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B BEi LREERRENHRTEREETETR
g2, Z0aAR L I AM LR L AR AL HT Y ME

LAt TR FHER 5 T4 %, b 100029
2. P EFE KA &35, dLE 100012

FEE R AERf B A B Al 8 i T 4 ) Ph s YR EL , SR AEAR T CALPUFF #0054 M il J s 398 v 7 4 I 75 e Ph I 350
R T, MR A b TR o DX S e P b AT 38 - S A0 7, - 2o - 8 A 0 B3l 0 4 AR BT 90 E . 245 L b s, T IX 4= 4 P Ve 3 i
$79.26x107~1.69 ng-m™+s™", KIHIL A FIH AL HER T VBV ERA R AL HERCR) PhAE H 50 TR Fa A 2 K — 35, T5 Y 2 i 4
PRI B U T I R R 0.12~1.69 ngmes, [T X AMIT R IR 9.26X107~0.61 ngem™ - s BRI () + 38 8 42 JE P IS
WA PARSEHME r 0 0.45, T 465525 (MAE) 2 0.22, U BAASE RS ELAT — 52 1 T {5 B . as (BRI XUBS 15, i Ainoll J 30 + 98 Pb 1) 1 B0 fH B
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Research on the method and health assessment of monitoring points for heavy
metal lead in soil surrounding smelters

s

ZHANG Zheng]‘z, WANG Zhaotong] , SUN Dongyuez, MA Zi’ang] , XU Xin', FENG Xue*", BO Xin"

1. Department of Environmental Science and Engineering, Beijing University of Chemical Technology , Beijing 100029

2. China National Environmental Monitoring Centre, Beijing 100012

Abstract: To accurately assess the pollution status of heavy metal Pb in the vicinity of lead-zinc smelting enterprises, the CALPUFF numerical model
was employed to predict the deposition range of Pb in soil. Soil monitoring sites were strategically selected based on factors such as topography and high
predicted deposition zones. Model predictions were evaluated and validated using soil monitoring data. The results indicated that the soil Pb deposition
flux in the study area ranged from 9.26x10™ to 1.69 ng*m™+s™, with the terrain being relatively flat. Meteorological conditions influenced the deposition
pattern, which aligned with the dominant wind direction. Pb pollution was primarily concentrated within and around the plant area, with deposition

fluxes ranging from 0.12 to 1.69 ng+m?+s™ inside the plant and 9.26x10™ to 0.61 ng*m™+s™ outside the plant. The correlation coefficient (r) between

simulated and observed soil Pb deposition values was 0.45, with a MAE of 0.22, indicating moderate model reliability. Health risk assessment revealed
that the total non-carcinogenic risk of Pb in soil surrounding the enterprise ranged from 0.02 to 0.68, remaining within acceptable range. However, the
carcinogenic risk from oral ingestion at certain locations exceeded recommended thresholds. These findings offer technical support for monitoring and
managing soil Pb pollution and associated health risks in lead-zinc smelting areas.

Keywords: lead pollution; CALPUFF; cancer risk; lead-zinc smelting enterprises ; environmental health

1 3|35 (Introduction)

T+ e 4R 5 Y B IR (BRAEIN S, 2019) , it 19.19% AR H 22 B [R) R B2 A 1 42 Jg V5 e, o
F 4@ Pb o FEI5 YY) (Tang et al., 2021). 2008—2018 4F KT B 145 Ph i A 5 4 Ak 3 P
B A 93% (Shen et al., 2017; Peng et al., 2019) GRS N RSP EEE PO EE R — MR,
BRI B A HE TR 1Y Ph AR 25 5 38 2 1T B 8 i -8 Ph Y5 4% (Jin et al., 2005 ; 3 PEHIZE, 2022). PRtk , hy

