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A (Species sensitivity distribution, SSD)
27T BB AR S FR GE A R ) A ont B — 5 e ) )
SR REUS B — > BB 0 A i ik, AR AN 7]
APRIPRR RS, AR ZR B ASTR] A 3 5 B % iz 1 v B2
EAE A BRMEAE , Hrb Rl FH b # 2E HRE % 5 35 Wk 32
( Hazardous concentration, HC;) , BIf#§795%4=
VYRR EE, X—REESSBREEZETY
PR . MR AE AR R E R
HARRENE . LR XS p g 0 T
M LMY RS, +HECAM T &Y aE X AR
fo FER R T ROKCAE &, 8 5L % 4 Hr 4k
HRKCd & s BR o i AR E K WE 4, bk, i@
BT R 0 SC O F G o b, 8 R R
BRI AE 5 2, H D o S S i 4
%%t ( Bioconcentration factors, BCF ) X —Z A
T EE R, BCFE A 1 AL 5 Y WAl
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MET, RIHECAR T E 2 B E M K 2T
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P TOK R AR ) AR RS 0 R R K Cd
Wy HIEMERIN 7 (pH, AWLE (OM) 524
(TCd) ) WZITInl ARERL ; Xh4cde A8 & R 47 0 —
fAb 3, I Burr— A Y 35504 ] i b K A 6+
HECARY & 5 RO BUB AR 3 A AT, T 2 TR
I FE 1X 95 %7K R it Bl RIRR K B o T AR A o 1) 1 38
HCARYHCE s 1T THC 5 -3l S 800 w4k
KARFPMALRY I 5T E AT - AR i — )
FRUESEAT T A, DU AR 7™ i 7 b, - JE P4 855 o o
FEVE RN I 1 2 58 1 4% KU PEAS BIF 58 S it — 22 &%
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1.1 HREXER
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e, WYL R R . A X BLERE (BT . S
RS, Sl ME . TFIEE10MEE,
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27°58'28" ~ 28°33'45"NZ ] . J& 1 3 #AHF 2= XLk
WA, AEERRIRLTC, FE/KERL 370 mm, HE

1 610 h, JCREII274 d. HLAL A ARl FloRE AR X R
F—RiE. MPRX EEMIEEZE, K, Fi
M ESE () mAE AR 52.1%),
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MERI25.2%, REOENRAEE + (@) 5t
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) . MRIX FEN RO Mg+, Hik
RA VR ERAE R A, S RO | AR A A
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26H , HARHE AL EILEL,
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KA G495 10 H F100 H JE Je b, kil +3EpH |
OM. TCdFIK (Hg) . # (Pb) | fiff (As) . #
(Cr) Stk WORIE KRR RIS L8 F KR E
MyETd, 70°CHET, BEEIRERIICd . Hg., Pb.
AsFICr& s, pH (K+EH2.5: 1) RHABKRET
(PHS-3C, i H B E IR B A R 2w ) D
JE o THEAPLETCR K-S R B IR A A — L
Mg L AR K AR AR E TS
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RAMMEA, RN ZLHNO,—HCIO R AR
b, WMWK P Cd, PbRCrR FH 28 Bk« i B A 45
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Frar i, L IERA KR 2 0 L GBWO07406
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e Bl ~ 784 F BAR I RE 5 4 & Note: The digits from 1 to 78 in the figureare serial numbers of the locations of sampling sites;
MQiaokou Town, @Jinggang Town, @Getang Town, @Xinkang Town, ®Wushan Town, ®Gaotangling Town, @DBairuopu
Town, @Huangjin Town, @Xingcheng Town, (0Leifeng Town, @)DongchengTown, @ TongguanTown, @ChatingTown,

¥% ( Nemero pollution index, NPI) HEARAT .

