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Ecotoxicological effect and soil environmental quality
criteria of lead in the fluvo-aquic soil of Baoding

WANG Xiaonan' CHEN Lihong' WANG Wanhua' LIU Zhengtao'"" ZHANG Cong®
(1. State Environmental Protection Key Laboratory of Ecological Effects and Risk Assessment of Chemicals,
State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental

Sciences, Beijing, 100012, China; 2. China Offshore Environmental Services Co. Ltd., Tianjin, 300452, China)

Abstract; In this study, germination and root growth of 8 terrestrial plants ( Triticum aestivum, Zea
mays, Lactuca sativa, Cucumis sativus, Brassica pekinensis, Glycine max, Allium tuberosum and
Solanum lycopersicum) and growth inhibition of 1 soil invertebrate (Achatina fulica) were used to
determine the chronic ecotoxicological effects of lead using the Fluvo-aquic soil of Baoding. Results
showed that for lead, the root growth of terrestrial plant L. sativa was the most sensitive indicator,
T. aestivum was the least sensitive species, Z. mays, B. pekinensis and S. lycopersicum had the same
sensitivity to lead exposure, whereas, C. sativus and A. tuberosum had the same sensitivity to lead

exposure. No observed effect concentration ( NOEC) values for the growth of the terrestrial plants
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T. aestivum, Z. mays, L. sativa, C. sativus, B. pekinensis, G. max, A. tuberosum, S. lycopersicum ,
and the terrestrial invertebrate snail A. fulica were 1300, 300, 100, 800, 300, 500, 800, 300 and
1200 mg- kg™', respectively. The HC, ( hazardous concentration of the 5% species) and the soil
environmental quality criteria of lead in the Fluvo-aquic soil of Baoding were calculated based on the
log-normal species sensitivity distribution (SSD) method. The HC; value of lead in the Fluvo-aquic
soil of Baoding was 158 (74.6<CI<255) mg-kg™', and the ecotoxicity based soil environmental
quality criteria of lead was 31.7—158 mg-kg™".

Keywords : soil environmental quality criteria, lead, terrestrial plant, terrestrial animal, species

sensitivity distribution.

IR T i B 2 IR T A Y BT e O — (R R X A AR N AE
R RAER RS FER T IR TR AR RGN R et | R R R 3 T bR A
DA 0 A S R B A B, IRl i B2 0y ol gt vy i A 5 b 1975 Je ) U R 8 Je 1 e W 3ol AR
W EE M A KNS T A A ket T A R R o R 4 i 2R A Ak R e R R Y BRI
Py FhoT T Gy 0 35 35 SN AE AR 25 S DRI, A BR B s B B e 5 B TR R P AR B R G0 LI
B8RRI S ] I 2% A S 5T S ) e B A A 1 28 S T AR [ PN 2 B 2 o N - SR B i B v
HAR kR AT T E5R 0T T A 25 52 AR I - PR 3 o 1) S 5 R AR S A
A B E TR E B SRR i O RGN T AR S RT3 T T IR EAS S W AR
A A B PR A A2 R SRR B i VLR A T oy R =, R A B Ny — R TS
T T AR A KU VPAG 118 A5 o i B, ™ E S ) 1 R b S PR R v T MR P AR
P E SN 20 tHed 90 ARARA S 21 i), 76 4 3 RS i it FE VA 04 S5 M43 0 1 A R DGR 8
Bl Wi R TR0 TG 3500 ¥k B ( PNEC) B, FH log-logistic % log-normal ) 508K B 3 45 7% ( Species
sensitivity distribution,SSD) 15 HC,( RIFR I 95% A= WA 32 163 MR B ) 5 58 [ 4 38 A= B8 7 5 {EL ( Eco-
SSL) Sk FHJUMRTF- Y {2k i S OR A A A sh W ) 1 (L, BCHAPR AR [l S22 56 ] o 6 ] - 498 A 5 o Ak
WA R HE R PR AL S ARSI U] R BA AR AL A A A= Wy 9 A 25 75 BRI, AR5 R N
TR A 2= 5 b DRI S8 FH IR SSD 2 % T 6] 1 -+ P45 o 1 BB A T ) 204 .

