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W OE: RH S SRS R T AR S AR T I S YRR AR R I RS AR AN R A, R
M I A 2 2 R S S S50 S s BN E R, BT R A2 B2 . AT EIRE R IR
RGUVET R S FLAg AU DL R AR HE - S A e R 6, S VAR 6 AN TIT D R FH 3R 7= 5 s A7 W R R
BRI 3 Mo R VR h B ) S ARERE R i RS R, R T U R (Log-logistic) S HETE 454 H
TIES AT, SRFW: D EARFET D & HEREE S FEEMN KB MEUONLITMN . . @,
SOl FEW . BN, HAp, BEN. dedi. SOL R Z MR LA R R R B AR R R 2) VTR 6
AT OGN AF= T S ALEAREN 11.9%; ANFZEBEYRILCE EATIEE AR, TSGR A B s
EHES, HIKERZERMHE . RIS RMBWRINE . 3) BRI 45 REW, RS KR LEES
JEE X R RANEAE W B () FE B0 RS A S0 )UK, B7EAS A X0 ) L3826 AR B0 KR KT RN, A AEESEIER
FEAR RS TR MR B MR O F- T8N R PPN s 4) FET 4 Rh st 0 A B AL S HEVE 2R AR FH - g e (i
RS IE AR, PR 228, AHARZE. M3, B35, BYYnt, HiIEFE 5 518 13.0. 19.7, 35.1. 11.3. 18.1 mg/kg;
HAEEAE 9N 269.5. 481.3. 500.7. 367.5. 560.3 mg/kg. WFFELE B Al AR LIS S X 4 1 5 X Ak H 9% ) 2 o
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TR RERE . mp A E PR, R R B Y
FHA 40.6 mg/kg, IR THREE (413 mgkg) , =2
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ME AR e =M KBS et — gt
2019 4F, = B AR & R I AR 4 Boh 12x10°
H141.7x10° hm?, BESEAR & 072 &4 5N 23.04x10°
A1 18.70x10%t, WM. dgii. BN . RiEH.
SCULIH ELIAT PN 6 AN AT BUX 55 5 P i AR 7= & 40 il o
2411 65.85%F1 68.00%, £ FlAE I AU = & 4 Al o
B 33.47%F1 24.24%. R4 (PR N RILFNE A+ 5%
W S A O, JE A G 4 1 X 3y i Hh Bk 1k
28 BEVE N 23.9~300 mg/kg, BB E R AT
HOER AL 25T SR I K TR S e KU 4
FrRUEY (GB15618—2018) H1 Y5 B KUK i e {2 » UL 4FRK,
KT B R AE P 5 4 TS e 1 B s A AR 3 11
e R PR i) Lk Sf 52 31 T KA 7 8 i Syl it
W 2 U213 3o fg VR A - H AR S B AR B I R %
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(THQ, Target Hazard Quotient) VP{li#s 24" X J& 14
bR AR Y RS, RILFTIXAEY) THQ RBLAN:
HRZEHR MK EME KA Cdy Pby Cu. Zn. Niv As. Cr,
%N Cu. Pb. Niv Cd. Zn. As. Cr, M3E%A Cd.
Pb. Zn. Cu. Ni\ As. Cr, " KXRIEAAER G178 RX
o DaipkChEd i RGEX LR AR RS
M RBRIL, RIS HEX N R E G 8 RIRYIE, B
WRANKZHESESEEWIESR, BT T X
Mo B RS U I B R R S XK FE 3 (RI, Potential
Ecological Risk Index) MK HQ, Hazard Quotient)
T T M A8 TR A A R DXOBE g R O AR SRR AR
Y Rk, FRAUNED REEEATIEN, RIEHAHRX
fak. EKF/NFEAAE Pb. Cdy Zn, CubrdlgR, &
FAZ X IR A 2 RN 51 2 2 6 3 & T G R
FIAFAEAR R . H AT LB 7T AR R AR B TS
SRR B X IR T X @RI 5 X, i ok
T R BR AL 8 SUE = I X L N T SR S
NEBHEE S Xk, IR R R
QA R RIS 7 THI R B 98 B RS WA I AR BE R A
BRI, R a R A SR R LR
DX 5k, 72 A1 v 1 S X SR A ) o 3 0 A A R XU
(P N PSS

