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HANESBSRESEMRTSRALATEEROEYE R, H0_F
BT THE. SRR, AFRHSER LR, NHSRUR—HSRERTRHE
HtEh, BEMAFRESN C, Pb, Cu, Zn, NEMBEERABENMSE, UK
HFREAPEBR ER—BE; RTAEFRY, —EMEP, NERZnHXFE
E, URESTTHRABRE, WHRADERMBXAES, EFREBRET K
AREEAEPRESNERXYIREE. LREREY, BADEDHEH TR
BEGUESTIHTESROMDE R, ERN WAL RAFEYE K ESR .

X@IA: ELREMARE, HYSEE, PERGE, RESE.

HEBHYA RN (Heavy Metals Phytoavailability) 7] LI FIAE# BRI E & /R K &
BHEBETELRABNESRRERTR, RMRFSTELEREESRNEY AR
(Bioavailability) . BELHEH TEMESESBREYARE LAARME, REMNITW
BEERKMANED?, BhFREEREF R ZHE, HFREED, BHit, R
A TRIMHYREBEZHTESRARHENESRABRANEFRENL. FEGET
8 MM H G ATHEME T M ERBREZHREHYD, HBATTRHE T/
FRAEKNEBY 14d. AXMAPEMBEXNTTR, LRV ESREYA BN E #
ITHE, BNETREHUFIRPEMBEEEAEGREYE BRI HNER, BiE
MNEBRBEETESREYH RN TR,

1 MRS

1.1 REH

THE5ER. BEEERABRARY KER—KE, HEEIRAURAE
PR SR RE, AEBRHAIRLEE; HERCERE)MITTBKRE, SHEFK
AERATMNHABERL, XEERYAIEREETR; LERFEFEHAN 0—20cm.
BRFATEGKT (HEhER). ARAAHFEKT (£58R). BYERFEKT
i5TR). RIBLETIHAKT (HhiEER, TELKBER). UEIESERHINT, o
1mm R R0, HIBAHERRE L.
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F1 TEMTSREMEAMEE
Table 1 Physical and chemical properties of soils and sewage sludges

- ERR o oM HEXN HH P WP K  CaCO, (ffgl. EC

(%) (mg-kg') (mg-kg™') (mgkg™') (%) 100g~'+) (pS-em™?)
I W%t 8.66 1.12 40.0 15.6 126.0  7.55 21.9 93.5
I FEEFIM 4.44 0.46 14.5 1.2 10.4 — 6.5 55.5
I sHst 8.73 2.10 64.5 20.3 N7 6.8 17.9 210.0
IV 7SHROEM 4.80 2.79 152.0 267.0 101.0 — 12.1 520.0
V AARBAKER 6.60 28.24 706.0 152.0 1978 — 116.0 4400
VI BEERAHE K R 6.84 24.08  1357.0 860.0 851.0 — 118.0 2640
VI YIRS K SR 5.68 36.71  1702.0 1438 1976 — 74.9 2225
Il XBEETHEK EREE 6.5 3693  2537.0 440.0 1031 — 108.0 4825

_ Cd Pb Cu Zn Ni

R"E TR G R

(pgekg™')  (mgkg™')  (mgkg™)  (mgkg™')  (mgkg™')
I FE%t 9.0 21.7 28.6 57.0 22.3
I HEEkem 27.6 2.2 7.5 10.9 3.0
I &%t 858.0 54.8 61.9 75.0 2.6
IV SHFLN 131.0 128.0 2.7 76.3 10.0
V BEEmEKTER 695.0 201.0 434.0 3040 374.0
VI ®BEEEHEA Bk 426.0 97.6 210.0 363.0 32.0
W EINEREK5R 292.0 4.4 266.0 223.0 61.5
W XBLEEFHK BRERE 782.0 607.0 629.0 148.0 9.2

e 1 AMEHFRAEMERBIRAERASIE; 2. EELR Cd, Cu, Pb, Zn, Ni 47K E/K-HCO, ¥,
KERABPREFREYE, SHARRBRT REEHIHEE.

