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Abstfact: Trspecmtlon of heavy metals in soil is an 1mp0rtant factor determmmg their bioavailability and toxicity, and it is crucial for the scientific assessment of ecological risks
posed by ,he‘an metals in soils of typical carbonate areas with high geological background in southwest China. In order to investigate the distribution of speciation of heavy metals in
soils of Earbonate rock with high geological background, we selected a typical carbonate rock distribution area in Guizhou Province and used the second national soil survey plots as
sampling units. A total of 309 topsoil samples were collected from farmland. The improved Tessier seven-step sequential extraction method was used to analyze the seven chemical
forms of heavy metals: water-soluble (F1) ; exchangeable (F2); carbonate-hound (F3); weakly organic-hound (F4); iron-manganese oxide-hound (F5); strongly organic-hound
(F6) ; and residual (F7) forms of arsenic (As), cadmium (Cd), copper (Cu), mercury (Hg) , nickel (Ni), lead (Ph), and zinc (Zn). The study found that the residual forms of
heavy metals As, Cu, Hg, Ni, Ph, and Zn in the soil accounted for more than 50%, the effective components (F1-F3) accounted for less than 5%, and the potential biological
effective components (F4-F6) were less than 45%, indicating low reactivity and low ecological risk. The effective and potentially hioavailable components of Cd accounted for
55.49% and 29. 37%, respectively, which were much higher than those of other heavy metals. The ecological risk based on the speciation of heavy metals in the soil was much lower
than that based on the total content of heavy metals. The stepwise regression equations could effectively establish the relationship between the bioavailable and potentially bioavailable
fractions of Cd, Cu, and Pb and their influencing factors. Total heavy metal contents and pH value were important factors influencing the speciation of heavy metals in soils of
carbonate rock with high geological background areas. The enrichment of heavy metal elements in the residual fraction was influenced by long-term zinc smelting activities and the
weathering of carhonate rocks into soil. Soil organic matter (OM) and oxide content had a relatively small influence on the speciation of heavy metals in the soil.

Key words: soil; heavy metals; chemical speciation; ecological assessment; controlling factors; regression model; high geological background areas
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Table 1  Geochemical statisticas of element concentrations in topsoil samples
TG /M IRRME THE T PRdER 22 AR AR hE LR RE SUNE DT SE
As 0.73 75.80 8.79 6.71 8.49 0.97 11.2 20
Cd 0.25 8.36 1.34 1.12 0.92 0.69 0.1 0.66
Cr 55.20 479.00 219.11 203.00 101.78 0.46 61 95.9
Cu 38.20 688.00 123.99 115.00 63.21 0.51 22.6 32
Hg 0.03 0.47 0.13 0.12 0.07 0.51 0.07 0.11
Ni 26.00 151.00 80.02 78.60 21.45 0.27 26.9 39.1
Pb 14.80 59.60 32.19 31.50 8.77 0.27 26 35.2
Zn 110.00 328.00 173.30 170.00 31.52 0.18 74.2 99.5
Mn 302.00 4437.00 1333.53 1321.00 442.46 0.33 583 794
K,0 0.36 4.15 1.45 1.25 0.60 0.41 2.24 1.88
Na,O 0.05 2.90 0.55 0.19 0.64 1.15 1.4 0.1
Sio, 37.44 76.69 50.54 49.98 6.00 0.12 65 66.4
AlLO, 7.38 27.36 16.64 16.73 2.73 0.16 12.5 10.88
TFe,0, 5.35 20.09 12.86 12.75 2.62 0.20 4.2 6
MgO 0.44 5.48 1.93 1.26 1.33 0.69 1.3 1.18
Ca0 0.14 5.24 0.98 0.80 0.69 0.70 p 2.16 o~ ‘f’_.()-:ﬁ7 ]
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Fig. 2 Chemical speciation of heavy metals in the soil samples

