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Transformation of Chemical Forms and Migration Characteristics of Cadmium and
Selenium During Soil Formation in Black Rock Series
REN Bailin', MA Wanzhu®, ZHANG Mingkui'

(1. College of Environmental and Resource Sciences » Zhejiang University . Hangzhou 310058, China ;

2. Institute of Digital Agriculture Zhejiang Academy of Agricultural Sciences» Hangzhou 310021, China)
Abstract; [Objective] Black rock series contain high amounts of cadmium (Cd) and selenium (Se). During
weathering and soil formation on the rocks, the chemical form transformation and release of Cd and Se from
the rocks can have an impact on the surrounding ecological environment. [ Methods] In this study. a black
rock series distribution area of Hetang formation of the Lower Cambrian was selected in northwest Zhejiang.
By collecting horizonal soil samples from soil profiles along different parts of the terrain Chill upslope, hill
middle slope, hill downslope, inter hill valley bottom and valley terrace), the quantity and chemical form
transformation patterns of Cd and Se during the process of weathering soil formation and weathering material
migration of the black rock series were discussed. [ Results] The results showed that total Cd and total Se in
the soil decreased from parent rock to soil. The loss of Cd and Se in the weathered matter of black rock series
increased with the increasing of transportation distance along the hilly slope, and the loss of Cd and Se in the
process of evolution from slope deposit to diluvium was greater than that from residual to slope deposit. The
Cd and Se lost from the weathered materials could affect the contents of Cd and Se in the topsoil derived from

the alluvial of the downstream river in the way of water diffusion, but the degree of influence decreased with
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the increasing of distance. With the increasing of the transportation distance of weathered materials and the
evolution of soil, the transformation of carbonate bound Cd and residual Cd to water-soluble Cd,
exchangeable Cd, organic matter bound Cd and oxide bound Cd occurred. The residual Se gradually activated
and transformed into exchangeable Se, organic matter bound Se and oxide bound Se. The results also showed
that soil water-soluble Cd, exchangeable Cd (Se) and organic matter bound Cd (Se) showed an increasing
trend toward the surface. The organic enrichment and topsoil enrichment of Se were more obvious than those
of Cd. [Conclusion | The results indicated that the weathering of black rock series could not only directly
affect the contents of soil Cd and Se in their distribution area through residue, but also affect the contents of
soil Cd and Se in the surrounding areas through water diffusion.
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Fig. 1  Schematic diagram of observation point distribution
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Table 1 Setting of soil profiles of topographic series in the study area
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Table 2 Basic properties of the tested soil

