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Safe threshold value of lead in cultivated land soil in eastern Yunnan , China

HAN Dongjin"*?, ZHANG Naiming"*", ZHAO Long>, HOU Hong’

(1. College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. State Key Laboratory of
Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 3. Yunnan
Soil Fertilizer and Pollution Remediation Engineering Laboratory, Kunming 650201, China)

Abstract: There is an urgent need to carry out research on the safety threshold of heavy metals in contaminated soil based on the results of
soil—crop field co—sampling. In this study, eastern Yunnan, which is affected by the superposition of high geological background and human
activities, was selected as the research area. Based on co—sampling data of the cereal agricultural products and soil, and considering the
physical and chemical properties of the latter, the analysis of lead (Pb) in the samples was carried out. The bioconcentration factors of
cultivated lands at different pH ranges were deduced using the species sensitivity distribution (SSD) method and by establishing a
regression model of safety threshold values. According to the SSD results (pH<6.5, 6.5<pH<7.5, pH>7.5), the full-dose safety thresholds
were 84.4, 126.3 mg - kg, and 187.4 mg - kg™, respectively, and the effective thresholds were 20.7, 52.1 mg - kg™, and 104.5 mg - kg™,
respectively. A regression model was established to deduce the thresholds of available Pb content in soils at pH<5.5, 5.5<pH<6.5, 6.5<pH<
7.5, and pH>7.5, whereupon the values were revealed to be 20.2, 42.5, 56.3 mg-kg™', and 94.1 mg-kg™', respectively. Through verification
and comparison of the co—sampling data in the study area, it was found that the regression model had the highest accuracy (88.1%) in
predicting the threshold of available soil Pb content. It is suggested that the predicted value can be used as the basis for a more scientific
dynamic adjustment of the categories of soil environmental quality of agricultural land in eastern Yunnan.
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Figure 1 Study area and sampling point distribution of
100 groups of samples
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DABR TR $6 55 25 i 8 A BE 3 A R AIE Oy - 3 v
Pb.Zn.Cd & HEH )  1-48 pH 55t 22k 1Bk
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BE mE2E R BE UL s e 3 SO R
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AISEIA AR, 5 A 58 25 A AT
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AL TS s A AR KENDIR 25827 () fff 55 245
— 30, DAFE - 58 Ph JE /(R 4 S R0 I8 7 (R 1) B
L4458 Pb i AE AR R % I8 1 Ph A RS B i
B2 R L e BRI T o () R 3 DA R E 3 Bk
Jit o P EPLLE N ST EDTA $2HUGE SSD i 4k,
WS T Co ARG, I E S B A RSH
AR B AR . AR A SSD 24k
S 4 A 38 L 50 UEVE P L A SRR A
22 HEEBUAMRSH

T A B R E A E
R, R RN S AR AR &
B, 2 E SR A S T EAMUZ a1 Bk
5 R | 8 pH RN - A HL T A AE IE AR 56 ¢
R0 ], ST P R Ph A RS SR A
B2 Ph O i Z 0] YOG R A 9 A A X
U 385 A7 A Y 21 358 Ry R A X 5, ok BB o (A g
pH . H3EH P 5 &) 47 Pearson A VE 43 #7, H
RS L 3, fEIL IR b K 28 W 2K /E 9 Ph &
5+ 5 ph 2R R 43 Ph A SIS SR TR MRS
(F2) 8502, AW EEY P &S LEPLA

BRI, R HIX I P R E A TamA PbE  SUESS EAH S  (R*=0.759) , U BIFEIZF 52 X

F 1 EFRMXAREIRERZEH T IE P &2 FHE

Table 1 Characteristics of Pb content distribution in soils of cultivated land with different investigation types in eastern Yunnan

