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FEXGMEIRELFESLRE Cd.Pb.Zn.Ni HIRUL
MBERB ST MERBMR

B B, EIEAE8C,AXTK,A £, FIR BEE . N K

(EMAERFEFEER, ARFRABEREALRE, HA 2M 730000)

BN OB BAERRRPEAPN NS AR THREELR AP InNETFEREH LR -HEREFNE
KRR HAEUBE, GREXA:CAPLInNNHAFELBEAXKEFRTFANANRUBES IR > L
BOEBRERDMEIFRAN CA>ZIn> Ni>Ph; A RN L MEREF P InNi HURRWABANEZEFEHR
B CANGERALAANTERENS MAELATEA BN YD I RFH AT EURRESFAPDEE
URREBS MK ERANAFE, T In PN ETEUKERAMAFEBSEELHNRY, FEREMN LB T CANT
XHBAMAEREH CAL BN TREA N HKERLANFERE N A RN ARRA, AAAXR LSRR
BRUPF In RARIANHALF N PP In T X KA,

EZ IR S EX N ET- NI TS I 73
FE S %S X503.231 THERIRE: A

ESRERYM LB - HYEBSRENRER
HYRHMY, CAEREMREK, BgkER, B4
KERS AVEIHYEERRGERYEHEA
A, AT S A R LR 25, Bk, B4R
EREYETRR BT LEST, ELHR
B ELRAREHYEANRERERRANS K
BEAEX, FEAREE L HESI i RE, RFEIKE
HEEERRKFERNE. FRELH-HEYES
FESBRNFEES N TFRSTHEATBZLI
AR e RERETESRAFEEEX,

1BPESRBESETIELY E2RHER
REDRBHOARTARER. B, XTELR
HENESREER, URESRERAEADEA
MIBERAR BRAN¥EHXATTRLH
F-4 LB R ERAE CuZn Pb.Cd MUFF
tELE, TREREWI R -HYRETESBHR
KEEURESSHERTRES, MM F N i
MR ERMERE. B, AARF RSN
BPHEESERF, Ut FEEMHHENER - &
KARREY, RAZRARVEHRT L HLHE
HEB CA.Pb.In N EFRTHREBHRME, +
BPUMAEFESRNESSAREUREEES
BUEFXEHERUELENEW,. ARELERE

R B 48 :2010-01-05

XSS ; 1000-7601(2010)05-0108-07

BRME RN LB ME PR A= RYE—EW
P&,

1 MRS FE

1.1 #iE#H

HiIR LA R ARERHNER L, T EH
Em N :pHE R 8. 16, EHEF BN 1.54% , Bk
METRHKS.64%, HEFXBEN 8.1 cmol/kg,
Cd.Pb.Zn.Ni & RME 5 5% 0.118.21.8.70.5,
53.9 mg/kgo BIAEVMHA K.
1.2 f#i%

XL RENTERET 2 mm i, HFBRET
B 1kg RFLEE, R 1 ELHPEMARFZH
Cd.Pb.Zn.Ni B FRREL V5B, LS IR BE 2 9 4t
HKF,1 B R4 ,2~9 4 Cd.Pb.Zn Ni A &
kB, B4 KFiR 3 MR, RERIER,
MAZBKEESKEIHEFKER 60% , R 7F
2RE . BAFTEXM, — ALY, SAEH 4
REEDARBH 2B I RKURBERLIKEN
HH ] FF Kk BB 60% . 4K 66 d J5 3K R b5
FIRIBEE R A TR E Cd.Pb.Zn Ni BRI E, At
BEEYEKE® LB, WE L ®P Cd.Pb.Zn.Ni
HEBFBHESHE.