HHEgme HIEHRN K42 IR pH Wa/% - ?l]]i%ﬂﬁi/% L ﬁmrﬁi/ iﬂﬁ@i/
cm fib i B FhAL (g kg™ (g kg™
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D 50—100 6.55 / / / / 3.52 3.25
A 0—20 5.63 32 47 35 18 2023 10.24
5 gl B 20—45 6.08 28 51 33 16 1214 1121
C 4580 6.17 82 59 31 10 6.33 5.64
A 0—20 5.12 28 42 39 19 23.66  12.54
Bl 20—40 5.71 21 34 44 22 1312 14.65
3 T B2 40—65 5.83 25 47 36 17 1041 13.98
C 65100  6.03 81 61 31 8 5.14 6.59
0—20 5.03 14 35 42 23 2353  15.64
. Bl 20—50 5.11 1 33 41 26 15.28  16.52
4 wa B2 50—85 5.08 14 38 41 21 5.67 17.32
C 85—110  5.82 57 54 33 13 514 10.25
A 0—20 5.58 14 32 50 18 22.68  13.97
Bl 20—40 5.76 23 41 37 29 13.66 12.78
> brit 1 B2 40—75 6.14 26 37 44 19 724 13.24
C 75110 6.28 41 52 36 12 3.66  10.25
A 0—20 5.79 12 34 43 23 27.64  15.24
N Bl 20— 65 6.11 19 39 41 20 16.83  13.64
6 i 2 B2 6580 6.23 24 42 39 19 7.96  13.87
C 80—110  6.64 37 48 39 13 359 11.01
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Table 3 Contents and changes of various forms ofCd in soil profiles at different topographic positions
Mmoo b . FHERE/, B Cd Kt/ LA/ BRI AE/  ANEES  ANREES/ RRE/
WT o W ® (mgekg ") (pgeke ") (ng kg ") (pg kg ") (pge kg™ (pge kg™ (pge kg™
A 0—25 3.25£0.15bA  9.10£1.15aC 477.43+21.33aB 440.05£24.67cA 458.90£31.25aA 320.78+14.58aB 1543.75£45.69¢
1 ¥ C 25—50 3.52+0.12ab  4.58+0.,54b  397.061+18.54b  657.18£27.54b  332.29+21.54b  238.304+15.33b 1 890.59£54.21b
D 50—100 3.71£0.13a 0+0c 202.94416.65¢ 1108.18+41.66a 120.20£11.32¢c  157.68+9.87c 2 121.01£58.97a
A 0—20 2.82£0.11cB 10.72+1.34aC 466.43+22.14aB 268.46£18.54cB 494.63+24.65aA 373.37+14.25bA 1206.40£32.54¢
2 iy B 20—45 3.02£0.09b  8.76+1.42b 410.12415.32b  418.87£24.51b  309.25+24.54b  459.95+16.33a  1413.06%29.87h
C 45—80 3.44%0.1da  6.54£0.65¢c 294.81+11.35¢  686.97433.98a 195.39£12.65¢ 396.294+14.57h  1860.014+31.58a
A 0—20  2.2340.08¢cC 27.65%3.25aA 629.98+29.41aA 125.774+11.54dC 406.75+24.51aB 394.264+14.33cA  645.59419.98¢
Bl 20—40 2,74+0.11b  16,17£2.14b  661.714+24,67a  179.47£10.46c  361.95+18.54b  493.47£13,98b  1027.23432.54b
’ T3 B2 40—65 2.63£0.07b 11.31£1.18c  537.05+23.18b  229.86+12.54b  269.31+15.64c  532.58+21.54a  1049.90+24.56b
C 65—100 3.22+0.13a  10.30+£1.02c  426.33+15.64c  368.69£16.55a 211.55+11.32d  564.79+21.35a  1638.34+37.54a
A 0—20  0.93£0.06bD 20.83+3.11aB 228.22+12.41aC  19.90£3.24cE  187.95£9.87aC  183.30+£11.69aC  289.79£18.65¢
Bl 20—50 1.08+0.07a 18.04+1.54a 230.48+11.98a  67.50+2.98a  180.80+£12.54a 188.24+8.65a 394.961+24.52a
‘ W B2 50—85 0.72£0.05¢  9.58+2.13b  162.64+13.24b  54.14£3.54b 73.80£6.98b  117.004+9.24b 302.84423.45bc
C 85—110 0.64£0.04c  4.86+0.69c 112.52+8.65¢ 55.74£2.98b 52.7445.74¢ 89.40£5.26¢ 324,74427.58h
A 0—20 0.63%£0.04aE 3.40£0.44aD 124.17+7.98aD  41.0843.66aD  96.01£6.97aD  83.4146.98aD  281.93+21.54a
Bl 20—40 0.4840.03b  1.30£0.24b  97.06+8.97h 38.30+4.12a 64.6149.14b 40,99+4.35b 237.74423.65b
g b 1 B2 40—75 0.31£0.05c  0.68+0.13¢c  45.42£5.64c 19.38=1.98b 29.6744.25¢ 31.7142.59¢ 183.15+17.54c¢
C 75—110 0.33£0.04c  0.63£0.11c  28.12+3.22d 37.1342.14a 21.9543.66¢ 32.5742.78¢ 209.62420.15bc
0—20 0.46%0.03aF 1.93+0.21aE  70.93+2.14aE  39.284+2.11bD  88.92+3.98aD  70.29+3.69aE  188.65+14.65b
Bl 20—65 0.3240.03b  0.93+£0.17b  41,18+3.66b 22.34+1.78d 43.4242.89h 43.33+4.21b 168.80+12.59¢
6 birit 2 B2 65—80 0.28+0.02b  0.62£0.11c  31.4742.98c¢ 31.4741.65¢ 21.3943.14c 28.3143.11c 166.74+14.65¢
C 80—110 0.33£0.04b  0.59£0.13¢  21.75+3.14d 44,68+2.14a 18.78+2.62¢ 28.8442.54¢ 215.3619.89a
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Table 4 Content and distribution of various forms ofSe in soil profiles at different topographic positions