T i%fl\ﬁ i%jt{ﬁ P {E EEME - pH ﬁﬂlﬁﬁ’a‘%
Type of survey ?/Iml.mkufr‘l; l(V[am.rLluT)/ Av(erag.ekviallgle/ M((?dlaflkva_lll;e/ Soil pH Orgamc(m.a]:te_l‘r )content/
mg-kg mg-kg mg-kg mg-kg g-kg
FH S S A NIE S S NX 5.58 889.91 76.53 80.43 5.1~7.8 5.85~52.76
TELAR M DX T 5t 2.20 108.20 47.05 37.24 4.5~8.0 >3.5
ST 9.50 490.00 40.60 35.70 4.0~8.8 0.72~11.92
R2 MRRGHTERPHLFEESTH (%)
Table 2 Distribution of Pb aclivily in cultivated soils in areas with different pollution causes (%)
AR FoME RKRME SFME EREIVAIEE 5 5 AL
Type of survey Minimum Maximum Average value Median Coefficient of variation
RS A NIE SN X 4.0 87.6 37.6 33.5 53.0
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B, A RS S R AE A B AR A L 4 i S
{ELRE B A AL

3 ATH, L pH 5 -3 P &8 fEYPb &
T A 3 7R 56 (R=-0.345, P<0.01 Fil R=—-0.357,, P<
0.01), 5 L3 PhARCE S i 2 B A OC (R=-0.332,
P<0.05) , Ui B it 25 + 3 pH A4 R, %o 7 o5 o7 A - 3
Ph 455 AU R0 i G, it R 2 4 98 1 e 1 ]
B ST R I M, A RZ i Ph £ 3 T
BRI, PhAE R PR TE AL, 3 A ™ i nT g
WY Ph i 3X 5 T SRR LEL S50 3 5 3 25 Y
BRI LEIE—3 ., 3 Pb &R 3 Ph A SIS S
i AEY) Ph P S T 3 IE A O (R=0.861, P<0.01 Al
R=0.677, P<0.01) , Uit B} 1 458 Pb 4= 5 3G i, X 1 w5 o7
(1) - 48 Ph A 850G 1 R B 0, SR - Ph 1Y)
VAR S AE YRR S B Ph. /NESEYR
PR+ 32 Ph A7 R 5 B A 35 Ph 4 B 5L S IR ARG,
ARG R —5 fEARTE T, LEAYLR SR
TIHEPh BB EIEA L, 5 EPhARE T &
R IE MG, B 5 /EY Ph & & 0 A 56 (R=
0.120) , Ho s [H & ML AT 2038 Ph TE S | [l 52
Wi + 45 Ph A RS & = PRI, G 5 7 4k S

ERHES T 4518 — 5L
23 SSDEES LIEREHE

43 WLA 1/BCF,  BCEAE R AL b . B4
FIYNAERR , BEFE Logistic 43 A BEHIHL 475 FAS [ pH SiE
IR A SSD h<k (I3 I 4) . M Pk A BdE A shit
B HC SR, IR 5 BT E AR X H R AT
AL AR IR A PR

& ;e 1 (Hazardous concentration, HCp, p 4 &
PRI 5 E S ) RIS (100-p) % FlAS 32 52 0]
R FIT PR 1) o R 3R VR R, R 4 S o 1 10— it i P
HCsHE M fa FE W ES, Bbah, X F SSD ¥ Logistic 434
R A 6 2 155 R 40 1 B 1) S B0 e R B
(R?) 7ML (RMSE) FI K-S K5, 24 R* KT 0.6 if EL
BTSRRI 1, UL AL B R, A
45 DLBORS 1 s RMSE iy 814 R Ge g S A i vfE 22, 7]
J2 W HASE TR RS %5 1, RMSE 3T T 0, BB L&k
i 0 1 5 2ok K-S ARG 56 m 1 43 A A R A 5 BRI
g3, Horfr P>0.05 3 B SEBR 43 A ith £ 5 B8 43 il
LAHA B EER WA R, R4h g
RE A R S B A & He TR EOR .
SRS RORE R P R A e R e

®3 TEAEMPhEESX N R L HEEAMRMEXKR

Table 3 Correlation analysis between the Pb content in different receptors and soil physicochemical properties

i H Ttem +3% pH +3EPh 40 13 PR AT TEY) Pb 5
) Soil pH Soil Pb content Soil Pb available content Organic matter content Pb content of crop
14 pH — -0.345%* -0.332% -0.109 -0.357%*
+ 3Py e —0.345%* — 0.861%* 0.442%* 0.677%*
L HEPh A RS -0.332 0.8617 — 0.294* 0.759%%
AL -0.109 0.442%% 0.294 = 0.120
VEW) Pb ik -0.357+* 0.677%% 0.759%* 0.120 —
T 45 RIRTE P<O.01 /K- EAR B EEHIDE , #3R/R7E P<0.05 /K1 F B AHE
Note : ** means extremely significant correlation at P<0.01 level, * means significant correlation at P<0.05 level.
241 241
200 ¢ o 20 ® o
Lér y=0.039x+0.001 161 y=0.064 5x+0.003
R*=0.677,P<0.05 R*=0.759, P<0.05
1.2F 121

