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Understanding the mobility of trace element, mostly bound to residual fraction,
in mine tailings is essential to assess its environmental impacts. In the present
study, the chemical distribution, leachability and phytotoxicity using lettuce
(Lactuca sativa) root growth for Cd, P, Cu, Ni, Zn and As in mine tailings were

The results exhibited that despite all samples were considered as heavily
contamination based on total contents of trace elements, they would be low
mobility because they mainly associated with stable fraction. Likewise, synthetic
precipitation leaching procedure (SPLP) contents for trace elements showed
lower value (< 1% to total contents), and toxic characteristic leaching procedure
(TCLP) and diethylene triamine pentaacetic acid (DTPA) extractable contents
showed < 15% to total contents. Although simplified bioaccessibility extraction
test (SBET) represented higher value than other extraction methods, they
showed < 20% except for Cu (22%). There was significantly positive correlation
between mobile fraction for trace element from sequential extraction procedure
and their leachabilities from TCLP, SBET and DTPA extraction test except for
SPLP. SPLP content for almost elements used was strongly correlated with
water-soluble fraction. Also, mobile fraction of trace element provided well
prediction for lettuce root growth than total content. Consequently, in the case of
the residual fraction bound trace element-rich mine tailings used in this study,
trace elements associated with mobile fraction would appear to play more
effective role in their leachability.

Background

Many metalliferous mines in Republic of Korea have been left to
inactive without any other reclamation and restoration.
According to Korea Ministry of Environment (KMoE), about
thousands of abandoned metalliferous mine present on all side
of the country. They also established that, since mining activity
in Republic of Korea had done on a small-scale, a method to
treat mine tailings, may contain a large amount of trace
elements, had been unprepared. By this, plenty of mining
tailings without treatment had been deposited into a valley and
side of stream where located in the vicinity of mine, and have
caused serious problem for environment and human health. For these mine tailings
management, therefore, it is important to obtain better understandings of chemical
distribution and leachability of trace element, affecting the environmental mobility and impact
of them in mine tailings. Hence, the objectives of this study are to investigate trace element
distribution and leachability in mine tailings, containing highly stable fraction of trace element,
as well as the relationship between the results. And then the utility of the effective fractions
was refined using result obtained from seed germination and root elongation.

The mine tailings

Experimental

1.The characteristics of mine tailings samples used in the present study
silt o0 TN Total contents of trace elements (mg kg
® ) )
439 05 0.03 0.00 1,510

z

Au 418 05 0.05 0.01 3,013
Au 8 11 617 08 004 001 3 100 8 40 141 94 723
Poly’ 4 8 369 04 006 0.00 3 87 37 17 43 1390 1910
Poly 11 24 466 12 0.03 0.01 3 88 42 15 167 87 621
Au 22 38 504 09 008 0.00 17 9 4 62 24 118
Poly 8 20 539 05 009 004 3 112 52 30 79 383 432
Ay 8 21 504 08 009 0.00 3 105 40 25 72 205 356
Au 7 12 434 06 002 0.00 8 13 40 33 8 1260 942
Au 24 23 553 01 003 0.00 2 113 62 46 93 429 447
Au 23 23 454 05 003 0.00 2 79 4 2 3 207 217
Au 34 18 48 04 009 0.00 4 401 110 5 551 459 89.9
Au 38 34 758 13 007 001 5 174 70 40 166 1340 1126
Ay 2 8 772 10 002 0.00 19 544 194 80 1,423 299  127.0
Au 20 11 757 04 009 0.01 14 258 59 25 113 444 795
Au 9 12 59 04 005 001 24 456 157 34 2,312 679 1412
Fe 13 17 7.48 05 001 0.03 23 601 455 61 3,155 186 1722

Au 15 13 456 0.6 003 003 10 529 663 51 1,088 109 1650
Au 9 16 692 08 001 0.00 9 495 375 66 1,951 164  107.4
Poly 14 21 627 10 0.03 0.02 8 201 50 27 1,927 45 464
Ay 16 26 7.57 0.8 0.06 0.01 26 132 108 11 5700 143 703
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determined. Furthermore, relationship among each characteristic was assessed.

2. Trace elements contents
2.1. 6-step sequential extraction test

Step  Fraction Extraction lid Cone. (M)
Water-soluble ow. 650
Exchangeable CHiCOOH 1 700
Bound to Carbonate NaOAc 1 500
Bound to Fe-Mn oxde HO-NHCI (125% HOAG) 0041

- Residual(OM, bound o sicate) Aqua regia

2.2. Selective single extraction test

No. Method  Extraction fluid Reference Remarks [ No- ofseeds

TCLP#L CHsCOOH
1

TCLP#2  CHyCOOH
n SPLP HNOJH;SO,  EPAmethod 1312

nsssr Glycine.
DTPA DTPA

3. The phytotoxicity assay with lettuce
10 seeds / petridish

20g/ petidish

-

EPAmethod 1311 so0il pH <5

EPA method 1311 soil pH>5
25405C
modified from PBET - 6:8(0)

Maiz etal,, 2000 Water content

40% (pased on soil weight)

Results & Discussion

1. The distribution and leachability of trace elements in the mine tailings
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Fig 1. The trace element distribution, as % of the total content, in mine tailings samples through the
6-step sequential extraction test.

