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Environmental Contamination and Bioavailability of Toxic
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ABSTRACT: In order to investigate the extent and degree of arsenic and heavy metal contamination and the
bioavailability of toxic elements around the abandoned mine in Korea, an environmental geochemical survey
was undertaken in the Daduk mine. After appropriate preparation, tailings, soil, stream sediment, crop plant
and fingernail samples were analysed for As, Cd, Cu, Pb and Zn by ICP-AES and ICP-MS. Elevated levels
of 8,782 mg/kg As, 8.3 mg/kg Cd, 489 mg/kg Cu, 3,638 mg/kg Pb and 919 mg/kg Zn were found in tail-
ings from the Daduk mine. These significant concentrations can impact on soils and sediments around the
tailing ponds. Mean concentrations of As, Cd, Pb, Cu and Zn in soils are significantly higher than those in
world average soil, especially for As and Pb. Element concentrations in sediments decrease with distance
from the tailing ponds due to a dilution effect by the mixing of uncontaminated sediments. Arsenic and Cd
are elevated in rice grains and stalks, and Cu and Zn concentrations in chinese cabbage, sesame and bean
leaves are higher than the upper limit values for normal plant. Arsenic concentration in fingernails of farm-
ers are higher than the normal level with a maximum value of 1.5 mg/kg. The post-ingestion bioavailability
of toxic heavy metals in some paddy and farmland soils has been also investigated using the SBET (simple
bioavailability extract test) method. The method utilises synthetic leaching fluids closely analogous to those
of the human stomach. The quantities of As, Cd, Cu, Pb and Zn extracted from paddy soils after 1 hour indi-
cated 15.9, 65.4, 46.2, 39.4 and 29.4% bioavailability, respectively and for farmland soils, 12.4, 26.0, 31.2,
29.3 and 19.4% bioavailability, respectively. The results of the SBET indicate that regular ingestion of soils
by the local population could pose a potential health threat due to long-term toxic element exposure.
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Fig. 1. Sampling location map of the Daduk mine area.
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SBET (Simple Bioavailability Extraction Test

Making of 2L aqueous
Me.astfrement of 10g extraction fluid with DI
soil sieved -80 mesh water and 60.06g glycine

Adjustment to pH 1.5
by conc. HC1

Putting of 1.0g soil and 100mL extraction
fluid into wide-mouth HDPE bottle

{

Placing of the bottle into extractor of water
bath maintained at 37°C

i

Rotation of extractor at 30 rpm for 1 hour

!

Extraction of 10mL fluid from reaction vessel

Measurement of the pH of fluid
\ remaining in extraction bottle

Chemical analysis by ICP-AES

Fig. 2. Flowchart showing the procedure of the SBET
analysis for soils.

" Water bath

Fig. 3. Equipment of the SBET analysis.
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Table 1. Ranges and means of element concentrations in tailings and soils from the Daduk mine area (unit in mg/kg).

As Cd Cu Pb Zn
Contaminated site
110 19 50 171 461
1oy
Paddy soil (19) 13-642 0.4-45 5-156 61-402 65-1175
104 1.1 29 153 182
.
Farmland soil (6) 16-444 0.7-1.6 13-49 67-454 129-257
156 1.0 41 122 208
Mountain soil (7)*
ountain soil (7) 13-684 0.6-2.4 4-124 51-315 77-379
Talines (0)¢ 8782 83 489 3638 919
ailings (9) 1283-41887 1.6-36.0 188-1560 1614-11458 351-2077
Control site
23 09 14 97 149
L oy
Paddy soil (2) 13-32 0.8-1.0 12-16 77117 116-182
15 0.9 24 85 136
Farml il (8)*
armland soil (8) 13-19 0.8-1.0 8-53 55-165 76-245
13 0.9 13 77 108
Mountain soil (2)*
ountain soil (2) 13-13 0.8-1.0 13-14 72-82 88-128
World average * 6 0.35 30 35 90
Tolerable level ® 20 3.0 100 © 100 300

*Number of samples,  Bowen (1979), ° Kloke (1979)

E3) Aso] vlzAgd) vl SHiellA 108 Fx= ¥-31
H Aoz vElsth As Pbe] #Ee =EY, UE
oF, AtECko) A zhzb 110, 104, 156 mgkg As3
171, 153, 122 mgkg PbE Kloke (1979) 2J3) A
NE 535 E4L & F JE BN HAE =
4h4Ee] o SgSHARROE w$ =0t wEiA
o] EYEL o] TS A B& Aoz AlEdr