H T, At A B AR R 2 500 T3 Ph, Horb 8ot A 38 SOl B4 ] 4 498 ) BUOAS [ 78
(5 Ph 5 et Ph E A 1S 27 A WA A A RN, AT S SOk A R ) e LR R R R A 25 5T
T PR BRARAE ) A, T - S (] BB AR ) A K % RO R R RO B
RFRREAFENT B ABEE DOAGRE W R AR R 3 DI )8 Ph MRS 4 AR R T2
AT AW Ay S BEAN TR B9 8 FhBili A AW (/NZZ ( Triticum aestivum ) | K ( Zea mays) | % & ( Lactuca
sativa) BN\ ( Cucumis sativus) . 2% ( Brassica pekinensis) \ K52 Glycine max) A2 (Allium tuberosum) 7
Jifi ( Solanum lycopersicum) ) 1 #f +3EZh¥) (Wi 2F (Achatina fulica) | J& TR E B AGREMWER ELES RS
o B B AR B RIS Y, 2T AE L R B2 R W W R ) 34T Ph 2R R p e AR AT
PR IS5 G OIS AR A Ty Fh B PR >R F SSD ¥, XHIFF DXl o T AR HH 3 v (4 i 2
T TCEHES Y R B Jm Ph i1 L R e S (R AT 4 [ I SR 26 [ AR 28 e (BT H 390 D7 vk ik
e 5 A, DU 3R E 58 4 s (R 3 AR 28 2 IR A PR BE S vE IR T AR SR AL BE R Ak als

1 #E5S 7 ( Materials and methods)

1.1 iREe AR

RIZG R Ph(NO, ), (SH740) HE4T Ph REPEIINR , HABIRF 234 4, W 1) [ 26 4 P Ak 21
FIA R .

BRI AW IRIE T T2 B 515 SRR ERSE 5 1535 % 32 1 T 4 U ) AR A A TR
ELIE i A R AN Sy, v A AR B4 B T2 B R N2 ( Triticum: aestioum) R 2 5 E K ( Zea
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mays) 5 B ( Lactuca sativa) "% 6 585 TN ( Cucumis sativus) &% 85 5 12 ( Brassica pekinensis) , K&
( Glycine max) AEZE (Allium tuberosum) i ( Solanum lycopersicum ) , 310 B 1 E AV B2 0F 58 BEFP 728
. IS WA e & TSR (Achatina fulica) W F AU BT XA B H R S EE R —Ht 3—4
W8 B A= AR IR R I A P SR AH R R PR S5 IR 7 d, YIS B A SR T I 4.

T 498 e i R R B 3 H A 5T DX I G AR e UL 25 b A 7 Bl X)) AH X A 32 75 GL AR
M, R 4 RAERZ I (0—20 em) Hof, +3 pH B8 8.1, AHLT &0 23.1 g-kg ™', FH
B ACH R 17.2 emol -kg ™ PR BRI RE KL 4300 7 63.6% \32.5% 3.90% % 14 rh 8 FhEE 4 J® 1
AT T, As Cd, Cr, Cu,Mn Ni,Pb Fl Zn & &4 54 9.60,0.200,71.4,18.5,591,38.5.16.7,
104 mg kg™ FEIRIAT, LT ASRKT, i 2 mm G L& .
1.2 gk
1.2.1  fliAAEY A A

Pb XN 5 2 AR K 1 2P IR B AR 4 OECD 208 f4 7 Mty i 471 | AR IR 5 1 43¢
100.0 g, & T 12.0 em EARPYBEIGE, ML TR0, Foil By P ¥ 24 0,100 ,300,500 ,800,1300
2000 mg-kg ' AN Ph W SE 4 ASFAT, IR0 P JE A9 30T T 1 FRGAL, UGS e + iR R
FEATW R ST , SR 5 A R — B B 4 A L F AR BE AL 10 RRR T R R T SEIOEE 10% MU SR BRI
W IR 10 min RIS OERERIEA 16 h (OBHR):8 h (MBHEE) ,IRE 24.0£1.0 C, = SAHXHBE N
80.0%+2.0% , T3 /KB E 60.0% (MAEFKE) 58 R 28 R T & 25815 5050.0% 11921 d
Je a5 ARG AR 45 o) 5 I i AF— Pb e FE A TP AEY) AR K RN R 252K,
1.2.2 YRR

Ph X8 25 A A KA IR B AR 3 10 15952 fh A v 3t Oy sk k4500, BRI 56 £ 4 200 ¢, B T
12.0 em B A BB 2E i LA EA 7050, BE il 9 Phb ¥R EE 2 0,1000,1200, 1400, 1600 , 1800 ,2000 mg-kg ™.
£ Ph ¥R 3 P47, TN Ph 5 A H3EHEAT 1 B84k, LA TS e 7 - S0k 78 40 W B SF-A AE
B — BB L G L A BELACE 6 HuRA | g T AR I i 2R (P IR B B 1.0£0.1 g H3EF/K R 2
50.0% ({RANFFK ) ZECREEII M 16 h(JEHR):8 h( BRE) JEJE 20.0+1.0 °C &5 S IRE 80.0% +2.0%
BN T AR B 3% 0 A0 28 d, — AR 3 YRR IS 45 RS FREUAE— Ph iR 3 21 v 4 14 o i 3
SRS 3 IRG IR AR IR AR S, AR P EE 4/ As Cd ., Cr Cu Ni Pb fil Zn & 4535k 5.45.<0.07,
36.3.1.78.1.78.0.321 .17.0 mg-kg™ T-.
1.2.3 LTI ESE ST