%5 H #3:2025-05-22 &2 H # : 2025-06-30 & F H#:2025-07-01
E&UWH: EHEKAAPARES (No.42077001,72174125)
EE ' 5k (2001—) , B , E-mail :2023210153@buct.edu.cn; * FTEEE, E-mail : fengxue@cnemc.cn ; boxin@buct.edu.cn

hEIM  https:/www.cnki.net



12 44 SRR AR 0 S R A A T T AR AG 5 361

PUNAYERE HAlb B 10 + 8 5 42 J8 Ph V5 YR, TR R AR B Al S8 i 1 3 7 4 Ph WE I A 5 98 BT

DA b — e 3 1) AN [] %) W 00 A s 7 i X kAl R s - S0 AT T A A IBURE 9, o 3 R
(2023) K FH 40 mx40 m [ A AR 25 7E R A T v [ R 3 TP 3T A A 1R W 3 M AS [] 2 ORI 490 o AR 55
(2023) R FH B T AT AR R A T HE VS SR BRI Al 9 22 )2 30 s R 45 (2023 ) SR A 43 XA A 06T g 44
BT YRR BRI L 3 A TR 5 Jin B (2024) 2R 43 XA s 76 %o v L RS O PR SRR R HEA TR AR
Dileepa %5 (2023) X g K F M e S RR A MR T IEA T HURE HAERA R b R 10 38 42 )8 Ph &
BRI (Peng et al., 2019) HHUF I (CEMEALSE , 2024) KU (JR/NTI 42, 2013) HOIE (R HE464%
2024) %52 R N ZEHEMR 1A% S8 A0 W I A s 7 S AR AR R REVERR IS Ye i (61X, H_E R B o8 3K R A B
ARSI 88 7 1 T e - e v R X S

e Y X R SE T, FHOREE(2019) il i A E AR CALPURF ST BLEL I , #2137 3% 8 be i H
HE il —RES A TR SR DX, IR R T M W A, &5 SR 3R I BB AR TR R Ay i S B e A 1T g W A S R A
HAR S 4 FIRERY , PB4 (2017) 3 TAUE B CALPUFF F0 T 898k ) Be 25 AL — M0 HE i i 193835 e )
DU, & IARDL 25 5 5 W I B B 3 — 385 Qui % (2024) 1) FHE(EAL A AERMOD A4 T VTP 45 SR T -
S e T 4 TS YWD AR % PR R FH2E TN - E R As  Cu  Ph RN Zn (R 200 (25, A FH M TR 4 )
i AR L . R 5T 3R W BB AR AY RE NS AR 47 Hb 48 11 75 4 J8 15 Je Wy B I i (L DX . B B B Al
HER ) & 4B R RSB RRUIMEZE 53802, I, 36 T B A AR A A R h B Al J R+ 98 o 4 T 4 oy
15 Y DX W DN A R AR R PE AT BIF 5% AT F B A Rl i

A 5T 3L T3 [ 5 X — FAB 1T 2 AR YRR A R Al R EE AL R CALPUFF % 2 W 2 42 )& Pb
BT R X Sk 231, AR 0000 A9 Ph UL RA 5313 45 15 B A 398 W sy, 38 ok 00041 5 S = ] A A S 43T
PRIE I T B AR AT EER e Al A R WE I A o5 A AT AT, 2 J5 AR 46 - 49 b Ph %) W I AP P Joe R 5 5 4
Bt BTENEYERA R i R 10 1+ 4 T 4 8 Ph 5 e R AE S5

2 ##B5Ai% (Materials and methods)

21 HIRRESHS

AR FE X I T3 w2, JE 1 A 2R R e VLA, b3 28 VR 110 m, B4 51 3 1A/
bk, TS R R 5 kmxS km, 325 KU A PH A0 R, 320 B 9 8 A BYERE e Al 3% Al 11 5 25 1 2004 48
H AT EAREE B P2 RE 10 21000 tea™, Al 7 11 A2 26000 m?. | XA B34 4 58 4 1, & T 3R
B AURR DX 3 AR P s Al 4R S0 m M R HER , JC AL 2R R B LA AR S HE R
22 EERE

A AT CALPUFF S E RS = 4EHias 9 H 08 AR, J2& CRBE 52 ma 97 12 R ) K038 ) (HJ 22-
2018) i AL (Hffg B84, 2024) , RRASBIPLRKS5 Yy iU R B2, JF H % IR T /N I R A 3
/N R 2 AR R A 0 (A 8845, 2009; Scire et al., 2000; Yim et al., 2010;{(185%F, 2015).7£ CALPUFF
SR FO R | AN J A A 232 A R AR 7 R o ol WL (1) ~(2).

