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TE . R ZHRIRE M E N TS & 0 R T Cu, Se A T5 5 3 2 Fh 48 0B 25 56 Ak S H G A= A sk
RUSZIN. 25 R FE RIS Y L | Cu B DIBRIESAFLE, Se EE LA YL G S RIRIESIAAE. ZESME Cu, Se 155 L1
R (14 d) ,AMR Cu 2SS BALY 45 & BAFFE , Se BB LN 3Z S LKA £ 45 A AFTE ; /NARIGERE , 23EFH Cu
A LSS G AL, T Se KGR E W45 & AR, MR Cu 5 HIBEE SRR (1, 185) BIBESME Cu FT Se ¥ B T i 1 34 7 5
I T Se 5 H3EL5 GRS (1, 1) SIME Cu MRBETEE, FAME Se W BE TH =i i T P, S B RN L& 5 AR B 3B 1 1) Se( <10
mg-kg ™) AT LU FE/N FASEXT Cu AR, [RIAREE Y Cu( <400 mg-kg ™) BEAZHE/N I SERT Se M. L34 Cu, Se B 1, 5
INFIZRIR Cu, Se &2 WA AT (P <0.05) , /NSRRI i 5 -+ 3 mT 32 6 25 F AT AILES & 25 H Rl i) AR fh i 55/ 138
Ml TS EB 2 RENIC(P<0.05). FHit, BT RWN 1, HAEYMHATE Z T RIS WAL & E N TEN E 4R
WA R R A,
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Transformation and Influences of Copper and Selenium Fractions on Heavy

Metals Bioavailability in Co-contaminated Soil
HU Bin, LIANG Dong-li, ZHAO Wen-long, MIAO Shu-yin

(Key Laboratory of Plant Nutrition and the Agri-environment in Northwest China, Ministry of Agriculture, College of Resources and
Environment, Northwest Agriculture and Forestry University, Yangling 712100, China)

Abstract: Pot experiments and laboratory analysis methods were used to investigate the form transformation of additional copper and
selenium and their bioavailability for pakchoi ( Brassica chinensis) in co-contaminated soil. The results showed that Cu mainly existed
in residual bound form, while selenium was present mainly in organic bound and residual form in the uncontaminated soil. In the
contaminated soil, copper was mainly bounded to hydrated oxides of iron and manganese, while Se was in exchangeable and carbonate
forms. After one month of growing season, Cu tended to transfer into organic bound fractions, while Se tended to bind to hydrated
oxides of iron and manganese. The I}, value of Cu decreased with increasing copper and selenium concentrations, while the I, value of
Se decreased with increasing Se concentration and had nothing to do with the concentration of exogenous Cu for both before planting and
after harvesting of pakchoi. The parameters estimated by S curve fitting indicated that suitable amount of Se ( <10 mg-kg™") could
promote the Cu uptake by pakchoi, and certain amount of Cu ( <400 mg-kg™') could promote Se absorption by pakchoi. Both the I,
values for Cu and Se had similar trends as the Cu, Se concentrations in pakchoi, which meant that the I, value could be used to
evaluate the bioavailability of heavy metals in soil. Partial correlation analysis showed that Cu and Se in exchangeable and organic
bound forms in soil had better bioavailability for pakchoi. Therefore, the I; value of elements in soils and the change of elements before
planting and after harvesting of pakchoi can be used as indicators for evaluating the bioavailability of heavy metals.

Key words: copper; selenium; combined pollution; heavy metal fractions; bioavailability
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Table 1  Sequential extraction methods for copper and selenium fractions
gy _ Cu %?\f _ Se ﬁﬁ?&
B Sy B VR IRES
2 0.1 mol-L™' NH,HAC ¥ ¥ 10 mL, % ; 0.25 mol-L~" KCL¥#F 10 mL, % i
Fi & (EXE n 4 ’ 7K 45 (SOL . T
1 (B0 TR 2 h (SOL) TS 1 h
- s 2y = 2% 3 7 3 10 £ w
F, @R a(cap) L mol'L™! NaAc R 10 mL, 5 T I Ex%ﬁ&?ﬁﬂﬁmﬁg%é 0.7 mol-L~! pH S.QIAE’J KH, PO, ¥
HIR% 2 h &(CAB) W10 mL, ER TR 1 h
p. BRESDEEE 0.1 mol - L™' NH,OH - HCl + 0.01 4%k %% % 1k ¥ 45 & & 2.5 mol-L~" HCl 10 mL, 90°C f1H
P (FMO) mol-L~" HCI, % il FREHRS 0.5h  (FMO) TR 50 min
-0 : g A 5%K,S8,0, W 8 mL M(1:1
B, AL A% (OM) 0. Ol‘mol L HNO,;,30% H,0, T 85C A HL X itk 4 45 & & 0 K, S, 04 {m&/ j‘n I( )
IR R B N 2 h (OM) HNO; 2 mL,90°C fYfEIE/KIA 3 h
Fs  3RiBEA(RES) HNO,-HF-HCIO, {i4fit 5t A (RES) HNO,-HCIO, {4/t
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Fig. 1 Copper speciation contents in soil before and after planting pakchoi
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Fig. 2 Selenium speciation contents in soil before and after planting pakchoi
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Table 2 [; values of Cu and Se in soil before and after planting pakchoi