ES WA ERFFRF 8T B (NEPCP 200809098) ; 2= M K% o e B 3 AR BF o 5 3% % T B € (Lzujbky ~ 2009 - 65)
EERM:B FO1986—), & EXKFA FLHRE, FRAAHFEERNBSEHBH . E-mail:liag09 @lz. cno
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21 REATRTMBALEKE (mg/kg)

Table 1  Design of concentrations of the heavy metals added into tested soil

JCHK Element 1 2 3 4 5 6 7 8 9
Cd 0 0.35 0.75 1.25 1.80 2.5 3.5 5.00 7.50
Pb 0 75 150 230 320 450 700 1000 1350
Zn 0 50 100 180 300 450 600 800 1000
Ni 0 (1] 110 170 250 350 500 750 1100
1.3 BREHH ahE,
RIS RIHYIRE 8 5 M IAR S, 4 81 %
I L s
BBk R A AR AN TR RRs 2 DRINE
B, ERERSRT BAEE 10 BRER, B8 2.1 EXMEELATENBERR

&/,

HYESRE B W ERA HNO; - HCO, &
AR ES, L MELE LB ERA HNO, - HF
-HCIO, B &, T IBIE 5 K Tessier Lk
¥REE, SRR PRA 20% LTE.ZAH
¥ .GSS- 1 fRMELFERN GSB - 6 PRAE T K AT IR
BEh BEEHIES%LN . A SOLLAR AA M6 &
FRBOEEAX (K IG . ABY B ZE Cd.Pb.Zn . Ni 1
‘E,

1.4 HELARE
K H SPSS 11.5 Gt 3K 44 0 Excel ¥ 14 E 47 3K

R2NAFBEFARBESR TR SR
BER, ALIES, FRARBAX EEE Cd.Pb,
Zn.Ni RHCE BRI Ny AR EB > B, HEEE E
ERBMB G ITTIE I, W E SR E TR
i b & B Z WP EH 5 5105 Cd:2.96, Pb:
13.60,2n:3.47,Ni:4.33, 5 Cd.Zn 1 Ni ML, Pb
FERBRE R, BEH P WM E KK, 1
L HR N P (BRI A K FEAE BEKE R 5 B,
WAL L P TR ILE BB B (22 ), #
BB, P — BB RKE RBEEH AN
BREBEN.

%2 REREARFRABUAEESDH (mg/kg)

Table 2 Concentrations of heavy metals in celery under different treatments

TR B &R RINKF Design of concentrations of the heavy metals
Element  Position 1 2 3 4 5 6 . 7 8 9

A 0.07 1.92 2.75 5.95 5.81 7.52 9.28 14.61 22.63
e B 0.45 4.69 8.21 19.74 12.01 20.93 13.79 32.00 it

A 1.56 7.07 8.06 9.22 10.64 14.20 15.16 35.91 79.84
i B 8.22 46.74 91.79 167.48 235.57 259.51 218.28 451.80 -

A 34.32 69.29 86.09 113.84 129.57 182.33 207.07 213.32 404.30
& B 53.72 140.58 209.70 373.69 536.55 702.15 756.99 1451.64 —

. A 3.95 10.93 16.02 25.67 55.52 59.24 59.47 78.47 186.32 .

N B 5.99 58.49 109.28 157.41 232.95 263.36 274.73 316.04 353.33

I Note: A # L& Shoot; B #EP Root; —F % {H Abnormal value. T [F] The same as below.

ATHEAREFRENEEGRARBREARRE  BHETUREEE NBMATFR 5 0, Kb

N BIARBHENHEE WHEYRKERE -HEYE
SCRER/LBESLBRLE . RF Cd.Pb.Zn . Ni %
EHAATHARERUM T BEPELRMNREENE
IFA,

BE3ITUES, 7 Cd FmELEKFR 4 L
B, A3 E AR od 9 BREHZE EF
EELRAMKFNERERELET,Pb fl Zn
EFRp RO RERETRAY MERBYR

L N BERER LA, ZEEE TR R
MNBRRRENBMAKENIZEETHRE
#, BMREB, EREMIBESCRIERZNEN
HMETREE XEERARNAMELRESR T
RWENTE YRR ESZIEBY, &
FEERARAERTED LHRARBY BHRAUEF
L, E Cd.Pb.Zn.Ni 9 BRRE K Fitb £38, 195
XM ELBTREFERBORKREREAKRT
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TR R R BFF