R A (2012 AR AR ) SRR ATRAL L SR EE EPA 7 iAHEH 8 As Cd Cr Cu Mn,
Ni . Pb 1 Zn"?") FREL0.5—1.0 g 3RS T 25 mL IUGR ZHHER b AV 258 TOK IR IALL0 mL
HCL, 78 LR _E A (<450 °C) 4% 2 h, SRJG A 15 mL HNO, , ZkZE R E 5 PRI 4329 5 mL B 7
FA 5 mL HF i is 2 b &9, S5 A 5 mL HCIO, I ZE T i) S vk B (o i) | P 6 dksiin
P AL WA AR, CR Y20 A 1 mL (1+5) HNO, AR5 e 8 3] 50 mL A E 4,
FE4), R ICP-AES M@ +-3Erh 4 8 4 g 5 fit.
1.3 B4 550

JIT s 1) e Ph 5 A W RO 1548 A2 S5 AR g B , e 3 AR B R R B4R US EPA
ECOTOX #4048 /% (hitp . // cfpub.epa.gov/ecotox/ ) \ELSEVIER %U#E /% ( http : //www.sciencedirect.com )
1 CNKI 24 2 (http -/ www. cnki.net ) 55 48 42 (9 ) P 2 P 50008 4 LT TR 47 0% 16 - (O L BRAEA AR 5Y
X3k (R ) FrAE e i D s @ BRI AE B 2R 8P db AT, I ELXT - 8 0 380k R SR AT T 20 AT ; @K
L5 R e M i B G WL B R 0 MR B ( No observed effect concentration, NOEC ) m¥, #5 fI% 7T W 22 550 1 ¢ B
( Lowest observed effect concentration, LOEC) {8, 56 ] NOEC {H ; @— 2875 [n) Bl 45 %5 A A9 B985 (4.
A BT FRAL R A Y 4 R BE TS e R AR R B ) IR BER .

RIGHHE R T SPSS 20.0 FP AR K )7 22001 (One-way ANOVA ) K6 5645 7 5 20 5 2 14 4 1) 1) i 2 1
Z5,P<0.05 NG ER 0 Bk 2 5 AN T & SEE(ER T log-normal 4345 19 SSD 125 FH £
22 RIVM ETX2.0" 2 8 F354 HC (B 95% 4 WA 32 15 FE I )
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g3

2 5 591718 (Results and disscussion)

2.1 Pb X HIEAYRYEEE S 50T

XTI ERBAE  £5E 1.3 AR U A Ph ALY B A s R b, B RN R ME R
o M AR EEE 2P 0 TR ER ] 2SR s AN T AR 9T R SR FH SCHR 0 4 2
B 255 TR SN ) S S R BT ST, S Ph W ol 12 5] 7 A R | B A R Bk A
SO R (o SCRR B RE A P % X 8, A SC LA [X ek - 498 A T Ry s v ) SR B B 2 B R T
T — 4k, R M 2% RIVM @0 —fb Fak b fr 82, B -tk m BH:. T, =T, x
{ [A+(BXHiki%) +( CxFH PG %) } /{A+(Bx25) ) +(Cx10) 1} , e A B C g4 J& Wy UK g w %, Ph
W4 B YRR L A=50, B=1, C=1; T, NikE A0 N IEEEE; 7, bR 83850 T i 81
(B A5 P B A= S B RO L35 1.

R1 HEE Pb X LAY A AT A R0

Table 1 Ecotoxicological effects of Pb on terrestrial organisms

oS B Yyh 2k L U P Bt R IR
Classification Family The name of the species Endpoint/ (mg-kg™") Data sources
RAR INZE Triticum aestivum A NOEC 1300 P<0.05 AHFSE
K Zea mays IR i NOEC 300 P<0.05 AHFF
Eops W Lactuca sativa K NOEC 100 P<0.05 ENGI
k7] P HIK Cucumis sativus MK NOEC 800 P<0.05 AHFSE
+F AR 3¢ Brassica pekinensis A NOEC 300 P<0.05 ENGIH
ISR K. Glycine max IR NOEC 500 P<0.05 ABIFSE
R AE3E Allium tuberosum A NOEC 800 P<0.05 BN
Pl i Solanum lycopersicum T NOEC 300 P<0.05 AHIFSE
TR T BB Eisenia fetida m;%ﬂ;p;gﬁgg . 1(5)88 iig:gz [15]
LY MR 1 75 BAFESUE Achatina fulica A KAl NOEC 1200 P<0.05 A5
SRR M B K Sinella curviseta BHHEZ I NOEC 1029 * P<0.05 ECOTOX

s A RIARHRGE A 3 M B AT 3 — AL S5 0BRSS, Note: * Toxicity datas of soil properties in this research were normalized.

