ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

rRE BB A S IR ST L £
: M @ HE




w % B 3 36 % 4510 0

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2015 410 A 15 H

H K
FTF AR A YR B R 2013 4F 12 A g M E V5 Yead B PM, B9 UR STRR AT e FH, BT, TUHI(3543)
Adb ML IX S F i o (D) 2 PM, R TCHLA 20 09 AL AL S Sk IR AdATT e AR, LR, EE, kW (3554)
R TR PM,, A HUBERE IR A9 T5 Gk SRR eeeeeeeeenennnnns sy, 2 28 A, AR, ERA (3566)
AN[F A TR P HE I 22 R 05 18 RBEBERAL A W I BIURIEGY, v vvvvmmmeeeeeneennninnnns F L E G, RACE, HE A, R (3573)
IR TN R BEULTITE evereoeeeesseeesssenessne BR— i, £ A T3, % 5B, B 4B, 3N (3582)
BB R TP e 5B, DR R S, XM, D E A KR, BR A (3590)
SR AL IS BT I oo FAe, FOH L, BB, DAV, T e, B U, (3596)
TR B 5T 0 A A SR A SLHE AR AE AT - ovveeeesseeene WA, ETR, 7 AR, S, WA, W, K (3603)
RN 2 T BRI 2 B BB T v ovve e LR TR S R ES T WV-E RS ST
BT GOCI SAZ I AWK TR BE I BRI wovvvveeerrrreeemmmmeesemneeenieee e I, EoH, T, BIE(3620)
TR 1R AR BT S S 2 VR R b, - S8 (R BRI A F e 2SRRI e W, KT AR T, EEF,A)1(3633)
AR X FHK B RS IR R B RFAEATHT - oeeeeeeemmmmmm s VR, BRAE, 553 A8 E T FE B (3641)
K T3 K 2 B AN R TR AR B 215 AR AR E B R M R 2R e B, KR, ERTE, 2%, EEF(3649)
IR X VR 4 PO BRI AR PR ISR S RRMALE e Fms, X, N, KE R EE B8 4£(3662)
WRAZK-TUR AL DIC F1 DOC ZEHGl i FRAICTR  wooeeeerrreeeemnnnnninnneee EEH, B &, L, &%, B (3674)
A Z S T Y TAETUEN JEHUIERL oo evvveeesrrereesanmreeennee e ettt A8 A, TR 3 (3683)
BT BRI HE TSR oeeerevvrrnreeeeesssnnneereesnniiiieee e e RGEB EESE, TEHMH, THE, AT, X A4 (3691)
BN T AT IX BRI ARTIGYFIE  -ooeeeeeermmmmmmenn B XA, BUAR BARIR, JE U K OUHR, T, B A (3697 )
AR IE- P58 T AR IR T BERI PP R AL ovevrerrrermnnens WL, IME B, HEE(3706)
FIRAT LRI IK P Gy BEERAT H A -+ vev e FAe I, T, THEZ(3715)
S A U A TN A R AR i VS YT T R R R, e Fir, MM, BE, TH, THN(3720)
FE KA P T L B T FE R TT AR v vvveeeersrmrmnreeees s sttt e e e s sttt e e e s e e AmSE ET HERF(3730)
T SR K R BRI TE A AR IR K T B A 8 R I - eveeeeeeeeeeees kE,FEX,BEE KNF EFR, LM, Z v (3738)
BIE A>/0-MBR HA& T A A TS5 KA BTG el -ovveereeennnns FhAE, DR, EE, 65, ST, B M#E(3743)
19 F AT RN PN-ANAMMOX 3T R BLETL I -oooveeeeeereeseeneeeees FH, BSOS, FA,E T K e, KT (3749)
PRI R AR T D =S LR FUBAURERE o evvvoreeseenesssnisncns FE % AL H%H, T 8 F(3756)
Y45 Y RSB SR AR 2,4 ,6- = G AL B AN S ZIRAR <+ vvereveemmeemmeeme oo
........................................................................... K{i%,?%,@ﬂﬂ,?ﬁ%é,%ﬂ(% ,?1@.7@,37{@(3764)
SN0V NI ATH b G R ] L BRI BSR4, B RH, E S, B (3771)
S SIS U R G AR TR COD/N SEBRA NG5 KB T A -eeeeeeeeeeo BF G, BRI K, HER, R F (3778)
FNA XHEF GBI IR B 5 TRIBAE Jr U, veessreesseeeesnnenne 548, 5, fNE, HEE, DR, A (3786)
715 Y NTIRRRIGRGH 1 G AN (08 % 20| S 1/ FEE, LW, B, BIFR, B A (3794)
o A B 5o L T B T K IR LT oo WA, 0 F, BIRE, A4 % (3801)
B L SR B ST BT ELAMATRFAE -oooeeeesseensenneennenenenss TRR, D 8%, Kok, B, (200, % 4 (3809)
2% IR M7 2+ S PEAT L | JRALGMIIBEN wooeeeereessenesnnssecnnas A LK, MR % KR (3816)
=02 R X MR B MR T IIEFE A0 IR cveeeeerer e R EEE, Y XK, YT E(3825)
S35 SR TR DB K - B 0 5 B B v BED U, K EEE, (T M (3832)
AN 2O P AT et A ) PR - Rk TR, R Bk, EAE L HRAA, R ¥, 24K (3839)
BRI AT KRG R BFUABTEIRUE < vvvrerrreeserormnereesemnnnnereeaannes FUNR, B, ER, N|3E, ke (3845)
P RIS 4 FORAKE P A EVEETT A | 20 B A0 AR AL 2FTE A IR e eeeeeeeee Mrakde, kg, Rk, B4, T AT (3852)
B LR R A3 B I P B A A3 B A AL TS S - evveeeremermne e I, AARE I E T, HE, EKH#(3860)
L UGS X 7K A A M P R A A T 15 Y IE PR TE IR, -+ vvvveeessrmssnnreeesnnnsnnnreeeessiitttteesssitbaeeeee s
.................................................................. ?E‘g,ﬁ%‘ﬂé,ﬁ’W?ﬁ,ﬂfﬁ,gﬁ%’%,ﬁjﬁ%,f%ﬁ}],XIJ[']}EE‘IJE(3866)
LA R4S ADPL_pWHlux 76 /KFREE 2P EREPERI DRI oo B3R — 2 EH WOUE, HH, KA, 5% (3872)
W40 6% JFERE 2l CY P PR 22 AR Ve A WA sk ) W Y TT ZK TSR +oeevvevmnreeeessnnnnnnrnensnniinrreeesnnnenns
................................................... F%‘%Eb , IE—JW ’;}ggffj\ , y Egg , ’?J‘%? ,Maﬁa E. Ji)'nsson,IngVar Brandt, %é%&( 3878 )
A AE A X BT L A TR B TFHERIUN, ooeerrerrnernrmnmmnmeeees XA, BB AYE KM, EANTK, BEH(3884)
AR LR T A R LR I Z TR HEAEFH c+oveveeereereeeene e e si ettt BT, % (3892)
G e RN 2 S b 10
................................................... 1%}5}%7}@, fi‘i%}(, i,’g%ﬁ%’ F/if\ﬁﬁ, %}fﬁ, fﬁ*}%%ﬂ, ﬁﬁ?ﬂ:/é\’ ﬁ_;}%}@’ 5“]7\%%(3896)
P B A B AT 6 58 D S K A R oo WRE EER, P, 7 (3906)
COD AN HTHSE I S o 2 ST B AT -+ o vvvveeeesessrnnresessniiiiieses s AR KH BE AR EHRE(3913)
FARBEATIG TR 11 BB B0 2R T ST H AR B AL ARROR L oo eveeeeesemessnsssnes
.............................................................................. T’Tﬁﬁﬁ,?ﬂ@é,%ﬁ}%,%ﬂﬁ%,”‘]’ﬁﬂ%, F/if\éi’%ﬂ‘(}]}](3918)
I 7 AR B LAE R FETFSTHE I cveveeveeeeeeee e A, B g 2 R, B SO (3926)