0.8

04r

YE#) Pb ¥ & Crop Pb content/(mg-kg™)

0 200 400 600 800 1 000

3¢ Pb 4>4 Soil Pb content/(mg-kg™)

0.8}

04+

YEH) Pb % 1 Crop Pb content/(mg-kg™)

0 100 200 300 400 500
3 Pb A5 %S P 1 Soil Pb available content/(mg-kg™)

B2 AYEKTMPhEES5TEPLEEMPPERSAEMNHXXER

Figure 2 Correlation between the Pb content of cereal agricultural products , total content of Pb in soil,, and available content of Pb in soil
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Figure 3 Curve of SSD—derived total amounts of grain—like Pb in

cultivated soils at different pH ranges
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ARG WAE W, 15 pH>T.5 30 Bl N HE S 10 4
2R (187.4 mg- kg ") b XURS: i 216 (170 mg - kg™)
B o AWFITIET L Ph & RHES H AR E pH G R
YA R T I P AR T IR B
Py FVRE ) 100 A 25 XU 1) 1358 Ph P55 B (R (80.5 mg-
k™), HLAE S5 H At ) 5 R X 0 FE M sl s (A
oAb F SR R ST 1K o F e g A i AR S
SIS AR AR D SCHER B | BT SSD VAT
PR W PR3 Bl 2R A T H HESh ) Ph SRR R

El4 REpHEBEREMEPLEISSD AT S Bl &
Figure 4 Curves of SSD—derived states of available contents of

cereal Pb at different pH ranges

FEMEETE M 31.7~58.3 mg-kg'o LA EBFSEIN N, HE
W 2R S ) IR ARE AR R
A [ B (B 58 25 A BOR 25 57, DR I R 2 466
BA LSRG DA P S B R . WA RS
SRR, I pH BN, + 3R E 2R A RS
RN, I pH AL, EE B A S S RN, X
— 25 5 g RO TR e —5. B
T ] P9 BT TC B 4 B A S S AR RS 6 L, PR T
A 3o S P SRR 2 SR I 27 4 R (L A VAR 1
24 EFEEEESHEZEHE

FET AP &S LR A e 4y
Hra545 3 3 1 PASW Statistics 18.0 2 {465 AH X H 1
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®4 AEpHEELEPLEE AUSEERLHE

Table 4 Thresholds of total and available Pb contents in soils of different pH ranges

i H Ttem pH Y pH range HCs/(mg-kg™) R’ RMSE P(K-S)
>t pH<6.5 84.4 0.97 0.051 >0.05
6.5<pH<7.5 126.3 0.97 0.046 >0.05
pH>7.5 187.4 0.91 0.070 >0.05
BRASG® pH<6.5 20.7 0.95 0.059 >0.05
6.5<pH<7.5 52.1 0.98 0.038 >0.05
pH>7.5 104.5 0.91 0.066 >0.05
GB 15618—2018 XK fifi LA pH<5.5 70 — — >0.05
5.5<pH<6.5 90 — — >0.05
6.5<pH<7.5 120 — — >0.05
pH>7.5 170 — — >0.05

5 ANEpHEE# i LIE Ph HEHREREE HCS
Table 5 Threshold of the state of available Pb content in
cultivated soil in different pH ranges

pH G pH range 4% i HCs Available content HCs/(mg-kg™)

pH<5.5 202
5.5<pH<6.5 425
6.5<pH<7.5 56.3

pH>7.5 94.1

FIAF(4) @ AT R, = (5) FR , 4 51
GB 2762—2017 145 4125 Pb (9 BRAE (0.2 mg - kg™) Fl
GB 15618—2018 3¢ Ph (1) KUK i e (A0 A5,
3 FA A pH YL A RS HC (R 5) -

lg Cpr3=0.46 lg C25+3.79 lg Cruzen—1.43%XP+
1.54(R*>=0.736) (5)
25 REFELERREIE

Z: B BP0 5% B L o0 BP0 UF 445 SR LU AE
R AR R T AR, IR FE . L3P &
HOH bR, X AL S Ph R AR 3P
ASEBFR , RFIE AL 5 Ph & A AR, AR R
5« L5 Ph S R HEAR XI5 A AR 7 i Ph
B 5 88 Ph & AR, XTI A AR 7 Ph iR
Pro X4 HRANZR 6 i .

