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Abstract This research focuses on the soil surrounding 11 waste transfer stations in a northern city
of China. The study analyzes the levels of Cd, Pb, Cr, Cu, Zn, and Ni elements present in the soil.
Based on the background values of Chinese coastal soil and soil screening values for pollution risks,
the study uses the Nemerow Integrated Pollution Index (NIPI) and the improved Nemerow Integrated
Pollution Index (INI) to assess the extent of heavy metal pollution. Additionally, the study evaluates
the ecological risk of heavy metals using the Potential Ecological Risk Index (RI) and the improved
Potential Ecological Risk Index (NIRI). The results indicate that the average concentrations of Ni,
Cu, Pb, Cr, Zn, and Cd elements in the study area were 23.08, 26.63, 24.08, 44.64, 97.68, and
0.32 mg-kg™', respectively. The assessment using the NIPI showed that, when compared to the
background values of Chinese coastal soil, the waste transfer stations in the study area were generally
classified as moderately contaminated with heavy metals. However, when compared to the screening
values for risk, all 10 waste transfer stations in the study area were found to be at a safe and
pollution-free level, indicating an overall absence of contamination risk. The evaluation based on the
INI reveals that, when compared to the background values of Chinese coastal soil, 73% of the waste
transfer stations in the study area were classified as ranging from non-polluted to moderately
polluted. However, when compared to the screening values for risk, not only were the pollution levels
evaluated significantly higher than the background values of Chinese coastal soil, but also the
rankings of contamination risk for each waste station were completely opposite to the results obtained
from the NIPI assessment. Furthermore, the evaluation results based on the RI indicate that, when
compared to the background values of Chinese coastal soil, 7 waste stations were identified as having
a moderate ecological risk, while 4 stations were classified as having a high ecological risk. On the
other hand, when compared to the screening values for risk, all 11 waste stations were considered to
have a minor ecological risk. The evaluation results based on the NIRI were similar to those of the
RI. When compared to the background values of Chinese coastal soil, the waste transfer stations in
the study area were found to have a significant ecological risk. However, when compared to the
screening values for risk, the NIRI values for all sampling points were below 30, indicating that the
soil heavy metals in the study area pose only a minor ecological risk. The comprehensive assessment
results indicate that the INI is not suitable for assessing soil heavy metal pollution when compared to
the screening values for risk. The assessment results of RI and NIRI were consistent in their rankings.
The waste transfer stations on Wufu Road, Liusi, and Wugqingsi had the highest ecological risk, while
the waste transfer stations on Jinfan Road, Chuigutai, and Tienan New Village had the lowest
ecological risk. This suggests that both the background values of Chinese coastal soil and the
screening values for risk are applicable to these two evaluation methods. The research findings can
provide valuable recommendations for selecting soil heavy metal pollution assessment methods.

Keywords heavy metals in soil, garbage transfer station, improved Nemero comprehensive

pollution index, improved potential ecological risk assessment.
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g 235 Y5 5 (NIPT) e 37F 250 PN g 2 35 e P 850 (INT) o W7 A 25 XU 8 2850 (R 0 g 3 750 5 7 A 25 XU
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1 #MBLE )7 (Materials and methods)

1.1 WF5E IXAHELL

TFEH T g 48 o AT AR T B, 246 8l 113°52/15"—115°15'42"E, 34°11'45"—35°01'20"N,
AR T TR T 2 XU, AR K B 636 mm, AR 14 °C5 b BE B R i s AR, 10
FAFZ R E L, BT R T, 2 0k - MabIE -0 L pH A T 4.08—8.43 Z[H], 2 55581, )
I S %) X T T BT e B R A TR SR, TR B IRIX R R, pH T I(E R 8.58, T R IEA AL
Jo FH AR ) P S LR g . ) A RO B oY R I, R BT kT £ As. Cd. Hg R ZR AT, Cd.
Hg JCE & E . B X BTk £ eI 2 & B, Cd J& A5 YL 7. 2022 4FJF 5
mEAEANE R 478.30 5N, NEE R 842 A km?, % 2020 4, FFE b A8 Besb 1) 44 4k A=
T 42.3%10% t, S4B A AR 16 B 3 R o ARAE 0.087 88 ST X 11 A~ b 3 A B b A A i S n & 1
iR,
1.2 FESCRAES LB