JC 3 MR Ak 2 M TR S s AT OGP A g 45 2R
eI I@%Cdu% R4 Cr. Cu. Hg. Ni, PbAHlZn

P e g S E, SRR, (HREA A
YINT 5%, MELLBAAEY WO, Az 28 KU A . [N

e, BT G JE A i AR Dy AR A KU P A A v 1
TS B AR
2.3 BT HEESEIT RS A SR M
TR TR ESEICE M RACIIE 3 TR, £
2+ HEAs, Cu NI A REAS B ARG, (ALY B4
W) FH A 38 o3 B b, AR AR AR S U AE R LT
M)t H; Hg. Pb I Zn (A7 7 H 45 AR 25 KU 25 2% LA
TR M, AR 10.68% . 7.44% FIT 0.65%,
F A IS TG v XU o AR v XU 1 = b . 5% XA
IR DR, 2SR JL T AEJS L Ph R Zn (145
BT, XTARE BN, PREFIAR, W
RIAT ;s Cd 2 XU e e 2, ol s KU . s XL
B e A5 XU RS B 1L B8] 43 0 R 65.37% . 33.33% FiI
0.97%, s BT e AU X 1 48 Cd R IR DL K R AE W) &
LR IRETY, Ik 4y 1 i i A (03).



5 R B A - P T TR R R T SR XA T R A TR 2 R ) R K B (] A 2999
®3 REIBEEERRESNRERSH "
Table 3 Class distribution of ecological risk for heavy metals in top soil
o RAC< 1% 1%<RAC < 10% 10%<RAC < 30% 30%<RAC < 50% 50%<RAC
E n Al% n Al% n Al% n Al% n Al%
As 241 77.99 68 22.01 0 0.00 0 0.00 0 0.00
Cd 0 0.00 1 0.32 3 0.97 103 33.33 202 65.37
Cu 188 60.84 121 39.16 0 0.00 0 0.00 0 0.00
Hg 4 1.29 272 88.03 33 10.68 0 0.00 0 0.00
Ni 30 9.71 279 90.29 0 0.00 0 0.00 0 0.00
Pb 2 0.65 284 91.91 23 7.44 0 0.00 4 0.00
Zn 5 1.62 302 97.73 2 0.65 0 0.00 0 0.00
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Table 4  Correlations for chemical speciation, elements contents, and physicochemical properties
TR S s Si0, Al0, TFe,0, MgO Ca0 pH
Fl 0.044 0.125" -0.466"" -0.127" 0.322" 0.523" 0.385™
F2 0.522™ -0.305™ 0.1917" 0.267" -0.024 0.176™ 0.085
F3 0.5617" -0.324"" 0.170™ 0.319™ 0.185™ -0.004 -0.173"
Cu F4 0.660" -0.322" 0.229™ 0.340™ -0.228" 0.154" 0.136°
F5 0.773™ -0.452"" -0.022 0.426™ 0.3317 0.465" 0.247"
F6 0.839™ -0.548"" 0.3017 0.516™ 0.033 0.056 -0.062
F7 0.975" -0.661"" 0.395™ 0.699™ -0.067 0.099 0.065
F1 -0.134" 0.244™ -0.3517" -0.227" 0.236™ 0.063 -0.022
F2 0.137" 0.076 0.315™ -0.105 -0.271" -0.783" -0.772""
F3 0.664" 0.259" 0.312" -0.248™ -0.610" -0.587"" -0.414"
Pb F4 0.845™ 0.353™ 0.118" -0.339" -0.589" -0.265" -0.096
F5 0.833™ 0.077 0.053 0.011 -0.392" 0.198" 0.352"
F6 0.578"" 0.167" 0.1717" -0.147" -0.566"" -0.190" 0.027
F7 0.834™ 0.074 0.303" -0.061 -0.465" -0.026 0.114"
Fl -0.170™ 0.156™" -0.147" -0.174" 0.134" -0.232" -0.358""
F2 -0.348™ -0.026 0.265™ 0.027 -0.086 -0.795" -0.904"
F3 0.326" 0.120" -0.245" -0.100 -0.009 0.369" . 0.376"
Zn F4 0.316™ 0.123 0.094 _ -0.046 -0.416" 0.068 023"