o AT R R AR (LR R
RS E P brdE GRIT) ) (GB 15618—2018) #E T
A FH 1 L 458 R B 4 i R 24 S D RIS 7 3G L AN A 1)
B, iZbsEE R T ITA AR, (5 o T op E A
W& 72 Rk, HMEEDFEZ, AEED
ME LRI ZE R K, KHIAT AR 48 = 5E X
TSRS FEHE R RS R JEA S AE A, 7R X
FARAEDD B ) s A AR 3 e A R AR AETY . A
5T DL AR O 7 o gl ST =ANm O B
MBI TR L0 N B AR B8 7 B OB AU 4,
ARG HUITFE T 1% X A A SR R P T R R AR
B, T AR XU PEAN AR Y PR T 2R AR Y
15 Bt N AR IE 15 PR A B RUSSIR G, 5 6 T P R B2 4y
fii 2% (SSD, Species Sensitivity Distribution) % 57 JE
ZRAR FH S R 11 i BE XU Br JE v A, SO i e T e XA
38 ) 22 4 R AR DR B N A fit e B AT B S

1 #R57E

1.1 WFR X

WL X3 AL T = /48 AR &6 (102.54°~106.87°E,
22.5°~2834°N) , FEAFEH@EN . #FHT . Qi =
AT D PLR RN RBEMN . N R B X,
B H ST 5.51 /5 km?, VEARJB W ZE KU 5,
WZtndE, A FRAEA 19~22 C2 I8, B4 AT
6~8 CLL L, TR 210~220d, FFEMELE 1000 mm
LE, WREZERE 5—10 A. BEEANETERERIHK
Wy, HERIOVEMARMEZIRILM LR, REESM
RA W RS, b P A R 4T SRR 4T 3
HARFNW R ZEE R REMWEEA Y —, X

BN AR EA Y S GEIE. A3, S ;i
B CGHML ATE) 3 R (b, 4% ORE
&) 5k (e, BiE. BEEE) ;. W UMNER
XK .
1.2 TIEMHRFEE

FERRE = A ERNEET . g, b=
AT O PLEERM . REN . L0 R B
X, 2018 4F 8 H, %I TIEE/EY) st SRR 492
o LREMRAEIZIR “BENL” 2R A SRR, R
LM IR, RBR R RRTE . B AR A B
segewy, HIERTEE Qmm) & H. EVMRRERE
FEVER ML X AEW B AT AR o i, O kR 77 =
(BREE RIS RS » (EMREFEITESR. 3 b,
. B BEF OB ORBE. ThBRHL AET.
F3E. B3R, 3. 0. B, 1638, Ex. 7.
ML R, T AR . DA W,
PEEqe. WEE, G2 B, 4. BWE. MEDE
KEE 31 R 8 AE KB B, MR4E (BR%aEEK
b SIS IR E) (GB2762—2017) Hig &4 FK
UL, ATDCHAEYI RS N SEde. Bk, KK, O
K. MBERAWAE, EVRERER—EmRENE, &
A ERHE TR RIEVIRET GRS, RH
HIVEIRE S N Z P 8T, 105 ‘CA4F 30 min, 75 C
TEIRHET RE R, FTHTEH@ET 0.149 mm Jé i 5
SRR

N

PR

. Yunnan Province

AEET
" Legend
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B 1 ARREY LE-AMYREESAE
Fig.1 Distribution of soil-crop sampling points in farmland in
eastern Yunnan

1.3 #HEPMAZEREIERIT

+ 4% pH R HER i (NY-T 1121.2—2006) ]
s LI ECR A SRR IR e R (i
AA6880) MIE, MAAAED T GBW 07405 X #A 73
Bl A2 AT SR AR A R OR H HEE
HEB TR R (GB5009.12—2017) J5E .