T ESE P A 550 5 vk NI, B AR R B b 2z i 2 & s, ff Ph 72 L3 )
R RE IARES i L3 Ph AR A A R i i RAR R U e A Ph, SR AR A R Y
B 90% B ETEMR AR Y T P RAYIAE LR IO R W RN RES SR 0 IEH A BAC S 3h, R,
B EIEAY AR R B Ph EXHEY) = e

S TS AE YR A 24X Ph 5 88 B BURE IR T AR, R, AR SOMARAR 34T 140 #r BT 1
Ph XFBEAERE)/INAE oK VB I IS R SR AR MR A s 25 SRR B Ph A LIS
XF 25 R RR i 7 A B Sl R B 8 e B R B B AR G Ph AU B i, AR T B NOEC B
9100 mg-kg ™", MIARAFHR/INZ RS Ph A9 BUBPE AR, AR B NOEC fH 2R 1300 mg kg™, KA
BHREK BRI SRR B AR KX Ph A SUBEFE AR (AR ], FEAE AR [R) 600 AR (R K 1
NOEC {E#4°} 300 mg-kg™" ; HRMY K EAHARMH ) NOEC {H4 500 mg-kg ™", # 2 BLiY i T 2B p9 dE
SRR Ph 15 L i BUS T A (B [R), AR AR R 25 44 F AR 1% NOEC {420 800 mg-kg ™.

T TS Y RS RGN E LA R KL iz TRz fEE SR RRE
A 3ofs 3o R v S B B A BV M ] A Bk R AT 0 g e BRI v (G S 4R, IR T, T
b A i B EE A Jm T YRR S BOX S AR W IR N T 4 R O 0 T, O AR R R AR AL
NP 2 Sk Ph o ETCHEHE S P i A 1 A A5 B A ARONE , AR ST SR F 48 = B9 B IR ( (1 B IR 4 ) Jm FS 3
WERL, HET 20 A0 T AR RN A SE N S 1 1K [ Py o A 45 R )32, O B O T A A 2R
By P B 2 AAL Ph XHE 2 B ES IR A KA B NOEC fH°4 1200 mg-kg ™.



6 M

TFERT S o I LA R A TR S L L SRR i A

1223

Fig.1
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Effects of Pb on root growth of Triticum aestivum, Zea mays, Lactuca sativa, Cucumis sativus, Brassica pekinensis,

Glycine max, Allium tuberosum and Solanum lycopersicum
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Fig.2 Effect of heavy metal Pb on growth inhibition of Achatina fulica

2.2 Pb Wy HEREMEE RS 00T

A SIS o R MEE A HE S O 0T 4 Sl T A A ) SSD v AP AS TR F 15 ((Assessment factor,
AF) PYAE o SSD ki it R BB B BOR AR 15 Y W AN [ AR W W R B R 22 S X e Fha]
RE [ [ —A~ o3 288, i BRE—Fh AT sl R v b ok th 9 AC SR M AP B2 1 240 LC,, \LOEC F1 NOEC
) e B A R R B S VE I, AN 2R PR TR AR A B PE . SSD 7445 AR F i A Bl iy mT Ltk
AT 2RO KT 1 - 9 PR BT i S, E 5 204G i 4 () s M B A %, MW R 25 10 B L
FIBCE A LA BE 0 S0 5 T BPA PR 2 3 1 ) SR I 7 P (BB DA — AN A 2 TR P i 28 4 ROk R
i85 G 1 A S SR (L) — b D i 30 MR A 2 P i T R A 108 o AT B A 55 17 R B8 SR S S v A, DA
PRI = 1) HU{E 3 AR Al o 2 28 6 AR Ll S W SR i | S DR /IN AT s e 1 1) ) 512 4 2 3 US4 T A M HE RS 1)
AN P 38 TR T S 4 1 R AR 1) o B R B[] CAan N A B — R A BN B 4R 2 R i
PR HL A 2B R R R EAE ) | VAR R 0 B T A LA B0 G 25 5 TR, AR SR Sl A
SSD X DU T FF” 43884 Wy i s B 64T 3 A, SR FHBE T log-normal SSD HYfif 22 RIVM ETX2.0
(PR 3) B 3 Bl FH T3 I R B L (0 9 T RN BRI B 8 0 RUR TEA 7 R 1 i A4
TR SO E T o P (Y HC L, AT T log-normal SSD 32 B S (1) HC, M 142 (57.9<CI
<239) mg-kg™'.