ShutangshanTown, ®QiaoyiTown, @®DingziwanTown, (?Xiangjiang River
B RS, ERFE

Fig. 1 Information about distribution and location of sampling sites
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RN MY fb2F A R E DI . BCF#R
fET L CAX R KA 80, AR RE K Cd
o (Cpun) STCAM L., TR, F2FE A
KHIBCFIAME 57 B0 o 1 1k B35 R AE AN
MAVEBCAMR T HRAE , e B0 B R iy SR bR 1252
XEHAEN, PHBEACIEESENETFELE
FE, BRADHRFan i fl, #PrE 5%, oA L5
TFUNITCd, pH. OM% " JET I, ASC7E 3%
Hh Cd & = 5 VEY v] & SR e BE X B e 3Ll I, 51
AP FpHHAOM HBCF £ I [a] I A 10 1227

TE AR I, T A 3R O MR Rl i 5
e S GO NS e e 1 O 5 G A 1= 0
MR MRS E S (ECy,) 10—
AR, A SCL5A TR A Rl Y K - BCF 44 10 —
fE BT L ERAT, R XS DA (] A 38 5% 1)
CAdAEW s EBIH, BAEFILESH R [30]
LR 5 i A X R BORITS Je R AR, o R
—Ab . TCd 0.1 ~0.9 mg kg™, pH 4.0~8.0,
OM20 ~ 60 g kg™, A4 H 3435 54 25 [ B A i
1.3.3  WRhEUEE (SSD ) 204 K HC(HHE S
FHIE—AC 5 P 41, 38 1 X5 A [F] 5 Fh oK fE Cd i)
BCF{H S TEI B0 4 )5 . R FH B8 19 40 A oA BUR 7R
(Burr— MM A5 2 ) #EATHE LEAMFT (TCd.
pHKOM ) A[al i Fl ok f6 Cd s 46 2 B9 SSD 43 A #h
LA A o AR A 15 R AR 24 A Tk iF 5T 4l 4
R A BurrlizO, M Burr— A B #1515 2] A [5]
ST T 95% R P K- B K FECA I BCF % 4
I #8 (BCFy) o ZARERAKCIE S DAERE
(0.2 mg kg™' ) MIBCF,fH, HAMHLEFCAE
B (HC,) , BIFESL 3541 FRPr A 5%
HHO59% 1 7K e it R R o 42 4 g - E TCA R 1

Burr— Il 7Y s 50 19 S 5007 72 0

1

F(x) = L, (2)
(1 + (T) )

. 0.2
HC; = BCF, (3)

X, F(x) W ERBE, %; x NBCFREI%L
b, c. KNHREMW3INSH; BCE AKX (2)
F (x) =0.050 1/x BB ; HC A HH H HIECAR ™
i A, mgke .

1.3.4  HC, T 45 AU 4 4 5 56 9F FHIHC; M
HXF R B0 — 4L S B TCd . pH X OMEHE , Hy

Zoum AR (X (4) ), RIHREEHECIK
FE A TN AR S T A F 5 R A g Ay
YSUE, PEH7O04L K H 4 3 — R K X R
K TCd 0.15~1.12 mg kg™'. pH4.08 ~6.94,
OM 17.78 ~57.72 g kg K AFHKCd 5 H:0.056 ~ 0.748
mg kg™, FEIST R, SRR T 28R 5 Ty vk TR
1.3.1. KHEIEREAR A5 X 20144 R R H,
PS8 2 (M. HEE . Rk, 5.
Wi, S BINBEEH RS ) MLEE (T
), 70
1g[HC:]=m lg[TCd]+n pH+p 1g[OM]+q (4)

K, TCAH THE4LH, mgke'; OMN LA PLR
Fri, gkgs m. nFIp R KBS EL, SRR 11
TCd. pHAOMXIHC, A 2%, o # %o,
1.4 BRI

SR % FHExcel 2007 F1SAS 9.04#r Ak
B, R Origin 8.5 AutoCAD 2016 &, XH
BrE 23 (Duncanik ) #7222 R B EE SN
(p=0.05) .

2 45 R

2.1 ARECATEIMK

mE2miR, WX ETCAMAT K CAF &1y
EWEEESSG, BAZIFEEX . LHTCd
£ T IX 0.2 ~ 0.6 mg kg ™', 54 A AL
83.3%; A#FrTHIE ( <0.3 mgkg') . BWIRIHEL
M (0.3~0.6 mgkg) . HARLFE ~ 2% (0.6~0.9
mg kg™ ) K#ER2MELL E (>0.9 mg ke ) b
F21.8%. 62.8% . 12.8%H12.6%, {H4 X +ECd
MBI, FkCAdE R ABR ( <0.2 mg
ke . HARIELIA (0.2~0.4 mg kg ) KibR1
AL (>0.4 mg kg™ ) S H 4T H62.82% |
33.33%F13.85%, [FIFERMEEE G HEE, 11
I 15 e3840 (NPL) A FHR R AE £ B ik e
## (Cd. Hg. Pb, AsHICr) , NPI<1FINPIE
(1, 2) 2 B RME %L 2B BT Y . WF5E
WoR, NPIE (1, 2) FINPI < 1A5107 & 4351k
44.6%H156.4% , XKW, BF5EIX 115 E 4w 5 g
IRV B T G e
2.2 BCF51#ERETFEXAR