TR0 Kd R F Microsoft Excel 2007 Al OriginPro 9.0
BAFBEHT IR, KM IBM SPSS Statistics 19 #fF
HATH R R T Z 0 MR ES T8, R W
22 0) 53 A1 K ArcGIS10.2 1E K.
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1.4 EBFZE
1.4.1 =& RBAREEINF ik

TIEE SRR . L. OFREAR AN
A, K] R ARG 20 AR RS R . AR
T T 15 G 15 RE X NS SRAS R I R R XU 7T
DA 3 3ok e R XU B3R AT VP R FIIN ASHIF 70 R FH 36 [ B4
SR g B PO UHR L 0 f R XSS 1 A R 7 X VAR [X A
TR RIS R R, A

ADD 14.17=(C-IR,-CF-EF-ED)/(BW-AT) (1)
ADD 1 =(C-CF-SA-AF-ABC-EF-ED)/(BW-AT) (2)
ADD piis=(CIRy'EF-ED)/(BW-PEF-AT)  (3)

A A ADD tsnry ADD pipms ADD waaen AN B FE IR
BRIKMHBREE, mg(kgd)'s BW NEFE, BA
HUE 70 kg, JLEHUE 159 kg; C NESEJES &, mgkg;
CF AFATHEAL R T, BUE 10° mg/kg; TR, vt 15 ik 1%
A&, WAHUE 100 mg/d, JLEHUE 200 mg/d; IR, NIF
AR, B NEUE 20 mg/d, JLEHUE 7.65 mg/d; ED N
TR R R R], R NHUE 24 a, JLEHUE 6 a; EF K
TIERFENR, HBUE 350 d/a; SA NEEE K BH, A
HUH 5700 cm, JLEEHUME 2 800 cm; AF AR HRIKIZE I %
¥, MAEUE 0.07 mg/(cmed), JLEEUE 0.2 mg/(cm-d);
ABS A B R B USCR - e N EUE 0.003, JLEEHUE 0.001;
PEF N HIHEBUA T, BUE 1.36x10° mg’/kg; AT A
TR R E BB A, EDx365 d (AESUE) , 70x365 d
(BUE) -

B G @t N AR 7 AR )4 BE XU mT 43 Dl B0 XURS: E Y
PRI |t g 0 W o TS ik v i O = R/ v (N

ADD,

HI=YHQ, =Y ——~ 4
RFD,,

CR=Y. ADI;SF; (5

TCR = CR, +CR, +...+CR, (6)

SRR HI A8 SR SR MR 198 HQ, RS0 .40 i 1
o BT fi FE KUK A0 ADD Sy AE S0 8 4 IR 7 035 / A
REREN A REER, RED, NIFEMELE ( 105
R RS LR, CR BRI : ADL, B0
FoR 0 MREAR N YRR, SE, NIRES
B IS MR IR IR RHG TCR M FUR M
1a 8.

T4 B4 RED 254471 SF 25 I% 1 Fir.

Tl TEEEETRRZBRESEFREMRERY

Table 1 Reference dose and slope coefficient of soil heavy metal
by different exposure routes

£33 RFD/(mgkg'-d™) 12 ZH SF(kg-d ' 'mg™)

S

Heavy HIETRAN WFRIEN RRBIN FERA MR BUREA

metal Oral Breath Skin Oral Breath Skin
intake intake intake intake intake intake

#Lead 3.5x10° 3.52x107 5.25x10™* 8.5%107

4 EPA 456 XSS B R4 (IRIS)5 HI25.3—2014
I Gedgpthds Y RIS AR SF Y AR LR BRI CR
10% RSN AAERIE, Y REAEAE R, A
eSS0 XSRS HI 5 80 K E CR W 2.

1.4.2 RN REEIRES T &

et 5 X Iy 5 A 1 4 3 77 v SR P R AP 4 A i 2
(SSD) , YRt U I3 A #2872 — 2R 51 Ah B R P A i)
AN 5] it Fof [0 0 25— b 5 e R M 22 e 4 S R ) — i
A A RS PEAN 7R, SSD i i A 25 4 A R HOK AN )
Wi ) () 25 SR HCHE AME,  SEELS R E A MR R L R R
BRGUKE LA PGS 5 F 1 SR 26 05 A R 5
F B Log-logistic BurrllIf1 Log-normal 2524231,
HH SSD iEHE S EY & B A IR A S LB E, E
BARE 3 ANMBIR: 1D I S R FERE i L
Xof B -3 b G R A A R A i, TR RE TR A
#43 I) 'E % & 5L (BCF, Biological Concentration Factor)
TENBER D AidEdbrs 2) KA Log-logistic B il
SSD ik 3) ZM (R L EEFIRHERHHITRY
PRED e S RAEM ARG, AR S AE YA
STt - A5 rh A XU AR

