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Derivation of the Thresholds of Avallable Concentratlons of Heavy Metals* 1n Soﬂ

Based on Agricultural Product Safety

ZHANG, Yun- hul1 T DU Ping' ", HE Ylngl F ZﬁO‘NG Xiao-fei' LUO‘J]:fui-}r)ngl ) QIN Xiao-peng' , XU Gang2

(1/.Chinese Rebearch ‘Academy of Envwonmental *{wnces Beljlng 100012, Chlna 2. School of Environmental” and” Chemieal”
Engineering, Shdnghdl Umverslty, Shanghai 200444, Chlnd) f 1 ,ﬂl .

Abstract;, Based on the total and available ooncentratlonae of heavy metal elements in agric ultural soil, and the concentrations of Heavy
nfetals in rlce collected from Daye city, Hubei provmte and the thresholds of available concentrations of heavy metals were derived by
species Se‘ﬂSlth]ty distribution”(SSD) . The over-standdrd rates” of -Gd"and Cu in the soil were 90. 7% and 42. 6% , respectively, which
indicates thiat agricultural soil in Daye city exhibits signs of-Gd and Cu pollution. The rates of Cd and Pb were 50. 9% and 89. 8% in
brown rige' bamples respectively, which exceeds the safety standards of agricultural products. The SSD curves for Cd and Pb were
fitted with Burrlll distribution based on the ratio of the concentration in brown rice and the available concentration in the soil. The
hazardous concentrations (HC,) were derived inversely from the agriculture product safety standards. The thresholds of available Cd
and Pb were 0. 02 mg-kg ™" and 0. 005 mg-kg ™", respectively. Compared with those of available Cd in other countries and studies, the
threshold of available Cd is scientifically shown to be reasonable. Soil is not necessarily the main source of Pb in rice; thus, the rice
species does not represent the derivation of the threshold of available Pb. Moreover, a lack of the accumulation data of Pb at low
accumulation levels and multiple soil pollution levels leads to unreliable derivation. The results indicate that the threshold of available
Pb does not have practical significance in soil pollution control.

Key words: agricultural product quality; threshold of available concentration; species sensitivity distribution; Cd; Pb
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TR PIERERGEABE T (mg-kg ™).
SRIBCFKAR it Bboxt L 42 X, B9 LA P 3448

kAN
= mei (2)

A, n RIRIKARE SO L SR, X, RN
AL X, H.

HRKRRRX, BER, BB X, RIEH 1/
}m H B LA AR LA SSD il £6. Log-logistic |
Log-normal Al Burr ll % 25U R 5 FF SSD £k 19
A2 ARWFSE R Burr 11543455 14 SSD i
2k, Burr I BRI A5 X B i 4005 BoAT R 06 | T8 E 1)
REAR, FEBRORCRIIE AT P4 2 B4 20 55 HE v i 2 S B

PR ARG . Bure IR 43-15 4 PR
1 (3)

JCEP b e %ﬂ k 7@7’3‘&6’] 3 /\’%& SSD é%E?’JU

qu—l—%j@\ﬁ: Burrhoz 2.0 5EK!

~Ssp % i HC, 8 % Hﬂﬂéfﬁ%’fﬂ %Eﬁ
ﬁz 2&1 ﬁji Burrhoz 270" i}kfﬁHlA SSP FFHQ%):%E
HC 1. A 4 T e SL ) e A
AR BRI (mg-kg ™) , HERIAR N,

S = S, x HCq (4)

1.3.2 if%@/i\}%'ﬁs JuPEpr

R FH B IR 8 B0k X A H 3R 1775 G pEA
H— 15 Y A (175 Y AR 5 S T 1 S S5 A
N FRAE(EAY FLE. AR ST AT B0 2 BT80S e
85, HatH AR .

K, P AT i TS Qe d6 8 C TS O i 1Y)
SEME, S, ISP RTHE(E. A LS IR O
VEAEARYE pH T 7E 1 Bl E
1.4 et S5Ab

Bl 19 o3 A 5 4k B A SPSS19.0 Al Excel
2016 5% B¢, % ] Origin 2018 % K. % M
Kolmogorov-Smirnov 75X} £ 4l #F 47 IE &Mk 455 +
el 4 ) n R bR R S IR T