XFAEY)E R (BCE) s I3 — Ak Ak 21 g A 28 A
T M S5BCFMBEAEM (£1) o RIH—fhib
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Normal distribution
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=
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Tk 2 fit Cd content in rice (Cd,,.mg kg'!)

K2 dsfeadl ., REORH L AR 5 e B X (AR oA

Fig. 2 Frequency distributions of TCd, C,,;, andNPI

*1 KEREVMEESEET (BCF) 5XEMRAMEXMY

Table 1 Relationships of biological concentration factor ( BCFs ) of Cd in rice with soil properties

AbFE Treatment K -FFactor BCF pH oM" TCd*’
RIA—1k BCF 1.000 0 -0.315 0% 0.209 5 -0.236 5%
No normalization pH 1.000 0 -0.013 0 0.382 7
oM 1.000 0 0.315 4%
TCd 1.000 0
JA—1k, BCF 1.000 0 ~0.522 3% 0.285 9 ~0.289 1
Normalization pH 1.000 0 0.000 0 0.000 0
oM 1.000 0 0.000 0
TCd 1.000 0

e 1) OMIE LHEA ML ; 2) TCAHE LR R MR RIERE (p<0.06) MR EE (p<0.01) 225, T Note:
1) OM stands for soil organic matter; 2) TCd for soil total cadmium; *and ** for significant difference ( p <0.05) and extremely

significant ( p <0.01 ) .The same below

M, +HETCdSpH., OMB¥ERZFIEMI, OMY5  HXREAE, &K -FXBCFRYRZ MR RN ApH
pH. BCF¥AMX, H—f)5, OM. TCdMpH[HE (-0.5223) >TCd (-0.2891) =~OM (0.2859) ,
P2 HEAEFAR LI G, =K FAHEM B 5BCF Hrb, BEEpHM4RE, FKRCAdE £ B &%
EREFIEMKG, XAm T2HEFREEREE, i K BEETCAMIES, F%STIESMT, F—50Fh
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FE oK Cd s S 68 1 o AH X REAIC

A, +HHEOMEBCFE MM, % 1K
FF, Fl—MMKREERmAIR IR P ES S
fCd, AR EM, A YY) %m0 B s S
BCdzAWWESw MK, HAEMpHAMENS A] &
HORE R, TR A A R s A e Cd i)
YA BE MR, Cd5 A LR TE 3 2% DA
X, Koy PR (EHER ) v 5CAIE &
gy Y, B—Jrm, WEaNLR (I
HR ) AT 5 CdIE R AT A 45 & 9 A fin £ 38 v Cd
(RS B APE D L T K AR A &
AAE5E £ Ep HAEh i 52 41K, 7 #L 5T 245 v] /g

T, MIMHEm T HA YA S, BARPLEA fr ik
—RAUE, LA B AFSEEE SR T S Cdis Y R H A 48 g
RARE SRRt —E 5%,
2.3 HIEMRITHCHIFNT

WAL AN (F2) AT, MRS HC,
(BB A7 7 W 35 A DG OC &R o HC, S pHIEYAH C R AL
W, AiK0.761 1, 5OMMTCAHH & R %53l
H1-0.438 9H10.381 9, HMEAT UL, 43k AT LAY
M FE R CARY & 4, BUPEPE M AR 7 i Cd 2 42 KBS
W, WEEE RS, Kb, pHA
REEFERET, HkHOM, Mo, TCAXHCE 5
M)t AN 25 240

*2 TRCAEMTEHME (HC) 5HIREMRAYMERXNE

Table 2 Relationships of hazardous concentrations ( HC; ) for rice with soil properties