Y : BE (Secale cereale L.), thFp HEEBE; /INE (Trticum aestivum L.),
MAME2 S, UERTRE TRILCRE K ERERIFAKX.

1.2 EBHED

UTHBHR4NIER, LERGRARHUMRTET.

HYHERUNESBWEEITES A

HYFESRORE xEYE (TE) -saXRAEEAYTESRNLER

(1) GEXTLR|PESBHEADABEOBE RISEERL (1) MisERITE
(V1) % 100g P4~ 4b 3.

Q) BFRTEZBHEMAEXRMENRE KRALB KT BHR (V) 25, 50, 75,
100g U403, BALESFIAARDHELER 100g, LI/NESBEHERERFAED
RRREHE. K5, BLERAR, REMGBRIGRER (V1) 48, 398G
A E 100g.

(3) FREATLREFESBEYARENME REEEL (1) 100g, Hisk
14 (1) 100g 238, BBATEEK 5% (V) 0, 2, 5, 8g. B4bE+ %
FESREENEELETESRABEESRPESRERZM.

1.3 RBPE
R EHTFRE 50g AXDAMBEHS, FETREHLF, PRBEARBEE
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fEmAKH, ¥EREHR T, BRES0g AXRPH AR L. ARSEE S HEBEE N
A 50.0ml EEFK. HEFERBRAMIS -BHEMBF (FE) HRTF 1008, B45
SEZTUE L, REERL EHSHA 200g A&, FF, BRBEEHMA 30.0m =
Bk, REFICH. REHBAEBR (12x12em) BEAL, S KEEREU
FBEA. BAHLEOXREFEER L, NEZKE A 2008 £ K5,

BB TIEFNER, BHEENRN202C, FHELT + BT (BER 4000 k)
585, FHBH 2h, MENHALUBIRANEBA. BREIHEAHCELEHEN
AZBETFUKMTBREMAL. ARREHEXMABK. ENVESKER, FRLZ
p o

RMYHEEER 4dE, BROMLAYEHFERY -EXE Inm LR ER L, F
Fohd, HBXRKFERTMRY, B2BAEE K0S, RERNIENFHHEE
W, G RIRARTE OCHHIMT, HE.

WY R R T KA, Cd, Pb, Cu, Zn, NiWWZEXRH Bz - 180 BYE IR U
SYEREHIE, Hd Cd, PbRAARYE, Cu, Zn, Ni R AT, Zeeman BN K
EHRERY. B REEARERSROFRHT T A REEH .

2 HREITE

2.1 PARSREX S E S B A BERIE

F2NEESE L SEFAMEPESREENTESR.

FEGHES T, MAEYERE I ARELREER, BHEA2HNE cu HRH
ERAEER, AZn ZRHREE, UM Zn ARHLRRES T/ E. Cd, Ph, Nilll =
MEPEER. ARELPESROLETNE (£8) Zn<2%, Cd, Cu, Ni<1%, Pb<
0.1%, &LBERE . MEPUBEREX/NIRFEN Zn> Cd> Cu>Ni> Pb.

FEEEROEF, BESPIE, EHBERFEAC L, MRFEMEBNE CAH
PbLERRBE, MHHRANNDEKXTRE. BEREXND (£2E) N Cd<6%, ZIn<
3%, Ni<1.1%, Cu<1%, Pb<0.01%. HEBRAERMHEY PHEBEN KN H Cd>
In>Ni>Cu>Pb. B PN EESBY R TR PEMRSEOENE.