2 HR5ITR

2.1 THEESE SR A RS SRR

P X e R A AL RO . 3 pH 4. 48 ~
7.49, AHLF & 1.0% ~9.3% , CEC 105.35 ~
223.63 cmol-kg™', ik 0.7% ~ 24.2% - AR A
10.3% ~ 55.3% A AL 10.8% ~ 58.7%. A,,H:EP
78.0% [t -3 pH 1K T 6.5, %%%?ﬂﬁzjtiﬁéﬁz
F R SR R . (H 3% 1 AP 1 nT jwﬁﬁﬁaliﬂi
ek Cd, P, (Cu A Zn @’Jé‘i?ﬁilﬂé}tﬂﬁ 0.25 4
6.45, 12.84 ~ 60/ 47 27.04 ~ 655. 68_Fil 34 57 N
211. 46 mg-Kg ' 4 ﬁi/ﬁ}%‘m%ﬂﬁﬁa%gﬁl%ﬂ
9 85.6% | 22. 9% | 125. 4% 1 40. 6% i Cd?ﬁn
Ph 175 S B MR SRS ], Cdwabb, Gu A1
Zn 5 4 PSR TR ERME, Cd I Phil Ay
SPHIEARAE. 4 RN EE 4 R R R T M 05 e g AR
TR 1 R, HONT 1 FORTE 4R e R A 5 i
B, 76 1 ~5 Z [ FmH 48 & = A T i b 8 4
HMEZ (8], KT 5 W Ud B 4 JE B oK 1 i A
Cd., Pb Fl Cu 235146 90. 7% . 1.9% F1 42. 6% 1Y 14
PG FREORT 1, RIFATIR T A H -3 n] BB A7 %
BRVEREIAY Cd A1 Cu V53¢, Pb AYYS e 48 Bim KM
H1.06, R 158 Phi5 4y %ﬂ“iqu. Cd 75 3L48
BN 0.62 ~21.48, H 6. 4% BIHEA Cd &

A A IR, BB TR AR T R] REAFAE ™ FE Y
P, = g— (5)  Cdi5H.
LOR1 KATIESSEAERAYUSSEHMESIT)
Table 1 ~ Characteristics of total and available concentrations of heavy metals in soil in Daye City
ap wen R R PR REEOERRE e wr mstow
Cd 0.25 ~6.45 0.82 1.02 0.87 85.6 3.98 17.54 P <0.001 90.7
oA Pb 12. 84 ~60. 47 31.88 32.46 7.44 22.9 0.59 2.30 P =0.200 1.9
Cu 27.04 ~655. 68 51.09 66.78 83.74 125.4 3.91 24.99 P <0.001 42.6
Zn 34.57 ~211.46 72.17 79. 00 32.11 40.6 1.82 4.13 P<0.001 0
Cd 0.01 ~0.88 0.09 0.12 0.14 116.53 3.64 15.28 P <0.001 —
s Pb 0.02 ~2.62 0.33 0.10 0.29 290. 15 6. 46 47.01 P <0.001 —
Cu 0.03 ~31.82 0.05 1.28 5.05 396. 14 4.19 17.54 P <0.001 —
Zn 0.01 ~24.28 0.08 1.32 3.55 269.23 4.61 23.69 P <0.001 —

1) IEEBMERR T, P>0.05 RUIEHEAT S ESD A, TR
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Fig. 1 Concentrations and single factor indices

of Cd, Pb, Cu, and Zn in soil
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TR eRTREETE R, XEHTABE S EE

.
-;'

—
-

L
[=]

AHLRTHSE ) | AHPRPRE SR Z R
ﬂ[ﬁl[m.
2.2 ROKE SR & i L RBURRE

2 Al A, KiGh KRR KT Cd, Pb, Cu
Al Zn B9 EEE 54 0.03 ~4.90, 0.02 ~4.04
0.20 ~10. 08 F1 15.34 ~91.23 mg-kg ™', L TPHMH
4394 0.59 ., 1.35., 0.40 1 26. 68 mg-kg™'. R
(RIS YR (GB 2762-2017) , ik Cd il
Ph 1455 125 8 20 591 2 AR B2 AR 7= i 75 Y ) BR it b
HERY 2. 95 f5 A1 6. 75 A, FEASERR I3 5120 50. 9%
H189.8% , FH Cd 1 Pb BRI KM FEI5 Y E,
5 Cai VO HRGE AOSE R —2. P, AR T,
13 Pb BN (32.46 +7.44)mg-kg ', LA
(97. 1% ) B9ESL Ph &t A o i e 18, FURE K
I 90% HAE iy P 5 ik g iod it PR a7 i A
4 DU ST R K KRR Ph 19 S, (AR L
GRF 1 Ph | ik A GR T RK Ph 57 fik s 1) B0
% TTRER R ATRITY Ph # BURA T 1
Sh, ST RS I AU 2512 | 1 2l
TR T VT SR I k1, i