R il GRE
Ih Tz B Pl TERE
Cu0 Cu200 Cud00 Cu800 Cu0 Cu200 Cud00 Cu800
Se0  0.91+0.028° 0.65=0.019" 0.61 £0.018% 0.51 £0.015' 0.97 +0.028" 0.7 +0.020" 0.53 +0.015° 0.43 +0.011°

cy 5€2-5 0.91£0.026" 0.59 +£0.017" 0.6 0.018% 0.53 £0.015% 0.97 +0.026° 0.7 +0.017"  0.54 £0.016°" 0.43 =0. 009°
Sel0  0.91 £0.027° 0.65+0.019™ 0.58 +0.017% 0.48 £0.014% 0.97 +0.027% 0.68 +0.019"  0.57 £0.017°" 0.41 =0.012¢
Se20  0.91 £0.025* 0.63 £0.018% 0.57 £0.017°  0.48 £0.014% 0.97 +0.029* 0.68 +0.020" 0.55 £0.016% 0.42 +0.012¢
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Fig. 3 Effects of Cu and Se co-contamination on the uptake of Cu and Se by pakchoi
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Table 3 Correlation coefficient between soil Iy, value and the

concentration of Cu and Se in pakchoi

WA, yith— B I AN R ———— —
%ﬁz%ﬁiﬁlﬁmﬁﬁu@,éjkjc;IJ)l%‘ﬁF*ﬁﬁﬁ\ q&gj’i}éi% Hh | -0.631*%"* -0.647 % * -0.531"* ~-0.552*
i | A S MR R R SRS AR 5N WF -0.852°"  -0.884°°  -0.542° -0.539"
SEURPIHR | WA R AIE BT S5 F 4. JOR, 1) = % P<0.05, v = 45 P<0.01; =16, FId
®4 AEHR. BESHEDERE
Table 4  Bioavailability of different speciation of Cu and Se
Ttk AL Yokla i
M F, F, F, F, Fs F, F, F, F, Fs AF,  AF,  AF,  AF, AF
e M -0.162 -0.101 0.494 -0.567 -0.328 0.490 -0.519 0.839* -0.561 0.563 0.617* -0.388 0.439 -0.270 -0.232
i -0.094 0.037 0.513 0.544 -0.497 0.116 -0.310 0.480 0.315 0.564 0.795™ 0.463 0.477  0.678* -0.113
W 1 -0.146 0.009 0.321  0.569 -0.237-0.309 -0.134 0.287 -0.058 0.103 0.877** 0.683*0.557  0.678* -0.523
i -0.541 0.482 0.517 -0.296 0.091-0.007 -0.415 0.682* 0.560 -0.496 0.796** 0.011 0.315  0.872** 0.528

1)F, o IRERAMERT | 5 3D 5 MBS, @5 5, AF, _FORMMERT, SR M2ER 200 5 FIESM | mE kit

M 4 AT LUA /N A SRR A il S
SRR | AR 25 AR Bl R AT (9728 Al AR DG PR ALy
1175 PR AT 3R I 45 2 2 B AL AH OG22,
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Table 5 Parameters estimated by S curve fitting between Cu, Se content in pokchoi and available Cu,Se content in soil

e - R
R? a b %o R? a b %o
Se0 0.972 167.09 12.18 20.86 0.984 457.02 36.33 67.65
i Se2.5 0.902 196.38 19.56 28.04 0. 988 351.48 20. 66 30.98
Sel0 0.973 411.45 19. 60 42.37 0.970 560. 82 18.54 37.78
Se20 0.998 924.25 15.84 50.57 0.996 258.78 3.96 18.59
Cu0 0.999 189.61 0.134 0.56 0.999 283. 669 0. 156 0.65
it Cu200 0.987 103. 60 0.26 0.65 0.999 4126.23 0.30 6.84
Cu400 0.997 100.97 0.29 0.99 0.999 5262.54 0.22 5.41
Cu800 0.984 428.12 0.44 9.41 0.998 2284.12 0.17 4.39
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