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Abstract The fractionation of Cu, Cr and the relationships between Cu, Cr fractions and soil properties were studied by collecting soils from
12 tea gardens of Fenghuang mountain in east of Guangdong Province and using sequential extraction procedure for the speciation of Cu and
Cr in the soils, i.e. carbonate Carb—Cu and Carb—Cr , exchangeable Ex—Cu and Ex—Cr , Fe/Mn oxides Fe/Mn—Cu and Fe/Mn-Cr , organic
matter Or—Cu and Or-Cr , and residual Residual-Cu and Residual-Cr . What's more, the distribution of Cu and Cr content in tea leaves,
correlated with the fractionation of Cu and Cr in soils was discussed in this paper. The results showed that the contents of different Cu forms
were decreased in the order Residual-Cu>Or—Cu>Fe/Mn-Cu>Carb—Cu>Ex—Cu. As the contents of different Cr forms were decreased in the
order Residual-Cr>Or-Cr>Ex—Cr>Carb—Cr>Fe/Mn—Cr. Correlation analyses indicated that the soil properties, pH and organic matter affect—
ed the fractionation of Cu and Cr in tea garden soils differently. As to the tea leaves, results showed that the Cu content in tea leaves was be—
tween 41.20~118.93 mg -kg™,52.92 mg kg™ in average. In addition, the high positive correlation was found between the Cu content in tea
leaves and Ex—Cu,0x—Cu and soil organic matter, but negative correlated with soil pH. The Cr content in tea leaves was between 2.73~6.29
mg-kg™, 4.13 mg-kg™ in average. The Cr content in tea leaves was high positive correlated with soil organic matter and high negative corre—
lated with soil pH.
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N N 1 . pH 4.21~6.30 1.37 mg-kg™ 1.27 mg-kg™ 12
pH 5.09 Cu o 3
1.47%~4.99% 3.41% Cr 0.88~1.69 mg-kg™
o Cu 21.68~47.75 mg-kg™ 1.33 mg-kg™ Cr 3.28%,
29.01 mg-kg™ Cr 28.19~54.70 Cr
mg kg™ 41.59 mg-kg™s Cu. 1.51 mg-kg™!
Cr 1.19 mg-kg™s
NY 5199—2002 Bl 223 Cu.Cr
2.2 Cu.Cr
2.2.1 Cu.Cr
|9|O D~ 4 l‘)lo 2
12 60 Cu 1.34~3.53 mg- kg™
Cu 0.98~1.43 mg-kg™ 1.64 mg-kg™ Cu 5.72%
1.19 mg-kg™ Cu Cu 2.32
4.23%, Cu mg- kg™ 1.38 mg-kg™s
1.39 mg-kg™ 1.11 mg-kg™s Cr 0.56~2.52 mg-kg™
Cr 1.89~3.71 mg-kg™ 1.02 mg kg™ Cr
2.46 mg-kg™ Cr 6.15%. 2.67%.