R S IS4 v S e 'l ) ’ i =i UG ' N .
TEER LG SALIWPEOR . mprand gk g s AU,
e y A o inT; o ‘ .
Fant i 4 LoOR2, iiﬁﬁ?kﬁ%**iﬁﬁ@%ﬁﬁéﬁﬁ i
“ - Table 2 Characteristies of the gongentrations of heavy metals in ‘:br(;wn rice in.Daye City =
Sy LY | ¥ e o, srag 2 s
HEEY 4 | ‘ B W SRR
Eéﬁr ‘.'“ /mg-kg ! ~i, /mg-kg=" ! /r‘ng-kgiI /rpgk-‘grl__] /% fREE (L 3 XS /%
Gd o Od 03~4.90 0.23 70,59 ~250. 87 147.7 2.67 8.22 P<0.001 50.9
Pb A 0.02 %04 1.21 1.35 0.58 43.2 0.383 2.54 P <0.001 89.8
Cul/ 0.20 ~10. 08 3.39 0. 40 1.36 340. 2 1.40 5.37 P=0.19% —
Zn 15.34 ~91.23 24. 44 26. 68 9.80 36.7 1.17 7.59 P <0.001 —

2.3 +HEESEASCGS SRR AT

W AT S AR A A S R RRE, ]
AT R RN RS Y [y R S
WE R, ol S AT S AR T R A R
1A 5 A FH A 7™ i s e R e b o S . S0 B
WG, TREESE LB ASGEEE, FRSE-A
RS SRR WME 2 F1E 3 . R,
4 FHE 4 BT R I BB RLMERIE R, +
Hh 4 R A A S RoK R X 4R S B2 E
IR | KRR BEVE 2RI R S A S A
ZHYSEMR S ARRIFSEIX L4 pH . CEC B AE 1
HebE e SR K, RIA KRR S Ah A 22, H )4 BN
—, WIS TER AN T EHEE R,
U, ANBFSE Tk ek A AR, A A4 S s
YEFIA 7 T e W B s v S A A 8 it PR AE
T SSD ¥, K Burrlioz 2.0 #14, FIFHCE M
15 Y FR ) (GB 2762-2017 ) 8 43 J@ 75 it BR{EL 5

W, R HEP A RS SR IRE. T E R
FREARBEE Cu Fl Zn MYBR L, DA ST Cd Al
Ph AT RS B BB A

FRRRAT (1) F1(2) 430 R B 8 A /K Fe A Cd
FIPh Y X, FIX,, 2500032 3 FioRs. Rk AE
Xm HfEg, 153 I/X", , B HA A F] Burrlioz 2.0
PEFRIG, 23 9145 3] ¢d A1 Pb i SSD il £k ( WL F
4). FRECHC, HEFAAR(4) 433315 Cd F1 Ph
A A SR AE, 4554 0.02 mg-kg ™' 1 0. 005
mg-kg ™',
2.4 RS A E AT BRAE X H

HAE 2, AR 4 AS [ A 22 9 5080 4 5
Cd AR AR 4 s, Hbry 13 od %
HAREN 0. 02 mg-kg ™', ABFFEH I Cd AR
Ao EBRE S EE | S E R, LU B
(B HE S A BRAE AR 24, it FLIZ BRAE AL TR 25 X 1
B RSB S R 22 P, A R e 12 BR A 1 B A