EY 454 44Rke] Hels MHEH =EYY
7% 459 Ha¥Fo| 110 mgkg As, 1.9 mg/
kg Cd, 50 mgkg Cu, 171 mgkg Pb, 461 mgkg
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& Mountain soil
CI1Farmland soil
Paddy soil

%%

OO

PO

10 4

Concentrations (mg/kg)

As Cd Cu Pb Zn

* World average soil (Bowen, 1979)

0.1

Fig. 4. Arsenic and heavy metal concentrations in tailings
and soils from the Daduk mine area.
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BHEY daFFRGE F oo ulg =
53] As# P e v=EEA (Anon, 1977)91A
AT AsA 2dE HHER 333 rIEgEY s
433 &2 otk olg Al BWdAE FAIE
e} 2F ol shdutEel HE dstg wdd
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ot Fu|ERE wEEE AE5vE 38 &
Al wxle FFE Hrkl] g8 =8l d4E
e FuHXNGoERH Az
Xtk Asst Pbe @il Zdte} Hslite] HAE
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Table 2. Ranges and means of element concentrations in stream sediments from the Daduk mine area (unit in mg/kg).

As Cd Cu Pb Zn
1578 9.0 161 714 1730
Contaminated site (8)*
ontaminated site (8) 48-5150 0.7-75.6 20-855 94-2861 104-13658
28 05 9 70 93
Control site (5)*
ontrol site (5) 13-83 0.3-06 413 50-110 50-148
US-EPA guideline® 50 6.0 50 60 200
Tolerable level . 10.0 114 250 800

*Number of samples, ® Anon er al. (1977), b Persaud et al. (1989)

100000 12
Sediment collected al the
/ stream nearest to the tailings
10000 - L
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Fig. 5. Variations of element contcentrations and pH of
stream sediments with distance downstream from the
Daduk mine.

oA F2a] FslEo] o, FryoaRE AHzst
Holo] we} 7 ghgo] A AL gou, 4e)
HozRE oF 15 km 7HIE o] d4Ee] o &
gol v gtk 23y Cd, Cu, Znd] &R 3

vgozye At olgel wet 1 Ygo) F43|

gEgite] 8 S8R M A B, 23, RS,

T, 7Y, wiF 5o 3R i RN AAE
AZTA 71222 Table 30 WehiSict, Hol2hy
Y28 EFS 04 mgkg As, 0.08 mgkg Cd, 3.5
mg/kg Cu, 0.2 mgkg Pb, 151 mgkg ZnS= E}L
sith olE RS 59 5 (1988)0) Al g€

L29=A e AGolx ] Holshl AAgGE H]
3P, Ase 4l A%, Cde} Cuxs thd H3lE o]
low, P} Zne Hl&d L BT (Fig. 6).
w3 &7 As¥ Cdo] Haghol zhzh 849
0.52 mgkge 2 v §o} o] o] M Skl
As? Cdo] &Zo] AP=X kS ¢ F Sk 18
U RS AN T Zne] HFaEEo] Kabata-
Pendias and Pendias (1984)7} AAIgH 2181 =43
7Azke] szl 150 mgkg ZnE ZHzt 238l )

Table 3. Ranges and means of element concentrations in crop plants from the Daduk mine area (unit in mg/kg, dry weight).

As Cd Cu Pb Zn
. . 0.4 0.08 35 0.2 15.1
Rice grains (5)" 03-0.6 0.04-0.16 2.64.5 0.1-03 12.1-18.5
. 84 0.52 79 22 58.2
Rice stalks (11)* 3.8-15.1 0.10-2.29 20-24.8 0477 17.8-217.8
Red pepper (2)* 1.2 0.67 7.8 0.9 435
Sesame leaves (1)* 0.6 0.44 15.2 29 166.8
Bean leaves (1)* 0.3 0.50 9.2 1.5 192.6
Radish leaves (1)* 0.5 0.19 2.6 0.6 38.8
Chinese cabbage (2)* 0.7 0.80 4.2 0.1 17.1
Normal rice grain? 0.09 0.06 2.3 0.44 16.6
Normal rice grain® 0.1-0.2 0.05 2.8 0.19 23.0
Normal plant © 1.0-1.7 0.05-0.2 5-30 5-10 27-150

