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Occurrence characteristics of NAPL phase and its ecological risk assessment based on multi-phase extraction. CHEN Yao-jun,
YANG Jie, LI Qing-ging” (Shanghai Academy of Environmental Sciences, State Environmental Protection Engineering Center for Urban
Soil Contamination Control and Remediation, Shanghai 200233, China). China Environmental Science, 2025,45(6): 3331~3342
Abstract: A multi-phase extraction technology was implemented to reduce the source of pollutants within a large retired chemical
area in Shanghai, prevent further diffusion, and lower the health and ecological risks associated with the pollutants, while
simultaneously analyzing the characteristics of NAPLs under the influence of multi-phase extraction. Through monitoring pollutants
in the shallow groundwater across the site, changes in the spatial distribution of pollutants in the aquifer under extraction influence
were characterized and ecological risks were assessed. The study indicated that the one-year multi-phase extraction project was
significantly effective, with removal rates of pollutants in heavily contaminated areas reaching 64.56% to 99.26% at varying depths.
A high degree of homogeneity and spatial autocorrelation was maintained among NAPLs prior to extraction, with correlation
coefficients ranging from 0.26 to 0.72. The extraction process influenced the distribution and concentration of pollutants, resulting in
changes in the correlations among them. The content and depth of DNAPLSs in the site maintained a significant positive correlation,
while LNAPLSs exhibited a negative correlation. Under the extraction influence, the spatial distribution fitting of pollutants showed a
substantial reduction in the central area and surrounding contamination halo, with the range of 1,4-dichlorobenzene pollution
experiencing the largest decline, reducing the contaminated area by 91.98%. The assessment indicated that the proportion of high
ecological risk points within the site significantly decreased post-extraction, and the multi-phase extraction comprehensively reduced
the ecological risk of the site. However, some points of medium to high ecological risk still exist (primarily related to total petroleum
hydrocarbon pollutants), which should be monitored and addressed in future remediation efforts.

Key words: contaminated site; non-aqueous phase organic pollutants; multi-phase extraction; occurrence characteristics; ecological

risk assessment

A A Y AR 77 R 2 6 R i - S R R K R
B3t B By G G ANV IR 2E RO A2
B R P SRR S SRR AT
e ity e A ML T A TG G e o iR v L)
FEAFARY . AWM. 207G REE,
L A AR TR AT LTS S i o DL AR KR R
(NAPL)f77E Tk 2P

NAPL HAHAFAE (K75 G Bl 1 B 52 VA P4
DL PR 55 s i i 75 A4 60 G 55 il v A
HAHE T /KMEEE NAPLs YRR G, 55

Igfs BHA: 2024-11-16

EEWB: 2022 R HEA VRIS H GB35 Rl AA s
135)

* TULAEE, M LREN, 1621412505@qq.com



3332

o[ F

5 F

2
%

45 %%

NAPLs AHY 5 A 5 7K 2 22 Bk, o HL - 39 500k:
(1015 PS40 Pt B AR Aok £ A B P46 42 250 4 A2
S BE AR B A AR NV G X3, (H 2 = A R I A
W5 AT il 20 SRR A5 R A AN B,
Z A B AR (MPE)Y I i i 82 7= A2 10 e B B,
V5 Yl S 3 N UL A s LB b A L
W) T2 SBIE FE RN, I ) - SR v G
W B S A 5 25 R T R U PR v v
i ARG s R 2 B o SR TR A o i)
JEE 4 o) it BEL LB v e 5, v A S8 5 il LA e 9
T BEUPAL 75 P T B i BB A I 1
W T R HE SRR S5 5 4 BT LA A I3 PR 0%
SRR 5 R 7 3 T 5 R4 1) S 56 = KR
My CEEHE EEE. e, R HIESRER
Bl W B At O,

H BT, 3% b rf s G ) A7 e AE 1 9T 2 4k
5P S A UL K B AR A A U A st T
T2 K52 W 1R 95 G0 A7 IR 50 R A% A B 9
LG NI VM ST TR RS IR S X S
Iy o WF 5T DX, LA % R A 7K AH A4 (DN APL) il
1% 2% B 4E 7K AH W A48 (LN APL) 2875 B W A b BF 93 6F

G AEZ AP B AR R, 5 00 A I v 5 G DR
T DR bR e R e L IR A 5
V25 PR A U RV 45 5 IR TS W AE 1% 3
K K2 R I IR A R R A 25 U, 1 A &
[l 52 2% A MY G 7 IR 48 52 3 ZHRT B[R] Hh 00 4 A3t
2%,

1 MR57FE
1.1 HfEE

AF 5 DX R Ay - 11 0, SR AT N, =
SRR T8 V0 SRR e v 1% DX 30 3y
7 A, R 7K 7830, AE PR R & 1191.5mm, 347X
U 16.1°C Hudhe LAY 6.83 77 m* ik BILH 7K
A AN A7 sik 202 BAL, UAE P23 SR ekt
DI AR R B IEA SR RTEH LR A
T 1) HIE A R B R K TS e
1,2- 50K, LA-T50R. SR, Ry BAaETs
PRIk 3.53 75 m? WLE 1 s Geop] sk, o B
FH 52 X 30Ch NAPLs Hiy5 3L X (75 Qe Pk B 7 g kit
VYT R IAE K RIS 10%),75 JeiR 5 2 i 4
W 15.5m 4.