1.0~
!/'T;it' m aestivum( /NFE )
sl /Ii c-lz({l_z)zqfii/.létz(_%%_z__i‘%féﬁﬁ?é )
> /8/Sipdlla curviseta( BB )
% // ,’}’:'l.s'enla_fénda( T Z Rk )
'g 0.6 /I ‘Allium tuberosum( A3 )
q:; 5 //- Cucumis sativus( #JI. )
é oal /'/ (Glycinemax( K 8.)
E ,,’; ’/ﬁ'/lnay,\'( EX)
- ’ /Ijil‘a.\'.\'ica pekinensis( A3 )
--------- W Solanum lycopersicum( F )
r u [gefiicg ,\"z'zllva( mE)
0 ! A ) ] : | ) ]
1.5 2.0 25 3.0 35 4.0

1gNOCE/(mg-kg™")

3 Pb BIMIRMEURIE DA (R EEON BT 95% B AH4R)

Fig.3 Species sensitivity distribution for Pb ( The dotted line is 95% lines of confidence)

ARG, F BRI X L P B S A2 5, O Haxd Ph i) LA W RE 1k = A 5
M), A1 S LR X3 HLC 9 0t 2 70 02 B S = 4 Ph 9T S (AR 90 R AL 3 Ph 1
TR ER L P AT R, A ABFSE X 3 Ph LG E N 16.7 mg-kg™, i, % &
UM R B HC (B 158 (74.6<C1<256) mg-kg ™.
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MR 2 01 2 F 2006 4 il %€ ) REACH ( Registration, evaluation, authorization and restriction of
chemicals ) SR FUAE |+ HESEUE(E T HC (A RR LA T (1—5) 15 11 B 7 (9 LA U i A7 808 B
IRHE A BK AZ R RO B0 i | RS R AT LR A PR S B0 A2 . Amorim 251 7E HE
T UE (AR ) 1Y SRR B I 52 S5 i FROR A i 12 X 8 ELAA (L, i 42 4t 1 kv
(EVE LA S T, ARFFERYE HCME, e 20 e Y DR i) L b Ph A9 L BRI I i SR (B L 31.7—
158 mg-kg™".

22 P AT rp LR 32 DR T S A W o R R i AR AP S o E B B
(ETEAN IR R ARy £ 3 A 25 %0 4 B (H | £ HEAE 250 e (0 45 SE R 1Y Ph (9 2L 25 0 e (8
120 mg-kg ™' KA HIE TS FEN 70 mg-kg ™' IR E IR T ERAR L ) Pb FIBRIHEEY
350 mg-kg ' (g% ML M, pH>7.5) P JEETUT 28 el 4k 39 Ph B KUK O BE1E R 400 mg kg™ (A
Pt e ) ). T A - 98 R I B b v (R LU, AR B SR T4 S A0 R 2 0 £ b P 3R (A (31.7—
158 mg kg™, R4 95% 7K F-/E W) AR TIRIE P ) — bR (350 mg-keg™") , IR AR F AL iS5 e
H P BRIEE (400.0 mg-kg ™", & R 2 el Rttt ( NAAAEERE ) ) 127 A AR SCR FH 35 B A A8 O e (13
B, SR IUART - S48 125 43 0 X5 AEL ) | T 6 A 0 4 1) 2B 28 0 8 (8L i A7 1380, A5 L0 AR ) 10 A A8 0 38 1
428 mg-kg ', TCHMESI I A ST BE(E A 1073 mg-ke ', A H B 5B G, RAEEAS
0 G LV - ) T P A A5 T R (B 428 mg - kg™ IZAE L 5 T SSD 4 S Y PR 95% T34 H) HC,
{8, hm TIRIE P A9 2 T EPREE B bR, PR, AN BERCF 0] e [ 33 A W 3 R4 4 .

R2 HEFAHIX Pb Y+ HEFLMEE SAREE A 3L

Table 2 Comparison of soil environmental criteria and standard values of different countries and regions

SR bR EE
Soil-environmental Criteria/( mg-kg™") Soil-environmental standards/(mg-kg™")
AIH Ph g 0] ey o SRR R ) b L R £ )
(HCs/AF,AF:1—5) —4,pH>7.5) (@NEES:iD)
31.70—158.3 120.0 70 350 400

T SRR AR SO (R0 120.0 mg-kg™" , HHETCHHESH P A9 A 250 L5 1700 mg-keg™" , BT LALR &% R A M) 5 06
HESHP A S (R 120 mg- kg™ s # 0RO 75% 4552 1) £ 38 B b 5+H 70 mg-kg ™"

Note: # The screening value of terrestrial plant and soil invertebrate ecology were 120.0 and 1700 mg - kg™' in USA, respectively. So
considering the screening value of terrestrial plant and soil invertebrate ecology was 120 mg-kg™' ; # The soil quality guidelines to protect 75%

ecological receptor were 70 mg-kg™".