*Number of samples

2Rhu et al. (1988), ® Kitagishi and Yamane (1987), © Kabata-Pendias and Pendias (1984)



el FuRleele] 54

100
* Uncontaminated rice grain (Rhu e al ., 1988)
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Fig. 6. Arsenic and heavy metal concentrations in rice
grains from the Daduk mine area.
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AsS Qe ofE 7l viE] welFlEeu &5
o F2 A=y ez delA vt (Mahler ef
al., 1970; Herber and Stoeppler, 1994). w&z}A
wa)Flete|y EFW As S AAY As 4k
Zo g £L2 A7 Hth (Smith, 1964;
Valentine et al., 1979). & AFoME Tt
AFsle FUEY As 2 FEEESY JA 284=
£ wets)r] 98 £FAIB Ugt 3EHEA S AA
392, 2 AFAE Table 4o vepfidct, &5
P259 HaedFL 055 mgkg As, 0.05 mgkg
Cd, 6.2 mgkg Cu, 0.42 mgkg Pb, 94.7 mg/kg

259 30 ¥ ST 279

B chinese cabbage
[radish leaves
sesame leaves

i DIbean leaves
Bl red pepper
B rice stalks
Upper value of Cd in riggmal piant*
Upper value of b+
b in normat plant* .
Upper vn\’be of Cu
Cu in norma! plant*®
Zn
Upper value of Zn
. in normat plant®
0.1 1 10 100 1000

Concentrations (mg/kg)

Fig. 7. Arsenic and heavy metal concentration in crop
plants from the Daduk mine area (*: Upper values based on
Kabata-Pendias and Pendias, 1984).

Zno 2 JeElyttl, ol g Liebscher and
Smith (1968)# Gordus (1973)7} AIA3 &FH
Hazlzhl 9489 Qg B2, Asitol
i #A YeEha Ao

T3 U RGO 2 Ao AFshs £ tEH
A AGFel SR Haddgiarel Aol tidk &
AR ANIAEE 2AVE] Y8l TotestE: AA STt
(Table 4). ©] A3 As®] T-value?} 0.0422 SAFHC
2 2% 2olE 2o (p<0.005), Aso] thEEAt 5
ARG AF3e FY Aol IS v & 9l
= A7 BALAE B,

Table 4. Ranges and means of element concentrations in fingernails of farmers from the Daduk mine area (unit in mg/kg).

As Cd Cu Pb Zn

Farmer group (12)° 0.55 0.05 6.2 0.42 94.7

0.20-1.48 0.01-0.13 1.5-15.4 0.16-1.05 62.4-149.8
Control group (9)" 0.33 0.04 5.0 0.46 98.6

0.02-0.63 0.02-0.06 1.8-10.1 0.11-0.90 83.1-138.2
Normal Fingernail® 0.30 - 14.9 - 139.0
level Hair® 0.12-0.17 047 15-17 4,10 150-190
T-value® 0.042 0.136 0.206 0.290 0.335

*Number of samples, *Liebscher and Smith (1968), "Gordus (1973), “Statistical significant at p<0.05 (When t value is less than
0.05, there are statistical differences in average concentrations between. each group.)
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Table 5. Arsenic and heavy metal concentrations leached from soils during in vitre simulation through the human stomach.

As Cd Cu Pb Zn

Soil type Extracted %  Extracted %  Extracted %  Extracted %  Extracted %
Content Bioavail- Content Bioavail- Content Bioavail- Content Bioavail- Content Bioavail-

(mg/kg) ability (mg/kg) ability (mg/kg) ability (mg/kg) ability (mg/kg) ability

8115 14.9 14.0 2.1 70.6 48.9 46.7 143.5 50.8 242.8 30.1

8204 9.5 14.2 1.2 61.2 26.1 50.2 94.3 42.5 147.3 320

8208 17.9 21.8 n.d. n.d. 27.6 49.7 58.4 37.0 113.3 20.0

. 8209 15.8 14.9 3.2 76.2 214 47.2 61.2 25.7 496.3 53.0

Paddy soil g304  y37 222 10 641 299 687 971 521 1343 368
8308 49 5.5 n.d. n.d. 1.2 10.2 28.4 26.4 10.0 6.4

8309 8.6 18.8 0.9 54.9 15.8 50.6 482 41.7 107.3 27.5

Avg. 11.9 15.9 1.7 65.4 244 46.2 75.9 394 178.8 29.4

RP 9.2 14.3 0.2 12.2 12.3 25.2 54.3 37.8 41.1 - 21.6

BL 2.3 12.0 0.3 31.3 84 30.3 17.8 22.8 35.6 20.4

Fam.‘ia"d SL 22 139  nd nd 37 290 131 195 283 220
sot cC 17 9.6 02 311 33 406 131 369 181 135
Avg. 3.8 124 0.2 26.0 6.9 31.2 24.6 29.3 30.8 194

RP : Red pepper, BL : Bean leaves, SL : Sesame leaves, CC : Chinese cabbage
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