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Influences of Single and Combined Pollution of Lead and Cadmium and Their Interactions with Calcium or

Zinc on Growth and Accumulation of Lead and Cadmium of Leeks

SUN Jian-ling'? LUO Li-giang"*"

(1.School of Mathematics and Physics, China University of Geosciences, Beijing 100083, China; 2.National Research Center for Geoanalysis,
Beijing 100037, China)

Abstract: Ecological effects of heavy metals are often dependent on the presence of other elements. A pot experiment was undertaken to un—
derstand the influences of different concentrations of heavy metals (Pb and Cd) and their combinations with Ca, or Zn in soil on growth and
Pb and Cd concentrations in the roots and leaves of leeks. Concentrations of Pb or Cd in leeks were positively correlated with those in soils.
Lead and Cd had synergism effects at their low concentrations. At high concentrations, however, Pb promoted Cd absorptions, but Cd inhib—
ited Pb absorption. Zinc showed excellent antagonistic effects on Pb and Cd under severe pollution by reducing the bio—availability of Pb
and Cd, and promoting the growth of leeks. Calcium increased Pb concentrations at low Pb and Cd combined soil, while it inhibited the ab—
sorption of Pb at high Pb and Cd combination. Calcium had a very weak inhibitory effect on Cd. Both Pb and Cd were mainly accumulated in
roots of leeks. The ratios of Cd in roots to leaves were about 1.5, while those of Pb were 2.5~4.5, indicating easier translocation of Cd than
Pb in leeks.
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Table 1 Properties of soil used in the experiment

LU AR O AR AR ERRICR g ke
T P mgekg! mgekg' gkg! gokg Pb cd

B+ 76 2470 29870 1.2 16.58 24.6 0.13

Hifiio HHOILARMR I 1.

PR A R R A SR e P AR KR K
BIE] RAZET ERTS EE R

SJEIRFIH PHNO,),, CdCLr25H,0,Ca(NO5), 4H,0,
ZnS0,-TH0 , 1 K43 Hr 4k
1.2 K%t 5L

FEARR IR I TE LE PR T - A A R A2 el vt
17, Pb 1 Cd B BEARSEVEY A=K 13 (Pb 500 mg-
kg, Cd 5 mg-kg™ ) FIAEVEY A K 1 (Pb 2000 mg-kg™,
Cd 20 mg-kg™)Pb 1 Cd &, Mk 15 Fhih 3 .
(DPbCdy, @PbspCdy, @PbaCdo, @PhyCds, ®PhoCdla,
@PbSOOCdS» @PbSOOCdZO» PbZOOOCdS» @PbZOOOCdZO» @
PboCdZnaxe, @ PhsyCdsZna, @@ PhywCdaZnag,
PbiCdiCae, 1 PbsyCdsCawm, @ PhaggCdaCaom
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At R 20 mg-kg™ . Ca JILA R 1000 mg-ke™, #KIEE
#E). FAk 1% 1000 g- 45", Pb . Cd Ca Zn DIERIE X
A A 3 K. IMAESRIERE , oMk
A5, BT AEGERAE, TR (50%~70% P53 3 Ik,
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e Pb 5 Cd xRS K B i ol R
AR R Ph Cd R B DU LS 2, %3 MAER
R Ph Cd FL B &S Ph/Cd MR )5 25047 F
.22 2 AL, Bi— Pb Cd V5 4eit, Phey A Cds VE
TSR A HIBAN 23.42% F1 6.01% , T 7E Phao 1
Cdy fEFT , AESE 6 F 435Ik 31.84%F1 0.16% ., 5
Xof B AH EL , (PR B2 119 4 T o 1 R R T DAE kRS
M, B TS Y AR M A K . 2 Phsy SR
A BE Cd A5 Uit , 20 mg-kg™ Cd X B S fF H 1Y
SM/NT 5 mg-ke™ s 4REEHE K Ph ¥ E £ 2000 mg - kg™
i, AR bl f e - 4 Cd B AR S T, 1B
RO BE B Ph BRI Cd W] AR B — 22 (14 1

z2 Pb.Cd B—FNE G TLITIEEMEEEN
Pb.Cd FREERIZ
Table 2 Effects of Pb and Cd alone and in combination on fresh

weight of leaves and Pb and Cd contents of leeks

TP oo
e *fé”é]z% 5 m/mzipl:)g ”Jr”/]i;? & m/mzogspig ﬁﬂf_i/g
Pb,Cd, 0.091 1.858 0.174 2.657 8.04
Pb,Cds 7.209 4.513 4916 4214 8.52
PbCdy 13.54 2.356 8.798 5.057 8.03
PbsyCdy 0.119 33.08 0.248 10.88 9.92
PbsyCds 5.748 32.01 3.967 9.172 7.90
PbswCdan 22.11 48.69 12.17 15.59 8.24
PbyxeCdoy 0.364 299.8 0.234 76.03 5.48
PboxoCds 9.133 424.6 7.401 1324 6.56
PboyoCda 24.08 297.2 13.73 66.48 7.85

