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ARTICLE INFO ABSTRACT

Keywords: Leaching of hazardous trace elements from excavated urban soils during construction of cities has received
Excavated soils considerable attention in recent years in Japan. A new concept, the pollution potential leaching index (PPLI),
Arsenic

was applied to assess the risk of arsenic (As) leaching from excavated soils. Sequential leaching tests (SLT) with
two liquid-to-solid (L/S) ratios (10 and 20 L kg’l) were conducted to determine the PPLI values, which re-
present the critical cumulative L/S ratios at which the average As concentrations in the cumulative leachates are
reduced to critical values (10 or 5 ug L™'). Two models (a logarithmic function model and an empirical two-site
first-order leaching model) were compared to estimate the PPLI values. The fractionations of As before and after
SLT were extracted according to a five-step sequential extraction procedure. Ten alkaline excavated soils were
obtained from different construction projects in Japan. Although their total As contents were low (from 6.75 to
79.4 mg kg~ 1), the As leaching was not negligible. Different L/S ratios at each step of the SLT had little influence
on the cumulative As release or PPLI values. Experimentally determined PPLI values were in agreement with
those from model estimations. A five-step SLT with an L/S of 10 Lkg™! at each step, combined with a loga-
rithmic function fitting was suggested for the easy estimation of PPLI. Results of the sequential extraction
procedure showed that large portions of more labile As fractions (non-specifically and specifically sorbed
fractions) were removed during long-term leaching and so were small, but non-negligible, portions of strongly
bound As fractions.

Pollution potential leaching index

1. Introduction on the Soil Contamination Countermeasures Law (SCCL) (Ministry of

the Environment Government of Japan) (Tabelin et al., 2014a). One

Arsenic (As) contamination of soil is a serious problem around the
world. There have been extensive studies of As mobility in anthro-
pogenically induced contaminated soils (e.g., Ash et al., 2016; Li et al.,
2014; Liao et al., 2016), but very few deal with As mobility in deep soils
with relative low levels of As. Urban construction projects require ex-
cavation of large amounts of soils from great depths (Katsumi, 2015). In
most instances, excavated deep soils have not been affected by human
activities and the As contents are mostly close to its background values.
As a result, its negative environmental impact is easily neglected be-
cause of the perception that As in excavated soils occurs at safe levels
(Tabelin et al., 2014a); however, such soils may pose a potential threat
to the environment because excavation-induced changes in environ-
mental conditions may lead to enhanced As release (Molinari et al.,
2013; Tabelin et al., 2012a, 2012b). Excavated soils with relatively low
levels of As have now become of great concern in Japan, as reflected by
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environmental standard, known as the Soil Leachate Standard (SLS), is
stipulated in SCCL based on the risk associated with ingestion of
groundwater. The SLS is determined by deionized water extraction; and
for As, the SLS has a critical value of 10 pg L™, In Japan, although
excavated soils contain low As contents, they are still considered con-
taminated if the As leaching concentrations are higher than the SLS
(Tabelin et al., 2012a, 2012b). After excavation, land owners should
therefore take necessary measures to mitigate the potential release of As
from these soils; however, whether this method is suitable for assessing
the As contamination in excavated soils is still under discussion
(Katsumi, 2015). Accordingly, studies of leaching potential and release
mechanisms of As from excavated soils are urgently needed.