C:ZTrgla'}g expl=d/(207) [Exp[-d}/(207)] (1)
8= 2 i exp[-(H, + 2nh)*/(207)] (2)

O 2m n==
o, C TR E (g m?) s Q IR 0, o, o Y BURE d, U ES s d, Ak ] BB 5 H R A R 5 b
SRR 2 R BE 5 g A v T R T, TR DR G 2 R M TR 2 ) 22 S A A T R
ABRFET P BB e S0 5 WRF B0 = 202 G 5 B I o S e (b 0158, 201852023)
WREF B (14 40) 43 37 40080 o 5T 56 R PR 85 T4 v B8 A BRFE 20 A ) s b7 B30l o 566 [l 3 S5 B84 JR) (Unnited
States Geological Survey)*ﬁ&fﬁ? 90 m &t ; i S BOEHEHS B N 30 m(fAZE5E, 2015; {AFESE, 2018 ;Scire et
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45 3%

al., 2000). FFRIELLLE B R 5 kmxS km, 555 5 A
B AL HE A bR A HE RS B HEOR T 4

x1 FRAESHILE

Tablel  Parameter settings for dry and wet sedimentation

15 YU Ph HERCIE 45, Horb, Ph RO HERS B Tt j’/”;m**g BE
" . NN JUfA 3 A% 0.48 wm
S HO R | R 2, TR 5 50 m, i 2000
VN HE . Mm
N N
AR T BRI R Al HE R Ph 15 4L 1 R R BT K 0.00005 s~
DUFESE I, A48 Pb VLR & (ng-m?+s™) , AL P X7 18] L P £ 100 m
DI 22 1 07 X80, A% 8 Ph k255 AL, s Yy 1o L A AL 100 m
ey s )3 A Ll R
*x2 PhHESHIEE
Table2  Pb emission parameter setting
AN HET P AR AR X/m HET AR AR YVim HEL R /m HefciR ¢ Hegib/ (tea™)
1 25 0 141 678862 3074219 50 80 0.2230
[ty 678850 3074240 15 20 0.8996
Fie Ak 2 i) 678852 3074226 15 20 0.0325

23 TERARKNSE

A58 R A CALPUFF #2044 Ph 91 R UTRIE R, JH 45 A MY | H bR 52 500k, vE8E
P 3 A 15 A 9 W s (B 545, 2025). 1 FIZAYEEA B A Mh 48 Ph HER A A Uk 2k o 3, TR i
XAEPAE) SR, I, R4l CALPURF B0l &5 5 7E ) A4 0 JR1 1 3 Wl s A7, T 0 4 Ph TR0 222
J5 T AT R A 1 A S W I S 5 e R - TS S AE b U] (8 AR DX A i R g W 7, e A i 14
AW A5 (L1 Y 1~ 14 2507 SRABEATIR 2 7% ( - 475 Y o0 5 W A8 P07 JR 3 - SR B W I 4 AR F8 e (R4 ) ).