Mine talings

Table 1. Statistical results for trace element in mine tailings obtained from selective single
extraction methods such as SPLP, TCLP, SBET and DTPA extraction test.

pH* Cd Pb u Ni As
56 0000 0002 0009 0006 0077
509 0000 0000 0004 0003 0033
‘:‘Z'LF:‘ .64 0.000 0.000 0.000 0.000 0.000
782 0003 0024 0075 0035 0388

. 6 12 5 - 2 2

0055 0040 0175 0054 3091 0112
0006 0010 0062 0025 1268 0028
0.000 0.000 0.007 0.003 0.024 0.000
0.285 0.548 0.737 0217 18.449 0.750

2 1 1
189 101 222 78 168 129
101 96 173 56 102 70
09 15 79 21 12 15
740 273 56.4 292 834 68.8
97 29 91 14 68 04
15 24 70 09 52 00
01 04 17 0.2 0.7 0.0
50 7 36 5 29 6
204005, ©None.

2. The relationship between mobile fraction and leachability of trace elements
Table 2. Pearson correlation coefficients between trace element fractions from sequential extraction

and selective single extraction methods.
F2 F3 F4

F5

0.33 013 0.10 -0.07 013 0.00
072" 038 038 0.19 0.19 0.59"
0.89™ 0.15 071" 013 0.04 0.44"
0.52" 042 0.40 0.31 023 0.56"
-0.08 0.00 -0.14 -0.09 015 -0.06
097" 060"  -0.05 0.29 0.07 0.94™
035 0.64" 0.68" 0.14 0.39 048
0.61" 080" 049" 0.30 017 073"
0.03 -0.30 -0.25 -0.23 -0.04 -0.17
0.41 093" 058" 0.25 007 095
061" 078" 0717 0.25 -0.02 093"
0.58" 0.75™ 0.37 0.33 -0.14 0.90™
0.05 -0.27 -0.28 -0.01 -0.25 0.07
0.44° 087" 047 0.06 0.20 083"
0.26 0827 045 0.06 0.34 068"
0.89™ 0.22 0.15 -0.06 0.12 0.87"
017 -0.15 -0.18 -0.12 0.14 0.05
033 0.66" 025 0.04 0.23 056"
0.29 059" 051 0.02 0.01 049
0.49° 081" 056" 0.07 0.16 074"
073" -0.09 0.20 0.09 0.07 0.35
041 063" 051" 0.10 -0.04 073"
0.34 075" 089" 036 033 0.78"
0.37 056" 039 -0.01 011 0.65" 0.13

* Mobile fraction with summation of water-soluble (1), exchangeable (F2) and carbonate Ivmwn (F3) for each trace element.
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Pollution index (P), suggested by Chen et al.(2005)

llatoninde

was calculated as the ratio of element contents in mine tailings to that in background soil in the
kel

vicinity of area where mine tailings samples were taken.
Contamination factor (CF), suggested by Kazi etal.(2005)

represents the ratio of the mobile fraction contents from sequential extraction to residual fraction

contents,

Fig 2. Matrix of Pl and Cf value for trace elements in the mine tailings

3. The phytotoxicity assay via root growth of lettuce
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Fig 4. Linear regression analysis models between total (O, broken line), mobile fraction (@, solid
line) content, summation of fraction 1 to 3 (F1-3), and root elongation from phytotoxicity
assay with lettuce seeds. Trace element concentrations transformed into log scale were used.
(* p <0.05 and **, p < 0.01, respectively)

The mine tailings samples, containing a large amount of trace elements (such as Cd, Pb, Cu,
Ni, Zn and As), from old metalliferous mines used in this study. Total contents ol trace

elements in samples were too much higher and
(IP1 > 2) with them.

However, due to higher stable fraction, mobile fraction content was relatively lower (< 15%) for
all trace elements monitored in the present study. In addition, SPLP contents for trace
elements showed lower value (< 1% to total contents), and TCLP and DTPA extractable
contents showed < 15%. Although SBET represented higher value than other extraction,
they showed < 20% except for Cu (22%).

Comparing between distribution and leachability for trace elements, mobile fraction provided
well prediction for leachability in diverse environmental condition than total concentration of
trace element. In contrary, SPLP extractable content was not correlated with mobile fraction.
It was affected by only F1.

It was verified through relation among mobile fraction of trace element and their phytotoxicity.
Although total contents did not offer significant prediction capabilities for phytotoxicity of
trace element, mobile fraction was strongly correlated with phytotoxicity impact of trace
element except for Ni.

In conclusion, mobile fraction of trace element, which aImosl present blndlng to resnjual phase
in mine tailings, would provide useful i on of and
phytotoxicity of them. However, despite new try to assess leachability and phytotoxicity of
trace elements for mine tailings in Republic of Korea, the findings in this work were
conducted using mine tailings, being heavily contamination of trace elements and
containing most of them bound to stable phase, from 20 abandoned metalliferous mines.
Hence it requires to be validated by study using wide range of mine tailings samples and
distribution for trace elements.

as heavily
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