MEA LT aTLLE , WREYINE A ST SR HE . YR T AGHARR
MAR, B -HHENRN Cd, Cu, Zn, Ni WHEKEMM KR, Pb HEIK, X —SFHE]
AWERBERANYS, MH - EWENEREIEARRE LURARELR AR 5
PHEYERTERRE -,

2.2 HRGESEHEYAERERME

YT R R 25—50g WEINET, MELYEERKIER, KEHGRARHART A
B, RTETHEMNM XS TELEA. Y5 RARE 75—100g 6, MEYHHEKZH
mE, EEAEKEEES, E100g BRAAREN, NEHHEAREETERK. RIS
RBPESBICERERBNOEH, MFAH S HEREFRYESBAREAL
WHE. X3 WBE, NENBSHERBRIESZRERENEE.
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MERLZTHEMNERRY, BEZLZ. R, 2HABINESRAREEEL
BENERARBEER. ZUNARASHEYUEHNESRARERERARK.

PEEMNHRETHESNERENA, FRBREBEZ NN ESERNER"E
HAMBE. —THEMT (KR3) R, BXUBLERE P AN AEZHNERAR
EFRE P MERABEIN, HRBAIREE; PERTE. B PoWERYARE
E, RAFTESMERYRHBE B, XA THHEYH . AERE., DEWE
MIBF EE, BEAERRTRAENES.

PR YA B AL A AT LR 4. SRFHIRESDERTHEZEH Pb T Ni KR
B Zn HRAME EAMERS, RAMBEIRBEMRX, MEARAEMXLRIEE, ®
WL . Bk, AAEMBRERETUARATERPESRERENNE.

®4 BESHENEHRPEBGRARENHERRYL
Table 4 The correlation coefficient of phytoavailability determined by rye and wheat

Cd Pb Cu In Ni
% 0.9891* * 0.3462 0.9113** 0.9926" * 0.0795
# 0.9385 * 0.6406 " 0.9430* * 0.4447 0.7882* *

2% 0.9320* * 0.8182** 0.9613** 0.8173** 0.7874" *
* AT SDHKFEBEHX; » x BAE1%KFLBEMX, YUTEERAE.

2.3 BREAT AR LRES BARMNE

%5 N TH M T A L RS G R
2.3.1 #t+PiERER

B ZTHEMR—THEANEREN, BREE BREEM Cu Ml Pb A
BEHER, BAEY TG, HEBRBELREBEMER, EHit, TLUANMA
FRBRORMEREMAK. E8E, hESSRARLE ARG ERREEE
B, UERMARY 210057 £A, AHEEE LF, WIS RIS R A BT
BTH. RERSRAESSREARLBAZRUAEE. £, i HNMES
BRARLCEEOESREE, T 2o WHBE, Cu b7 SRS IE 9 i FH 1S X T2 47
TR, Zn M SHEEHE .

NE ETHEMBR—THENNEREY, EXHERFER Cd, Cu Zn,
EAERRABRA R MGER BN BE. CdIEH 251005~ 1 71 55-100g' L1975
VeREA R — B B b, BARMIEIS IR 1.1% b7 B Sg- 10057 14995 4
2.20%%%, MERA TR, i Cofl Zn R FE &Y. EREALE, SKLE5S
ISR Z MY Cd ERWRBE, EMR 201005 L HEREERERE LT, BIEH
BRI R A TR

S+ AARFREEE, MSREHRGEA, £TRARENELERE/NE
SR FER, HBRE. MEMEBERNIFLN Cd>Zn> Cu>Ni>Pb, X—
EZZRMAK, B, NMEHRER/ MRS ERY, —FOR K.
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2.3.2 HReEHHEATGR

EAFEMMBE—THEMMERRY, BEEHWAMICEDR N ELGRE
ABGHEZ BB EN, RS IREE, Pb M N EMA 2g-100g '+ §75 J B A S i
WRETH, UEkEREHR&EKEMMAK. Cufl Zn BEEM R TG R A B
K, BRHTHE, REaTHEE. M cdUAKA 2g-100g ' LM RE, FRHEEE L
T+, BEJEFETS U RO M A B I K TEHT T B ZERER, Pb Al Zn BRUERETS A B 1L
WP SZEIHE, N SAXRRNSHARLGEZ HKEE, ThBEHE5ER CdME
. Cdfl Cu EREH/LEEERIRDE, WEHN 2100 LB E LA, HZE
ETHmAY; LM, FELETHBEEAR FSHRPHEL, N Cud TERE
AT REAIRE, EL2E P Cu A RHETER A 2g-100g ' LHI5TRE 5K T5 R 2%
BAK, BBERKAERBETR. MENE R, 28T SESBANBHLLESLLES
BETH—F.