3 758 ( Conclusion)

(1) Ph XBEAARYI /N FOK BT BN 3 RGBS Al A S0 A 3l s A 19 AR
M ) NOEC {E43-%1 4 1300,300,100,800.,300 500,800 ,300,1200 mg-kg ™.

(2) TEABIE X A3 v | B AR XS Ph I BUER P B, /N 22 AR G P B BURR AR
K FSEABEATAIRHAXS Ph A U S AR E AR [R] , B TR R SR AR XS P 75 J (1 BB M8 BR
{EAHA].

(3) 3 F log-normal 4 Fft ff B M 23 A A AF 58 X 3 - € b Pb 9 HC, {HH 158 (74.6<Cl<
256)mg-kg™', Pb 1t FREE T FEUE (A VI N 31.7—158 mg-kg ™.

2% 3K ( References)
[ 1] FURE, MBI, JREE, 5. LR SE /AR DT T T S DR A SERIE [ R T ] . ARl BRI R4 41, 2014,33(1) 1 1-14.
ZHOU Q X, TENG Y, ZHAN S H, et al. Fundamental problems to be solved in research on soil-environmental criteria/standards [ J].
Journal of Agro-Environment Science, 2014,33(1) ;1-14(in Chinese) .
[ 2] GINOCCHIO R, RODRIGUEZ P H, BADILLA-OHLBAUM R, et al. Effect of soil copper content and pH on copper uptake of selected
vegetables grown under controlled conditions[ J]. Environmental Toxicology and Chemistry, 2002, 21.1736-1744.

[ 3] WENGLP, WOLTHOORN A, LEXMOND T M, et al. Understanding the effects of soil characteristics on phytotoxicity and bioavailability



1226

7 A 14

g3

35 %

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

of nickel using speciation models[ J]. Environmental Science & Technology, 2004, 38.156-162.

SMOLDERS E, BUEKERS J, OLIVER I, et al. Soil properties affecting toxicity of zinc to soil microbial properties in laboratory-spiked and
field-contaminated soils[ J ]. Environmental Toxicology and Chemistry, 2004 ,23:2633-2640.

BUEG, A PE, I, 45 A 1 e A S A B G HE MO T AR ()] AR TR IR, 2008,3(5) :417-427.

YAN Z G, GU Q B, ZHOU ], et al. A synoptic review of the technical tips and methodologies for the development of ecological soil
screening benchmarks[ J]. Asian Journal of Ecotoxicology, 2008,3(5) :417-427(in Chinese).

JJE B 2 AT R R I L R B BRI g S R [ ] A FREERRA 24, 2011,30(1) :1-6.

ZHOU Q X, AN J, HE K X. Research and prospect on soil-environmental criteria in China[J]. Journal of Agro-Environment Science,
2011,30(1) :1-6(in Chinese).

EWER , XIE , Thite % Ea R (V) B A0k BOR R ORI [ )] . FRIERLSE, 2014,35(8) :3155-3161.

WANG X N, LIU Z T, WANG W H, et al. Ecotoxicological effect and soil environmental criteria of the heavy meal chromium( VI) [J].
Environmental Science, 2014,35(8) :3155-3161(in Chinese).

WANG X N, LIU Z T, WANG W H, et al. Derivation of predicted no effect concentration (PNEC) for HHCB to terrestrial species ( plants
and invertebrates) [ J]. Science of the Total Environment, 2015,508;122-127.

AMORIM M ] B, OLIVEIRA E, SOARES A M V M, et al. Predicted No Effect Concentration (PNEC) for triclosan to terrestrial species
(invertebrates and plants) [ J]. Environment International, 2010,36(4) :338-343.

SINGH O V, LABANA S, PANDEY G, et al. Phytoremeation; An overview of metallicion decontamination from soil [ J]. Applied
Microbiology and Biotechnology, 2003,61 :492-405.

ATHALYE V V, RAMACHANDR V, D'SOUZA T J. Influence of chelating agents on plant uptake of > Cr,?'* Pb and ?'°Po[]].
Environmental Pollution, 1995,89(1) :47-53.