FE28E

WEE, AENELENEBREBFEN Cd>Zn>
Ni>Ph, REFEHRLER Cd> Zn > Pb #—
HO0-20 AP RBRBE T LR, LK
B-rmst8EAHR AFESBHLMKE
URHEYKEBER, A—FEA SRR
HEBEX. EXHTHE,Cd BRFEEYEK
ILFENTE BBRESHEYRBGFERNRE,

MAGHBERMBAR. XS cd ELBFH
FELEMLR %KM T AHA Cd.Pb.Zn.Ni A FIE
SHRBBEE R, —BAF AXRERESHH
BYMANEE, L EPTLHS CdBTEX
FAI R H7% Pb.Zn I Ni B, EZERRAX L3P
Cd W EHRESZ K TF Pb.Zn FI NP2,

£3 ARTRABUEMNESRAORAE(%)
Table 3 The cumulative percentage of heavy metals in celery

b 3 F:idind B & BB Design of concentrations of the heavy metals
Element  Position 1 2 3 4 5 6 7 3 9

A 19.05 330.35 453.65 590.86 427.14 466.50 394.52 443.49 415.59
“@ B 122.48 806.95 1354.34 1960.28 882.96 1298.39 586.26 971.37 -
A 9.82 7.86 4.52 3.63 3.15 3.28 2.37 5.22 7.90
P B 51.73 51.97 51.53 65.95 69.69 59.98 34.18 65.67 —
A 49.12 56.40 52.77 41.69 31.49 37.34 35.79 28.82 41.84
o B 76.88 114.42 128.53 136.86 130.38 143.78 130.84 196.12 —
. A 9.14 10.81 11.10 11.54 17.49 16.29 12.91 11.90 19.29
N B 13.86 57.85 75.75 70.74 73.40 72.43 59.65 47.93 36.58

2.2 THMPESBHOMETL
+i## Cd.Pb.Zn . Ni WRRESSES A D
ERAERLE 1 ME 2, B1FRLHEF Cd.Pb.Zn.
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Fig.2 Percentage of different forms in total amounts of heavy metals under different treatments

MNE1 TR EEESRTERRMENEM,
Cd.Pb.Zn.Ni HEESEEHEAKKES . CdiyT
ZHESEHMERK BRLSSEEE RESS
BEV CHEEANSERED, P EEUBREE
MEZEAESTREMNEL AISRKRZ, AIXHEE
MRBSSRERL. HEFRP XY cd.pb 5
B, L ESRM P Cd RKBRUSBEFET
THEP, BN WU KEEAUSIEEFER
B HRABRELEAS, IXRSSERK. RA
SHECEFMENMMEHETE, RULRE
ERELEPEMESH EHHLEAS R,

WRIHE4IHESBSESE R KT (H
), ERREF,BRCALS  HAIHESLENRE
SERBEEMEL HEESRTERME M,
Cd.Pb.Zn.Ni KR BEE T BZHMEMR,

WHCAME  CBRELTSRERRLPHIEH
RS, AREBE N 61.68%,  HKAIRBELE S
B MAXBRSHFSHARL. FRLF CdHWE
BHAHRESHBESEAAR, XS TREXS
MBS HUR AdELHEPIPHEHEESE
*2] BEE CdTTRRME MMM, BMESHE

FEHBFEK, IBRESRAB B E M, Mk
AUE BVISMRESSBRABZHEME, % Pb
Mia, SESERRLFIOTERERXEN RES>
FMO> OM > CAB> EX, KRB S I ERE RN
52.08%. WEE Pb TRBPMEME N, RRES S
RABRIBRX, BRALESTR A A K (Y
Pb AN E X 230 mg/kg B X BIHK) F W/ BLK
FHRBRESTZE FTHAZHES, TXRENR
AEEMKEE ISR ES D RHEHE
B ABESHREEERK. Eh BEEIEREK
PORESHRFBERRL X 63.71%, HKN
BRELEMANE IRBEIEERRK. B
EIn TERNBHEN RESIREAKEHREH
B MSEBEEAMSIRAKEEM MR N TERE
BA KRNI ZRE, FILES R Z HER,
ARHAT G WH BN, % N ZESHRERS,
FREPEEESHBREXLFN RES > OM > FMO
SCAB>EX, HPRASNEEHRN 57.53%. 4
Ni RINAEILD 4 5 (Ni BME R 170 mg/kg) , &
WES LB RFFR N FMO > CAB > OM > RES > EX,
5 ZnBELRLLBEE N TERMBEMN N, RES
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TREKRLFR