1 A“‘>V" 5 /

ki)

7 & iamiRR
& T AFEK

BT A 4 ) oy A Al

Fig.1 Distribution map of chemical production workshop



6 3] WREi A 55 Z AR S N NAPL AR AE R AE A AR 78 U DA% 3333

HE (m)
—0

M B

HFAKAL
[OF=2 3 &)
[OWy=205 €3

@A L/
@R BB

@ Z# itk +

20 KKz

—-24

(O)=3ST07% e

—-28 [©Y7 =4

—-32 e v
L 36 e v N v

K2 WX R SR
Fig.2 Diagram of the stratigraphic structure of the study area

(ONZ Ty =

FEH T BR B b, 1 0K S R AT e v
WIS R R 0 BB 22 K SO T e 2 T 45
YA R 10 7R 5 90 FBL B /K 2 7K 5 A7 e
TS SRS 07 0 SRR AT . A 5 e R ¢
K S, 3 A 2 LA 4L 5 e 1)
S A 5 A AT S B R KRS e g
AU 219 A5 Mty b S (P 2):28
D1y U 2 B K VAT 4 )45 ey
KERS Y B MR K 5338 kAWK R 2K 3
7 2 T IR NS, S 505 et B S @5 R B R
W e R I LA TR 1 e R R
BB B 75 YU 5 5 7 A T 2R ACF T
SR T R R 5 5 SRR B %
04 55 @ SRR A R0, 2B TR R, i
35 RNV Y 7E A P B 1 A BRI

BIER . — A DL RS @ 2R TR LR B
UF IR AR TS 2 (B A A S i L . R
5 AT AT B 2% 2 HEN TR A K E R AR I
P HEL R KT R AR B 2 A3 X kg YR S T
H R K G G AR R FE Bk 15.5mu b 2 1 3 2
AR5 RZE00r B0 2.93%10  em/s Fl 1.60%
10 *em/s 387K & K 2R g KA HEVR 49-0.6~—1.3m.
1.2 ZAHHE T

G . 3100m” I G YSRIE L 15.5m A 1
300 1 ZAFHERI IR B ARG FIINIZ) ik 4
T, BN 3.5m B 0.5m, 5 IE = A TEATE.
AT EAR BT N 110mm, BB H K EAR N
50mm I UPVC M 5 0 SIS0, S T
JHALE AN 1~15m,15~15.5m NYEE, I N
25120 HANZZIN, Z AR A M A A e b g .

R B 2 A Ok A O i T ek A RN HE R
FTANEANES 15em, KJE 200em, 465538l 1142
TAEFE J124 0.6MPa,fli$5% 4y 0.4~0.6m’/min. =55,
MW it 1B N BT K AVEN A& T g i L 33E
N PR Ik HE 7K R BN N K R 8 K ) A AR B
FUANE BN RGN, B B AR 3R 1R I P IR
FRAK AR AT DL TR AE IR R A R 3R T RS
R K R KPR R 2 e K 2 TR
JaE KA P TR SN [A) 24 2023 4 5 I~
2024 4 4 H, 8 1a, Bl HEZ) 2900h.
1.3 i s FERFE

SP20amfE AR
Oem[EICEREE

155052~

P,DS% 0.11 g.os;l

0.22

EZ bS]

& HTFKIFRIK
@  HHLXE
& HFKRIE

B3 A sl A b 7K I s A 15

Fig.3 Layout of extraction area and groundwater monitoring point



3334 do[E R

R 45 %

bR 7K R A AT A% R D AT R,
FEAG B AE =X X JRKIBEEX L [H]
JR /G JRATTRX LA S NAPLs TEy5 42 X A pi AL B R
R 3 s RN AT 24 41 R KR
(B0 MIE), N IR EE N 6,10 F1 15.5m, T 97 iR FE
WA 1~6,6~10,10~15.5m RAFSE N 2 N H 1K,
IR T 6 LR T ACREE, Bk UK
42 72 MR K 3 R R v B 3 G XU
ERAE Z IR ) (HI25.2-2019) "7 J#
P Al ISR T A A S 28 NS (BB 2 B s s
P28 B i ia i o B v 7 5 B R L (R VAR A P AR
18, N B W VKEK AR e R M IR A = T 4°C)
RAERRPEFEASE IS 2 A L B A Bkt
A AT RESE, U FE R AN D T RE R B
10%.