Bl e Eh+ B R

Fig.1  Distribution of soil monitoring points around the enterprise

R T BE AR, R A R A R RAETREE R 0~20 em (BHUIESE, 2015). HHETH 4R
Ph 84S I 43 A1 SR FH ) 5 s o € S0 A 05 o I el 4% P b - 9 75 e XU 45 P b ofE (G4 7)) (GB 36600-2018)
MRS Tt A b - 4875 Yo XU A 45 A (U1 T) ) (GB 15618-2018) , 4% - HEAE 5 XUT 445 11 44 i O FH Y
Oy WURRERE 35 100 H (FLA2 0.149 mm) JE JE i FH T 13 Ph oC 2B 80 , 40 A 2 BUS 7 W 4ok
FEEE T (1ee3500 HD-YQ-020). i ish A Hhohn A b o 18 GSS-5 1 M B b, I HL - 60 5 or BTk, 64747
MRS AR B ST RE S, BEALAMEL 5% WRE S HET T4 T RURE AT, A TR A 90%~105%
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24 RBGIEFE
25 R OB ASE TR A B E = B R A R 00 F 891k RIS IRY L e v 55 L AR 9 (i PSS R0 B0 E 8 19175 e
BE(Wu et al., 2024; LA T4, 2025) , IS AURLLE 5 8B A AR DS R B VR D BERY IO IE 1) S T T4

b, AW (3).
S (C-C)>" (M, - M)

r =
JSc-ey S -y
A, € ISR WA 5 C Sk 38 S o Wa IS 4348 5 M A A PR AL ) T R 30 i 5 M A B TR 1 T o 3
SEEAE i A A W A 5 oA R AR

A, Ryt — 2D PP R ) R G 1R 25, AR 5T A8 FH T3 46 X1 1% 22 (Mean Absolute Erro, MAE)YERPFH
?519T<(Huang et al., 20215 Liu et al., 2024) , PR AL ) 000 BE L A2 UL (4). MAE (B #U/)N , Z2 R 78 (g

RERRLT , 4t X BBy 115 220K AT LA S G b i Wi 25 AR SIE P O
MAE = M (4)

n

(3)

2.5 EEKRITE
AW FE R EPA B R 58 8 BT AL B, X T 5 DX L 38 5 s ¥ Y T e Ag R XU 3P4 . L3P A T 42

JR 15 Gy iE I 3 MIRARIE AN« B A 28 R AR e A (R 055, 20245 B B4, 2024). 11K5h,

H1 T AR A9 22 57 T B0 R V5 e A RS O R BEANTR] , AP TORS A2 2 L e b o TR R R 1 AR 20 A

JLE S AHZE ADL,, ADL,, F1 ADL,, 435l 37 3848 TN (RIS 5 B kA2 fih - 9 J0RE 1) o 465 ZR

A, BRI WA (5)~ (7).

_ CXIR,x EF XED

-6
ADI,,, BW X AT x 10 (5)
X X X X X
ADL, = C x SA ABFW :‘,I;ST EF X ED o 6)
X . X X
ADL, = C x IR, x EF x ED )

PEF X BW X AT
o, C YRR A S5 W S A B4R P i (mgekg!) s IRV E 4 B A T EF Jy 28500
o ED N 257 JE M BW S IR s AT Ry V- 34 22 5 5[] 5 SA Sl 22 5% B2 K THIFH s AF R K RS B IR 5 ABS
BRI R 7 5 TR, R 4 S AR 75 PEF 8 0B 3% B 22 505 4 S 5O RIUIE L4 3.

7 5 A 45 B SRAE T, HI 7R AR 350 KU T
SR, HQ B HI/N T 1, F7m % AR B AR B0 K Table3  Values of Soil Heavy Metal Lead Exposure Parameters

B Al LA 206 AN T, 2 HQ> 1 8 HI> 1 B, W7 7E SH E: LR AR
IE SO K (4 FF, 2016). #1256 31 5 2 0 X IR, mg+d”! 200 100
(8)~(9). EF dea™ 350 350
ADIL- ED a 6 30
HI = S HQ, = ETM (8) BW ke 15.9 56.8

TCR = S CR = S ADL x SF 9) AT d g WUl 70x365 , A1 i KU ol EDX365
St R AR S5 AL S nEGAR L - .