26 6 T, AR A 1 3 Ph 4 i 5 B XU 975 1k
(RN 4 4 B IE AR 2 80% , LT A i HE

U4 R AE IE A1 (76.5%) 55 T GB 15618—2018 X [%:
i 326 TE A 6 (73.1% ) , ik B 3A T o4 1) il v T
15 AR ST X 35 PR . i e i e 4
B A AL B R, T ARG ST
B4 [ (R TE A A ey, e [l SRS A T A A% HC
1) 1E i 2% A 1 (88.1%) , 3t 43Uk B A 5 IX sl 4= 58 Ph
AR RS BERNE A, HIEESE SR
HA S S ERA I E VL R e 1 E 48
AR 0 AR R R B R e AR Ak, )RR
JE | b A 5 ORI A Ak 25 ) A S 2
EEEAYETEABML, ARAUETED
PRI AR SR 2 s I P A RS
BRI e TR I B UE 4 A — 5 W R BR 1, 1GE
FH 053 DX A e | (R0 3k n] 4l e 3R
HA A ] B A 5 AN ] = 38R FH 2 B B b 22 4
WA, VR BRA AR T B b FEFRE A O 525 AR ™ i
W4 JE o, T BE A B M A TR T S R
FELR PP 7= i I R T AR S i 2
B WFFE DX b T R i I S R T

3 &g
(1) E AR X8 T 5 7 5 A6 sh & e

Wi DX, A% WA ) 7 DB b 3 Ph % B2 (E

®6 ZRARpHEBEMXISER

Table 6 Refer to the division results of different pH ranges

% FF Name J5 ¥ Method TEH% Correct rate/% 515K Error rate/%
GB 15618—2018 JXUK fifi 15t SSD ¥ 73.1 26.9
FEFAYI A RS2 2 BE SSD i 76.5 23.5
FE T AR A RS M i A SSD i 82.5 17.5
[ 4SS 780 T A5 2408 HCs T AT YA AR T 88.1 11.9

1% WHART]
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Table 7 Classification basis of cultivated land quality under the dual influence of natural high background and

human activities in eastern Yunnan

YEY) Pb 7% 18 Crop Pb content

-3 Ph A SIS S Available Pb content in soil

Jii 184325 Classification

AR R R [ YA TR T A Ak A 2 4 (URIHESTES
R e [ AR M A 200 5 e o A B RIS

el BRAE O 3ol e DA N A 2R ek 4 A LAFIE
3l e DAY N A 2R ek 4 A B JERE R

76.53 mg- kg, L E T & WA 13 Pb 1 5 {H (40.60
mg- kg™ ) FIEL A b X 75 5018 (47.05 mg-kg ™) o

(2) 3 3L SSD ¥ #fE 5 A [\] pH ¥ [l (pH<6.5,6.5<
pH<7.5 . pH>7.5) B Hb 4 5 Ph 4= 5 % 4= B E 53 51
84.4.126.3 mg-kg ' F1187.4 mg-kg™ s A A 2 4 I {E
Ar9A20.7 .52.1 mg-kg ' Fl 104.5mg kg™,

(3) B [l A AR 4 AN [ pH S ] (pH<5.5.5.5<
pH<6.5.6.5<pH<7.5 . pH>7.5)#iHb 133 Ph A A 22 4>
{43 514 20.2 .42.5 .56.3 mg-kg ' 194.1 mg-kg ™',

(4) A5 35 1k 25 2 S 73 ) [ 0 455 780 3500 149 Ph
U4 B I A R F e (88.1% ) , FLWR S 3T SSD 24
SHRAESL B (82.5%) , HE S TaRY
4 B IE#7%.(73.1%.76.5%) o
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