& 3 dESRIR M Ph Cd RRBEFES FE

Table 3 Analysis of variance for concentrations of Cd

and Pb in leeks
R Pt 4 e e

Pb Cd PbxCd
R-Cd 2.487 54.703* 2.793
R-Pb 65.141%* 1.011 1.385
L-Cd 28.081* 562.715%%* 26.157%*
L-Pb 15.936 0.829 1.066
L-FW 7.719 0.244 4.678

T Foos (2,2) =19.0, Fopt (2,2) =99.0, Fos (4,2) =6.94 , Fy (4,2) =
18.0;Pb Cd J PhxCd ) FHIEA 0 2.2 .4, 1822 H FRE R 25 I+
4y RIF27% 0.05 F1 0.01 (il B 5K, TR,

YERT RS K SEPR R A w3 in o 2F—
Halad )y 2250 Pb Cd X S e 5 (1% 520 o] 1, Ak
PR 22 Bt # 5 Pb Cd \Pb/Cd A 155
Ab TR A Y 22 S5 AN 25 (P>0.05)

H—Cd & Pb 5 Cd BETH R Cd 7EdES
M s AR ORI BE A - Cd Yk B A
Jn, JESEAR R Y Cd S ARG, 238 B 2 K
(£ 3), FEATI Cd T, 13 Pb SR O
HK 2 2000 mg-kg! B, AEZEMR IR Cd iR
RAGBA 27204k S L3 Cd SN 5 mg-kg™
i, AESEAR i Cd &3 7E Pb 500 mg-kg™' & A 2 7R
B 43 B AR 20.27% %11 19.30% , Pb 2000 mg-kg™ &4
B4 S FH B 26.69% F1 50.54% 5 4kLhn A+ Cd
TGYE E 20 mg-kg, AESEMR . M Cd BB Pb
RN S, Bt e] WA Ph SN, BE
PRPEAESEXT Cd B, HAE R Cd V5 YLt Ph A2 ik
YERITE 2 o Adriano 578 X7 3 P AR R 25 A 5%
RILT FIFERYZE R, Jr 250 W45 R s , dESent
H Cd 5 4 Ph & ik B K F-(P<0.05), 5
Pb/Cd 52 B A Ak 24 2. 27K F-(P<0.01) .

H—Pb J Pb 5 Cd B GT5 9 55F T Pb 7Rk
HE ) S A UK, B— Pb 15 4L T dESEAR
Hr Pb f e BTSRRI 2 R . 500 mg- kg™
Pb 25/ F , WV BE Cd(20 mg-kg™) 4 A B HESRAR it
':F' Ph é\%ﬁﬁﬁ‘iﬁﬂ;l)bzmoCds E%ﬂ‘}ﬁ? , iﬁidﬁ N
- Ph St in, B —E Wk B Pb.Cd 24 ,Cd
XIHEDI L Ph A AR HEVERT o T PbaaCda 5 PbaCdo
A, I SRS AR XS Pb I I, T AR
JE T U ESEXT Cd IR ICrE 9 A~ b B R Ak
SRR, A Ph MRS 21— A i/ o st Ak 382
sy Pb F it 5 3% Cd i Ph/Cd G5 Q1R
KB E KT (K 3),

BARKTE ,Pb/Cd BTGP E . FE— W
JET, 58 Ph/Cd B AH AL 2E X 7 78 A SR AE AR H R
W, desErth Cd & Ph/Cd 4575 ek B IR B
B EACE  AAAEE RIVERT, S AT A BRI 45 R,
HIFHEATEES -3 Pb F1 Cd &A= 3E 4 WA ¢,
e Ph V5 YRR B A3 s> T X Cd
B, 325 T Cd AR A RS, D B Rk
Cd LA .

22 CaZn 5 Pb/Cd X E/ERAFTIEREEEF Cd.Pb
i g=y: oA
# 4 4 CaZn 5 Pb/Cd X HAEF T AL M fef 5
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% 4 Ca.Zn 5 Pb/Cd ZEERRTIESE EFN
Pb Cd RRERIFT
Table 4 Effects of Pb and Cd interactions with Ca or Zn on fresh
weight of leaves and absorption of Pb and Cd of leeks