23 £ . metm i '

T, 2% HAbWF 55 HL0.0085 (1555, 20165 Wang et ABS - 0.001 0.001
al., 2020; V¥ FH5E, 2024). IR, med”! 7.5 14.5

N . . PEF m’ kg™ 1.36x10° 1.36x10°
3 R 51418 (Results and discussion)

31 E£EPbLIERESH
WF5T X 3 5 42 J& P K75 Je il R R TR A, LA 2R TC2H 2 AP =X . Hop
A B BHERCE R M2 &), 55 50 m, PhHEMCER 2 0.223 t-a; TTAH L HERCE I FURHE ez 2s Kol b4 28

hEIM  https:/www.cnki.net



364 EZ - A - N - 45 &

PbHEME M 0.932 2. AR BF5% 38 1:F CALPUFF AL I Ph 78 & Bl S iy 35t b 2R (K 2).

H A T , B9F 5% X I8+ 338 Ph A DTFEIE 18 9.26X107~1.69 ng-m™- s FYEF 1A M 09 JC2H 2L HENE: A7 44
[ 418 £% , Pb 4 B B 030, s (A IX R AR vh e T Xy S DU ], Herp ) T XN 1% Ph DL 3 2R 0.12~1.69
ng-m?+s”, ] X AME Pb LRI 8 9.26%107~0.61 ng-m™-s™. /[l J& 31 3% Pb fe K UL i i B e ) 5
L, 200.61 ngem?es V5 YL X AR XS AW R H WRE BUUSR AL W58 X =2 550805 , i
Origin2022 AKX PR 1] H 447 1 KB I (18] 3) , & BRAFF S X1 38 53 JRLT) R PG A6 XL, NNW-NNE 37 5%y 48.03%.
T T X 34 A o0 S 10, KA i 06 s AN B B, Ph R A 7E KA A B0 ) R 87 = S K (B
F,2019) HVEER Hr AL HER A 5 4 T8 Ph A 3 5 KU AT e R 9 180, 0 R e DAL 1) R R AR, 156
15 YL PR HE AR P, 13 Ph UTRE (8] 2) A a4 5 4 4F 32 5 XUk (18] 3) AR — 3K

B2 PbiflpEESFHM R & S

Fig.2 Prediction of Pb deposition distribution and monitoring point map

B3 HREERHZR

Fig.3 Wind rose map of study area
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3.2 fRBVIGIE

HR A T 42 8 Ph 10 R T 00 A5 5 56 1o W) (L, 0000 T R 224 0.014~0.342 ng - m?+s™, - 3E 8 458 Pb
T 34.6~196.0 mg- ke MR C b AR i i i FH b A 39S L XU A P A v (X4 7) ) (GB 36600-
2018) F¢ 4 EFREE i AR 3t 1875 Y KU A5 P b v (G A7) ) (GB 15618-2018) K] 43 - 1 5 437 AN [7] 75 e A
JE 14 R HERAE A, 64 S50 EE 4R Ph & i RS I (A (2 4). Horp 1 2 Fn 4 5 5 48 Pb
B B AR, 349 ek XU e {8, 6 ) X 30, S BSR40 e v (L X BE AR & . e A G A it
L WIFE X S5 - T 42 TR Ph B -5 WA A R 0.45 (p<<0.05) , Ui BHASE TR () 000 B8 Ty #54f-. FH R 5%
(2019) 5T F W, A E AR CALPUFF AT R 555 398 W B i AH G 0.29~0.85 il BERIBIH 45
HA—EnEE . MAE 4 0.22, & BRI 00 M B AL T 0] 42232 K (Li et al., 2021 #8855, 2025).