Cr 2.85 mg-kg™ 1.48 mg-kg™ 0.51
2.05 mg-kg™, mg-kg™s
222 Cu.Cr 224 Cu.Cr
pH o
ol 2 12 60 2
Cu 1.09~1.70 mg- kg™ Cu 3.32~13.87 mg-kg™ 6.46
1.29 mg kg™ Cu 4.59% mg kg™ Cu 11.64%~42.19%
Cu 22.11%. Cu Cu
1
Table 1 Physical and chemical properties of soils in Fenghuang tea gardens
n pH 1% Cu  /mg-kg' Cr /mg-kg'
5 5.19+0.43 3.51£0.37 26.89+2.32 41.28+4.57
5 5.10+0.69 3.66+0.72 24.49+2.43 39.44+11.32
5 5.49+1.01 3.77+1.07 25.33+3.43 36.91+8.24
5 5.09+0.75 2.84+0.74 29.06+3.49 37.90+10.87
5 4.72+0.29 4.03+0.52 28.32+3.79 46.31+4.14
5 5.11+0.36 2.98+0.64 25.59+1.91 39.19+5.64
5 4.90+0.44 3.59+0.52 45.21+£3.51 45.64+8.10
5 4.56+0.34 2.48+1.02 23.69+1.90 39.12+6.81
5 4.92+0.49 3.40+0.42 33.69+4.88 43.43+11.78
5 5.13+0.43 3.82+0.20 31.96+6.95 43.67+5.68
5 5.21+0.94 3.32+0.31 28.97+3.38 41.35+8.27
5 5.77£0.48 3.48+0.53 24.88+1.01 44.85+8.29
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kg™ 2.69 mg kg™ Cr 19.73~47.33 mg -kg™ 34.08
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Table 2 Contents of various forms of Cu in the soils of Fenghuang tea gardengs mg-kg™
1.11+0.11 1.23+0.12 1.59+0.07 6.24+1.13 16.72+£3.27
1.19+0.17 1.28+0.12 1.49+0.14 6.15+1.10 14.37+1.64
1.15+£0.09 1.27+0.13 1.38+0.14 6.41+3.13 15.09+2.01
1.21+0.21 1.28+0.17 1.58+0.18 4.84+1.50 20.13+2.86
1.15+0.14 1.30+0.18 1.67+0.28 5.20+1.75 19.00+2.18
1.19+0.15 1.28+0.15 1.54+0.13 5.44+1.36 16.15+1.03
1.21+0.13 1.29+0.08 1.93+0.24 9.18+4.06 31.60+4.03
1.21+0.16 1.28+0.18 1.48+0.04 4.48+1.99 15.25+1.19
1.14+0.12 1.23+0.08 1.78+0.55 7.69+3.11 21.87+5.61
1.39+0.07 1.36+0.06 2.32+1.07 10.89+5.10 15.98+1.32
1.17+0.14 1.27+0.09 1.44+0.07 5.21£2.14 19.87+3.74
1.15+0.12 1.37+0.30 1.46+0.10 5.77+1.14 15.13+0.88
3 5 Cr mg-kg™!
Table 3 Contents of various forms of Cr in the soils of Fenghuang tea gardengs mg-kg™
2.07+0.16 1.24+0.07 0.51+0.32 2.76+0.53 34.70+5.54
2.05+0.08 1.19+0.09 1.23+1.12 2.74+0.25 32.23+12.21
2.18+0.13 1.29+0.06 0.98+0.56 2.96+0.27 29.51+8.89
2.18+0.09 1.26+0.13 0.84+0.46 2.27+0.19 31.36x11.12
2.57+0.71 1.23+0.06 0.83+0.08 2.62+0.28 39.05+4.92
2.73+0.79 1.19+0.28 1.24+0.62 2.68+0.46 31.35+6.38
2.60+0.53 1.29+0.08 1.21+0.76 2.69+0.14 37.84+8.75
2.64+0.50 1.29+0.10 0.82+0.12 2.64+0.29 31.73+£7.04
2.85+0.75 1.44+0.06 1.48+0.86 3.01+1.27 34.64+11.82
2.63+0.27 1.49+0.21 0.99+0.55 2.42+0.63 36.14+5.63
2.49+0.30 1.51+0.19 0.99+0.39 2.62+0.49 33.73+8.21
2.49+0.21 1.51+0.09 1.17+0.58 2.90+0.41 36.78+7.68
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4 5 Cu.Cr Cu. Cr
Table 4 Percentages of total Cu Cr of various forms of fluorides in the soils of Fenghuang tea gardens
1% 1% 1% 1% 1%
Cu 2.87~5.53 2.88~6.58 4.19~8.94 11.64~42.19 50.99~75.81
4.23 4.59 5.72 22.11 63.31
Cr 4.12~11.13 2.45~4.97 1.03~8.74 4.74~11.39 69.91~87.09
6.15 3.28 2.67 6.61 81.27
o 5 6 Cu.Cr 5 Cu
pH R Table 5 Correlation coefficients of various forms of
pH Cu and soil properties
5.09 pH Cu.Cr
0.325% 0.228 0.297 0.4007%* -0.030
pH —0.463%%* 0.526%* 0.376* 0.345% -0.257
o * P<0.05 ** P<0.01 n=60,
pH Cu.Cr 6
Cu OH *.Cr OH * Table 6 Correlation coefficients of various forms of
Cu Cr . Cr and soil properties
N Cu.