(BRI IETT IS 5 (3553) CABTRLE ) fiE R 7 0 (3589) 1% H.(3705,3755,3763,3800)



55 36 55 10 ] 57 S-S~ N Vol. 36, No. 10
2015 4 10 A ENVIRONMENTAL SCIENCE Oct. ,2015

MR FIXT 4 FARZARE DRV En M 15, W5 AL

F RS R

Brokte ik E i, RIS Ay,

(PR BN KRN 5 TR .G, K 410004)

WE. AWFELL 4 B 8 5 AR A Y) I 47 Bk ( Nerium oleander ) . ZER ( Koelreuteria paniculata ) | WO ( Paulownia ) F17% R
( Boehmeria) A EH TEAN A B R IR EE T (CK 2H: 100% BYRE0 1 + D BiE | 2R —: 85% HyFEW & +10% Je sk + +5% IH
B+ A BRAR | B R T 75% BYEEETHE £20% ekt + 5% AR + D EEBEAR) | BEAT TR R A Y E S SR RE I LUK P,
Zn FE 4 FORASA YA RIS A0 53 70 AL 22T 28 b, S5 320 (D4 i R ARG 2k 0T 8 45 TR 09 1R 3 J AR+ b
FEAT, RS R — SRR 2 M EF AR E AR SR B ERTUR —, SRR~ B E R TRR = 4
TR 1 - EBXS Ph | Zn (198 42 RECER LU BLAR, (BB 5 1055 4% R 80, 68 M B R A ) TR w9 %t Pb, Zn s 4EYS
REHE S, QPb. Zn £E 4 FPARY A B0 00 40 1 5370 LA A M BE 20 73 RN AT e 41 00 o 32 FERREAA | ISR R N AN A% S A i 2
o hir i, 5 CK 4UAf L, Pk B AL T P 4 40 % P (43 B3V FE RN I BE XS Zn B B3 AR I 7E 38 8. Ph 7EHE 4%
PRI 2T LU R | LA C BERR IS 32 A AR S S Bl Zn WILIGR A . $hFR . BEMR . & fkdh. ks
B IAIX 6 PR AAFAE ,, HAF B M A B b6, 5 CK 4UAH b, P R 2 (AR P 253807 36 AL 55 19 Ph 1AL B 25 He A5l sk 2>
TEPEBCR A2 AS LU BRI 5 Zn WDRARTRIE MEER A LA TR 25 HO IS , 1l b R3 Mo i) A AT 28 il sk 2
KR RN BYEE; WY WA AR (IR