Fx2 TESEREAERXEITEMN SR
Table 2 Human health risk assessment and classification of soil
heavy metals
JE30E XU Non-carcinogenic risk
HQ;<1, H—HEEN NMENIFLE

U S Carcinogenic risk
CR<10°, Afhmrgesz sp—d

AR S0 K R BUE X KT
HI<1, SREEE N CR,<10™, AM&F 4552 R
AR HURE M &R B A KT

e HI RS0 KR 164G HQ AREU TG ¢ 1 8 T B XU R
CR; NBUE A .
Note: HI represents the total non-carcinogenic risk index; HQI represents single
factor health risk index of non-carcinogenic heavy metal i; CR; represents
carcinogenic risk.

TEPIn M E £ R (BCF) AN RIE

YRS HASHE PG A A ERIREIE, R

BCF=C/Cs @)

K Cr ARIEDHESRHF R, mgkg: Cs KoxTIE

HEBTE, mgke. BHE RN U EARREDTR I
HEEREIIMRE .

SREUEAEY) 5 Fp Xt B 42 BCF HIF39{E, # 4
AEYD AR BCF K814, 433 1/BCF A, & K1E
YRR 1/BCF X -+ 358 v 55 4 & 4 10 & 82 008 1) A0k
ARG “S” MM Am, WA SSD ik, A H
I

a
y= (8)
1+ (2
Xo
R x 99 1UBCF: y JAEYIRE S B BAUEE, av be

X0 y‘jﬁﬁo
B LLE 7R HEAS [B] B B 2R AR W A7AE B A RS
H 1/BCF {l, AT

a
o ey
=10—2 +1gx, D)
BCF b

MR & 4 B R Ar e & s e R D)
(GB2762—2017) K 5 Hh -2 50 4 it A B AR AE BRAE N



244 Ll THE2AH (http:/www.tcsae.org)

2021 4

MRZ£25 0.1 mg/kg; AR 0.1 mg/kg; ™32 0.3 mg/kg;
52502 mgkg; 2% 0.2 mg/kg. LA 1/BCF 5 AR,
SHESS B A% P A 34T 22 4 v

Cs =1/BCF-C, (10

2 HR5SH

2.1 GEZRHXREATIEFHARIUKR

TR DO 3P Y S B SO HRIE SR 3 PR,
BRI, VEARMX AR H IS 2V E N 4.90~
889.91 mg/kg, ZLI N AN Hh o 17 IR AP I E & THAR 4

XK, 23518 176.48 A1 75.64 mg/kg, 7 HlEHEE 4 X
WARIEM 4.1 580 1.76 £, WiEG@ETT. WM. K&
7 SC N 358 4 SR AT 394 29 70l 9 36.85.20.91.23.53
1 31.71 mg/kg, HMKTIEAR A XIKT

HRFE IR B (AR b 33 e XU B b v )
(GB15618—2018) HX 45 G RS TR {E 2K, VAR HE
DXHEIETT . ST« SC UL N R T P A b - 345 47 2 A
P2 FE 1) T 3BB[R, LB AR 253 501M 0.7%1.8.5%+5.08%
H125.9%, Hrp 2 p -3 S A AR R T A XK, T
EL I T AN o2 T A A S R bR i 1

F3 EFRRELTIERRBHITIFE
Table 3  Statistical characteristics of lead content in farmland soils in eastern Yunnan
P ERTE Y R/ME 2N FEIME bRz AR AR JSbA=TnES pH it
Samplin ;rea Number of Minimum Maximum Mean/ Standard deviation/ Coefficient of Point exceeding Range of
ping samples /(mgkg") /(mgkg™") (mgkg ") (mgkg") variation /% rate /% pH value
AT Zhaotong 133 10.13 104.5 36.85 17.03 46.2 0.7 5.19~7.98
HiE ™ Qujing 105 4.90 889.91 75.64 165.85 219.25 8.5 4.93~7.85
ELBAT Kunming 78 4.97 103.76 20.91 15.21 72.74 0 4.78~7.76
FEN Yuxi 65 6.70 111.0 23.52 19.32 82.14 0 4.44~7.88
il Wenshan 59 5.95 179.86 31.71 31.19 98.35 5.08 5.71~7.71
ZL7 1 Honghe 66 10.13 678.07 176.48 195.76 110.92 25.9 5.03~7.66
VEZ% East Yunnan 492 4.90 889.91 4291 103.56 241.35 8.06 4.44~7.98

