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Arsenic and its compounds which is one of the most toxic elements that can be found naturally on earth in
small concentrations are used in the production of pesticides, herbicides, and insecticides. Most arsenic that
cannot be mobilized easily when it is immobile is also found in conjunction with sulfur in minerals such as
arsenopyrite (AsFeS), realgar, orpiment and enargite. In this investigation we observed the leaching of arsenic
in soils amended with several levels of gravel size of arsenopyrite collected from a road construction site. Soil
and gravel size of arsenopyrite were characterized by chemical and mineralogical analyses. Results of XRF
analysis of arsenopyrite indicated that the proportion of arsenate was 0.075% (wt wt') while the maximum
amount of arsenic in soil samples was 251.3 mg kg'l. Cumulative amounts of effluent collected from the
bottom of the soil column for different mixing rate of the gravel were gradually increased where proportion of
the gravel mixed was greater than 70% whereas the effluent was stabilized to the maximum after
approximately 45 pore volumes of effluent or greater were collected. The arsenic in the effluent was recovered
from the soil columns in which the proportion of arsenopyrite gravel was 60% or greater. The total amount of
arsenic recovered as effluent was increased with increasing proportion of gravel in a soil, indicating that the
arsenic in the effluent was closely related with gravel fraction of arsenopyrite.
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Scanning electron microscopy (SEM) images of the arsenopyrite.
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Materials and Methods
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Table 1. Physicochemical properties of arsenopyrite and upland soil.

FE AoE ZALEQI) (Table 3),

EY W QHEM| 5T4 Y IR 3%
T A2 WY EPeFTHIE F 2Tl A
3h4 e Aol 5TOR AT, FFE 0 FEL
A B ATPNB/IETY 7H8H SRS TFL Table

4ol e lek, AHFE FHIEA oA Hlae 2T 268,56
mg kg | O® B AL 1297|122l 25 mg kg 9|
oF 1082 2RI ATt (Table 5).
FHIEM=E HIEE B8t HIA 0|5 &4 9%
7VA 24 (grain—size accumulation curve)2 UA}S] Y=
2 ek shbe) Wilo® B30 471S log scale
o] 7 (9] mm)& 12]aL F59] thswmael L AR
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mope] QJEEA % HEUZS 60% 317 D60 (173744
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pH EC oM CEC Particle distribution (%)
Category B -1 .
(1:5) (dS m") (%) (cmols /kg™) Sand Silt Clay
Upland Soil 6.23 0.29 0.98 6.21 62.5 21.25 26.25
Arsenopyrite 9.61 0.63 < 0.01 2.95 gravel > 50

Table 2. Chemical composition of arsenopyrite gravel used in this experiment.

Weight (%)

Atomic (%)

Sample -
As Fe S Bi Total As Fe S
Arsenopyrite 45.6 324 21.2 0.02 - 99.22 32.51 31.47 35.13
Table 3. Results of analysis XRF of arsenopyrite and upland soil.
Arsenopyrite Upland soil Arsenopyrite Upland soil
Component S 1 Component S 1
% (Wt wt") % (Wt wt")
Na,O 3.24 2.64 MnO 0.21 0.24
MgO 0.64 1.88 Fe;0s 6.41 5.88
ALO;s 16.40 17.68 NiO 0.0004 0.0004
SiO;, 62.41 61.97 ZnO 0.427 0.04
P,0s 0.18 0.30 Asy03 0.075 -
SOs 1.98 0.34 PbO 0.007 0.009
KO 4.60 3.71 LOI 1.00 0.994
CaO 2.30 4.28 Total 100 100
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Table 4. Concentrations of heavy metals in the soil from area.

Leaching of Arsenic in Soils Amended with Crushed Arsenopyrite Rock

) ) As Cd Cu Pb Zn
Classification -
mg kg
Maximum 251.33 397 52.83 107.08 182.88
ES 07400.1* Minimum ND** 0.80 ND 5.70 29.37
Average +SD 13.4+28.4 2.14+0.72 9.23+7.51 24.3+18.2 77.9+32.4
Maximum 6.78 1.83 16.66 24.27 84.90
Available Minimum ND ND 0.10 0.34 0.24
Average +SD 1.13+1.36 0.11+0.20 1.84+2.08 5.54+4.14 7.28+12.5
* . Korea environmental standard method
* : Not detected
Table 5. Concentrations of heavy metals in gravel fractions of crushed arsenopyrite rock.
] ) As Cd Cu Pb Zn
Classification 3
mg kg
Maximum 268.56 2.76 35.28 51.5 201.06
ES 07400.1 Minimum 16.04 2.06 < 0.01 20.32 79.14
Average +SD 95.3+88.1 2.32+0.25 8.19+13.52 32.98+11.9 134.34+50.7
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Fig. 1. Grain-size accumulation curve of gravel fraction of
the crushed arsenopyrite rock.
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Fig. 2. Hydraulic conductivity of the soil column for different
mixing rate of the gravel.
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Fig. 3. Cumulative amount of effluent collected from the
bottom of the soil column for different mixing rate of the
gravel.
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Fig. 5. Cumulative amount of arsenic recovered from the
effluent collected from the bottoms of the soil columns
amended with gravel ranging from 60 to 90 % for soils.
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