1.4 SEEG 3 BRI o]

FEMPE . SR, 12- 50K, 14 50 E
SR b 7 O s A BRI A 0.0005mg/L. A7 i
F5(C10-C40) £ B % AR vE 5 v: 70 5 46 i BR 4
0.01mg/L. A {5 1E B (R HERf F, B8 T vk s ke
At IARAE s IIARPA TR SR TR i R SR
1,2- = 50R 1,4~ SRR RN 60%~130%,
A1 EE(C10-CA0) INAR I ZE R 70%~120%. 4% il >
AT T4 AR B f 22350 /T 30%, T332 T RE L )
R 55 SR B T AR B A 9 e ) AR 34 A
CMA Z3K.

1.5 SRV

KA (RQ)VE A K85 R i) AR 3
A, 8 4 95 G RS A 0 1 K S AR ) R
B B 7K PR PO TE 280 8 LA A 21995 L, )
PR A AN S RS DA R A A ™), LA 28 5 h -

MEC

PNEC
A MEC by 7K v Gl 1) S s A VR B mg/L;
PNEC A PR JC 240 e B ,mg/L.

PNEC R4 (A0 3R 5E KBS VAL 2 A 7 v
HEZE SRR GAAT)) A S e #E S 3113

PNEC = “C00
AF

RQ= O]

2

HH:LCso M BB EEAF PP IR 1~ A 258
HE PR T 5% [ 34 85 fR 97 2B (EPA) T A (1) EPT

Suitd.] B, 1,2- A, 1,4- G JOE. B
BRI LCso {4054 188.186+ 188.186.
168.064. 136.037. 113.787 AWF5T# FHA NG 4
VR (AF) S SRR AL (1 2 3020, % je ik oo 52
JEPAMEAS,AF VAl 222U 1000.

7 RQ>1, R /R A R ;47 0.1<RQ<1, KR A
25 XU e 25 27 0.01<RQ<0.1, 3% 715 A8 728 UG AR

2 FER51E

2.1 AT K G e o AR AR S e R 5

211 HURKTVS Y SRR H R K g
YR AE B AR A2 B — R A R 3 152, £ 45 4
TGS NG R T BUSOY . H R 5 K 2 S5
A VA K B AR s PR IR 2 1 s R
AKH 1,2- 28R 148K EOR. R A
JRIIFEILE T (R K TR IR TV 2K bR,
e RHIFREE R 54 fi%. 88.17 fi%. 55.67 fif.

69 51 32.33 fif. 75 4L 7 AR e R AU, AN R
PWBR 12- &I, 14~ &R, &R, FAR
AR S RBEER 54 2.05~3.77. 1.28~2.49,
1.8~2.9.2.7~3.89 VL% 2.46~2.61, &I FE ARy
AR 75 S ATt 26 e s TR R A T A H 2R 3
100%; HLCh 1,2~ A, 1,4 50K, GUERIE,
ZRIRR R A, N 13.89%~ 33.33%. B A5 12 (1) 3k
AT ,75 YL b 2 S I T AR (a3 1,2 50K
AR 13.89%F% % 2.78%,1,4- S KRR H
13.89%[% % 0,4 K @BhrFH 22.22%4F % 5.56%, 5
FMIEEBAR R ) 25%% 5 13.89%, K bR 34 4k
FRE BRI N 2.78%~6.94%.

2.1.2 hiEmyN R WERHE A )2 TR K
It 1) R KA AR Ak 2 2 A7 B B2 4 F (9 5% ma R oK
B ) F G YL XS R K KAV Bl A il B 3
BN BB S ) ,6m W 0 UK AL R A
0.30~2.32m;10m Ml (1) 7K A2 B VR A 0.33~2.5m;
15.5m WM K AL BRER A 0.53~2m. 22 A4 1)
(PR N an B 4 s 2 AR AT H oL K
rh g Gy 50 E A0 T AR 00 AN R A ) A
AR RIS YR AR A 22 A2 AT 3 1), X
35l P b K R B XY R B AR DX I B A 5 G 2P
FEI 02405 /0,15 % 0 3 P58 AR 1 b . 8 00 - B, il
PRBEAAE HIZAT 8~12h HIFR K 200~300m*/d (1)1



6 3] WREi A 55 Z AR S N NAPL AR AE R AE A AR 78 RS DA% 3335

DU AR DORH I 3 EE M AR 30m oAy flide

I TR A, M AR

F 1 HREEEKEKBERSRYIREKTE

Table 1 Concentration levels of contaminants in the aquifer during extraction period
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Fig.4 Simulation of groundwater flow direction during multiphase extraction
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Fig.5 Variation of pollutant concentration at different depths of groundwater
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Fig.6 Correlation hot map of contaminant vertical transport
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Fig.7 Spatial distribution of contaminants using Kriging method during the initial period
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Fig.8 Spatial distribution of pollutants during the intermediate period of multiphase extraction
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Table 2 Ecological risk assessment of organic pollutants in

groundwater
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