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Species of Aluminum in Coal Mine Spoil Soil Solutions

Chiang-Her Yen,'” Hung-Tao Hu? and Hsu-Ho Chung”

[ Summary )

The effects caused by the low pH of acidic coal mine spoils significantly increase the solubility of
aluminum compounds which, as a result, causes toxic effects to plants established on the spoils.
Studying the forms of aluminum species existing in the spoils, therefore, is the 1st step toward the
understanding of aluminum toxicity to plants. In the present study soil solutions were collected using a
ceramic sampling cup. After filtration, aluminum species in the solutions were analyzed using ion
chromatography (IC) and nuclear magnetic resonance (NMR). Resuits of IC analyses show that soil
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solution of coal mine spoil contains AIF," (1.22%), AIF** (0.83%), and AP’ (97.95%). On the other hand
results obtained from NMR studies reveal that Al-SO, (9.14%) and AP* (90.86%) are the aluminum
compounds found in the same solution. Since IC can not differentiate Al-SO, from A, the AP
identified in IC analyses, therefore, should contain both of these 2 compounds. Likewise, NMR does not
separate AlF,', AIF¥, and AP'. As such, Al*'detected in NMR studies, therefore, should include
AlF;"and AIF*".  In light of the above it is concluded that the aluminum species existing in the soil
solution of coal mine spoil is composed of AlF," (1.22%), AIF*" (0.83%), AP* (88.81%), and AL-SO,
(9.14%).  Since AF* accounts for 88.81% of the total content, which is as high as 333 mg/L, of the soil
solution, the spoils, therefore, are highly toxic to the plants established thereon. Both IC and NMR are
capable of identifying aluminum- organic acid chelating compounds which, however, were not detected
in the present study. '
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pH 6.35 (with HCI)

i 0.6 mf/min.

{Eifll#3  Hitachi L-4200, UV/VIS{EfiIg5(580

nM) -
BShiEA 1 TSP AS1000 autosampler, 1355
FEAE 50 pL
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Table 1. Chemical properties of selected coal
mine spoil

Soil properties Coal mine spoil

pH 3.20 £ 0,129
Total-N (%) 0.18 £ 0.04

NH4-N (mg/ke) 4.10 = 0.26

NO3-N (mg/kg) 20.33 = 1.51
Available-P {(mg/kg) 9.80 + 0.77
Exchangeable-K (c mol(+)/kg) 0.12 + 0.02
Exchangeable-Ca (c mol{(+)/kg) 099 £+ 0.12
Exchangeable-Mg (c mol(+)/kg) 0.52 + 0.11
CEC {c mol{+)/kg) 1332 £ 0.58
Inorganic sulfate (mg/kg) 2257 726
Exchangeable-Al (mg/kg) 1242 + 67.3
Organic matter (%o) 438 = 048

"Means represent 3 replicates sampled from coal
mine spoil.

BRI S — LB B2 4 tth 3 W aR TR 2 Ml

Table 2. Chemical properties of soil solution
extracted from selected coal mine spoil

Parameter Soil deepth Coal mine spoil

pH 13 em 305 = 0127
40 cm 315 =015
60 cm 3.34 &+ (.12
NOy 15 cm 1.39 + 0.80
(mg/kg) 40 cm 1.84 + 1.17
60 cm 2.59 £ 0,52
PO 15 cm 242 + 0.45
(mg/kg) 40 cm 2,81 = 0.86
60 cm 2.85 = 0.73
souF 15 cm 664 = 14
(mg/kg) 40 cm 694 + 25
60 cm 864 = 36
Al 15cm 192 + 15
(mg/kg) 40 cm 218 £ 19
60 cm 334 + 21
K 15 em 3.50 £ 0.56
{mg/ke) 40 cm 174 + 034
60 cm 365 024
Ca™" 15 cm 245 = 2.8
{mg/kg) 40 cm 282+ 1.7
60 cm 235+ 28
Mg 15 cm 19.5 £ 3.1
(mg/ke) 40 cm 182 12
60 cm 169 = 1.7

"Means represent 18 replicates sampled form
coal mine spoil.
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acidEH $RAYEE & F2 82 78(92.5%) » LUCHHTELS
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Fig. 1. Chart of the IC analytical system.
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Fig. 2. IC chromatogram of soil solution sampled from coal mine spoil.
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Fig. 3. IC chromatograms of (a)AlIF,", AIF**
and (b) AF".
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R R E(0.6543) 1 acetic acid Fzsuccinic acid
A EEEE{ER] - citric acid + tartaric acid -
malic acidEBA$R %85 3K 13- 91 &5 88.4% ~ 63.5% -
32.4% (Table 3) » {FERFE]TFIE0.685 - 0.71
47~ 10073 (Fig. 4) » BEIRTT LIS A MR RTIRARIE -
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Table 3. Retention time and chelating perce-

ntage of various aluminum species detected by
ic’

Al-species retention time chelating
(min.) {%8)
Oxalic - Al 0.65 92.5
Citric - Al 0.68 88.4
AIF¥, AIF? 0.80,1.95 85.3
Tartaric -Al 0.71 63.5
Malic - Al 1.00 324
Acetic - Al nd? 0
Succinic - Al nd 0
AP 7.52 nd
"ion chromatography.
Dot detectable.

citricE tartaric » B E ¥4 A fimalic,
malonicBd salicylic » TEEESEHKRESH
e atEsuccinic, lactic, formic, aceticEE
phthalic - FEHBERENHEEERMETS &
AEt S E B ERE S LR -

Fig. 5a%Fig. 5g BB 2R T EE
g {-&WE - B A-Oxalic ~ Al-Citric ~ Al-
Malic + Al-Tartaric » A-PQ, ~ Al-S0, ~ A AL-Fi1Y
T ARGRE LIRS - Fig ShATRAISH 8
VA ASEILIREREE - ISAP IR
Az (chemical shift) € £50.00 ppm » FHEEELE
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Fig. 4. IC chiromatograms of (a) Al-oxalic, (b)
Al-citric, (c) Al-tartaric (d) Al-malic.
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Fig. 5. ¥ AINMR spectra of (a) Al-oxalic, (b)
Al-citric, {¢) Al-malic, (d) Al- tartaric, (e) Al-
POy, (f) AISQ,, (g) AL-F, (h) soil solution
collected from coal mine spoil.
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