4266 H

5

B 40 %

%3 Ca#nPb X EEEMX,,

Table 3 The X values and geometrical mean

Cd Pb
IKFE A =
. XCd XCd XCd XCd
IR 12 5 2.22~9.01 3.86 21.91 ~89.55 34.26
A 9588 0.15 ~40.85 10.04 7.65 ~131.06 19.43
P 7124 0.88 ~4.26 2.36 16.63 ~51.62 24.75
A g 0.28 ~5.96 1.23 10. 85 ~84.00 31.68
28 1, 158 1.18 ~8.63 3.93 21.89 ~60.72 43.32
41838 1.39 ~44.83 7.50 14.37 ~106.93 31.93
FhHE 15 0.83 ~10.08 2.32 20.13 ~55.35 30.33
A 505 0.26 ~12.16 1.01 1.13 ~70.09 21.52
3.0 0.15
. 4 . 0.3 L .
24 ¢ . R?=0.038, P=0.725 _ 1 =0.060, P=0.568 | _ R2=0.007, P = 0.403
'an A . Top | . 'y » "5 :
w18t - > . & 02 . & 010
E .- £ L . E E
3 R2=0.125, P = 0.007 £ o, e 3 oL o | B
%127 . % s . & . ot : X SRS
# . B | Lane — B O 7 | Boosp —igle s
il Tp et ® PSR ETRE
ol +‘.‘-:.'- ":"“.- . 0.0 0 et . AT .
0 01 02 03 0 005 010 0.5 05 0 1s T TR
"ﬁﬂﬁCdfmg'kg_' ’ﬁﬂ ﬁpb"’mg'kg_] }E.Cdfmg-kg_' E‘Pba‘mg-kg'l
10 5 sol- 0.4 o 3 :
R=0.001, P =0.725 ) R=0022,P=0216 | o K= 0069, P=0.011 ) R = 0.0008, P— 0.801
:‘2? . 12“40 [ DO . @ 2
&n . [ a:o . En
E st ean o . .| E E o2} =
3 TR g 30 3 W b
I RS & g e
s AU ® & o1t o7 B . L
. 20 } tid . ® B L E—
of T S
" R R ‘:’_ﬂ__f 0.0 0t e .
0 01 02 03 0 1 2 3 — — r— - -
: e o o 15 30 45 60 75 90 105 40 80 120 160
. ﬁﬁﬁwmg kg HRALn/mg kg HCumgkg™! B Znmgkg”
B2 ELERASESFEUSE=NHE 7 ) - -
s RHKSRSHHETRIMEL B3 BeRANEAESABNELLR
Fig. 2 Correlations of available concentrations of heavy . . . .
Fig. 3 Correlations of available concentrations of heavy
metals and concentrations in brown rice . . .
metals and total concentrations in soil
. 80% LA FAREAK Cd & A5G A< b oL s b o oof 1oof —
RUATIFHE S0 Cd 52 fr R BR AR WAL | .
AR AT Cd ARA T RIS B Ay o s <
Cd b, DURARAE XU A9 % Lin 5 1 & z
" . . N & 50+ = 50
B FRRRIE 22 0AR K. H AR A H AR HE S AT & &
~ N 2y A i3 Y
UL S %, SOR[ 2] RS SRR, R o) e | ®oasl
6 e F A b X, R A 4 3 XU O e L, 1 SC 5'5 """ :gﬁm4 : 8 ,
4 & [i11] —."
WKL 41 9 RO RRATREAR. SRIOT I (R ol Al g N S — oo
BX AN E RN 2 —, B ER SR 1/¥ca 11Xy

WA RS TRBUNE AR, A E 77 %k i S BRE T 22
PR RIRE, ST R A RS
BRAE MR, Blan, HA Cd i AR £ xR
FHHuTT AR %E | AR R 2T TDI f) B2 R BT 4
T T R A S AR S R 2 5. L
SESRINFIVE T | ARAE W) ity o 25t 2 52 i A RS 5
PR S B R R, BT —E R e X
F b S il R A S A S R, L

4 FA BuurllE S 73L& SSD #h £k
Fig. 4 SSD curves for Cd and Pb among the eight rice cultivars

TN BT RR . ASHTFEHE A Cd A RS & R E
TR MR ARSE, ATRENCE H T RIG HIX.
FIHT A T ETE R B 5 Y Li B DA ST IX,
RZARH T 2 I H G SETT e, ARG & IRME
A E X T 25 M s e ity , JCHOE DI E AL
FRTINBETRE, BA 2T



9 S-S

it

TAE il A i) ST A RS R IREE RE T I 4267

Wyl ) 56 5% 0 2 RO ) S5 B SZ E) SSD L)
AR EER R TR Ay
(¥ Ph 7E—EFEJE B2 RIT R, 205
A GRS AT Pt e 4 Ph B (E ol FT0) +
Ph SRR IO BAR AR AR S S Y
Pb EESRIE T L, DN T AR IS b 5 S5 W i Y
SR TS AT SR Ph B AREE R
KYEAR R A, IR DK R 9 O R Ay
TS Ph A RS B R AR R T 5T
ARAE R M X L SEARE K Ph A 73 A3 i Ak AT $ I K
SULREXTK AR P BB A B TTHR, KA — 4l

YT Ph A RS AR IR A S R B AR TR
W, g TR X e Ph AR, WL A
FEORAE A (14 P 7 Ao AR . (9 B B AR, Pb (12
Wy BEARER AR TC vk 4T B BEFFOK X Ph Y& AR FRAIE.
S PR A X AT RS, R Ph RS
A SRR T 158 X 3 b S2Pr Ph ARUE &
HATER, KRS Ph A 85 & R REA H
FEPRIE SR . R RIE e S 45 R ARl 2 v R v
P, NEREA EA R F YR, WA SVED H Ph
M EZORIE, HFE AR REEE, (FHAE R
Rt Ph ) 2RUE E.

®4 BHEBRURREABRARLEESH Cd BUSLTERE"

Table 4  Food safety thresholds of available Cd in other countries and those derived from various references
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