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Abstract [ Objective| In order to prevent and control groundwater pollution in industrial parks, the design adopts the process of
" grid+regulating tank+air flotation/iron-carbon micro-electrolysis+coagulation-sedimentation+anoxic-oxic ( AO) +membrane bioreactor
(MBR)" to treat the composite pollution of petroleum, total nitrogen, nickel, fluorides, and benzene derivatives in groundwater in an
industrial park. [ Methods] A series of experiments, including air flotation tests, iron-carbon micro-electrolysis tests, coagulation-
sedimentation tests, and AO process tests, were conducted on extracted groundwater to design process parameters suitable for
groundwater treatment in the industrial park. [ Results] Following 20 minutes of aeration in the air flotation test apparatus, pH value
adjustment to 7, addition of a 10% mass fraction polyaluminium chloride (PAC) solution at 1%o by weight of the groundwater, and 1%o
mass fraction polyacrylamide (PAM) solution at 2. 5% by weight of the groundwater, the removal rate of petroleum reached 99.29%.
In the iron-carbon micro-electrolysis process experiment, when adding 50 g/L iron powder and 25 g/L carbon powder relative to the

groundwater, with an aeration rate of 1 I/min and a hydraulic retention time ( HRT) of 20 minutes, the removal efficiency of benzene
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series compounds reached 99. 87%. In the coagulation-sedimentation process experiment, when adding a 10% mass fraction PAC
solution at 1%o by weight of the groundwater and a 1%o mass fraction PAM solution at 2. 5%o by weight of the groundwater, followed by
pH value adjustment to 10, the removal efficiencies of nickel and fluoride reached 92. 39% and 59. 34%, respectively. When adding a
10% mass fraction PAC solution at 3% by weight of the groundwater and a 1%0 PAM solution at 2% by weight of the groundwater,
followed by pH value adjustment to 6, the removal efficiencies of fluoride reached 99.44%. In the AO process experiment, when the
mass concentration of anaerobic sludge was 2 g/L, the total nitrogen removal rate reached 48. 17%. When the mass concentration of
anaerobic sludge was 4 g/L, the removal rates of 5-day biochemical oxygen demand (BOD;) and chemical oxygen demand ( COD)
reached 37.44% and 37.43%, respectively. When the mass concentration of aerobic sludge was 4 g/L, the removal rates of ammonia
nitrogen, BODs, and COD reached 57.39%, 58.45%, and 52. 13%, respectively. [ Conclusion] The above process is used to treat
polluted groundwater in an industrial park, and the groundwater effluent quality meet the standard, providing theoretical guidance for

the design and operation of similar engineering projects. It is of great significance for the prevention and control of groundwater pollution

and carbon reduction.
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Tab. 1 Water Quality of Target Pollutants in Groundwater
15 YL IX pH & B/ (ng- L) BA/(mg-L") AP/ (mg-L7") AWM/ (mg- L) ERY/ (mg L)
X1 6.2~8.6 1.28~33 900. 00 0.22~815.00 0. 103 ~292. 000 0.58~38.20 ND
X H 2 4.6~9.8 3.25~64 900. 00 0.10~2 330. 00 0.431~137.000 ND ND
X3 5.4~11.2 1. 62~13 600. 00 0.38~2 240. 00 0.200~167. 000 ND 0.01~0.77
X3k 4 6.1~8.3 1.92~73 100. 00 0.36~570. 00 0. 246 ~488. 000 ND ND
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Fig. 1 (a) Groundwater Extraction Treatment Process for Contaminated Blocks 1 and 2;

(b) Groundwater Extraction Treatment Process for Contaminated Blocks 3 and 4

2.1 HT/KETALEE

BT m® R /K F 5k sl B 8 75 h S 24 h
[ S ) I = U L = = W = s B W R B
R
2.2 HiFAW

SRR AT [ S 0 — PO ik R AR
TR T B B, O R TR AR IR s
BT KA 2 G R 5T SR R 2 X A T
G5 Y A AL B R (B 2) T RIEE IiE AR
TR SRR EER PR AL A K ik B R 1R 0.2~
0.4 MPa R HET , RIEHE AN RS <, R 2
T VA S K 3 U 1 T ST, SR R
TIRMEARE 0.1 MPa( W TR ) , IR Tk i 28 S A8
DIAHIE MK PR e, e i e - Tt
(R AR PP B TR TR WO A IS TS e b