R AT A2 32 AR IR T SR SR A A TR S PR B W DU R B ) (HI/T166—2004) , 7
HPAME A 5= N AT SR L, B A B R 0 m. 15 m R 50 m 4 BB ECRAE S (GR ). B
KRR SAAACIE AR 57, AR IR A G, A% 1 RE 1 kg, 7 [0 SEE0 = FRI, I Sk RAE A A i
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Fig.1 Sampling point distribution of garbage transfer station
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Table 1 Sampling point information of garbage transfer station
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No. Garbage station name Distance between sampling site and garbage station center The surrounding environment
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N 27 15 Y 45 %0 (Nemerow integrated pollution index, NIPI) J& ¥ 85 15 YL i b il AR M T 12 B — A
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C,
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Table 2 Classification of pollution indicators

A ZIWiRiN baEs 15 YLLK E =B
Evaluation method Classification Class of pollution Reference
(a) NIPI<0.7 Joi5 4
(b) 0.7<NIPI<1 LR
P 5 e a4 .
1<NIPI<2 HY RO
Nemerow integrated pollution index (e) - BT [39]
(d) 2<NIPI<3 RS Y
(e) NIPI>3 EETGY
(A) INI<0.5 FRIREES
(B) 0.5<INI<I HeV5 Y 5 B Yy
(C) 1<INI<2 HhEE TS
it} yE YL R .
BUEBAIEE SR (D) 2<INI<3 T T [40]
Improved Nemerow index
(E) 3<INI<4 EETGY
(F) 4<INI<5 WY
(G) INI>5 R
( 1 )RIZ60 SRR A R
(11 )60<RI<120 A S AR
VTR A S XU
JBEESNE (1) 120<RI<240 i 2 AU [41]
Potential ecological risk index
(IV)240<RI<480 AR A 25 RS
(V)RI>480 B AE 2 RS
(1) NIRI <30 R RS
(2) 30<NIRI<60 A A
PER A A 2 XU
BUA T e (3) 60<NIRI<120 B E A [25]
Nemerow integrated risk index
(4) 120<NIRI<240 AR AR 2 XU
(5) NIRI>240 L& NN

1.4 EEEBEASREIEN ik

W AE A 25 AU 45 %472 (Potential ecological risk index, RI) & #i #L 7} 2% ¢ Hakanson( 1980) £2 Hi 1) 77
B, RFPPEAN IR A A L B DL R A W B R YR G, 2l i VR A R I AR T AR
PR AT A R 5310, AT

o “ . C;
R1=;E;=;(T;XE) (5)

KX, B HESE i ARSI EG T, WE LS § EEEm LN R %L, Cd. Pb, Cu, Ni, Cr 1 Zn (¥
BEPER B0 R 300 5. 5.5, 2. 15 GO B & JE S A (mg-kg ™) 5 B, b - & 8 1 S H
(mg-kg ™), A% 33 51 LA v 10 A 75 s (8 R XURS: 0 e 168 461 Ha 5X0(5) AT 1 RT A K/IN 515 Gy i R 2
B A e, 15 Y R B L | SRR, D) R (B, DR, 7R SEBR I, AR S BARBIF ST 175 Yt
YA IS B XT Hakanson (1) E, A1 R 43R ESES T8 212, %% J5 1) R 70 GbnifE WL 3% 2.
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PR AR LR A 25 XU (Nemerow integrated risk index, NIRT) AJ DL HERf 1T 22 Fh 8 4 J8 O ZE B 50
NP AR R G T WA AR A XS 18 B N A 2 2555 G AR B DL R, 25 08 T IR EE TS Gt AR W i Y
B SRR 4 A M SOV I . NIRT A9 AT

