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Effects of CaCO, addition on uptake of heavy metals and arsenic in paddy fields

ZHONG Qianyun, ZENG Min ", LIAO Bohan, LI Jingfei, KONG Xiaoyan
College of Forestry, Central South University of Forestry and Technology, Changsha 410004, China

Abstract: We conducted a pot experiment of rice planting with a complex soil polluted with heavy metals (Pb, Cd, Zn)
and arsenic (As) to study the effects of the addition of calcium carbonate ( CaCO,) on the contents of exchangeable heavy
metals and arsenic in soil, on the agronomic features and biomass of rice plants, and on the contents of heavy metals and
arsenic in different organs of rice plants such as roots, leaves, hulls and seeds. In addition, we studied the relationships
between amount of CaCO, and soil pH values, soil exchangeable contents of heavy metals and arsenic, and concentrations of
heavy metals and arsenic in different organs of rice plants. The results showed that soil pH values increased with increasing
amounts of CaCO,, and were significantly related to the amount of CaCO,. The exchangeable heavy metal and arsenic
content in the soils decreased significantly after the addition of CaCO,. Compared with the control group, the exchangeable
Pb, Cd, Zn and As content decreased by up to 98.35%, 93.72%, 98.52% and 69.48% , respectively. The addition of
CaCO, had no significant impact on the dry weight of rice roots, seeds and total biomass of the rice plants. Rice tiller weight
and dry weights of stems and leaves decreased significantly at high CaCO, levels, indicating that excessive CaCO, addition
might, to some extent, result in negative effects on rice growth. After the addition of CaCO,, the heavy metal and arsenic
content in different organs of the rice plants showed a declining trend compared with that of the controls. The distribution of
Pb, Cd, Zn and As in various organs of the rice plants varied; the amount of Pb, Cd and As in rice roots was significantly

higher than that in the other organs. When the CaCO, addition was greater than 1.0 g/kg, the Pb, Cd and Zn content of
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brown rice decreased by 62.68%, 40.2% and 34.95%, respectively. Meanwhile, the total arsenic content in different
organs of the rice plants declined slightly, and the inorganic arsenic content reduced by 18.33%, but these decreases were
not significant. Therefore, the biological effectiveness of arsenic was not effectively reduced by CaCO, in this study. The Pb,
Cd and inorganic As content in the brown rice was still higher than that stipulated in the national standard GB 2762—2012,
Maximum Levels of Contaminants in Food ( Fruit). The addition of CaCO, reduced the biological effectiveness of Pb, Cd
and Zn, resulting in decreases in Pb, Cd and Zn content in the rice roots, but and did not effectively prevent the leaching
of Pb and Cd from the roots of brown rice. The exchangeable arsenic content in the soils decreased significantly by adding
CaCO,. However, the arsenic content in different rice organs did not significantly decrease, indicating that the biological

effectiveness of arsenic did not significantly decrease in the soils.
Key Words: heavy metals (Pb,Cd.Zn) ; As; CaCO,; rice plant
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Table 1 Effects of CaCO; on exchangeable contents of heavy metals and As in the tested soils

B 1 ERERSSX 1+ 1 pH EAIRIT
Fig.1 Effects of CaCO; on pH values of the tested soils

BB (¢/ke)  SEH P/ (me/ke) S Cd/ (me/kg) S Zn/ (my/g) B4 A/ (me/kg)
CaCO; addition amount Exch-Pb Exch-Cd Exch-Zn Exch-As
0 130. 0+11.7a 5.34+0. 58a 118.3+8.74a 0.37+£0. 04a
0.25 99.72£17.6b 3.86+0.67b 99.82+10. 3b 0.27+0. 03b
0.5 64.39+14.2¢ 3.0£0. 6bc 75.52£9.1c¢ 0.25+0. 03b
1 59.86+7.2¢ 3.55+0.70b 77.08+13.2¢ 0.24+0. 02b
2 19.83+7.6d 2.10+0. 46¢ 41.73£0. 94d 0. 18+0.0lc
4 1.54+0. 55d 0.95+0. 28d 7.81+3.0e 0. 13+0. 02d
8 2.15+1.6d 0.34+0. 05d 1.75+0. 41e 0.11+0.01d
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Fig.2 Effects of CaCO; addition on contents of heavy metals and As in rice roots
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Fig.3 Effects of CaCO; addition on contents of heavy metals and As in stems and leaves of rice plants
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Fig.4 Effects of CaCO; addition on contents of heavy metals and As in hull of rice plants
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Fig.5 Effects of CaCO; addition on contents of heavy metals and As in brown rice
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Table 2 Effects of CaCO; addition on the agronomic characters and biomass of rice plants

- . . S SVA LY by
BRI I/ (g/kg) . . /(g EMTE/(y&) METE (¢i& g
I ek st P/ TR R PIR (d) TA TR ) g
CaCO;addition . . Dry weight of Dry weight of Dry weight of .
Tillers Plant height . Dry weight of
amount rice roots stems and leaves seeds i
total biomass
0. 00 21+2a 90.33+1.15a 9.99+1.45a 48.73+6.7a 23.30+8.2a 82.03+7.6ab
0.25 19+2abc 89.33+1.15a 9.31+0.73a 45.87+4.4ab 24.40+7.4a 79.57+6.1ab
0.5 23+1a 91.00£3.90a 9.56+0.93a 48.27+4.2a 31.63+3.6a 89.46+0.5a
1 21+4ab 91.17+2.84a 9.95+0.35a 47.03+£2.97a 31.97+3.6a 88.95+2.1a
2 19+3abc 92.50+1.32a 10.72+0.44a 45.00+£6.9abc 39.55+1.8a 87.95+13a
4 17+2bc 86.33+5.50a 10.15+1.09a 37.87+1.9bc 32.83+3.3a 80.85+0.9ab
8 15+2¢ 91.17£2.25a 9.21£1.25a 36.90+3.6¢ 28.57+3.3a 74.68+2.5b
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