Cr pH o Cu.
Cr HCO; 0.375* 0.161 0.352% 0.174 -0.287
pH pH pH —0.421%* 0.429%* 0.074 -0.146 —-0.005
. Cu x P<0.05 ** P<0.01 n=60.
Cu
Cu Cu o 1 12 Cu
K 0.053~0.113
Cu Cu 0.088, Cr K
Cu Cu 0.065~0.156 0.094, Cu.Cr
pH o o
N Cu.Cr
-OH.-COOH o
Cu.Cr Cu.Cr o 2
2 Cu.Cr 12 Cu M
o Cu 0.025~0.053 0.042, Cr
Cu. M 0.041~0.113 0.059.
Cu Cr Cu Cu o
Cu Cu 2.5 Cu.Cr Cu.Cr
(1 14|O
Cr Cu.Cr
Cr Cu.Cr
° 12 60 Cu.Cr
2.4 Cu.Cr 7 Cu
41.20~118.93 mg-kg™ 52.92 mg kg™,
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0.12r 7 Cu.Cr mg kg™
0.10: I [ Table 7 The content of Cu, Cr in tea leaves in Fenghuang
~ I tea gardens mg-kg™
0.08F
3 Cu Cr
0.06
0.04: 43.20~47.13  44.71+2.12 4.24~4.98 4.59+0.37
0.02: 51.10~53.33  52.26+1.12 3.47~4.16 3.70+0.39
L 64.40~102.47 95.27+27.97 2.87~3.11 2.96+0.13
0 Clu ér 41.20~49.13  43.89:4.54 2.96~3.51 3.28+0.29
1 Cu.Cr 45.07~49.40  46.96+2.22 4.44~6.29 5.16+0.99
Figure 1 Bioavailability characteristic of Cu and Cr 43.00~47.60 4476249 4:42-5.42 4.9220.50
45.67~48.00  46.76+1.17 3.84~4.47 4.21£0.33
44.07~45.13  44.56+0.54 5.44~5.49 5.47+0.03
0.08 59.40~66.27  63.49+3.62  273~320  2.95:+0.24
_— 5330~65.60  61.47¢7.07  320~336  3.30:0.09
0.06 1 4507~50.93  4720£324  3.64~389  3.78+0.12
0.05¢ I 4280-4553 4371x158  478-547 521037
0.04 -
0.03}
0.02f Cu
0.01 r N Cu
0 Clu (I:r Cu Cu
2 Cu.Cr Cu
Figure 2 Mobility characteristic of Cu and Cr Cu o
pH Cu
95.27 mg-kg™ 43.71 mg kg™, Cu Cu
Cr 2.73~6.29 mg- kg™ Cu ) Cu
4.13 mg ke 12 Cr pH
5.44 mg-kg™ 2.73 )
mg-kgo Cr Cr
8 Cu Cr
Cu. Cu. ) Cr
pH Cr
Cu Cu
Cu Cr Cr
ol Cu Cr
pH
° Cu pH Cr
o
8 Cu.Cr Cu.Cr N .pH
Table 8 Correlation coefficients of Cu Cr in tea leaves and various forms of Cu Cr pH values and organic matter
pH
Cu 0.330* -0.152 -0.039 0.397* -0.249 0.357* -0.351%*
Cr 0.008 -0.029 -0.057 -0.014 0.101 0.394* -0.384*

* P<0.05 ** P<0.01 n=60,
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