T

Ml e e RHRE/,  HCd/ K/ T/ WRBRGEEE/  ANEEE AUYELS/ RES
We - em  (mgekg ') (pgekg ") (pg kg M) (pg kg™ ") (pg kg™ ") (pg+ kg™ ") (pg kg ")
A 0—25 0.7540.09bA 49.3546.24aA 14.85+2.14bA  84.08+8.98aA 181.05+16.54aA  9.23+1.68bB  411.45414.65cA
1 iR C 256—50 0.82+0.07ab 59.4545.14a 16.5641.87b 5.50+1.41b 128.25+11.32b  29.03+3.24a 510.86+19.54b
D 50—100 0.93£0.10a 1.30£0.17b  42.22+2.43a 0.0240.01c 86.031+8.97¢ 2.33£0.45¢ 783.99+19.65a
A 0—20 0.63+0.05bA 35.66+4.54aB  10.40%1.05bB 5.44+0.65aB  135.14£10.24aB  12.47£1.14bA  340.26+14.65bB
B 20—45 0.594+0.04b  39.77£3.12a 11.0341.65b 4,4740.42a 107.56£6.35b 26.26+1.65a 339.01£10.32b
2 R C 45—80 0.75£0.08a 17.40%3.24b  15.90%+1.45a 1.14£0.32b 79.88+4.65¢ 9.08£0.87¢ 578.70£17.54a
A 0—20 0.53+0.03bB 26.55+2.26abC  2.8140.45¢D 4.8440.65aB  140.6648.74aB  13.994+1.24bA  249.31414.65cC
Bl 20—40  0.4940.02b  30.58+3.14a 3.14£0.38¢ 4,1740.34a 91.39+6.35bh 29.25+1.45a 268.77+£12.45¢
3 LS B2 40—65 0.68£0.04a  24.8242.05b 7.75£0.42b 2.29£0.28b 76.98+5.24¢ 27.27%1.65a 480.49£15.64b
C 65—100 0.7340.05a 26.20%£2.16ab  11.24£0.87a 1.37£0.11¢ 63.15+2.34d 12.7041.05b 578.45+17.54a
0—20 0.4540.03aC 14.63+1.14bD  2.8440.38dD 2.9540.32aC  123.93£9.74aC  13.37£1.25bA  204.62+10.14cD
R Bl 20—50 0.39+0.04b  16.1941.54a 3.3240.29¢ 2.4740.28b 76.2145.24b 25.58+1.65a 209.27+38.65¢
! ek B2 50—85 0.4140.03ab 14.02£1.33b 4.0240.54b 1.59£0.31¢ 42.314+2.36¢ 23.41+1.45a 279.83£10.66b
C 85—110 0.43£0.04a 13.85+1.64b 5.68+0.66a 0.6340.17d 28.04+3.01d 5.68+0.56¢ 357.24+15.69a
A 0—20 0.2840.02aD 3.7840.65aE  3.47£0.42bC 0.714£0.12aD  71.15%4.98aD 4.6840.56bC  144.45£8.54cF
Bl 20—40  0.2240.03b 2.16£0.45b 3.56£0.38b 0.2740.06b 38.63+1.98b 8.824+1.02a 139.244+9.87¢
g btk 1 B2 40—75 0.27£0.02a 2.7540.39b 4.6240.29a 0.2340.04b 27.861+2.66¢ 8.5640.87a 203.96+11.24a
C 75—110 0.19£0.02b 1.0340.29¢ 3.48%0.34b 0.0340.01c 12.5041.34d 0.78£0.19¢ 166.04+8.79b
A 0—20 0.3140.04aD  3.4740.42aE  2.91£0.29dD 0.514£0.08aE  68.63+2.14aD 3.84£0.65¢C  185.72+11.38bE
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6 b 2 B2 65—80 0.26%0.03ab  1.4620.09b 4,0640.33b 0.0840.02¢ 19.3741.25¢ 10.7441.04b 209,72+12.24a
C 80—110 0.2440.02b 0.9140.07¢ 4,66+0.42a 0.03£0.01d 11.09£1.01d 1.3940.32d 214,15£11.02a
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Table 5 Correlation between contents of various forms of Cd and Se and soilcharacteristics
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