W& )8 FEm/mg kg M4&JE S E/mg kg™ N /g

AbPR A

MCd 25Ph MCd *Ph —

PhyCd, 0.091 1.858 0.174 2.657 8.04
PbsnCds 5.748 32.01 3.967 9.172 7.90
PbaonCdx 24.08 297.2 13.73 66.48 7.85
PhCdeZnay 0.150 3.802* 0.229 6.440%* 7.66
PbsCdsZnyy — 3.227% 42.22 2.539 16.25 7.73
PbowCdaZnygy 14.33%%  153.4%* 10.76 51.75 9.45
PbiCdoCaie ~ 0.274%* 5.729* 0.177 6.303 7.49
PbswCdsCaje ~ 4.883 39.54 3.068 13.33 6.37
PbynCdxCajm  23.56 279.8 12.42 70.50 6.39

F1 Cd . Pb B . R PhswCdsZngg &2 A15 4L
Eﬂ_ , ﬁ%ﬁi%ﬁ?l‘% , _‘I%_//'&E szmCdzoznzoo E%/‘?
e, 3 fif 8 0120.34% s AMBTEAR = W EE Y Pb
Cd 5 ,Ca 1000 mg-kg™ #RAH B EH T [, Zn
200 mg-kg™ . Cal000 mg-kg™ 2 HFAESEXS 145 P,
Cd W B3 AR BE PbsooCds EAT5 YT, Zn
Ca P EINAT UG PEAESEXT P RIS, Zn (A4 2E 1
HE”jE:F Ca; ﬁ’ﬁﬁ%?ﬁ?fﬁ szo()oCdzo Hﬂ‘,Zn\Ca i’%ﬂ%[ﬁ%
MRAESEXT P WM, H. Zn B FEARAE B B, 7EAR
L 2R B K- Ph/Cd B A T5 G4 L EETR SN Zn
XTAESER N Cd KB R i & g dI/EAT, 1M Ca XJHE
M Cd SEMAR/ N o Zn TE =R FE TS5 YL N REA AL
Pb Fil Cd, AR AW A R, Ca X Ph (WIS i 2
R AL, Sk BE, TERE MR EETE RN XS Cd
A s o A St B S AESR E 4R B AR e —
JE R SGHE , BIMIRHR B2 52 575 i, IR Zn  Ca FA7E
AT LAEE Ph RIS, i AR SR 5 [ 5 my R R A
15 YL, Zn X} Pb Cd WISGE BIH5EHTVE AT, S ff d by
e

Ca.Zn fEh HHEPIEFICER W LA R
B 4 S8 T 3R MR, 0 EE 4 S A AR P R A
5 P o (IR AR IE) (GB 15618—1995)# i +
B Zn SE N /NT 200 mg-kg™, HAIREG VERE Zn
S HNEEN 200 mg-kg™'. Ca J2H TG, 7TEC il 11
B2 A, Ca N 1A 4000 mg-ke™ B}, #4151
BAEMBEROR , Cd B 3 91.36%", 254575 L
focR A MM &, AIRXEEPE Ca 1000 mg-kg™,
N Zn WRPEERY 5 4% A5 REW, Ca HEHUMENIGES , Zn

REA RN Ph. Cd By, ek AE K

T E G R AT H— R YR e Y R Ak
R FAE Y AR sl . Cd Fl Zn RRIGCR A5
AR MR AL 22 FIIA SRR, 38 Zn F1 Cd (19T
AL T B RARG L WXT E AT W B R W B i
AHIE (K2=0.79,K;=0.72) , >4 — F A E T T I Wt
IR AR B S AW B f ™. WFSE IR, [ -3 e
Zn ATANEIFE YN Cd BRI, Zn Xt Cd FEAE P I 1
SRR FEHME R o U0 Zn AT RUIRSE AHEE W
FORXF Cd B d 55, U Cd . Zn A5 Zn
X Cd FEPM™ A T i E ™ ZEASIR SR, Zn
XF Cd MRS BRI B N AR 1, Sk BE TR A
Zn AT Cd 1Y 40 £5 5 (PhswCdsZngg ) , 76 BE
AT S Zn AE HIEE R P KB, S
Cd Fa 4+ SR AV A, 350 Cd 78 - S8 i &
i, TR R Cd 5 et dE 3% Cd /e i .
ATABA TR, H PR Cd Al Zn AHE A
HEXE 5 FEAE IR DY /INZZ KO s Fn R 320, £
b 4R MR ICEN Zn>Cd>Ph™, Ph 50 R A3
i GRE RO In B89 ER A AT AT LAl 4
BN Zn (Cd WfRMCRE T, BEAK Ph ORI EE T . X5t
{ﬁﬁ%ﬁ Zn %%//’&E/ﬁﬁ%ﬁﬁﬁ%ﬂ@ szoooCdzoznmo /E
HI5EOUT , AESL eI Zn Wiid54T Pb . Cd A9
W, Pb  Cd WIS I 2 A, RHAE R A 2 (R4 7 - P
FEAK R S 22.16% , K3 48.37% ;Cd [ AL 2 Ay
21.66% R 40.50% . SEALFEH AT LAf#ERE Pb/Cd & &1
SR eI Cd ARG 45
2.3 Pb.Cd ZEIEFEAE AR R FILT R Z LB