AP Treatment FFactor HC, pH OM TCd
H—1k HC, 1.000 0 0.761 1** ~0.438 9 0.381 9

Normalization pH 1.000 0 -0.000 0 0.000 0

oM 1.000 0 0.000 0

TCd 1.000 0

P EY R B E R P CAdE %, A
SR UH — 4k 2R [A] 8 45 44 R AS [R] 5 A 9 HC gtk
7 T SSDAM A th el & o AR EHEAM4 T (pH.
TCd. OM) BySSDHfiZk (KI3) £W]: BEEpHAE
BTCAI R K, TCARSSD i1 £k 1) X il B i K iy 7
m (£7) %ah, HC,HREE pHTl = FMTCAHY & i
K, B GEHRA R E 2 BEERENIE I,
TCAXF HC 1% 5% W 7 B2 FEAR, 1T pH A 52 i DU) 9 B0 113
— EMRREEPE . OMXT#S H 13 Cdry SSD i 4 A7
—EFZM, FEEOMMIE N, SSD £k 1 & X ¥ (&
NI IR B, R REOMYE K, 5 A B R AR
3 I - B AE AR 3R AR 43 A 3 L 5 e AR E D
(<10%) , MWitET i (50% ~80% ) H i Fe & 45
Ko A XAEHEFEOMO AT EH, HTCA4%E
H43 4 T0.2 ~ 0.6 mg kg AR K, Moredkfy
K ARF RS - HECARUPS 3 s 5 W ), 7R TCd
XTHCAH M5Em , JEEpHI Y, FRRRIKCAL 4>
AU
2.4 HCEHTMEE

FIFHSAS 9.0Z Ju AL, AL HC, 5 X
B LM (pH, OMMITCd) Z BRI KER, 3k
PRHC AL WM BIAR (3 ) o i H ] F A

(a~c) AJFRIEH, pHAHC, EHEKH T, &
FETIK62.2%, HK HOMMTCA, HE RE
BIAN19.4%F118.3% , HL AR 34 3k B B i 2 7K SF
(p<0.01) o i FHBUPH 155 78 Fn = [R5 740 3
REARGF b T HC,, ALY E R4 > 80.2%, Ding
ap LOSA0D b b e — I P C AR A AR R
7, pHATOME 52 M) Cd W ML 1 7 A o fob 385 IK ¢, il
FHAHETCd . pHAMOMAT LAARGF b T30 6 8 b vy
Cd¥& B (R’=0.90) . FrancoisZs "*1 | Liu%g 1#/
WEEM/NEPCAdE EASPT (Soil-to-plant-
transfer models ) #ERI[FEIFEFRIH, +4EipH. CECHI
T S Jm GRS R R A RN R, B R
HIECECHE AL . 22 8/ L 2Z ] F E A AL
Fi i, BORRERBIR B T pH . OMAITCAX)
HC 5 .

AT FE A, AR B - M R GE A X E) S pH
40~80, OM 20~60 gkg'. TCd 0.1 ~0.9 mg kg ',
AT DA B HLC 1000 A58 70 A8 S 95 % LA |, (B AE
e £ HEME BT A ME T, v REAE R kAR K iR
2o MAbE ST M HC, AR B 255 25 S8 T S A i 52
) (SSDAME ), KRBT 4 M 6 Cd & i %
SEEMFEN, BT HEERSH (pH, OM5
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= o pH4.0 2
2 60 o pH 3.0 g TCd0.3
= % pH 6.0 < 60 ® TCd 0.5
'_§ # pH 7.0 2 * TCd 0.7
?; E (pH=6.0)
- . - _ . pH=0.
= 20 (TCd=0.5mgkg") # 20 —40 & ko
E (OM=40 g kg") = (OM=40gke™)
& G TP A Tt 5
1 | L ' 1 | L 1 o 0 ] ] 1 1 1 1 1 J
00 02 04 06 08 1.0 12 14 16 00 02 04 06 08 10 12 14 16
FIEC A ™ fivde 4z R T HEC A ™ e 4 I
The food safety threshold of soil Cd (HC , mg kg™') The food safety threshold of soil Cd (HC , mg kg™")