FESES, X171 CEARIAFE. A XEHS 0250-3301(2015)10-3852-08  DOI; 10. 13227/j. hjkx. 2015. 10. 039

Effects of Different Modifier Concentrations on Lead-Zinc Tolerance,

Subcellular Distribution and Chemical Forms for Four Kinds of Woody Plants

CHEN Yong-hua, ZHANG Fu-yun, WU Xiao-fu™ , LIANG Xi, YUAN Si-wen
( Center of Environment Science and Engineering Research, Central South University of Forestry and Technology, Changsha 410004,
China)

Abstract: Four kinds of lead-zinc tolerant woody plants: Nerium oleander , Koelreuteria paniculata, Paulownia and Boehmeria were
used as materials to estimate their enrichment and transferable capacity of lead (Pb) and zinc (Zn) and analyze the subcellular
distribution and chemical speciation of Zn and Pb in different parts of plants, under different modifier concentrations ( CK group: 100%
lead-zinc slag plus a small amount of phosphate fertilizer, improved one: 85% of lead-zinc slag + 10% peat 5% bacterial manure
plus a small amount of phosphate fertilizer, improved two:75% lead-zinc slag +20% peat +5% bacterial manure + a small amount of
phosphate) . Results showed that; (DThe content of Pb,Zn in matrix after planting four kinds of plants was lower than before, no
significant difference between improved one and improved two of Nerium oleander and Boehmeria was found, but improved two was
better than improved one of Paulownia, while improved one was better than improved two of Koelreuteria paniculata; Four plants had
relatively low aboveground enrichment coefficient of Pb and Zn, but had a high transfer coefficient, showed that the appropriate modifier
concentration was able to improve the Pb and Zn enrichment and transfer ability of plants. @In subcellular distribution, most of Pb and
Zn were distributed in plant cell wall components and soluble components while the distribution in cell organelles such as mitochondria,
chloroplasts and nucleus component were less. Compared with CK group, two improved group made soluble components of the cell walls
of Pb fixation and retention of zinc role in the enhancement. 3 As for the chemical forms of Pb and Zn in plants, the main chemical
forms of Pb were hydrochloric acid, sodium chloride and ethanol extractable forms, while other chemical form contents were few, the
main chemical forms of Zn were different based on plant type. Compared with CK group, the proportion of the active Pb chemical form
in different plant parts decreased in two improved groups, while the proportion of strong activity chemical forms increased; two
improved groups led strong activity Zn chemical form of root increased, while strong activity Zn chemical form of aboveground
decreased.
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Table 1 Pb and Zn contents in samples of plants and matrix/mg-kg ~
H
it L] R —
TR T P R i -8

CK 3424.62 2009.48 £35.28a 215.40 +17.25a 64.83 +2.14a
Je TRk MR — 3240.30 1585.44 £26.53b 105.60 +6.51b 38.84 +2.03b
MR 1663.78 1610.50 £16.97b 60.55 +2.33¢ 34.75 0. 83¢
CK 3424.62 2323.84 £6.72a 85.55 +7.42a 60.49 +1.72b
25 R — 3240.30 1698.53 £1.17¢ 61.25 +11.38b 80.48 +7.36a
- R 1663.78 1760.42 +11.38b 82.90 +14.00a 69.14 £7.59b
CK 3424.62 2001.25 +2.82a 77.80 £2. 12a 103.73 +3.42a
AR R — 3240.30 1711.20 +20.99b 70.20 +4.10b 58.99 +2.50b
R 1663.78 1467.16 £26.99¢ 64.60 +10.61b 32.49 +2.33¢
CK 3424.62 2253.00 £71.70a 113.25 +7.85¢ 111.59 +£8.83b
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25 R — 3973.34 2760.80 +14.21c 67.90 +2.26b 51.97 +0.27¢
7 =i 3435.53 3083.60 £85.01b 53.75 +1.63¢ 61.21 £1.79b
CK 4205.88 3808.01 £216.12a 133.95 6. 86a 215.91 £1.62a
A R — 3973.34 3368.26 £76.66b 136.05 +0.21a 170.08 +1.38¢
MR 3435.53 2672.95 £95.98¢ 125.70 +21.35a 182.48 +0.67b
CK 4205.88 4111.51 £163.36a 167.70 0. 14a 192.63 +2.28a
i R — 3973.34 2969.06 +158.78b 102.35 +1.48¢ 91.65 +14.43¢
R 3435.53 2962.76 +141.05b 107.60 +0.28b 154.54 £1.67b
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Fig. 3 Subcellular distribution of Pb and Zn in four kinds of plants
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