Leaching tests are typically employed to assess the risk of con-
tamination from contaminated soils to the surrounding water environ-
ment (e.g., Ash et al., 2016; Cappuyns and Swennen, 2008; Puga et al.,
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2016). Several typical leaching tests (column, tank and shaking ex- - b
periments) have been developed, in which different volumes of water S 'fl fl fl ~§ i
are brought into contact with the solid materials (Grathwohl and ° :;‘ MR £ QXVOBNN IR SN
Susset, 2009). The long-term leaching behaviors over extended periods Zlwodadmom S a=0ddoS - Ho
of time are particularly important for assessment of the risks of ha-
zardous trace elements release from soils. Column tests allow for the -] 5
measurement of time-lapse release of hazardous trace elements 3 j j ‘fl %’ ‘f‘
(Grathwohl et al., 2009); however, paramount challenges of this > :;)‘ nQ o £g andoovoaNgDg
method include installation of a column, entailing well-functioning ZlowdaOrodn o ddNSoS0
equipment, skilled techniques, and thoroughly standardized operating
conditions. +385E 3
Sequential leaching tests (SLT), which are classified as an inter- 3 b —;’ b
mediate between batch and column tests, are currently being employed w oo 2 :‘% Tugedngpaog 8
to investigate the long-term leaching of hazardous trace elements PlrNdodsonddrAaTddns s | o
(Cappuyns and Swennen, 2008; Tabelin et al., 2014b). These tests allow
comparison of the results with those of column tests by plotting the <858 i
concentrations of contaminants against increasing cumulative liquid-to- S j j j 5 i
solid ratios (L/S), instead of time (Grathwohl and Susset, 2009; Li et al., ~ g NN PRI A2H8TS 3N
2016). Although SLT experiments cannot simulate actual field condi- FBTO00FTAINSO AN SS |
tions due to factors such as mechanical friction, centrifugation and
filtration (Grathwohl and Susset, 2009), their simple design, low cost, 82549 E 8
short operating time, and easy standardization nevertheless render PN i b
great advantages. Our previous study investigated the long-term release o238 g N®2ReR29932a88
of As by SLT, which led to proposal of a new concept, the pollution Z|mONTATANOGADSN A TNSOS A
potential index (PPI) (Li et al., 2016). The PPI value is defined as the
cumulative L/S ratio at which the average As concentration (the ratio of =% Sw 3T
cumulative released As (mg kg_l) to cumulative L/S value (L kg_l)) in i ‘fl ‘fl ‘fl i
the leachate equals the Japanese environmental standard (10 pg L™') in w| 2382 g aoZIeeNzeny ©
Japan (Li et al., 2016). This concept could provide new insights into the PlreedmAaSNdanYsdasals
assessment of the pollution threat posed by As leaching; however, the
applicability and extensibility of this concept to other excavated soils 3988 &
needs further investigation. Because the initial terminology (pollution DY é b
potential index (PPI)) did not specifically highlight leaching behavior, it + | 9238582222283 3F &
has been changed to the pollution potential leaching index (PPLI). In Zlme@c0sbarmydanSes | @
this study, leaching of As from excavated soils was investigated using
SLT. Based on these results, PPLI values were obtained to assess the g
water leaching risk of As in these soils. In addition, sequential fractio- bEag i 1
nation was used to evaluate changes of As in different fractions after S 3 3 fl S :
SLT- oe2gsiazasnanngss 3
4 AN S A | N
2. Materials and methods
n 282 )
2.1. Sample collection and characterization S 3 3 j _E f\
o m28FER2222298323R1
Ten excavated urban soils (N1-N10) were obtained from construc- Z|ldodF IO mAmNdNGOS®Sa
tion projects at different sites on Honshu Island, Japan. During con-
struction, the excavated soils were temporarily stored at interim sites T ®
before their final disposal. Samples were randomly collected at these S fl 'fl 'fl %’ i
sites. After collection, samples were placed in sealed polyethylene bags . [t‘ caoEvoovonggmonen
and transported to the laboratory, where they were air-dried, gently ZIRBslIi88 045 FSddsSmda
crushed and sieved through a 2 mm sieve to remove gravel. A portion of
each < 2 mm air-dried soil was used for analysis of selected properties, £
while another portion was ground to pass through a 0.15 mm sieve for £ E f, E S S 5 T:O
total content determination and leaching tests. The measurements of f, g § § E E % ?\g f‘g E 5 3
selected physicochemical properties are given in Supplementary in- 4 i z g‘ = S “Q: é e 3 E%
formation and the results are shown in Table 1. E oS VIaLSESE w2
=}
2.2. Sequential leaching tests % ,‘ \3‘0 g
& ~ S g
Sequential leaching tests, in which the soil is successively extracted & z sE 2 % §
by water, were performed with L/S ratios of 10 and 20 Lkg ™! at each g ' 2’ 22 £ 3
step (Grathwohl and Susset, 2009). According to Notification No.46 of % ‘§ % :é S '?J g‘
the Environment Agency (1991), an L/S of 10 (SLT 10) should be used = g S &3 % B %
for As leaching. Following this protocol, 2 g of sample was mixed with - T: w3 g 5 § 33 E
20 mL deionized water in a 50 mL polypropylene centrifuge tube. To = § E E;g E E § E _S"
investigate the effects of L./S on PPLI values, an L/S value of 20 (SLT 20) g= |~
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