F5 0.469" -0.253" -0.328™ e 0.259™ 0.583" I“o.éﬁ"* I0.415** :
F6 0.427" -0.277" ~0034 © 0279" 0234”7 | gj190° \ 10.057 o 286
F7 0.§$9” -0376" 7 101537 | 0.4{83** ~0.065 02882 10.369" _"’ 4 _,Q.*i.‘o_f;?'
...._()'.'38?“” 0.269" 04267 #0260 0.268" | .‘._,.0.1‘6'2_ A —01.02'8: 0.006™" " Fﬂ,‘%w
0278”00 || 080" 07084 0.178" ¢'«02,69 [ 04767 0027 ~$187_~
f'lé..ﬂ:'z” 0.135" J "—jg‘i(‘)qf/{, ..‘,.1-0._1423* 0.329" I,,--"—0.084 . v -0.282" -0.1947 --=ﬂ.29'7;f,f'J
Loloao 03027 | ol.‘pzl\elz" T 021" -0316” / #8303" _,__j'fro.lsz** ~0.276"4 ()‘;-16\.5?.*
652" -0.167" f;d'.gl:blz** J oan 0716 & 0.470° 0.219" 0.327" -(_),;}?6”
0706™ -0.058 ; "—9:.737()'?‘ ,f‘::‘“ 0.007 0.680" | - 0.2“%*‘ ‘0-0}_.1 0.126" -0.268""
0.9697F = 0.048 0. 3604 ~_—_D~.0§55_r-_§; © 0 0.6387 0.182" 0.047 0.057 -0.446"
-0.045 0107 0088  .==0105 -0.073 06177 -07357  -0.227" 0.049
-6'.589** 0.223™ -0.078 -0.163" -0.170" -0.274" -0.285" -0.004 0.370™"
0.852" 0.158" -0.234" -0.123" -0.147" 0.544" 0.609" 0.199" 0.480"
cd F4 0.8427" 0.2027" -0.102 -0.163" -0.375" 0.348" 0.4817" 0.153™ 0.675™"
F5 0.840™" 0.005 -0.227" 0.029 -0.056 0.629™ 0.666™ 0.4327" 0.4117"
F6 0.719” 0.042 -0.354™ -0.009 0.128" 0.737" 0.740" 0.358" 0.186™
F7 0.699™ -0.002 -0.099 0.119" -0.319" 0.428" 0.576™" 0.330" 0.2917"
Fl 0.124" 0.338™ -0.505"" -0.313" 0.180™ 0.415™ 0.4327 0.107 0.023
F2 0.305" 0.2017" -0.328™ -0.261"" -0.007 0.505" 0.527" 0.079 0.258"
F3 0.464™" 0.4317" -0.469"" -0.462"" 0.023 0.499" 0.522"" -0.089 0.306™"
As F4 0.863™ 0.2527" 0.157" -0.216™ -0.537" -0.133" 0.120° -0.130" 0.545™
F5 0.697" 0.521" -0.197™ -0.473" -0.266" 0.135° 0.286" -0.137° 0.373"
F6 0.4317" 0.5327 -0.409" -0.533" -0.002 0.275" 0.304™" -0.163" 0.2527"
F7 0.9817" 0.194™ 0.046 -0.103 -0.466" 0.085 0.352" 0.108 0.4377
F1 -0.066 0.220 -0.267"" -0.200"" 0.173" 0.214" 0.212" 0.044 -0.025
F2 0.005 0.076 0.032 -0.066 -0.059 -0.118" -0.072 -0.076 -0.023
F3 0.079 0.010 0.108 0.012 -0.107 -0.138" -0.076 -0.140° 0.087
Hg F4 0.775" 0.206™ 0.159™ -0.203" -0.508"" -0.283" -0.113° -0.106 0.567""
F5 0.548™ -0.103 0.412" 0.133" -0.357" -0.369" -0.190"" 0.073 0.131°
F6 0.625" 0.006 0.085 0.017 -0.231"" -0.025 0.142° 0.242" 0.008
F7 0.906™ 0.128" 0.230™ -0.112° -0.619" -0.088 0.099 -0.069 0.578"

1) #*FRRTE0. 01 7K (B I 8 3 A0 G, * /R 7E 0. 05 7K 7 CRUIN ) I I8 35 40 %
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