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ABSTRACT

This study investigates effects of an aging period on arsenic (As) chemical forms in soils and phytotoxicity using artificially
As-contaminated soils with a range of As concentrations (0-300 mg/kg) and aging periods (0 and 3 months). A sequential
extraction procedure showed that the increasing As concentration in soils increased the ratio of non-specifically and
specifically bound As, which are known to be bioavailable. This resulted in increasing As uptake by tomatoes with
increasing As concentration (R*=0.87 for exponential fitting); however, the seed germination was not sensitive to the As
concentrations of the soil samples. The seed germination was also statistically similar in the soils with 75 and 150 mg-As/kg
regardless of the aging period. The time taken until the seed germination (i.e., lag phase), on the other hand, decreased from
10 d to 3 d with aging for 3 months. This can be attributed to the decreased amount of bioavailable As with aging. Overall,
this study shows that when the toxic effects of the As-contaminated soils are assessed using tomato plants, it is better to use
more sensitive methods than seed germination such as the As accumulation or the lag phase for seed germination.
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Table 1. Wenzel’s sequential extraction method

Fraction Extractant

Extraction conditions Soil:solution ratio

Non-specifically bound (NH,4),SO, (0.05M)
Specifically bound

Amorphous and hydrous oxide bound

Crystalling hydrous oxide bound ascorbic acid (0.1M)

The residual HNO;, HF, H,0,

(NH4)H,PO4 (0.05M)
NH;-oxalate buffer (0.2M)
NHy-oxalate buffer (0.5M) +

4 h shaking, 20°C 1:25

16 h shaking, 20°C 1:25

4 h shaking in the dark, 20°C 1:25

30 min in a water bath at 96 + 125
3°C in the light

Microwave digestion (USEPA 3052) 1:50

mmmm Non-specifically bound

mmmm Specifically bound

== Amorphous and hydrous oxide bound
C—— Crystalling hydrous oxide bound
=== Residual
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6.6(original) 25 75 150 300 6.6(original) 25 75

As Concentration (mg/kg)

150 300

Fig. 1. Fractionation of arsenic (As) in artificially As-contaminated
soils: (a) 0 month aging, (b) 3 months aging.
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Table 2. Effect of arsenic (As) concentrations and aging periods on germination rate of tomato (Lycopersicon esculentum Mill.) seeds

Germination rate (%) Comparison between 0

As concentration (mg/kg)

0 month 3 months and 3 months
6.6 (Original) 7813 93+9.6 0.215
25 55+5.8 (0.017) 85+ 13 (0.505) 0.014
75 58+9.6 (0.017) 78 £15 (0.348) 0.116
150 50+ 14 (0.008) 65£24 (0.094) 0.117
300 55+ 13 (0.006) 73 £13 (0.244) 0.018
Average for artificially contaminated soils (25-300) 55+11 75+17

Note: The values in brackets are p-values for the comparison with the original soil sample with 95% confidence. The germination rates for
the aging period of 0 month were compared by carrying out ANOVA and post-hoc test. The same procedure was repeated to compare
the germination rates for the aging period of 3 months. The comparison between 0 and 3 months was done by carrying out a paired t-
test. The statistical significance shows the p-values (95% confidence) obtained from the #-test between the germination rates with 0

and 3 months aging.
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Fig. 2. Arsenic (As) uptake by tomato (Lycopersicon esculentum
Mill.) plants from aged (3 months) artificially As-contaminated soils.
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A @Ak =3, AEA U 29 vlA =), A=t
2] o]8Ao] H& HISoR Y SolFog HAYst nAY
ko] TAI= exponential growth(R*=0.87)2 AHe 4=
UATHFig. 3). o= IFLHE ESF W Hl& 557 F
71l wet AESHH o= o] Thsdt HlAvt SVt
(Fig. 1) &A1) 58 vl o] sold Aoz &
= AthkSchultz and Joutti, 2007). °]& AE=RT} 3L
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nlEH2lgl Ao 2 Hlth(Salvatore et al., 2008).
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Fig. 3. Relationship between arsenic (As) uptake by tomato
(Lycopersicon esculentum Mill.) plants and the sum of non-
specifically (F1) and specifically (F2) bound As (3 months aging).
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Fig. 4. Effect of As concentrations on changes in seed germination with time during seed germination tests using tomato seeds (Lycopersicon
esculentum Mill): (a) 0 month aging, (b) 3 months aging. The germination rates are the average values of four replicate samples.
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