2.2 EFEHMRXREBEEMHENERREERR
BRI S REDE R ERRE 4 vk, @R
A1, ASTRIE ) it Aol oxot A 0288 ) A v TRl 0 ) AR 25
75 0.005~1.64 mg/kg, #iF 0.004~0.17 mgkg, M3
25 0.001~1.95 mg/kg, &2 0.018~3.582 mg/kg, A%
0.002~3.12 mg/kg. Fr, MZEFRMEZE . GRERMHEH,
i R BB AL, SRR SRRV ESE,
GRMEG . BT AL UL BIIM N, HS A
PR E T2 XK T
ERSREMN EL BN E EEITWE 4 PR,
B RAE Y0t R B AR RE 7 el P 4 L A RT 4 AR R AR
B R B 3 AN (R BRI R E AR
FKoriE. &b, AR, RE, HBSEYWEN
0.170 mg/kg, & REIIME N 0.002; Hli KB
AR BRI, AR A R ME N 0.046 mg/kg,
BHERKRBIIMEN 0.001; MEERMERE. A HEH.
Sl HEE. 163, dE3R. 3. A F . F
. AR . NASE. 2T, WESE, KBS E
BIME N 0.089 mg/kg, & REIIME N 0.003; FHRME
O, HBEEHMEN 0107 mgke, EERFBMEN
0.003; BRI EXK, HEEEIME N 0.140 mg/kg,
BAERHIIME N 0.003. R E EAFER KK
B, HHSEYMEAN 0187 mg/kg, EHERBIIMEN
0.008; M2 MhzE, HAE EIIME N 0.155 mg/kg,
WA REIMEN 0.007; BWENNE, HESEHHE
4 0.204 mg/kg, &4 REIYEN 0.006. 15 = RFL
BEEAFEGRMBTEE ML, BB EHEN
0.450 mg/kg, &HEREIMEN 0.018. Em BFLAH

PEn SR & B T BT & S TS e PR A
2.3  REHIFIENBEERE XN
2.3.1 AEREMERNFE

FIHR (1) ~ (4 RS XK H g E
S @A AEEUE KIS 5 (HQ,) W 5 Fx, R4,
AT 6 T (M) A% 398 5 4 Jad 4% 1) Al 380 ik
FREXRS IR A0/ 1, UEBHVE AR & X sk
& J B R EANA7AE BH S5 1 B0 R s [R] A IR
AR LE AR BoE R X e Boy s RO,
BITEARE R X, BHEBENJLERGEE K,

MANF 5 B2 i A I AEBUE MG HRECRE (R 5) , &
R IX SR R S R @R O -F RN PEIRER AN
B 3 FhER IR S EULE M B HEEUE (@
ARG FEHCIE /N T 1, U AR 5 DX S Ak 1 48 4 SR At
Ji RN AE W R I B0 UK s AN R 52 B2 18 12 HE B0 (g
R AR H8 BOR /IR BN T NS B IR 2 fid> P IR,
VLA F- LR AR 1 I E SR AT BB
2.3.2 EEMEENA

VEZR 5 IX 34 358 5 4 8 A B0 UG 5 5 (HQD
N2 6 frus, EZR 6 AT A& H 35 R Y 0 BoE KR 18
AT 1.0177x10°~8.0364x 107 1], U K& 15 501
6T 55 [ IR 88 47 38 41 5 (10 ) 3 32 R BRI 10°°~107,
T I VE AR 2% X gk T 39 5 4 8 A B0 U MG, 1R
FRAYIE 2 VU Y, NSt AR AR B I R B0 KUK -
FIRS IR R B, R, fhig. BB 4 NMbIX E 4 E
B L2 (B0 (g B RS Fe BB TN, T R IR S
L 2 AN X 4 i xoF ) LB 1 500 i R IR i B B T
YN
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Table 4 Comparison of Pb uptake and accumulation coefficients of various crops in eastern Yunnan