R 5 RFTA L IRAAE T AES UL Ph Cd (1 S
LS I P (Cd ¥R HLAE . XTRTAT Cds F11 Cdy 40
B, AESEHERR Cd SR HI7E 3.040~8.603 mg kg™ Fl
11.88~20.82 mg-kg™ Z[A], K253l Ab B+ 35 %
(5 mg kg™ F1 20 mg-kg™) M 61%~172% F 59% ~
104% ; % T Pbso #l Pbage, JE3E Pb & HETE 24.73~
36.85 mg kg™ 1 116.8~335.1 mg-kg™ 2 [a], KL 2ZAH
I IR PR YR BE Y 4.9%~7.4%F1 5.8%~16.8% ., T
Pb 1 Cd ZER R b FRVR BE T, 3 Cd MREESE 0 4 £%,
AW Cd SR 2 4 £, 107 148 Ph e Y
hn 4 %, B2 P TR T 4 4%, Ul Cd IR
IRERTI Ph AR, (H AR 5 R i
HAAHKRE, 3% Cd BRI T BE g 28 K F X Pb
I RS GRS , B4 S DAHD R 35 43 1) b |38
Papun: 22 i ANIEE S A LI s Sl R i1 E oy AP
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Table 5 Ratios of Pb and Cd concentrations in roots to leaves and

total concentrations of Pb and Cd in leeks

3 = e

EL . *E/ﬂﬂi%f;’fi: . Kl /mg kis
Cd 'Ph Cd Pb
PbyCdy 0.52 0.699 0.119 2.128
PbsnCdy 0.479 3.041 0.168 24.73
PbaCd 1.55 3.942 0.320 224.4
PheCds 1.466 1.071 6.443 4.413
PbyCdy 1.539 0.465 9 11.88 3.303
PbsyCds 1.449 3.490 5.271 25.89
PbsCdao 1.817 3.124 18.55 36.85
PbaoCds 1.234 3.208 8.603 335.1
PbaowCdap 1.753 4.471 20.82 224.5
PbyCdoZnag 0.653 0.590 4 0.171 4.496
PbsyCdsZnayg 1.271 2.598 3.040 35.16
PbayCdaZingg 1.331 2.965 13.04 116.8
Pb,CdyCayen 1.55 0.908 9 0.240 5.929
PbswCdsCaion 1.592 2.965 4.265 30.60
PbayoCdxCaimo 1.896 3.969 19.61 205.5

SRAESEARTRY Pb A1 Cd ¥ B34 &5 F 5, {H Pb F1 Cd
FEMR M A AR R 220 . RS Cd B H—
MEAE 1.5 2247, T Pb ¥R EE LI G222k 2.5~4.5 Z Ji],
LR AESR R IR Cd 3 5 i #8 3Hh F3, 1 Pb [
EBPEESS . AR FIE S MR A R 1T
PRI, FTRE S MR 48 2= Sy A K AR
W AR G, IR AR M Cd, e ki £
TEfEFE R,

B Pb Cd ) FLVFHRBE 43 12 0.3 mg-kg'FW
F10.2 mg kg 'FW, AW 57 Al 3 it 9 T3 L oy
11.22% K¢t Cd it Ph &5 5 22 1 b 49146 550 7l i o ok
J&, Cd5mg ke AbFR R Cd &k 0.28~0.83 mg-kg™,
REETS YT Cd a3 e @l g air Ko, Pb &
Lt 2.67 mg-kg™ WLREMBRAY, B LA HA KRB MAME
G Ja 1) )t - AR A AESE AT LA L, 380 Pb .Cd \Zn
Ca fEAnf—FpoC Z#B 238 indE 32 x) P Cd AW, 3K
fiilESEnt Ph Cd & i 1 B S bm i FRAEL

3 £

H— Pb ol Cd {54, JESXT Pb gl Cd BRIk
LG AR EA DG, Ph/Cd B AT RERE
2, KRR A ST P Cd (8]3R4 a5 30 ] 14
EA . dE3Rnt iy Cd & &5 148 Pb Ml Pb/Cd &
PR B AR YNEIE T

TSI T Zn REAREETL Pb A1 Cd, FE(RH
AR s Ca X P AR IORARIR BE e i, e
) AP REAE I 2R X Cd A/ R AR
(EER

JESEARZ Ph Cd ) EBE AL, {H Pb.Cd )
IR AR, Cd B 5T 7% 2= AR Al ARy

Brigt: FORUEHE O BB A . B R
i WG AE SC g i P A SRS AR 1
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