(Elr max )2 + (Elr ave. )2

NIRI:\/ ‘ )2 @) (6)
e
E=Tix— 7

T, Elmany F Evavey 051K B 1 AP . NIPT, INT, R Al NIRT #9532 bRifE 0L 2% 2 FIR.
2 #5538 (Results and Discussion)

2.1 HEEE AR AR ARE

P 457 33 H 2 il AN [ B Ak SRR A - B R 4 J i L3R 3, 3 4 )8 (Zn, Cr. Cu. Pb, Ni, Cd) %
B BER KK 97.68. 44.64, 26.63, 24.08. 23.08. 0.32 mg kg, HIK T4 FH Hb - 158 75 e XU 075 1% 1
(GB15618—2018), 5 #i% H Hh 4= 58 XU 57 2 (B A0 LE, BR Cr F1 Zn JCER AF, HoAl 4 Foc R & &
P A A0 T 2 15 P 9 XU 0 3 1, € B 30 v 2 il ) PR = M PR 05 I R AR A A5 5 b ) £ 7
SEAA L, B Ni A Cr AT B 38 40, HoMhE 4 )8 (Cu., Zn, Cd 1 Pb)F- 34 (E ¥ & F rp [ 3 4
T E, 4R T SE R 1,10, 1.37, 3.20, L1015, BAKRE, Ea b 4% uh 15 m () H b 4 )8
Pb W & i m, P& i 24.40 mg kg, BRI 450G 50 m (Y 148 Ni, Cu, Cr. Zn Ml Cd 19 & i
B, B AR 26,70, 26,92, 49.18. 108.99. 0.36 mg-kg ™. 3% ik R i+ E TR 4 R V5 Yk UR
W T 32 7 3l A 3 3 O A A S R, 5 — T TS 32 2 i N ST Bl K R AR R 52

R3 BRulANR RS AL - T 6 )R S (mgke ™)

Table 3 Soil heavy metal content at different distances from garbage transfer station (mg-kg™')

SR HE B AL + 158 it 5

sméﬁiiﬁ diisfnces ;Jztﬁaﬂ_si Ni Cu Pb Cr Zn Cd
e/ ME 14.16 1831 1645 2528 3490 0.16

15m RAH 30.19  38.58 5037 5949 17736 043

(n=11) T 2094 2505 2440 4092 93.06 027
CV/% 2450 2654 4171 2331 5174 3336

o ME 1772 2032 17.65 3271 3178 0.17

50m BRAH 4459 4326 2738 7351 26370 0.84

(n=9) FHE 2670 2692 2196 49.18 10899 0.36
CV/% 3331 2996 1619 3039 67.06 67.56

FoME 1344 1635 1636 2528 3178 0.16

s BRME 4459 4373 5037 7351 26370 0.84

(n=24) T4 23.08 2663 2408 4464 97.68 032
CV/% 3118 3137 3451 2856 6121 5862

e

Background value of fluvo-aquic soil in China 2960 2410 21.90 6660 71.10  0.10

A b 398 75 G XU i L (1
Agricultural land soil pollution risk screening value
IR FH A 39 e XURS: B e £ (55 25 )

Construction land soil pollution risk screening value ( the second type of land )

T R SRRk T A A EBIE. Note : “—” means there is no relevant data in the literature.

190 100 170 250 300 0.60

900 18000 800 5.7 — 65

AR S ZEB(CV) PPN AR UES, BT A KA S (n=24) K T4 JE ) CV KK N : Zn>Cd>Pb>Cu>Ni>
Cr, H:f Zn F1 Cd B9 CV K F 36%, J& Tom A8 5, 2 0 Hoas b B #otk K, 52 AR shiz ) K, Ni, Cu,
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Pb Fll Cr i CV £ 16%—36% Z[8], J& F 4548 5, ] GE [A] i 22 2 28306 sl Fn g £ BF B 052 . DL &5
RV, Zn A1 Cd B IX R F 25 YT,