— 134 —

W, VR R SIF R S WA B . B H AR TS
Yulh FOKAE IR BB 1T A4 N I BRACR W 5T
pH X IR B
2.3 SkERMEBMAIRIE

SR L i 1) P 4 T ok DL R i i
K2 AR TR Ye b T K Hp A A RN B 22 8] 1) H
W BV 22 , 7575 Yo T /K B s TC A T L, FE TR
PEBR IR T R AR fLAb 2% RN, 2R T Y bt T K
B RIS FIRA R, (L A Wi JF R LLIA 3|
PR H A 38 I B, B e bR oK A i
A, (AR AR FIURL 70 40 2 i, B kAR L SO0
AR R SE B AT DAUGE K pH T, AT LA S
Fe AL B Fe™ Bl A R & K IF) Fe(OH) ,
W AACZR BRI, AT RO B 58 2R K v s e gy, B TS e
R KA ARROR S AT R K IR R W TE Yy, 4



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 6,2026
June 25th, 2026

M2 SERE

Fig.2  Air Flotation Device

SILA pH 7K 345 B8 5 6] ( HRT ) | B 5 i | Bg <
SRR BT A B AR I 44 R R e f FL iR
() fe A R g %A
2.4 REERE

AR BT RN S HARE 48 B 1o 2
B AR ST TS T, 15 B TR B0 5 74 4 Tk Jre
(PAM) J 250 R A AR (PAC) | il i B EEUTTE
YEREBR HbRE S E YR B Xt Tk 4
B K ALY, 7 WA pH PAC & PAM Y24 &
KR TS R AR R B0 R TR BE DO VE V. 1 B
PR Z5 8, 10 e 3 B H 4 J 1 1 22 R, i
LR BT EBRANZ i,
2.5 AOiRIE

AO R T 2405 2 B B A Ak o B Fn s A
TEB Bt . fSAL B B AL i A IR AR I 4R b
AR AR IR RE &, 2 A A i R R
R B B AN P 3 3 S R Eh R TH FE 4R
LI K TP T FEA HLER A A S e b |
LR —E A S A H AR 30 4
S5 e ik s gl ik 1K pH BA 2 A AL
Yy R T H AT %5 (BODy ) (COD | i PR #h
FEBHERR , 258075 Ve Nk 56 P YR IR I i 2%
FAEANFI 26, FER 2 RPFIRZR500IE A0 T4 %
Biy5 et T K B S B AT A T
3 KT RERERSH
3.1 |EFAW

HARTS Y3t Tk 9146 pH {EH 6. 61, 417254
BRI W A 5. 64 mg/L, R FHARTE R B AL FE 20
min 5 EIE ALK, A HILL 1200 mL ESSHIK
Sk At o RS, B i 43 80 10% HCL 5%
10% NaOH JEFT 415 1~5 3K pH H M 6.0,

7.0.8.0.9.0.10.0,2H 5] 6 AT pH,ZRGIMA 1.2
mL T8R800 10% /) PAC IO HEFE TR,
A3 mL JFEEIMEUN 1% PAM ISR FEAIR
FEDCIE 10 min, ZH 5] 7 (SCRBUSIEAL 3, O ol
E pH A5 Y & i,

RIS 3 iR, 4] 1~6 76377 20 min
FEAh L, I AT BEDCIE 25500 T 82 = A T2 LR
SR 1%0 2 B8 1R /K & 5 & 40 50 10% 1Y
PAC VA, 2. S%o b BRI T /K 5 | 1 70 0K 1%0 11
PAM ¥, A28 75 YW BRI AL TR
PERYLHSE, 2 pH (ER 7. 0 B, A ihiZs bR tE 15
99.29% ., | 7 LT EER 20 min 5, A
TS YRR EE M 5. 64 mg/L [E5] 0. 55 mg/L, 2%
3K 90.25%,

105%
98.58%
100% | 2% o0g409% " “97.70%
96.10% |74 |/ 77/ 77
. /, //
¥ oo 7] b , |
X o0% | ; N 78
& 7B R B/R
e 20 0 7 V)
85% 17 ) 7
7 /?/ 7 ’/{ 41
1 2 3 4 5
5