NELSON BEYER W, CROMARTIE E J. A survey of Pb,Cu,Zn,Cd, As and Se earthworms and soil from diverse sites[ J ]. Environmental
Monitoring and Assessment, 1987,8(1) :27-36.

YANG Y G, PATERSON E, CAMPBELL C. Accumulation of heavy metal in urban soils and impacts on microorganism[ J]. Environmental
Science, 2001, 22(3) . 44-48.

GRAKOVS k V G, FRID A S, TIMOKHIN P A. Evaluation of soil pollution by heavy metals and arsenic in Chelyabinsk Oblat[ J].
Eurasian Soil Science, 1997, 30(1) . 74-81.

TERELAK H, STUCZYNSKI T, PIOTROWSKA M. Heavy metals in agricultural soils in Poland[ J]. Polish Journal of Soil Science, 1997,
30(2) : 35-42.

PRENZL, AL, HAE, 55 Ak 3 PR ol 22 Il 2 S BB [ ] ] B8R4, 2014,35(4) 1274-278.

CHEN L H, LIU Z T, FANG Z, et al. Effects of lead on the growth and reproduction of Eisenia fetida with aged soil[ J]. Environmental
Science, 2014,35(4) :274-278(in Chinese) .

JIE X, XIN K, KROGH P H, et al. Evaluation of growth and reproduction as indicators of soil metal toxicity to the Collembolan, Sinella
curviseta J|. Insect Science, 2009,16: 57-63.

OECD. Guideline for the testing of chemicals No.208. Terrestrial plant test; Seedling emergence and seedling growth test[ S]. Paris;
Organization for Economic Cooperation and Development, 2006.

1SO. 15952 ( E ). Soil quality-effects of pollutants on juvenile land snails ( Helicidae ) determination of the effects on growth by soil
contamination|[ S]. Geneva Switzerland ; International Standardization Organisation, 2006.

G R AT g [ ML JERT T EROL R A, 2000.

LU R K. Soil chemical analysis method[ M]. Beijing: China’s agricultural science and technology press,2000(in Chinese) .

IV AR SR, A T DX A S U R AR B B R LA S AN AR ST 1] T E R R, 2012,32(8) 1 1467-1473.

SUN Y B, XU Y M, SHI X, et al. The immobilization remediation of Cd contaminated soils in wastewater irrigation region and its ecological
effects[ J]. China Environmental Science, 2012,32(8) :1467-1473(in Chinese).

VAN VLAARDINGEN P L A, TRAAS T P, WINTERSEN A M, et al. ETX 2.0, a program to calculate hazardous concentrations and
fraction affected, based on normally distributed toxicity data [ R]. Bilthoven, B A National Institute for Public Health and the
Environment, 2004.

AERY N C, JAGETIYA B L. Relative toxicity of cadmium, lead, and zinc on barley[ J]. Communications in Soil Science and Plant
Analysis, 1997,28(11-12) ; 949-960.

CARLSON R W, ROLFE G L. Growth of rye grass and fescue as affected by lead-cadmium-fertilizer interaction [ J]. Journal of
Environmental Quality,1979,8(3) ; 348-352.

DE HAAN S, RETHFELD H, VAN DRIEL W. Acceptable levels of heavy metals (Cd, Cr, Cu, Ni, Pb, Zn) in soils, depending on their
clay and humus[ R]. Rapport 9-85, Inst. Bodemvruchtbaarheid Haren, The Netherlands, 1985.

TRAAS T P. Guidance document on deriving environmental risk limits[ R]. Bilthoven, The Netherlands: National Institute for Public
Health and the Environment. Report No. 601501012, 2001.

ZEU R B2 B WO R ] b S S T XA i B A R [ )] RN S HOR | 2005,17(1) < 11-14.



6 M

TFERT S o I LA R A TR S L L SRR i A 1227

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

LI B, LIN Y S. The road on both sides of farmland soil lead pollution and the impact on the quality and safety of agricultural products[ J].
The Administration and Technique of Environmental Monitoring, 2005,17(1) ;11-14(in Chinese).

AR AR DT S BV IX T A R G TR W RO BT TE [T ] PREERF:, 2008,29(1) :196-201.

LIY H, YANG LS, JIYF, et al. Lead uptake by plant in soil-plant system at lead-zinc deposit area of western Hunan Province[ J ].
Environmental Science, 2008,29(1) ;196-201(in Chinese) .

WRiEAE PR, 5% A0, 55 EDTA X 2 FOFSEBRm 34 w4 Ph RUBUNI[ ], BREERIARFSE, 2005,18(1) :67-70.

CHEN Y H, SHEN Z G, ZONG L G, et al. Effects of EDTA on Pb accumulation by seedlings of two Brassica juncea varieties| J |. Research
of Environmental Sciences, 2005,18( 1) :67-70(in Chinese) .