NERBBERRK MERENETHAREEN
MER FBEEES,  HRERES . FVESSK
RBCGEHFEAR, 7T LB BT o LI B o
HETUEL M FREERAMARETES
RELHFERENERALH . 4 HESBITER
BENEREAVEEML, RO RBHKIEREEK,
RRANBENZRBESHERREA-ITREIR. B
WA RE S RIBEMLEIT ABRE RO S @R
BEFA. FRESS B REE N, X BE R

E28E
ERTBREEEHEHRE,
23 IHIESBEERSSARREKESRR
HXF

FRESRTRNRA—-HEEHE—-ELROR
RESHEDNEDEREAR. ATHRARESE
ERMFEBRUBH TR GFEBERESRRS
TR PEFAE SR NE Y SR BGETHERS
BrAIZ £ R (R 4 TR S BTR) o

B4 FRAESBMERSIMVESRELSSIERMMOBXIN

Table 4 Correlation coefficient between the concentration of heavy metals in the celery and their speciation distribution coefficient in the soil

JCR Element ERAL Position EX CAB FMO OM RES
cd A 0.884" " -0.177 -0.850"" -0.784" -0.787"
B 0.658 0.255 -0.83" " ~0.656 -0.733"
Pb A 0.878" " 0.472 -0.694" ~-0.788" ~-0.368
B 0.860" " 0.629 -0.34 ~0.618 -0.602
z A 0.901" " 0.793" 0.683" -0.793" -0.730"
n
B 0.955° " 0.870" " 0.658 -0.807"" -0.748"
N A -0.433 0.523 0.638 - 0.600 -0.593
1
B -0.029 0.802" 0.890" " -0.868" " -0.860" "
HE: »FR P<0.05, XRBEBEKYE; » » R P<0.0, HXRAMERBEKYF,
Note: * means correlation is significant at 0.05 level; * * means correlation is significant at 0.01 level.
25 FETEZRABRSIMHESRERSIERENESBRASH
Table 5 Stepwise linear regression analysis between the concentration of heavy metals in the celery
and their speciation distribution coefficient in the soil
JCX Element HRAHL Position Z A BIAJ 7 Stepwise regression equation F R
A Y=2.288+0.336X, 25.128 0.884°°
cd
B —_— -_— —
- A Y= -5.676+9.351X, 23.517 0.878" "
B Y=32.443 + 67.855X, 17.099 0.860"
Zn A Y=64.684+179.331X, 30.172 0.901*"
B Y =152.427 + 876. 987X, 61.520 0.955"*
Ni A - - _
! B Y= - 157.076 + 7.348X, 26.674 0.800"*

I Note: R H#H% B ¥ Correlation coefficient; X; - EX, X, - CAB, X3~ FMO; * #R P<0.05, X R M ABEAF; » » R P<0.01,48%
RPEEBEKF. * means correlation is significant at 0.05 level; * * means correlation is significant at 0.01 level.

HERAMSEY, AR ETEW cd B 57732
BESABRFEEREEEHX MEKEELESS
RAKERBEAMHXBBRR A BSHEEL
LESERHEEREE X, UALEPHER
B Cd AEBEAFRARMBRKAM, TkE
CAdX A3 F3m i cd BAFTH B K, T WAl &2
HBE GG FER W AR XY Cd R
o

Xf Pb SRR, A LR P B 5AT %

BREARABERBEEFEAX, SHREEALESNEA
AR BERMRREBRK P BESTRHEE
HBEEMK, TTAHS Pb XA AR
Wl Pb B A TR BOR, X 5 F AKX K
&P AHYBSRRNER B,

s ERARBR Zn BH S Zn TXERE
SRARESRBEFEMX, L/, RBHPE Zn BiF
S5mMESEREFEMRK, XS IALRK K
In BFTMRBA M R ZHA Zn, B LHFLIATR
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BB TEH Zn 5 FHAERY
BRESNAEELE N IRARSFER
BENEBEEREEFEHAXR HBERSH EHE N
BHBEMX, BHEXUEAEE, SEELSE N Xt
R N B TR, XTRIELZEARN
S[WLHP NI TRUBREELENETEREES.

