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Effects of Soil pH Value on the Bioavailability and Fractionation of Rare
Earth Elements in Wheat Seedling ( Triticum aestivum L)

Cao Xinde, Ding Zhuhong , Hu Xin, Wang Xiaorong ( State Key Laboratory of Pollution Control and Resource
Reuse ,School of the Environment, Nanjing University, Nanjing 210093 , E- mail : ekxr @netra .nju .edu .cn)

Abstract : The effect of soil pH value on the bioavailability and fractionation of rare earth elements ( REEs) in wheat
seedling ( Triticum aestivum L.) were investigated. The results showed that the concentration of REEs in wheat de-
creased with increasing pH value , and their inter relationship was best expressed as quadratic equation, with correlation
coefficients from 0. 6003 to 0.9572. The response of individual ele ments to pH value change tended to be Ce > La > Nd
>8m> Gd> Yb> Eu, with Ce most sensitive to changing pH conditions and Eu lest . Che mical fractionation indicated
that the order of REEs concentration in three fractions could be as follows : B2( NH, OH* HCI extraction) > B3( H, O,
NH, Ac extract) > Bl ( HAc extract) . The increase of pH value resulted in transformation from Bl to B2 and B3 . Multi-
ple regression analysis was utilized to obtain the regression equations for prediction plant uptake of REEs. Bl fraction
was most available to wheat. Meanwhile, it was found that the fractionation factors of REEs in wheat were negatively
correlated with the soil pH value .
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Table 1  Physic che mical properties and background value of REEs of tested soil

pH  CEC/cmolkg™' OM/ % La Ce Nd Sm Eu Gd TB Yb REE
4.42 19.7 1.2 36 .8 77 .4 49 .8 9.36 1.46 8.4 0.70 5.16 223
1.2 16h,3000r/ min 20 min ,
(1) 0.45um , 0.2ml ,
, 80 , 1lkg ICP- MS
50mg( La: Ce? Nd: Sm! Eul Gd: Th: Yb =4: (4 250 ml
4421:2:1:2), 70 % : 120g . 20ml
,2 , , 18 , 20
2 . s 50 ml
(2) pH ( N,P 20mg/ L) .
s 1.25:1, 1 mol/ 70 % R 20d.
LNaOH 1 mol/ HC1 pH pH3.30, 1.3
4.30,5.30,6.30,7.30, 24h 1 R Statgraphics
1 ,pH , , ,
, 18 . pH :3.35, 2
4.42.,5.25,6.25,7.30. 2.1
(3) Lol 1, pH (pH3.35)
(Bl): 0.5g (80 ), 50 ml , pH ,
, 20ml 0.1 mol/L HAc, , ,
16h ,30001/ min 20 min , ,
0.45(m , 0.2ml ,
,ICP- MS 31, (B2) : ,
20ml 0.1 mol/ L NH, OH* HCI, , pH3.35 ,
16h,30001/ min 20 min , , pH
0.45um , 0.2 ml , , )
ICP- MS : (B3) : pH
5ml 30 % H,0,, 25C lh, . , pH
5ml H,O, 85 C 1h , , pH3.35

25ml 1 mol/ L NH,Ac, . pH



99

2. Sims (7] S s
pH 2 a
1 2, pH pH S
s s pH .35 :Ce>La>Nd>Sm>Gd>Yb>Tb >
35 5
30 e La e Ce
25 L 4 r + Nd * Sm
st -
=20 23 r
. ] It
2s) - =it
5] bicd E 2t
@ 10 | D = a
o E -]
5 O
0 L
0 . . .
3 5 7 3 5 6 7 8
pH pHl
Fig.1  Effects of pH value on the REEs concentration in root and upper tissue of wheat grown in contrast soil
Table 2 Correlation model ( y = ax®+ bx + c) between soil pH value and REEs concentration in roots of wheat
a b c R? a b c R?
La 0.47 -5.92 24 .8 0.8271 16.2 - 110 192 0.9524"
Ce 1.31 16.1 67 .1 0.7758 25.9 - 175 307 0.9561"
Nd 0.19 -1.34 11.1 0.7936 16.0 - 108 188 0.9544"
Sm 0.38 -2.24 7.23 0.9404 9 .51 - 63.8 111 0.9572"
Eu 0.04 -0.25 0.80 0.6003 3.15 -21.0 35.2 0.9554"
Gd 0.45 -3.60 13.3 0.7980 6.95 -45.9 77.5 0.9542"
Tb 0.11 - 0.62 1.99 0.6986 3.89 - 2511 41 .4 0.9451
Yb 0.17 - 0.98 2.13 0.9414 8.02 -52.1 83 .4 0.9503")
1) (p<0.05)
Eu, Ce pH ,Eu pH , pH3.35
2.2 pH pH s B2 .B3
pH ;
(BCR) S Bl .B2 .B3 ,
el ,Bl B2 .B3
BI ( . .
2
) \B2( ) \B3( pH ,RE(OH)*"
) . 3, —OH ,
3 B2 > B3 > Bl , , pH s
b b
2.3