_ 100} a% x o  ols

S J—

S g0

g

= o

o O

€ ool 10 ° OM30

2 * OM 40

Z * OM 50

T 40 & OM 60

A

; (pH=6.0)

% 20 (TCd=0.5 mg kg™")

=

& gl— . "", """""""""""""""""""""""""

00 02 04 0:6 01.8 Il.O I.I2 14 1.6
T HEC A > e Az
The food safety threshold of soil Cd (HC . mg kg™')
o FHTCA 0.1 ~ 0.9%/R HIHAM4 31 40.1 ~0.9 mg kg5 OM 20 ~ 60 /R HIHA LM 720~ 60 g kg5 HELE (- ) 57
PRI R A SRR AL AR E RAEAR 7] S5 14 T AIHCE s BEIP 1 ~ 1648 B3R A 143 0 R AI1LS | W AIB1S | B FAF . W R
13% . WEAI24S . BEFE211 . WEM26% . BRFIE02, MFAIS2S . WMRATS . &0974. a7 BRFILS IO FAL45
=, TF[E Note: TCd 0.1 ~0.9 indicates that total Cd in the soil is 0.1 ~0.9 mg kg™', respectively; OM 20 ~ 60 indicates that the soil
organic matter is 20 ~60 g kg™, respectively; The value of the intersection of the dotted line with the equation curve on the abscissa
indicates HC; varying with environmental conditions; The digits from 1 to 15 in the figure are serial numbers of the early rice varieties;
1-Xiangzao 143, 2—-Xiangzaoxian 11, 3—Xiangzaoxian 31, 4—-Aizidao, 5—Xiangzaoxian 13, 6—Xiangzaoxian 24, 7-Lingliangyou
211, 8-—Xiangzaoxian 26, 9-Zhuliangyou 02, 10-Xiangzaoxian 32, 11-Xiangzaoxian 7, 12-Jinyou 974, 13-Zhongjiazao 17, 14—
Zhuliangyou 819, 15-Xiangzaoxian 45. The same below
K3 AN AT AR o A it £k

Fig. 3 Species sensitivity distribution ( SSD ) curves relative to soil properties
F3 AETEERHTIECIBHC M ER

Table 3 HC; prediction models for Cd in soil relative to soil properties

N BT iSES ot AR A 2 BEMEAKF (p)

0.
Quantity Factors Prediction models Significance level

a pH lg [ HC;] =0.108pH-1.331 0.622 <0.01
L

b oM lg [ HC; ] =-0.5081g [ OM ] +0.115 0.194 <0.01

Single factor

c TCd lg [ HC, ] =0.2461g [ TCd ] -0.582 0.183 <0.01

d AT pH; OM lg [ HC; ] =0.108pH-0.5081g [ OM ] -0.533 0.817 <0.01

e Double factor pH; TCd lg [ HC, ] =0.108pH-0.2461g [ TCd ] -1.232 0.802 <0.01
=HF

f ot fact pH; OM; TCd lg [ HC;] =0.2461g [ TCd ] +0.108pH-0.5081g [ OM ] —0.434 1.000 <0.01
ri factor
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TCd) HCdf ™™ & BEMEE R, Wil T
FE N7 B R 3 A R SR O 1) Y5 e
bR B E BB AR TR AR, 4
MR ECIE ML 2 FE (HC,) =LA
R, ] R R H A SR Gl 1 2 4 KU AN S LR
SRR, TR B A ) 3 P R RS B Cd
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Table 4 Recommended food health safety standards for Cd in paddy soil
oy B bR {E Segmented standard values

WS MR — - - -
TCd"’ <0.3 mg kg TCd 0.3 ~0.6 mg kg TCd 0.6 ~1.0 mg kg
Deduction Equation -

<55 55~6.5 65~70 <55 55~65 65~7.0 <55 55~6.5 6.5~7.0

207 0.21 0.27 0.34 0.23 0.29 0.38 0.25 0.32 0.41

HEEDirect
30 0.17 0.22 0.28 0.19 0.24 0.31 0.20 0.26 0.33
(pH, TCd, OM)