4 TP ENIE SR I SRS IR R

Fig.4  Distribution of Pb monitoring values in soil and corresponding monitoring point prediction data

x4 RERMNELEPEERITEM

Table 4 Content and evaluation of heavy metal Pb at sampling points

o %UHME:/ TR RL@ﬁ‘ﬁ%iﬁﬁ/ oy %ilﬂuﬁ/ TR — NK@&%&%{E/
(mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
1 102.0 582 -k 100 8 452 6.09  PiHi-sKIM 100
2 196.0 580  AfH-Fi 90 9 403 585 PR 100
3 94.5 556  HkHi-KH 100 10 34.6 6.12  HFHL-FH 90
4 107.0 534 HHH-Fib 70 11 56.2 7.15  BRHi-sk W 140
5 74.6 590  HFHh-sk 80 12 157.0 6.56  HFHL-7KH 140
6 88.3 633 BkH-KH 100 13 162.0 633 HFHh-FH 120
7 87.9 525 Bk H 80 14 37.0 532 fFHL-Fi 70

ST CALPUFF A58 (1 41 5 07 1 AR AT B v B Al i 75 e HERICHE 1 25 B 1 L R R S5 R4 %
Bt AT R 4 R LR TN, T 4 T M S W 4 S VS G B, fofE I A R T B AR RS Ol A
BER T Al 1) - 398 W A S S IR BTSSR A M R R R SRR e Ak, th T E AR K Dok A SCHE R, Bt
CALPUFF 385 A T HoAth 5 4 Ja (R i R Fon g
3.3 EERXK ST

WNIEL S FIE7R B RIS X PN A A 008 XU 2 B A 28 11 5 A > 7 A2 > WP 48, 78 AR B0 KU L 2
P4 228 11 5 N XU R TR Mt XU 0 BN . 18 5 4 P () HILE I MK T 98 R B (USEPA) I 2 42 FRAE 1,
el A E 0 R XU 12 0.02~0.68 , 3 W JH: 3 35y it ke IR SG: 7 ] 422 32 30 LN, (H L B8 28 11 48 A XU 35800 42 4
BEAE . 5T s, JLEERFAR D) HUE 3 8 T RONEER  3X 5 )L A IO & T LRl T i 2 DL Ak
TE X FLEE A T RIS R AT 5 (Ma et al., 2018; Huang et al., 2021).
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SO AU 718 2862 A Ph XL AN A S0 XU P AR 38 1o P IR 2 R A R A 4 Ph Y
B MR AL T AT T 4232 KF (CR<1.00x10°). R, 45 A7 2 12 11 13 B9 28 1B AR A (9 B0 KU (B 2
B T AR R WA AR — S R EUR R 5 R T

E5 HRXIESEEEPhIFHEMHERRRE

Fig.5 Non carcinogenic and carcinogenic health risks of heavy metal Pb in the soil of the research area

34 ATREMESH

FUERTR CALPUFF i A B Ph 15 Y HEROIR 58 S AEHERUE I, b AR A 7 S R A e i sh e, B0 8 T
2k S 5 S R HE U SO I 22 5 A2 FUI A HE L Ph A DTRE SRR, Ph B4k 24 S 55 1 B i A 55 R bl % 1
FEN , RECBIR TN 25 BAT A e 5 95 B EPA VR A IR A P I BURRPR I T, A 305 | AR 5T 1Y
BURRPRIN F AT E Y T I SR R DX TS e T Y v X, AR R T IX
AR DT R AT DX, PRI, T B8-S 3500T 75 2 i DX 3 Ay £t B IXURS: AR A, ELAT — 8 A AN s 2k, v 7 e X T
fig 1 it — 2L IRk
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4 2518 (Conclusions)

1) CALPUFF #48L Ph LI A2 i TE 29 8L, A M FI R AL RIVE R, B ERG R AMk HE Y P 7E 1+ 158
H TR R S A4 32 S KU — B0, UTRE S (E IX R B e IX P B DU S, Ph BT R B 2 b 43 A

2) WFFENT FEBEAULE 5 W A AR DGR 0.45 , 6 A 3 T AUE AR CALPUFF ALY 38 Ph TR ITRE AR A3
J5 AR R AT A AT AT

3)X6F - S W A ) Ph AT A BRERURS: 23 AT, S SRR, L AL A AR TR S50 AU SR HT 347 26 =]
IR 1) £ A BB RN, iAol J8 340 18 Ph ()1 5008 (it B JRURS: P 232, L 28 11 48 A 1 850 XUy ot T i
FEZ K-
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