ESTR TR A P I 25 FH Febiti HEAR
Category Variety Numbers Range of Pb R Mean Pb cg?tent/ Coefficient of variation/%  Point exceeding rate/% Mean of enr'lchment
content/(mg-kg ™) (mgkg™) coefficient
IriE 7 0.060~0.175 0.039 7755 0 0.001
» b 10 0.005~0.148 0.062 85.83 0 0.002
Riﬁifomés 4% 7 0.005~0.400 0.115 114.42 28.6 0.004
L% 6 0.020~1.640 0.568 164.67 16.7 0.003
i 12 0.008~1.115 0.187 168.46 25 0.008
B 18 0.004~0.119 0.023 111.40 55 0.001
FhK AN 5 0.005~0.047 0.022 7451 0 0.002
Nightshades i ejit 5 0.006~0.170 0.104 81.03 40 0.002
T 12 0.006~0.127 0.067 128.35 45 0.001
H3E 28 0.004~1.253 0.107 230.46 7.1 0.004
3 29 0.005~0.322 0.058 101.13 34 0.002
WK 4 0.015~0.259 0.106 102.79 0 0.003
Fol 3 0.010~0.095 0.053 112.23 0 0.002
HiE 4 0.012~0.432 0.127 161.62 25 0.003
1e3 7 0.005~0.088 0.042 74.30 0 0.001
El 3 0.030~0.360 0.158 111.96 333 0.004
MRk TR 11 0.027~0.267 0.101 80.98 0 0.003
Leafy jevias 3 0.087~0.122 0.105 23.57 0 0.003
vegetables .y 22 0.008~0.308 0.113 85.40 45 0.003
HK 23 0.003~0.322 0.053 126.80 43 0.001
A3 10 0.003~0.223 0.069 121.03 0 0.004
Eode] 17 0.003~0.304 0.065 115.88 5.8 0.002
UNEE 21 0.001~1.279 0.171 171.34 19.1 0.004
3 26 0.005~1.950 0.155 232.69 3.8 0.007
[l 3 0.070~0.135 0.105 40.41 0 0.002
R 13 0.020~0.050 0.037 4554 0 0.002
. A 15 0.018~0.321 0.107 83.86 133 0.003
l;g;;s Wi 13 0.018~3.582 0.487 209.36 462 0.017
ek 11 0.240~0.580 0.406 58.35 433 0.019
PES INEE 28 0.037~0.498 0.204 69.40 39.3 0.006
Cereals Tk 116 0.002~3.120 0.140 276.38 8.6 0.003
fifgﬁi? 492 0.001~3.582 0.128 2415 119 0.004

e LA Po I IAEMEERE ) Pb S

Note: The above Pb content were the Pb content in fresh samples of various crops.

x5 EFESREREILEESERIFBERZRXE

Table 5 Non-carcinogenic health risks of heavy metal lead in farmland soils in eastern Yunnan

X1 Regions

J#E R Exposure pathway

PUE S -
Object Wil i R FE il Zr ENEITN U VNI .
Zhaotong Qujing Kunming Yuxi Wenshan Honghe Hand-oral intake Breath intake Skin intake
JRA Adults 0.0175 0.0372 0.024 1 0.013 8 0.0111 0.063 9 0.024 7 3.611 0x10° 0.002 0 0.026 7
JLE# Children 0.1452 03090 0.199 8 0.1147 0.092 3 0.5310 02174 6.080 8x10° 0.004 1 0.2215

T DABUE N AREURE HQ XS E: HI A S ) .

Note: The above values were non-carcinogenic HQ risk values; HI was the total non-carcinogenic risk.

Fo EFRFRXGRELIIESEEERBURBERG
Table 6 Carcinogenic health risks of heavy metals Pb in
farmland soils in eastern Yunnan x107
PO ifeBiil ih ot & R gt ART|
Object Zhaotong Qujing Kunming Yuxi  Wenshan Honghe

M Adults 19765 42056 27190 15607 12557 72292

JLZE Children 1.0177 2.1655 14001 8.0364 64659 3.7224

W EIREUENEE HQ MR {E .