Flgide  BRINEL, Jr Ak, 45 % (VD) X 2R 2 RIS 0 A= S B ESONL [ 1] . FRBERLARE 5T, 2013,26(6) :653-657.

WANG W H, CHEN L H, FANG Z, et al. Ecotoxicity of chromium( VI) on Eisenia fetida in soil[ J ]. Research of Environmental Sciences,
2013,26(6) :653-657(in Chinese).

A, 228 2B, T T A I I /N BLH 2 £k L (Acrobeloides nanus ) HO T A METEMEAE I ()], AR S TSR, 2008,3 (2)
139-143.

HAO W, JIANG Y, LI Q, et al. Subacute toxic effects of lead and cadmium on the nematode Acrobeloides nanus[J]. Asian Journal of
Ecotoxicology, 2008,3 (2) :139-143(in Chinese) .

WANG X N, LIU Z T, WANG W H, et al. Assessment of toxic effects of triclosan on the terrestrial snail (Achatina fulica) []J].
Chemosphere, 2014, 108 .225-230.

RAO I G, SINGH D K. Toxic effect of single and binary treatments of synthetic and plant-derived molluscicides against Achatina fulica[J].
Journal of Applied Toxicology, 2002, 22.:211-215.

European Chemicals Bureau. Technical Guidance Document in Support of Commission Directive 93/67/EEC on Risk Assessment for New
Notified Substances, Commission Regulation( EC)No 1488/94 on Risk Assessment for Existing Substances and Directive 98/9/EC of the
European Parliament and of the Council Concerning the Placing of Biocidal Products on the Market.Part Il [ R]. EUR 20418 EN/2.Ispra,
Italy : European Chemicals Bureau, Institute for Health and Consumer Protection, 2003.

XEFR , EHERE RS, 45 ZITRRE KSR i D s MR T R SN [ ] BREAEDFST, 2012,25(12) :1364-1369.

LIU Z T, WANG X N, YAN Z G, et al. Discussion of minimum “3 Phyla and 6 Families” toxicity date requirements for deriving water
quality criterial J]. Research of Environmental Sciences, 2012,25(12) :1364-1369 (in Chinese) .

Fer , XUETE , ER)T, % A2 B YA U ET A [ )] FREERLE, 2013,34(6) :265-271.

WANG X N, LIU Z T, YAN Z G, et al. Species sensitivity evaluation of Pseudorasbora parva[ J]. Environmental Science, 2013,34(6) ;
265-271(in Chinese).

RAER T, REI AR IRAK A A YRS EEROK R RS [ 1] SRBERLERTST, 2011,24(1) :1-10.

WU F C, MENG W, ZHANG R Q, et al. Aquatic life water quality criteria for nitrobenzene in freshwater[ J]. Research of Environmental
Sciences, 2011,24(1) :1-10(in Chinese).

WANG X N, LIU Z T, YAN Z G, et al. Development of aquatic life criteria for triclosan and comparison of the sensitivity between native
and non-native species| J|. Journal of Hazardous Materials, 2013,260.1017-1022.

EU Regulation. 1907/2006 of the European, Parliament and the European Council of 18 December, 2006 concerning the Registration,
Evaluation, Authorisation and Restriction of Chemicals (REACH ), establishing a European Chemicals Agency, amending Regulation
1999/45/EC and repealing Council Regulation ( EEC) No 93/793 and Commission Regulation ( EC) No 1488/94 as well as Council
Directive 76/769/EEC and Commission Directives 91/155/EEC, 93/677/EEC, 93/105/EEC and 2000/21/EC[ R]. Helsinki: Official
Journal of European Union, 2006.

US EPA. Ecological soil screening levels for lead[ R]. Washington, D C: Office of Solid Waste and Emergency Response, 2005.

CCME. A protocol for the derivation of environmental and human health soil quality guidelines [ R]. Winnipeg: Canadian Council of
Ministers of Environment, 2006.

AR N RICHIE R BE R, GB 15618—1995 IR T RRMEL S]. JUAT: FZ B R, 1995.

The Environmental Protection Agency of the People’s Republic of China. GB 15618—1995 Soil environmental quality standards [ S].
Beijing: State Department of Environmental Conservation, 1995(in Chinese).

FEHTH BEBOR Y B R . DB11-811-2011 S B XURATM i e (B [ S ]. Abat . ALatiiBrid BoR WE R, 2011

The Beijing Municipal Bureau of quality and technical supervision. DB11-811-2011 The screening value of soil risk assessment[S].

Beijing: The Beijing Municipal Bureau of quality and technical supervision, 2011 (in Chinese).