pH .Bl
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Fig .2  Effects of pH value on the REEs concentration in root and upper tissue
of wheat grown in rare earth contaminated soil
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Table 3 Correlation coefficients between the concentrations of REEs in wheat and those in each species of REEs in soil
BI 0.8347" - 0.4136 0.9954% 0.9946%
La B2 - 0.9987? - 0.0637 - 0.8742 - 0.8971
B3 0.7974 0.6020 - 0.9445 - 0.9067
BI 0.8459" - 0.6400 0.9992% 0.9906%
Ce B2 - 0.9917? 0.3420 - 0.8992 - 0.9572%
B3 0.5354 0.6073 - 0.9911 - 0.9978%
BI 0.9526% - 0.4575 0.9893% 0.9828%
Nd B2 - 0.4404 - 0.5012 - 0.9971? - 0.9923%
B3 0.9927% - 0.5617 - 0.9239" - 0.9472"
Bl - 0.4003 - 0.5828 0.9962% 0.9969%
Sm B2 0.0941 0.6738 - 0.96112 - 0.9900%?
B3 0.8217 0.1221 - 0.9777% - 0.9889%
1) (p<0.05) 2) (p<0.01)
Bl .B2 .B3 ,Sm .Gd .Eu Ce 4
, Bl .B2 .B3 pH
R La Tb Yb Bl .B2
4 s Nd Tb Bl .B3
, Sm  Gd Eu ,La.Ce \Nd .Sm .Gd . Yb pH
B3 s s
B3 Sm Gd Eu
s Ce 2.4 pH
Bl1 N Bl Ce



101

+ Yb)

25
- 20
‘an
RN
am| E it
2]
3 10 BBl
© s
Ce 335 525 625 7.3
10
- 8
E: B3
. OB3
6 BhB2
tE’” B B2 BRIl
~ ¢ 7Bl
&
2
Nd 3.3 525 6.25 1.3
pH
Fig .3  Effects of pH on the distribution of REEs in Bl , B2, and B3 in contrast soil
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Table 4 Multiple regression equations for REEs concentration in wheat and Bl , B2, B3 and pH

RZ
La Yr=51.67+0.58Bl - 12.84B2- 2 .21pH 0.9997%
Ce Yr=273.16 +28 .01 Bl - 1 .29pH 0.9834"
Nd Yr=-117.23+1 .51Bl +43.37B3 - 5 .67pH 0.9998%
Sm Yr=-5.07+13.07B3 - 9.21pH 0.6752
Eu Yr=1.07- 3 .38B2 +0.88B3 0.9863"
=-0.97+5.17B3 0.9917%
Gd Yr=-5.88+13.58B3 - 7.23pH 0.5943
YI=4.68- 6.09BI - 3.60B3 0.9949%
Th Yr=6.75+36.75Bl - 26 .50B2 0.9963"
YI=4.00- 32 .30BI - 15.46B3 0.9981%
Yb Yr=5.95-17.36B2- 3.24pH 0.9593"
Yi=1.85+2.15Bl - 6.19B2 0.9945%

(p<0.05) 2) (p<0.01);Yr, Yl
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Fig.5 Correlation model between pH value and REEs fractionation factors in roots of wheat
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