3 4 #©

D BEBTRERFRABAHRKERR, £
BARE > LT FEMEL BN RBEIAF N
Cd>Zn>Ni>Pb,Cd EFRERNEEEHER,
AR BERBERK,

2) FR A Pob. Zn Ni LIS BRI S R
FTEFERS. AUEEEAEHNTIEREES,
HMEESBRAEAMENE N RESSETAR
K.EFGHAIEEREK, LB cd FELIBHER
RAEFE IXHREKRZ,Pb TEUBRRLSME
BELMSEE AN FEUSGEELSELE.H
KABBKES, RUARKR L EETLBINRIT S
T ABMMIUEY AR ASRBETHASHE
AHH,

3) A HEFRELSRARAEESBREAEX
BKRELBENRRER. S A HFERME
TR U Cd B TR B KK R AR H A, % Pb 1 Zn 3k
B, FE3E & BB i Pb B 0 MR Zn B 34 LA BT 38
BHTBEK, M RBBR N B AREKOE N
HEEErS,

tE B A ¥

(1] %&m, BEa.HER. S FAXFELRELEIHES
S ER(I]. R ESIFH,1994,10(3) :48—51.

(2] ®%E® B¥E A B LEFEFESRASAERELT
RBFFARL)). L EKEEROCRALA R ,2005,23(1):
102—106.

[3] %#EF, EF¥% E&M Cd.Pb.Zn EHERPHERASH
1] FIEE K2 ¥ R (8RBT ,2004,32(4) :66—69.

[4] EE,H 3,00, % KEHAK ALRHLAESR
HAEBRAFIEN (). TR R R BFH,2009,27(5) :265—
270.

[5] ™ $.BHAB.” ZFFATIURFLLE-KBRE

' B R 0 X 7 BB E (1], 36 B 46 %, 2008, 27(2) : 226—

230.

(6] #haEs #uBd THEB REREDHELRTG LRI LM
HJ] RAFH R D,2001,20(4) :270—272.

[7] Rajesh K S, Madhoolika A, Fiona M M. Heavy metal(Cu,Zn,Cd and
Pb) contamination of vegetables in urban India:a case study in Varanas
{J). Environmental Pollution,2008,154(2) :254—263 .

(8] ®HEM IHAL ARR.Z 1 RFELREEIT AR
8 X)) ED¥RE ,2005,24(12) : 1499—1502.

[9] KX, EBL.F K. MREBUMLWPFEHEESELAY
RERESH (1] RAL IS B £ 4 3, 2006, 25 (18 F)) - 471—
475.

[10) E¥4% H#EZF IR -HYREELREENTALEDEXK
PERF ST R[] AL T3P 4R ,2004,24(1) :24—27.

{11}  Abdel-Sablur M F. Cadmium-Zinc interactions in plants and ex-

ble cadmium and zinc fractions in soil[ J]. Soil Science, 1998,

145(6) : 424—431.

(12] BEE AFEGKRE.CA,In SR ERGBEFRM]I).
B Ak A R4, 2003,22(4) :280—283.

[13] FMX %EH, B2 1% Cd,2n, Pb HATFRMHYRK
BEERNER[I]). RV FHEREFR,2004,23(5) :908—911.

[18) & FEBEXXNEXL,F.LMPELRMBIHHEATRG
BEFE[1) R ,1996,16(4) :432—435.

[15] fudh LMRUILFESFTHEM] . AR - PEREHEH
fR 3t , 1999 147—211.

[16] EV¥, & & . EFHH.%. +tMAVIBRYPTENLEERS
R IR S B 3 (1] . 4 F 58 2 , 2005, 24(8) :728—733.

[17] HER,EXE, ERE, S ZEUYES RO REFES
(3. R+ AR ,2001,25(3) :306—311.