Fr A AN R 4 R B i o A AR A B LI 2, 7E A R A S, NiL Cu, Pb, Cr Ml Zn JCR W E 4
& 5 B PG AR P M A 395 e XU T e {8, R Cd TT R A 12.5% FORE S8 i 149875 e XU 0 e 1. 5
Hh [ - SRR L, A AR YA AR o R S T P L A S, A A s BR Cd JT R i AR
K 100% 41, Ni, Cu. Pb., Cr #l Zn JTCE B IR 73 510 16.67%. 41.67%. 41.67%. 4.17% Fl 54.17%.
RN B S 0 R NG (0 = S e e w0 R o R 17 N £ B £ B 0w 92N v = DT 7 SR 21170 = YA
1 4R T E R R

SES— ik H Sereening values e B Background values

B (7/0) 7 — -
1% T I _ /F
1 1 I
2 40 2 1 2 .
= g) = &0 = & 36
2< 296 2E 40f R
§.§ =2 =8
58 5w IR N ) RSSO TN E—
= 2 T £ 241 T £
g s T : .,
38 S 12t 8
ob—1 1 0 L 1 ob—1 1
Ni Cu Pb
250 [ - L B .
T N ~ 08
2 2 ‘ lb :
[T 1 X)) ST R— — 80 | k)
g% gg 225 Tg ED 06fb-mmime
3 5 5
g 0F & EZ
g‘é §§ 150 g% 04
== E = ;5) - o E
jani=]
s B £ 711 g
5 B 711 [ g
(5]
() ) [ PO —
o 1 I I |
Cr 0 Zn ¢ Cd

B2 #HeETRmHELE
TR P R TR A FH b 3 e XUR T 2 (B (GB 15618—2018)
Fig.2 Heavy metal content distribution box plot
Background value : Chinese fluvo-aquic soil background value ; screening value : Risk screening value of
soil pollution in agricultural land (GB 15618—2018)

SIS ) DO e G Jm N J et LR B (FR 4), WIFFEIX 6 Bl 4 ) 7 B S T [ A
Wl 2 S IX T DRI AR 16 B D B S Bl R s i S N A A T B SR AR R T R B R
MU 5T He A B, BFFE X BR Pb M Cr W 5 T2 1d J7 R BRI 40 5, BT A s 5 T
PRS00 R R ZRK A R 1 T L 3 U 80, B AR T, 9SS DX ] ] 9 T 5 e 1K, X v fEJE:
PR g B 30 P P il T2 P T IR IS A OR A A/ DR A T S 3, HG o5 TR BN, & N ST A8 BRAES, 2
BRAF T PR 0 S DR R RIS 2R B, 7 35 Ak PR ) T o 4 J 5 5k T B S5 Bt A8 iR A ]
IFRI R L DRE S st BRAE A5G0, DRI, AN R TTT B i delox 398 o 4 J 5 o A AN [ RS2 e A

R4 AR A B R vt S 3 - SR < R (mgkg )

Table 4 Heavy metal content in soil around different municipal waste treatment facilities (mg-kg™)

Stﬁliij;fea Ni Cu Pb cr Zn cd Literjfr}\jiﬁurce
T AR T 3 rh v 23.08 26.63 24.08 44.64 97.68 0.32 AW
FETIIN 3 XA H 2528 33.92 40.77 49.00 180.23 143 [45]
FrETTIEHE X 2720 6290 82.60 5320 127.00 0.62 [46]
FRd$TiT A T S R Y i 20041 5230 3372 5132 258.07 127 [14]
T T BH XA G A W A b B ] (X 30.56 2349 2323 69.97 60.13 0.07 [9]

ST & 25 AR b e be T TR i 4121 3812 3024 82.84 129.00 0.37 [11]
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gk 4
sﬁij;Zéa Ni Cu Pb cr Zn Cd Literifjrkjfeﬁurce
P AR T s R 20.90 — 30.92 60.44 67.00 0.11 [49]
PR RS RIS 69.97 61.69 — 125.41 125.99 1.50 [50]
AP SR &R ) 9.61 11.70 21.47 19.33 4.79 1.06 [47]
T 2R Uk BEA IS BN, Note : “— means there is no relevant data in the literature.

