxic (AO) +
secondary sedimentation tank + precision filtration" ) , the effluent COD, ammonia nitrogen, TN, F~and TP had reached the discharge
standard, SS still needed further filtration, and the salt removal effect was not obvious. However, for the follow-up treatment and
regional emission limits, Ca® and Si*" need to consider targeted strengthening treatment. [ Conclusion] The staged transformation
could effectively improve the nitrogen removal efficiency and alleviate the pollution of equipment and treatment units through process
simplification and targeted unit adjustment. However, it is necessary to further solve the problems of high salt corrosion, silicon-

calcium ion residue and salt removal, and consider the selection of corrosion-resistant material equipment and the addition of enhanced

treatment process to meet the long-term operation requirements.

Keywords photovoltaic wastewater park WWTP  membrane bioreactor ( MBR)
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Fig. 1 Designed Process Flow of Park WWTP
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Fig.2 Pretreatment Flow of Wastewater Photovoltaic Enterprise

2 RREKEBNBEK KERHHKK
iR
2.1 BEK[#HKERFR

BT AR HE KA G S K 2

7 868 m’/d, BAHEK AN 979 m’/d, -1 kK &
250 3 684 m’/d, KSR, FiH i T A HI
A R K AL b F R B B, K B s K S Sk
BATHY Bk EIRRE . R A S HEA KRG OE,

— 119 —



JeB R JH S R
SeARAR M AKX Tl bl X AR 3B 47 5

R, 2
Vol. 45, No. 1,2026

HETE A #E K AR K &t R 95% ~99% , Ho
A EAKE S AR /I
2.2 BRIKIT#KKERER

KT 1847 LAK, T 32 6 AR Al kb B AR 5T
P SRS KT KK B AT 43Sk 2 A4
B .

BB OGRS HEK AL TR B B, R E 3
A0, HEZK COD S i1 N 29. 77 mg/L; #E/K
BAT YT RIKE N 6. 46 mg/L;#EK TN V155 &
WP M 21,88 mg/L; ¥EK TP 34 it & ¥k B N
0.92 mg/L, ZMBL COD &% TN TP i /K ¥ & B
Fe (BRI E 22 S 8k R Aol it A B SR T i Ah
FEARA MY A =i T VK 7 A 24 7 e R
ARE S LB s ik /K SS Mk BEAIK HLAR 2 , &
AP AN FE LTRSS e BRACR B BE KA B
SS E AR, S5IRBE K LR f TS Yl 3 4
PE—, S3oh, S By ARG I 52 K ) ik K S8 o
HHE Ik 5 000 me/L, Ca® J & ¥ ik 3 000
mg/ L, 52 B Sk 40 e B R A RRAIE

S BB R HEK I AR E HERCH B, 151 4

(a) 100
80+
o
f:_“ 60 |
=
e
T 40p
20 f OI\}
0
07-01 0801 oeLm 10-01 11-01 1201
B
(© gor

HEAR TN/ (mg-L ™)

{} 1 1 1 1
07-01 08-01 09-01 10-01 11-01 12-01
H i

e 2 Bon, #7K COD fe i i i M 63.9 me/L,
B W BE ol 8.65 me/L, - R Mk EE
21. 12 mg/L, ZRHF N 00% i, E/K COD Jfi 1 i
JEN 34.90 mg/L; #F K & A o R R R
22. 84 mg/L, SR BTE MR 0. 18 mg/L, V-4 i &
WBE R 6. 13 mg/L, BRI 90% T, 1 7K 24 AUt
IR M 9. 18 mg/L; #E /K TN Hz & i ik A
47.05 mg/L, Fe /R BT W B A 12,19 mg/L, -3 it
HVRE 24. 22 mg/L, BB 90% i, #EK TN
FrER N 31,17 mg/L; #E/K TP 5 i i B0
0.96 mg/L, A% BT f2 ¥ £ Ky 0. 03 mg/L, 34 i
WREN 0. 18 mg/L, BRUIRF 90% i | 37F 7K ot 7t ik
FER 0.24 mg/L;#7K SS fermy BT R 4. 64 me/L,
A B B W E R 0.01 mg/L, -3 Rk E R
1.29 mg/L, 2R R K 90% I, /K B & 1k N
2.58 mg/L, HFR 3 ALE, Gk Ak % K A HE
G, HE T oy Ca¥ SRR A BT N B B B
HEAK K B4 55 — W B 52 B < Uk Sl UAc 7 | v A ok
LE T SRR AN COD 90% BBV R Mk B 341, R WA
ikifﬁ‘ﬁzﬂlﬂﬁmiﬁj.Uﬁ%ﬂnﬁ%*,TP HEARHREE T

