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Migration and Enrichment of Arsenic in Rock-Soil-Crop Plant System in
Areas Covered with Black Shale and Slates of Okchon Zone

Ji-Min Yi and Hyo-Taek Chon*
School of Civil, Urban & Geosystem Engineering, Seoul National University, Seoul 151-744, Korea

The Dukpyung and the Chubu areas were selected to investigate the migration and enrichment of arsenic and
other toxic elements in soils and crop plants in areas covered with black shales. Rock and soil samples digested in
4-acid solution (HCHHNO;+HF+HCIO,) were analyzed for arsenic and other heavy metals by ICP-AES and ICP-
MS, and plant samples by INAA. Mean concentration of As in Okchon black shale is higher than those of both
world average values of shale and black shale. Especially high concentration of 23.2 mg/kg As is found in black
shale from the Dukpyung area. Mean concentration of As is highly elevated in agricultural soils from the Duk-
pyung (28.2 mg/kg) and the Chubu areas (32.6 mg/kg). Arsenic is highly elevated in rice stalks and leaves from the
Dukpyung (1.14 mg/kg) and the Chubu areas (1.35 mg/kg). The biological absorption coefficient (BAC) of As in
plant species decreases in the order of rice leaves>corn leaves>red pepper>soybean leaves=sesame leaves>corn
stalks>corn grains.

Key words : Okchon black shale, Rock-soil-crop plant system, Arsenic, biological absorption coefficient(BAC)
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Table 1. Range and mean concentrations of trace elements in black shales from the study areas(unit in ppm).

o] B=1 [=}
SHEAlS

Sample As Ba Cd Cr Cu Mn Mo
Dukpyung Range 10.8-282 8620000  0.2-1.3 35-276 23-45 44-1948  1.7-20.1
(n=4)" Mean 23.2 7596 0.6 124 34 558 11.4
Chubu Range 9.6-104  860-19000 0.8 137-237 17-453 151-180  6.1-595
(n=2) Mean 56.8 9930 0.8 187 234 165 300

Earth crust® 2 580 0.1 100 50 1000 2
Avg. shale® 13 580 - 90 45 850 3
Avg. Black Shale® - 300 I 100 70 150 10
Sample Ni Pb Se Th 8] A% Zn
Dukpyung Range 14-53 12-45 1.6-2.3 12215  43-596  256-805 54-117
(n=4)? Mean 7398 24 1.9 13.3 22.1 474 75
Chubu Range 5-172 28-52 15339 9.7-245 6.8-589 1852356  75-135
(n=2) Mean 88 40 18 17 298 1270 105
Earth crust® 75 150 0.075 10 2.5 150 80
Avg. shale® 68 140 0.6 e 3.7 130 95
Avg. Black Shale® 50 - - - - 150 <300

: nunber of samples

: Rose et al.(1979)

: Turekian and Wedepohl(1961)
: Vine and Tourtelot(1970)

: Govett(1983)

[ -N e



298

EPIEE FAAY BT A

om, Exolg-3»

o] Al&Z AHFsIITHFg. 1

23t A= 0~15cm2 %%'— S
Aol HpARE @
ANF T EYAIE
&8 A3 g
-80 mesh(<180 um) ¢
A2 At

ao] shtel

= Az A E
AR g BhekE A
HER AFste] A

Actlabs(Activation Laboratories

Ltd)oll A 4-acid(HCl+HNO,+HF+HCIO,) digestion

& ol 8% fr=diEetart B34 (ICP-AES),
CARES =R AFE7|ICPMS), FAAEEEN
7IINAAYE ©18-5te] Aso) 3% SAdagol izt
shehEAs dAlskieh

REARE FUAY 3 RS 7NoR e
F4A BEdlM F2 AR AHT g F
e S, 8], a5, I8, AY FoE AErd
o] el wnE sk 371, o, B sk
AT AEe] hEALS wol7] #sl 10~207H 2]
FEAEE Poo] shte] xR whedch A