22 TSR T E 4SR5 Y

FIHE (1) RN (2) 12 G20 254 75 QL 45 50 (NTPD) , 45 52 WL IRT 3(a), DL ) 35 5ol 2 il
A, 4% 457 ) 5 0 5% T 4 JE U5 YRR FE AR IR R - ZT>Z1>Z23>Z6>ZA>Z11>78>74>710>725>79>72, Horh
72.74.75.78. 79, 210, Z11 fb TR pEi5 e, 73, 26 R EEI5 gL /K-, Z1 1 27 R s e . ok
B, 1A B b e sl 1 YRR FE O % BTG g S D B A, NIPLF- 34 {8 2.25, Ui i X A o & 4 )8
HRE TS Y X, T S YRR P A P AR P M 49 Y XU i R R 2 LU AL, 45 3 A il v
TR IR K ZT>Z15Z3>Z6>ZA>Z8>Z11>74>Z10>25>79>72, FF A b 3% 9 5 3 i) NIPI A F 0.23 —
0.76, RA Z7 WERY, FHAx 10 DB b B uli YA T2 2 T075 Y K, SR LA TS Y XU

FIAE(3) FX (4) THE G R N M B 25575 G A8 B0 (IND), 25 2R LI 3(b), Db B 3 R (H oA S
ORI, 4% I 3 P 3 vl 22 B 4 B V5 YRR AR IR R« Z7>Z1>23>26>ZA>74>72>75>711>7210>29>78, fiff
FEIXZ | Ni, Cu. Pb, Cr. Zn, Cd A[a]F2EE A5 4y, Hr, 18.18% Yk ik uli ik 3| 1 v B2 75 Yeok 7
(Z1. Z7), 81.82% M3l h ikl b T R I5 g 2= h 8815 Yok V- (Z2. Z3. Z4. Z5. Z6. Z8. Z9. Z10. Z11),
SR T, 11 A B3 i 3l INTF-S44E8 0.90, 150 BH 457 3% rf 2 ks J) ] 4 498 5 4 Ja A 8 1 A 28 XU Sl o
TG REIG Y, A X SRR AT IR B R TS YAB A DUAR P Hb - T Y VRS T (O 2 L
(B, 2457 3% rhi il INTAR YK R : Z2>Z25>29>Z105Z4>Z 1 1>ZA>Z8>Z6>Z3>Z1>27, 11 N FkE S 1 INT #5
BAOFMES T 1.89—2.89, “F-3{E Ky 2.37, Uk B 11 A~z 3 v e sl A b Ry v 2T 4 M DL B OKOF-, Bk
rh R i S ] - 48 4 R AR R A AR RS A e, 2 X Sy B R R R L.

[ A% (A 4 2 L With the screening value as the reference
22 P35 =48 A %t With the background value as the reference
a R W5 Y Not contaminated A R¥i5 Y4 Not contaminated

b &% 4% Warning level B &5 %2 o1 E75 YeUnpolluted to moderate pollution
¢. 5% 5 YMild pollution C.ri1 E {5 Moderate pollution
5 d.H7 {5 4eModerate pollution 4r D.i1 JE & B3 YeModerate to severe pollution
e 5 {5 Y Severe pollutiyon E. & {5 Y9:Severe pollution
4F
3 e
&
Z
27
S
0.7k-H-
0 ’7 0
Z1 72 73 74 75 76 7Z7 78 79 710 ZI11 ZA Z\ 72 73 74 75 76 Z7 78 79 Z10 ZI11ZA

Waste transfer station Waste transfer station
3 LIEES RGN
Z1—Z11 S RIR P, TEAAA PR ILR 1 TR, ZA S5 P 3ME. NIPL P2 5 Yed8 4 INL BIGH B I 2 5 YL 2
Fig.3 Evaluation of heavy metal pollution in soil
Z1—7Z11 is the waste transfer station, the detailed name is shown in Table 1, ZA is the average.