(18] ZB® THK 20K, 5. L88 F AILSEEMNTEN
Yowil)]. AR B ] ,2002,22(1) :36—39.

[19) R#ME REE,E #.%.Cd,Pb,Cu,Zn, As EE BRI K
B w[)). RLIFERD,1998,17(2) :49—54.

[20] S/AEE. BB NEX, S TRERGHLIBE-H-HEE
BRUEARTPHERIBRAE). FEHARREBR,
2009,27(4) : 163—166.

[21] BEH JIMEK. LRELBRESTFLMEEEKOEW(I].
T LAk K2 4R ,2000,23(3) :27—30.

[22] % @ XK EEE FLEEL WP cd.PbEESHE
AR R A B2H,2002,22(10) : 1688—1694.

(8] T H.2CRAEE.CA-PhEABERELN - KBRE
FAEBB MBI R4 AT, 2001,17(2) :41—44.

(4] & H.AEDC OB E FTEXSMW LM CIPb.2n S
A GHERAREN] ZH A EER (A AP EK),2010,46
(1):4—6.

(25] 11 %, % +tREERSERIRMHRI]. REUFEEF
$,1992,11(2) :84—87.



114 FREMBXKIVBIR %28%

Experiments on accumulation and chemical forms of
Cd, Pb, Zn and Ni in arid oasis soils

LIAO Qin, WANG Sheng-li, NAN Zhong-ren, WU Wen-fei, ZHOU Ting,
JIN Wang-qiang, ZHAO Cui-cui, LIU Jiao
( Key Laboratory of Western China’ s Environment( Ministry of Education), College of Resources and Environment Sciences ,
Lanzhou University , Lanzhou, Gansu 730000, China)

Abstract: Pot experiment was conducted to study the absorption and accumulation characters of Cd, Pb, Zn and Ni
on the growth of celery and the chemical forms of selected heavy metals in arid oasis soils. The results showed that the
accumulation rate order of heavy metals from soil to the celery was Cd > Zn > Ni > Pb, and the concentration of heavy
metals in the root was higher than that in leaves. The chemical form contents of metal Pb, Zn and Ni mainly existed in
residual fraction in untreated soils, while Cd mainly existed in Fe —~ Mn oxides bound form. With the increase of exotic
heavy metals, the existence of Cd mainly was in the forms of carbonate, carbonate forms and Fe - Mn oxides bound forms
to element Pb, and Fe — Mn oxides bound forms to metal Zn and Ni. According to the results of regression analysis, it
was found that EX — Cd made significant contribution to the accumulation of Cd in the leaves of celery, EX - Pb and EX
— Zn to the accumulation of Pb and Zn in both tissues, and FMO - Ni to the accumulation of Ni in the root of celery.

Keywords: oasis soils; heavy metals; celery; absorption and accumulation; speciation

(E#% 107 ®)

The influence of adding CaCl, on the isolation of actinomycetes
from calcareous soil in arid areas

XUE Qing', WANG Ling-na?, DUAN Chun-mei®, LIN Yan-bing®
(1. College of Plant Protection, Northwest A&F University , Yangling, Shaanxi 712100, China;
2. College of Life Sciences, Northwest A&F University , Yangling, Shaanxi 712100, China;
3. College of R and Envir ¢, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: Dilution plate method was employed to study the effects of adding CaCl, into Gause’s No.1 medium on
the isolation of actinomycetes from calcareous soil. The result showed that: (1) The total quantity of the actinomycetes
isolated from calcareous soil in arid areas could be affected by CaCl,. The total quantity of the actinomycetes was in-
creased from 23.9% to 47.0% mostly. The difference between treatments and the control was significant at 5% level.
The effect on the total quantity of the streptomycete was different from that of actinomycetes. The increase range was from
17.5% to 123.3% , while the decrease range was from 18.0% to 42.5% compared with the control. But the decrease
wasn’t significant at 5% level (P >0.05). (2) Adding CaCl, into Gause’s No.1 medium increased the quantity of
broad-spectrum with strong antimicrobial antinomycetes.

Keywords: antagonistical actinomycetes; isolation; CaCly; calcareous soil; arid areas