(b) 30r

K Hi(mg L")

’M‘Im L

0
07-01 08-01 09-01 100] 11-01 12-01

(dy 6r
S_

4

ik

(
07-01 08-01 09-01 10-01 1101 12-01
H i

HEATP (mg L)

(]
T

3 IR R Ak Ak B

Fig. 3 Influent Quality in Commissioning Stage
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Tab.2 Cumulative Frequency Concentration of Existing
Influent Quality ( Normal Operation Stage) ( Unit: mg/L)

T H
BRI
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95% 42.60 11.62 33.95 0.26 3.15
90% 34.90 9.18 31.17 0.24 2.58
85% 28.85 8.01 30. 13 0.23 2.33
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Tab.3 Water Quality Data of Influent Characteristic
Factors (Unit: mg/L)
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Influent Quality of Stable Operation Stage

159,90% RFVR T LW BEE A 31. 17 mg/L, F W
T2 0 B BUXBG AN 5 SS 7K I B AR AL AN K, 36 4IE
T Al AL B R ST URL S 5 e i A B e
S K A S G0 R R R R AR R

25 B BEE K T HE K K RO AT LB Ok
TRIEKFIE K COD TP | SS ¥ B ¥ 4%, Horp cOD
R T REAAR T 50 mg/L, {HFEK P TN & A W
FEARXT A i, A LR K e A L™ BN TN 2 AL
TICAR K Y Ak B A R K R R o R R T
(Si*) M F R BER =, H5 A KR (AR 15K R
F) Ca™ WSS (75 mg/L) M EL EARIE K A3 A
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JRA KK BT 400. 00 35.00 45. 00

3.00 200. 00
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B o A 0 2R K AR O R W R B B L 20
100 : 5 = 1; MAY LR, K b b 0GB HA
BT (CBRUR ) , A BE LR IE S A AR 19 R 647, — A
4,BODy/TN >4, A\ R B 7K A 2 8 0 fi U AL fils 1k
R 5 T 7K ) 267K Hh BH S il RO LU AS 2, T 9
BREAL AHFHAEYAR, AR FAYIRA,
PR A At RS e iB A TN AL
R P T T R R IR R P BUE K
WU A A Hess, LB K COoD =1k,
BOD FEATG , AR Fhs Ak S A Ak i AT, 75 22 K i
BIAMRIEAE A A YIS SR T, B4 T AR i [
AT e TS B 7K TN BiAs . AR B R K) 2817 F
e, A IS R BT R AN 1.5 o/ L, K e i ik
ZPUE A HBON G RRERIE 2R 3 ¢, E M

— 122 —

YN 250 mg/L, EHIEMRIRZY 7] 28 290 2.5 J0/t,
AR F ik COD AR, Az Ak ithia 47 4 78 v B <0 i
Hee BRI, s SRR K, AN TS
Lo R R K IZAT
3.3 FEEMIEITHRI

SRR KO S Y Ca® Sit K PR R
m, BE o e REOK BT A LS 1E, A

S AL RGBT, K R 2 R Rk AR

¥ A 450, 76 MBR 522 ) )2 4555 3% %,
T 5 W P 75 i, B4 MIBR St 22 PN SN A 7 45
Bl 5 B, A TRFERIEA R 40 320 m*, %1t
JESE &k 13 L/ (m?+h) JEK) BT LK 1 AR, R
WEE T4 70%,