NIPI : Nemerow pollution index; INI : Improved Nemerow pollution index
2.3 U RIS 5 YR S (IND R 2 175 e 8 B (NIPD) 25 580 L 70 A
MEAL 4 T oA ] B 1 E 4 Jas 5 Qe PP 45 8 T LAFE Y, AP D) 79 S {H 8 2 LU (H A9 NIPL, RI AN
AR 15 5 S AR NIPLX 27, Z1. Z3. 26, ZA (2 5 R EHIT AR5, )k 27>21>23>76>
ZA, T LU G Be(H o 25 LU AR B9 INT S8 3 R4 45 2R 19 52 75 78 B2 HR e 58 4 A0 B, Ul WA A JH 8t 7
A2 15 G BOPPAN 1398 4 J 75 G, N E AR P b 3985 e IXURS: i B (R 2 LU
4 FhPEAN 45 RN RS e 35 2 L an 18 4 B, DU B 95 S (B8 2 ORI, 2% 17 3% b 5 v
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NIPL (75 e RERE & AR N B2 TG54 (63.6%)>H BEIG e (18.2%) =H {5 4L (18.2%) , INT f75 YL FEJEE
A7 AR O : Rim e = BTG 38 (72.7%) > BET5 5 (18.2%) >R85 94 (9.1%) . AR 7 1% Hh i B2 IS e il
ARBTG5 28 SR, R A AT e A 25 5T Je AR B0k B AR W] A4 T Jre A% i 4 Ja vk Y
foERRE, H YA R G 8T R PR T 230 45 R 3l B RS . [R] A, B R V5 0 B S v Y 52
i), AN REA 2L IX 53 Ak R 2= AR .

A W5 Y«Not contaminated 2] ##i5 4Not contaminated

eqf 4% Warning level | AR¥5 Y% ZE v 5 HUnpolluted to moderate pollution

% {5 34Mild pollution [ 95 YsModerate pollution

1 {5 %4Moderate pollution [ Az oI5 44 Moderate to severe pollution
B = iy Severe pollution ] /&5 YSevere pollution

118829

B4 WP LEG G Y S UG R NS TS SR T
HNEL: LA MBS e B AT B (0 25 Ll NIPL: AR 75 YL 44 INT: icath 20 P g 27 15 e H6 5
Fig.4 The proportion of Nemerow comprehensive pollution and improved Nemerow pollution grade
Excircle:With the background value as reference ; Internal circle: With the screening value as the reference

NIPI: Nemerow pollution index ; INI: Improved nemerow pollution index

24 FETRFIS AR L3 4w W e A S KU PP

A (S) 088 Az 06 B 3 P ol Y e AR S XU A8 RO (RD) , S5 SR AN 5 (a) iz LA ) 75 54 AH
NS AN, 4% 45 3% b o oy A 25 KU T BE AR UK« Z7>Z1>23>26>7ZA>78>711>74>210>25>79>72, H:
W, 27, Z1, 23, 76 oA A AR, A 7 AN B el 1 D v AR A AR, BEAOR TR, S IX ZR S I
T A 25 AR 7 AR b 385 e AR i B 1 D9 2 LUARLINE , 9 2R 25 XU P e A, 45 a3 rh e ol A
B TR RN : Z7>Z1>Z3>Z6>ZA>Z8>Z11>Z4>710>29>75>72, R1F-XIE N 18.48, i it/ T4
BIRAEL, T 11 A EE I b e ol 24 DRy e ol A 25 XU

[ IPATE% 8 F5 He With the screening value as the reference
VL3S Be{E R % bL With the background value as the reference

1 #2428 KU Mild ecological risk 1 554% 475 R Mild ecological risk
10 A i A= 25 XU Moderate ecological risk 2.d7 B A 75 M Moderate ecological risk
I .38 A= & X Strong ecological risk 3.8 A & KU Strong ecological risk