40 0.15 0.19 0.24 0.16 0.21 0.27 0.17 0.22 0.29

GB15618-1995 0.30 0.30 0.60 0.30 0.30 0.60 0.30 0.30 0.60

GB15618-2008 0.25 0.30 0.50 0.25 0.30 0.50 0.25 0.30 0.50

FE: 1) TCd<0.3. 0.3~0.6%10.6 ~ 1.0 mg kg "4+ #l4%TCd=0.30., 0.45H10.60 mg kg '3H¥i; 2) HpH<5.5, 5.5~6.5H16.5~7.0
Iy AlFEpH=5, 6715 ; 3) N HHEAMLR, ¢ ke Note: 1) TCd<0.3, 0.3~0.6 and 0.6~ 1.0 are calculated at TCd=0.30, 0.45
and 0.60 mg kg™', respectively; 2) pH<5.5, 5.5~6.5 and 6.5 ~ 7.0 are calculated at pH=5, 6 and 7, respectively; 3) Soil organic
matter (OM, gkg')
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Abstract

in South China, where the rice produced in certain areas is very high in over limit rate. It is,

modeling of Cd and Pb availability in contaminated

arable soils in mining area of Guizhou ( In Chinese ) .

Province, China (In Chinese ) . Acta Pedologica

Sinica, 2017, 54 (2) : 410—420

Major Factors Affecting Threshold of Soil Cd for Food Health Safety and

Relevant Prediction Models: A Case Study of Paddy Soil in Changsha

HE Jungiang HE Qianfeng’

LIU Daihuan’

( Hunan Yonker Environmental Protection Research Institute Co.

HUANG Fang TANG Chunmin

Ltd., Changsha 410330, China)

[ Objective] Cadmium ( Cd ) is the major pollutant in farmland soils of China, especially

therefore,

essential to perform soil Cd risk assessment and explore for major pathways of the food chain getting exposed

to Cd pollution. Based on the point-to-point data of Cd in the soil and brown rice of a certain tract of paddy

field in Changsha,

concentration factor ( BCF ) and SSD ( species sensitivity distribution ) equations,

the Food Health Standard for Rice ( GB 2762-2012 ) and the research target of protecting

95% of the bio-species in the ecosystem, a threshold value for soil Cd was worked out using the biological

quantitative relationships

of HC, (hazardous concentrations ) with soil properties and their prediction models discussed and studies
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done to compare the threshold value with the criteria for Cd in the Standard for Soil Environment Quality of
China. [ Method]) Some foreign research institutions and scholars usually use BCF as an important parameter
in assessing effect and variety of the pollutant, and HC; as the concentration of a substance in soil being toxic
to 5% of bio-species in the ecosystem, in other words, protecting 95% of the bio-species in the ecosystem.
HC; is the scientific basis for setting up soil environmental quality standards. In the present study, HC; for Cd
in soil was derived using the species sensitivity distribution method and the concept of BCF based on point-
to-point field data from paddy soils. Prediction models for Cd crop safety thresholds based on soil properties
were also developed and a function of soil physicochemical properties established. [ Result] Results show
that soil pH is the main soil factor affecting soil Cd food safety thresholds, and followed by organic matter
(OM ) content and total Cd (TCd ) , explaining 62.2%, 19.4% and 18.3% of the variation of HC; in paddy
soil, respectively. The two-factor ( soil pH and OM ) prediction models can predict Cd crop safety thresholds
quite accurately with determination coefficients ( R?) ranging from 0.802 to 0.817, while the three-factor
(soil pH, OM and TCd ) prediction models are more accurate than the two-factor ones. With rising soil pH
or TCd, HC; increases in value, but the trend varies significantly. When the number of factors rises from two
to three, the influence of TCd on HC; decreases in degree, while the effect of pH does not vary much. In the
test range, OM and HC; show a certain negative relationship between the two. Soil Cd food safety thresholds
vary with soil physical and chemical properties. The variation may lead to the the problem of insufficient
protection and excessive protection at the same time, when the thresholds are used for controlling total Cd
content by a single stage. In this study, a dynamic and quantitative food safety threshold model for Cd in soil
was established. [ Conclusion) The prediction models developed in the present study prove that quantitative
relationships exist between soil properties and risk thresholds. And all the findings in this study are beneficial
to developing and implementing soil specific, scientific and reasonable risk control of Cd in paddy soil and
formulating regional soil environmental quality standards.
Key words Cadmium; Crop safety threshold; Biological concentration factor; Soil properties;
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