OP

Table 2. Range and median concentrations of trace elements in various soils overlying black shale from the study areas(unit in

mg/kg). !
Dukpyung Chubu
Mountain Farmland Mountain Farmland Paddy Normal soil®
(n=10)* (n=7) (n=14) (n=9) (n=4)
As 398 28 304 33 23 6
(26.3-187)° (11.5-52.7) (5.8-123) (16.3-114) (11.1-39.2)
Ba 2950 1700 875 1000 1040
(1200-10000) (730-3800) (560-37000) (890-2500) (910-2400)
cd 0.7 0.5 0.3 0.3 0.7 035
0.3-2.4) 0.2-1.8) (<0.1-5.7) (0.2-1.8) (0.3-1.7)
Co 21 24 25 21 21 30
(15-32) (19-30) (10-55) (16-27) (15-26)
142 139 113 107 114
Cr (92-171) (114-180) (92-205) (68-130) (98-241)
92 62 54 51 52
Cu 30
(59-238) (59-74) (33-320) (33-63) (49-55)
Mn 336 589 799 617 ' 528 5504
(180-756) (339-1057) (420-2136) (407-1377) (365-712)
35 12.7 5.3 3.9 43
Mo 1.2
(9.1-139) (7.64-24) (1.3-452) (1.6-13.4) (3.3-10)
. 73 61 56 53 57
Ni (42-168) (57-84) (27-292) (39.9-138.1) (50-147) 30
49 27 30 30 31
Pb 35
(26-162) (18-39) (18-96) (19-45) (27-94)
33 1.5 1.7 1.5 1.4
Se (1.7-10.2) (0.7-3.5) (1.3-9.0) 0.5-2.4) (1.1-2.1) 0.39°
- 20 17 18.7 17.2 16.6 9
(15.8-22.9) (15.1-18.3) (14.3-23.9) (14.1-19) (14.8-17.5)
U 33 143 6.5 6.4 7.9 5
(6-302) (4.5-24.4) (3.8-1160) (4.3-21.3) (5.7-18)
434 251 174 172 173 4
v (234-2213) (137-418) (123-2407) (125-373) (140-307) 80
159 148 127 118 172
Zn (95-353) (115-217) (74-120) (85-267) (112-272) 9

: Bowen(1979)

0o o

:number of samples
:range of elements concentrations

: Shacklette and Boerngen(1984)
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Fig. 2. Relationships between As and other elements in soils from the study areas.
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Table 3. Concentrations of As and BAC values of the crop plants from the study areas.
. As concentration
Location Crop Plants (unit in mg/kg dry weight) BAC(mean)
Range 0.12-0.35
Leaves(n=3)* M g 0.008
Corn ean 0.23
Stalks(n=1) 0.08 0.002
Dukpyung Rice Leaves(n=6) Range 0.94-1.70 0.101
Mean 1.14
Red pepper Fruits(n=2) Range 0.02-0.06 0.010
Mean 0.04
Sesame Leaves(n=2) Range 0.12-0.16 0.006
Mean 0.14
Leaves(n=3) Range 023-0.83 0.017
Mean 0.47
Corn
Grains(n=3) Range 0.03-0.04 0.001
Mean 0.04
Rice Leaves(n=2) Range 1.2-15 0.060
Chubu Mean 1.35
Red pepper Fruits(n=1) 0.04 0.001
Soybean Leaves(n=2) Range 0.14-0.23 0.006
Mean 0.19
Sesame Leaves(n=1) 0.19 0.006

a:number of samples
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H Cr, Cu, La, Ni, Zn& 1~3v] A% & FHare
Byom 53] As, Cr, Mo, V| Haghse k)
3 &34 X (tolerable level) BT} =& 72 HAd)
As®] 7%, FRAYGe] WEYS ‘3.49] HFESF W]
28 mg/kgell vl 33mgkgl E UGS RaEglon &
FAGUNM = BEG] =Rt} %8 s 2A
o} EfollM Ase Mo, Se, U, Cu, Sb, Tl 7l
Fe] JHBAE HAow Ni, Pb, Th,
Zn = B UEE vERIADH

e

Hlpa 28
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om, MEYH AR EYY] FHRIA T 392 EE
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9 2.19 B8l =2 @S EAh

@ ZAAY 7 x9e) 2YglA] AujE FEHE
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F=R.z)90)4 Z}z2} 1.29 mgkget 1.35 mgkge) TES
HLlt,

(5) Echel 94 gt wERe] Sy Al
£ AEEH F4A5BAC, biological absorption
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PESZA=AN >S5S £7]>855 Qo) o &2
2 ZasiHon, As7t Eullo} 7+ cereal products:.
o} 93} A8l Egko2NE o B o] pEHUE

Ab AL
£ A7 20019% IaEAT sy
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