300r a IV 4R 38 4 25 XU Very strong ecological risk 170 b 4 R 38 H: 75 R Very strong ecological risk

V A% 38 42 25 KU Extremely ecological risk 5 4% 38 A= 25 MU Extremely ecological risk

4 1 0 /
Z1 72 73 74 75 76 Z7 78 79 710 ZI11ZA Z1 72 73 74 75 76 Z7 78 79 710 Z11 ZA
7 3% #5355 Waste transfer station 7% #5355 Waste transfer station

5 b WA A A U IR
Z1—Z11 AR, PR ATRILE 1 PR, ZA D33 10E. R TEAE S UG s NIRT: st S 7 A 25 KUK

Fig.5 Potential ecological risk assessment of heavy metals in soil

Z1—Z11 is the waste transfer station, the detailed name is shown in table 1, ZA is the average.

RI : potential ecological risks ; NIRI : Improved Potential Ecological Risks

A (6) A7) T KL r P ool o [ - 48 A 2R i 2R 25 XU (NIRD), e 45 2R an 51 5(b) fir
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I BB B VA LR S KU R U Z7>Z1>23>726>ZA>711>74>78>210>25>79>72, L) v [E ] +
5 S5 N S AR, T A A 250 NIRL YK T 30, REIWESE X+ 38 & 8 A A A R R B i e AR 2
AU, 11 A AT A7 34 A v B R DL 1 A 25 KU, Heri A 4 A S 3% A 3 ) NIRT K T 60, Ab 58 A 25 KUK,
Z7 B NIRI (&35 127.56, R ARSR A A KU, ARG, W X 45 b 3 rb e ol A 2 XU i 2 7™ 2. DAAR
b - 458 755 G XU B 356 16 A VPR A E B, 45 a7 33 7 i 2B AR KU IR Ry : Z7>Z1>Z3>Z6>ZA>Z11>Z4>
78>7Z10>Z5>29>72, NIRI 45 -0, Fir A R S 09 NIRT KT 30, ZHIHF9E X 1T 4 @ 34 i i 24
RV, B 43V YRR B AR, VA AR A AU A R A AR
2.5 LAV AE A 5 AU HE B0 (NTRD) Ay e A 25 XURG: 75 85 (RT) 45 S X6 He 4 A

TE 4 PR 1 4w V5 PP A5 A (8] 6) , 25 B3 b i ol 28 28 KU HE P B2 A — 34, 27, Z1,
Z3 S S fie i, Z5 29 Z2 A2 25 RS Fe A1, 2% B vl 30 A S (XU 07 26 (6 238 FH T RTRT NIRIL

[7] s A 25 UK Mild ecological risk = v g #: 25 R Moderate ecological risk

8 A MUK Strong ecological risk [ R 3 A 25 U Very strong ecological risk
B 1 4B MR Extremely ecological risk

B 6 TR A S XU itk B AR AR 25 UG 5 21 1 LL IR
HMEL: LA SE S L IR ATEIE 2 LU RI: W AR 25 RUB:; NIRI: O R e A A5 XUy
Fig.6 The proportion of potential ecological risk and improved potential ecological risk level
Excircle:With the background value as reference; Internal circle: With the screening value as the reference

RI: potential ecological risks ; NIRI: Improved Potential Ecological Risks

Mt I NIRT PFH 458 5 4 J XU B, DA e [ 30 4 385 S B R A FH b 458 35 G 7 8 {0 0 a7 39 v 7 il
B 2R SIS IEA Y 27>721>23>26>ZA>711>74>78>710>25>79>72, AS[al (42, KUK 1 e 1 1 3P4 45
T R 2 15 Y (100% ), 17 H [ A 75 55 L A A 2 DR R 3 2 Sy vl B A 2 R B L B 0. 3t i 3
g5 HL T g 2 PR Ry o B A S B AR T XURS: T B, - 485 S (B R B DX B S T e R A R A I R
i, DU O S (AR 3 e i i U, DA TS SHE N 2 LU I, e B2 1 4 )/ 1Y sy /N il
A5, BV A I8 B YL g ), (E ] B8 O AFAE T AE 1 AR 258 53 UKW I 6 {8 = LA A, B8 B0 e 3 1
S5 QLR RS R BT LI o 3, PRk, DL [ T S0 D As A R 45 R S B i = T B T R
T I E L E I YR