Note: The above values are carcinogenic HQ risk values.

2.4 1EMPIARISURME S B RIBRXEEEE

UL 1/BCF AEAANR, Hi RN AL bR, l it
Logistic 7> At R & 45 il 2 Frow, HEATEE, )
R AR ISR B U o A i 2R 1
FEA—B, FREME A EEEPTE 0~1500 208, #h
FRALE 0~4 000 JEEI NI L340, HEEREE S 4
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Fig.2 Species sensitivity distribution curves of crops in various farmlands in eastern Yunnan
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Table 7 Classification of lead health risk values of various
farmland in eastern Yunnan based on logistic fitting model

distribution mgkg!
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Note: The critical value and alarm value represent 95% and 5% of the lead
content in the soil where crops were grown, respectively. The ratios of 95% and
5% were described with reference to the current national standard.
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Health risk assessment and benchmark of lead pollution in agricultural

soils in East Yunnan, China
Liu Juan'?, Li Yang*?, Zhang Min**, Zhang Naiming®**, Han Dongjin®>

(1. College of Plant Protection, Yunnan Agricultural University, Kunming 650201, China;
2. College of Resource and Environmental Science, Yunnan Agricultural University, Kunming 650201,China;
3. Yunnan Soil Fertility and Pollution Restoration Laboratory, Kunming 650201, China)

Abstract: Heavy metal contamination of agricultural soil has posed risks and potential dangers to human and livestock, due
mainly to most heavy metals are toxic in nature that can cause serious health illness, even at very low concentration. Excessive
heavy metals, such as lead, enter the ecological system from the agricultural runoff and industrial discharges to agricultural
products of food chain. Since both high geological background and mining activities simultaneously determine the agricultural
soils in eastern Yunnan, the lead pollution in agricultural soil has drawn much widespread attention recently. In this study, a
simultaneous sampling and analysis test was performed on agricultural soils and products in 6 cities (prefectures) in eastern
Yunnan, China, aiming to characterize the lead accumulation in agricultural land. A health risk assessment model was used to
evaluate the health risks that caused by lead in the agricultural soils in eastern Yunnan to residents. A species-sensitive
distribution model (Log-logistic) was used to construct the species sensitivity distribution curve (SSD) of different crop
varieties, and to reverse benchmark values of soil lead safety, according to the protection of 95% and 5% of crop categories.
The result showed that: 1) The average content of lead in agricultural soils from various cities (prefectures) in eastern Yunnan
was from more to less in the order of Honghe Prefecture , Qujing city, Zhaotong city, Wenshan prefecture, Yuxi city,Kunming
city. The average lead content of Zhaotong city, Qujing city, Wenshan prefecture, and Honghe prefecture exceeded the
screening value of lead pollution risk released by National Standards of China. 2) The total point exceeding rate of agricultural
products in the 6 cities (prefectures) of eastern Yunnan was 11.9%, where the various types of crops showed the different
ability of absorbing and enriching lead. Specifically, peas and peanuts from beans had higher lead accumulation capacity,
followed by lettuce from rhizome, rape from leafy vegetables, and wheat from cereals. 3) The health risk assessment showed
that there was no significant non-carcinogenic risk and carcinogenic risk to the residents. The non-carcinogenic risk of lead to
children was higher than that of adults in various regions of eastern Yunnan, where the non-carcinogenic health risk index of
various exposure routes was ranked from much to less in the order of hand-oral intake, skin exposure, breathing inhalation.
4) In the species sensitivity distribution model (Log-logistic), the benchmark values of soil lead health risk were inversely
deduced for agricultural products in eastern Yunnan. When rhizomes, nightshades, planting beans, cereals crops were planted,
the critical value of Pb werel3.0, 19.7, 35.1, 11.3, 18.1 mg/kg, respectively; and the alarm value of Pb were 269.5, 481.3,
500.7, 367.5, 560.3 mg/kg, respectively. It can provide scientific basis for establishing more accurate local standard and
realizing the safe utilization of lead-contaminated soil in agricultural soil in eastern Yunnan and similar regions.

Keywords: soils; heavy metals; pollution; health risk benchmark; Species Sensitivity Distribution (SSD) curve method; Pb;
East Yunnan