R RE, RARPEAGREZSNDEMNMEERRATEHE -, WH
R —ABTFTARELBEMNAERENF —EH02 8K, LB IFHH Cd>Zn> Cu
> Ni> Pb.

MU Eis iR T3t AR PRSERITUER, RESNEMBVARELRA
Mz FA/NMIRE ., AF—+EPE—LBRABEREARER EHH—B, MEA
YR BRE T ROER TR TEL, BHARMLPEATRYTURNE . BERH#
TESBRANENRE. HAegktd, NEEREENEHEREABTHESBAN
HAELHBE L, TR

BES/NESWBMAMBENAEREHXITER (F6) Ba: HLPERZEE Cu
X BEI, HABAME; MAFLE S, WERBEMX.

®o BEHFUHPHEABRERESNEMENTEBABENEXARK
Table 6 The correlation coefficient of phytoavailability determined by rye and wheat in
soils applied with sewage sludge

Cd Ph Cu Zn Ni
% 0.1875 0.3754 0.5043* 0.2524 0.3896
Ht+iER R 0.1443 -0.2974 -0.3335 0.1953 0.09971
£ 0.2492 -0.3884 0.1325 0.1841 0.3726
% 0.7786" * 0.9444" " 0.8745" " 0.9795" * 0.8613" "
FaOE+I5R R 0.8879" ~ 0.9754" " 0.6585" * 0.9711" " 0.7917**
£ 0.9081" * 0.9911"* 0.8309" * 0.9919" * 0.7037"*

ESTHHABE, BESNMENBHEREZERER, HERE, WAEYHE
St ERAMEFRAR, HFETEER B THEY G MEESR LR PR
MW, X—RBRFTH-EHR.
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B BEMDEXN R IGREX L, RIS IR — 5 TR A T3 R

HEERABHKNE, BESHEEARESREZEMF L, ARLTE. ARERE
F, FRETAALENESRABRENEHESE E, URER—&RERERENK
BER LWMBERFE, RUPETUARNBREZESIARKRFESROEDE B,
BLURE., PEHEENBHRNESRABERERNRAER, Bk, AR 0E N
JBARBYNES.
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THE INDICATION OF HEAVY METALS
PHYTOAVAILABILITY IN SEWAGE SLUDGES AND SOILS
USING PLANT SEEDLING METHOD

Meng Zhaofu Zhang Zengqiang Xue Chengze Tang Xingbao
(Northwest Science — Technology University of Agriculture and Forestry, Yangling, Shanxi, 712100)

ABSTRACT

The studies on the determination of heavy metals phytoavailability in sewage sludges and soils
using wheat as well as rye seedling were carried out, and the comparison between two plant
seedlings were conducted at the same times. The results in determining phytoavailability in 2 kinds
of sewage irmigated soils, in 4 kinds of sewage sludges and in 2 kinds of clean soils applied with one
kind of sewage sludge showed that both plant seedlings had same conclusion in phytoavailability
sequence of 5 kinds of heavy metals in each soil and the value size of phytoavailability determined by
rye and wheat is at approximately same order; and that there were more significantly correlation
between phytoavailability determined by rye and by wheat except for Pb, Ni in stem and Zn in root
in sewage sludge and every parts of plant in clean loessal soil applied with sludge.

The studies above expressed that wheat seedling could be used to indicate the phytoavailability
in sewage sludges and soils as well as rye, but the difference in variety of plants must be
considering at the same time.

Keywords: heavy metals phytoavailability, plant seedling method, wheat seedling, rye
seedling.