X F [l AP S H A, LAXUBS: O 26 (0 2 FE (AR, RT AT NIRT B9 KU AN 45 S AR — 3, 11 4By 3oh i
ity 359 R e A A A RS, PR I B A P b - 458 5 e XU 7 (B 2 LU ABL B, AT LK v A i — >
MEAT TS e UG PEA , AU R, T8 R B B, DL 3 135 S (B 2 FU (I, RTAGIEAN S5 8 0
A= 25 KU 5 63.6%, 5 A2 25 KUK 7 HE A 36.4%. NIRT P-4 45 5 ok v B2 20 28 XU o L 63.6%. 5k 245
UK 5 L 27.3% . AR 38 A 25 XU 5 HE 9.1%, #H H T RI, NIRI B35 4L 43 90 2 1 35 Ye i B o a0 B 5 Y i
FAR A TG B I i (Z27) , AR AR OGRS A 4 T 1A X R G B e DR IR A TR BB &

25 LTIR, ZESEBRI F rh, £ Fh 1398 8 4 R VPAL 7 ik A A DL, BT SRR | TRk 0 AU TP
S5EMIRR, REUS R B BT BEAY AT BB, ]kt oA AR Sk b BT -4 o) - 38 7 4 J 7 e R AR
OB A B T 3R AR S S i DL R S T R R R

3 %58 (Conclusions)
ARCFET BT 11 A 0GB i 0 R B 3 6 Fh 4 R u R A, XRS5 YR, 4

A TEDL A= 25 XU HEA T 20 B 25 S 2 e .
(1) B 3% e i I A SRR S5 - 3T 4 J@ Zn. Cr. Cu. Pb. Ni. Cd B FEHIEAK IR K 97.68. 44.64,
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3

44 %

26.63. 24.08, 23.08, 0.32 mg-kg ', Zn B & e, Cd AY & i fiK; % Cd 4, Ni. Cu. Pb. Cr Al Zn f5
et PR T A b 37 e JXURS: G 6 18, (0 Cd A 3843 a5 8 T4 FH |l 4 55895 % IRURS: i o 1, JHE i o7 8
B R R 12.5%. 5 b B 15 SOE A H, i T 48 Y 0 kR e T B, BR Ni R
Cr Ak, Hodx 4 P 4 )@ 9 738 & i 3 1 b BN 9 (e

(2) K AL G NG 2 255 15 Y BORN SC ik 78 Y o 25 15 G 48 K003 v 3% v e ol ) AR B A 75
TN I S5 R 22 2 B3, UK R, 11 DR b ik 42 2R R AR B fTs 4y, THR S5 R M, ot s
(1) N ARER 15 Y8 BOANIE A LAAR FH i 3875 Yo IRURS: 0 156 (0 2 U (B A T 38 EE 4 T V5 e KO i DA

(3) R FH s A A 25 IR 8 BRI et 780 05 7 24 285 IXURS: PP i 30 v e 3l ) PR = 1 o 4 T 7 A5 KU, 285
TR, WP 7 VA5 H 00 45 30 2 ol A 25 RS HE P AR — B0, FOAR B A TR s 3 P e il L X SE 3R P
B0 Sl R 0 T G A 9 o 80 A il A S RS e e, A AR U B A | iy 3 rR ARG i R K R BT R
A I A 3R I il A A RS B AR, 22 A e R0 T s R RS 0 2 {2203 P T 0 A A 2 KU TP A e s
RITRAE A 25 KU P 3K PR b
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