R I 7K T35 46 () RS 22 RSr DU A 25, an &1 6 ()
N R 22 AN R O G5 G, AR AN BBk A £L
5K AN 6 (b) Bz, R T A BT Y IR
kR 6 FrR , B2 /bR YWy ik & 8, o0
ECIRIK T S Rk A AL B 28 TR T ank 7



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 1,2026
January 25th, 2026

B5 BRLEBTHRBPERREHLIY
Fig.5 Surface Physical Calcification after Membrane Running and Backwashing
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Fig. 6  Electron Microscopy of Contaminated Hollow Fiber Membrane Structure
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Tab. 6  Analysis of Pollutant Elements on Outer Surfaces

GRYITTR Bt oy 8% JE
CK 8.82% 13.80%
0K 51.20% 60. 10%
ALK 1.02% 0.71%
Si K 34.60% 23.14%
SK 1.34% 0.79%
ClK 0. 85% 0.45%
Ca K 2.16% 1.01%

RT ARESEDTEST

Tab.7  Analysis of Pollutant Elements on Internal Surfaces

TGRYITTR Ui giyd JET it
CK 53.53% 62.25%
0K 34.25% 29.90%
FK 7.41% 5.45%
Si K 4.82% 2.40%
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Fig.7 Corrosion Diagram of Field Equipment

AREAK COD MR AY A STARFAE | ARaBE G0 B 5 128 A K fift iR
At X SEURE 7 A 3 E | kot 25 SR B BV K i R Ak
T IETT

2) T ER A TR T A P —— b B
FHF sk G BRBE, IF 25B% SS, i F il Bir B itk /K
COD TP %, TN %5y, P b By B: — g b B B 1)
AR, 2B UL S SR BEAS A A P
JEAEIUA A P B A T3 Y el o D DR 4 b ek
T A AR SR S AR [R5 G SR 2R K A

AL

FE T R AHE T A AR BL T, 5 R i
BRI 1T, I FH SR G 40 A 350 2 8 A it 25 A o
AT it ; (RIS R RSB T, N PR B
7K SS R iR, Bl 1 BN % o g we it Al oK SS
W R HERER 28 bR N g B R
AT B AL PR AR AAO+MBR” 5% Ky« A0+
PUib-+AF R L UE” T2, LATE T 3916 AR R 7K 1R 7K i

PROK) B Bt AR A AR T2 A AN A 8 B

[ 75 e

et l i Mﬁ“_l lm:—anszﬂu
s = it i L ANET
AN NN ! K lh NI INE T NET:
g [ ol g rttitios] g RULELY g Ry i [ 2| & | P70 P e ) ko [ #hik
v A Il 5
figibih
¢ TSN e IR ] fed 7TE
e 4 it
Shizi b i
8 MEMEEIZRE

Fig. 8

H AR KT Bt B 15 5 bR A 03 L, I K i
PRkt A5 A8 AT ) Ao 4 Gt o i 45 1k M R
V(DRI P o I S o G T S i A = R F
At A i (A i DOUE MLBE ) T W KK T EE
PRUnEE 8 Fran, ] UL 75 B Bt & HEAE AN K,
TER T T2 B8, COD & A TN . TP ¥ 8 35 3 HEk
PR, AN SS ANl 2 HE/K BRE , J5 230 2o 3 TR0 %5 1k
PERTDASE IR bR R, B H A B B, o
JE AR R - KK v BE ange 9 i, il LA H A
BT e i R K K BV BT, Ok TR Sit A
F YA —E M EBRFCR [ K PR E kB Rk
ZE HET bR ) (GB 8978—1996) — Zuhr if |, *f

— 124 —

Process Flow of Phased Adjustment
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x8 HMEIEMER LFRHKKRIER( B mg/L)
Tab. 8 Effluent Quality Indices of Supernatant in Static
Sedimentation Tank ( Unit; mg/L)

Eitan Kl
COD 17
HA 0.155
TN 5.02
TP 0.28
SS 13

x99 HEREHERETFHAKKRISHR (B4 mg/L)
Tab.9 Characteristic Factor Effluent Quality Indices
before and after Reconstruction( Unit: mg/L)
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