3 pHEXNSERRENM
Fig. 3 Influence of pH Values on Air Flotation
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JTi ik E R 2 o/L I, SV BOD; ,COD Z:BR3551
ik 48. 17% .30. 02% .31. 85% ; B 48,75 Je ot & ik &
4 g/L I}, MUA BOD, . COD 253 4: ik 42.99% |
37.44% 37.43% . WA T 2R 45 - E 8(b) fr
TN RGBT EWE R 4 o/L B, & A . BOD,
COD 4b # &02R WAF, LB 2 4 518 57.39% .
58.45% 52.13%,

(b) 70%¢ ermm i, 58.45%
0%l ESBOD, 57.39%
3(3‘;‘)0 —52.13%
so% | aU.aa%e R
o 7 7 \\
L A0% 7 B0 00 / NN
% A 2996% |77
& 3%l 77 [ \
i N =\
20% — \\ ==\
7 N oy o
10% .{f"// : \\\ / —— \.\

0
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IR IR R (e L)
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Fig. 8 Removal Rates of Pollutants in (a) Anaerobic Process; and (b) Aerobic Process

4 TREBITHRER

TE YL X 1SR A% M+ I+ SO HIR BEDT
TE+AO+MBR” T 2% il 0 M T 7K B A7 S PrAb 3L, 52
FPIGH#ESE 4 A~ A Xk KK BRI I E 40, i3k 3
Fis , pH A KA 2 R LY | ST K T
FEX IR ] CRER Tk K 75 Y 9 HE AR #E) (GB
13456—2012) 145 HE AR HE PR (A 25K, 4% B + 4
9+ R L+ TR BEDTUE + AO+MBR” T2 i oK

F3 SRR HHR TR HKKE

Tab.3 Influent and Effluent Quality of Groundwater in

Pollution Block 1

st K ik K BR B K
pH i 6.1~6.8 7.7~8.5 6~9
2/ (mg-L7')  0.50~3.70 0.70~1.76 10
B/ (mg-L7") 3.30~4.54 <0.05 1.0
ALY/ (mg-L7')  16.60~22.40  2.43~6.40 20
WA/ (mg-L™')  70.00~167.80 9.65~19.60 35
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TEVG Y XTI e TR H ., s A7 010, 75 YL dth F 7K
ZEER T, A 1 A M D S 5 S R A K KA i 3
/NTF 0.3 m, X R EHL T KK BT T,
5 g

R FH R M+ 7 L+ e A P A S I+ TR
EEUTTE+AO+MBR” T 2 AE A Tk el IX 52 575 G
R KA FE T 047, B AN [F 2 A H AR5 4,
ST R A TR BEDTIE L AO AR T HERE T
B TANRLE ) KRBT

(1) PLIEHTAL RS Ye b F /K 507 T 2R 504
E IS 20 min, P75 pH {H R 7.0, 10% i & 53 4%
PAC A 02 R AL B R 7K 5 1Y 1%0, 1%0)5i 553
BPAM RN I A AL B D R K 2. 5%0, 471
FLBRAIR 99.29%

(2) Bt fife T 2B AR VR N 50 /L Bk
25 o/L Wik, B8 M 1 L/ min, HRT 4 20 min 551
T, AR EBRFRIL 99. 87%,
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(3) TRBEVITE T. 225 7 0. 1% H bri5 4y b
Tk 10% i B 43 8% PAC 35, 0. 25% H bRi5 ¢
R K 1%0 552350 PAM #5398, pH {H 0 10 B,
BREBRARIE 92.39% , ALY L BR FIK 59. 34% ; IS
I 3% B ARTs et N K i 10% T 5050 PAC R,
2% FI RIS Yebh T K HE  1%0)F /350 PAM 154, pH
{H4 6. 0 B, ALY LBRFIE 99. 44% , X THALY)
TR R T K T AR R S R 0 BR R S TR
NI PAC . PAM 255, 3985 pH {E°M 6.0, 32 = 91
U/ PRI

(4) &3 A0 T 2B T EESHAUT , A ik
R B R 2 o/L, 15Ut 20 d, B M B it vk i
$90.2~0.5 mg/L,HRT Jy 24 h; 0 M5 I i vk J¥
HJ 4 o/L, 5 IR R 15 d, W R AT R E KT
2 mg/L,HRT Jy 24 h, #k% T2 5% BODy, COD
LR A5A 48. 17% 30. 02% 31. 85% ; i+A. 1T. 2
Z A BOD, ,COD % FR 3 43 51l 35 57.39% .58.45% |
52.13%,
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