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Abstract

Heavy metals are believed to be retained in soils for decades and some soil amendments may
strengthen their retainment. This research was intended to evaluate the changes in the extracted
Cu and Zn in a tropical soil over about 18 years after treatment with Cu- and Zn-containing
waste, dolomite, and cassava-leaf compost. Soil samples were taken at about 1.5, 3, 10, and 18
years after treatments. Treatment plot was set in 1998 and was factorially treated with a metal-
spoon industrial waste at rates of 0, 15, and 60 ton ha™, lime at 0 and 5 ton ha™, and compost at 0
and 5 ton ha™. The results show that the significant increases in Cu and Zn in topsoil and subsoil
caused by waste addition were observed over 18 years after treatment. The increase in pH by
lime was observed over 10 years but its effect on the extracted Cu and Zn was observed only at
1.5 years, particularly in topsoil. However, the effect of lime was observed over 18 years when
waste was also given. Similarly, the effect of compost was absent over 18 years, but was
significant when waste and/or lime were also given. The relative concentration of Cu and Zn
decreased over 18 years and their concentrations were in general lower with lime and/or compost

treatment.
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Introduction

Toxic heavy metals in the environment are probably to be highly immobilized in tropical soils

with some amendments. There are some advantages of using tropical soils to retain the

accumulating heavy metals in the soil environment due to their variable charges that vary with
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the soil pH values. Adjusting the tropical soil pH to higher values may enhance the soil
retainment capacity towards heavy metals. A great deal of researchers have previously reported
that the heavy metal retaiment increases with the increase in soil pH (Salam and Helmke, 1998;
He et al., 2006; Khan and Jones, 2008; Elbana and Selim, 2010; Mahar et al., 2015; Malinowska,
2017). He et al. (2006) shows that the leached Zn from sandy soils decreased linearly as the
solution pH was raised from 3.0 to 9.0. Later, Elbana and Selim (2010) also report that Cd was
nearly immobile in a column of calcareous soils but 20 — 30% of the applied Cd was mobile in
acid soils. Salam et al. (2005) show that both Cu and Zn are shifted to the higher energy bonding
in limed soils. Under limed condition, the heavy metals Cu and Zn are leached in smaller
amount than those of under control conditions The enhanced heavy metal retainment may be
attributed to more intensive adsorption reaction due to the presence of more adsorptive surfaces
(Salam and Helmke, 1998; Bhattacharyya and Gupta, 2008; Namgay et al., 2010; Mamindy-
Pajany et al., 2014; Gonzalez-Costa et al., 2017). Increasing the tropical soil pH may enhance
the soil negative charges due to the increased dissociation of surface charged H on soil clays and
oxides that may finally adsorb heavy metal cations and decrease their mobility (Bolan et al.,
2014; Malinowska, 2017). The enhanced soil retainment capacity may also be attributed to the
more intensive precipitation reaction (Bolan et al., 2014; Salam, 2017), particularly at high pH

and soil solution concentrations of heavy metals.

The presence of biosolids like organic matter compost, farmyard manure, biochars, humic
products, and other biosorbents may also enhance the soil adsorption capacity caused by the
presence of more adsorption surfaces. A great deal of researchers also reveal that addition of
biosolids increase the heavy metal retainment by soils (Poonia and Deka, 2001; Tokunaga et al,
2003; Namgay et al., 2010; Gupta and Nayak, 2012; Li et al., 2014; Mamindy-Pajany et al.,
2014; Tang et al., 2014; Mabhar et al., 2015; Nacke et al., 2016; Pukalchik et al., 2017). The
retainment of heavy metals may also increase when the soil pH is increased due to the
disscociation of organic matter functional groups. Therefore, the presence of soil variable
charges and biosolid functional groups combined with liming may enhance the heavy metal
retainment and may retard their movement, leaching, and translocation in soils (Poonia and
Deka, 2001; Khaledian et al., 2017) and in general lower their phytoavailability (Khan and Jones,
2008; Namgay et al., 2010; Li et al., 2014; Adamczyk-Szabela et al., 2015). Conversely,



acidification may increase heavy metal release and mobility (Wang et al., 2009; Park et al., 2013;
Bolan et al., 2014). Therefore, lime and organic matter may greatly lower the soil labile

fractions in heavy metal contaminated or heavy metal treated soils.

However, the enhanced retainment of heavy metals by soil clays, organic matter, and lime may
elapse with time. Soil acidification may reverse the reaction and shift the adsorbed heavy metals
to lower energy sites or release them into the soil water moving in soil body. Organic matter
may decompose and, similarly, release heavy metals into the soil water moving in soil body.
Overall, the status of heavy metals in soils is time dependent and is influenced by the soil
environment properties like soil temperature, pH, microbial and enzymatic activities, soil water,
water percolation, and element leaching. Cui et al. (2016) show that soil amendments to reduce
the soil labile pools of heavy metals were not sustained for long time. They found that apatite
had a better sustainable effect on the remediation of heavy-metal contaminated soils than did

lime and charcoal.

Data on the retainment of heavy metals in soils of the tropics with high average temperature and
precipitation rates are rare. This research was intended to evaluate the extracted Cu and Zn in a
heavy metal contaminated tropical soil amended with organic matter compost and lime over the

last 18 years since treatment.
Materials and Methods

Soil samples were taken from the experimental plots set in July 1998, located in Sidosari, Natar,
South Lampung, Indonesia (...). Treatments were previously set in a randomized block design,
consisted of 3 factors: industrial waste, lime, and cassava-leaf compost, with 3 replications.
Industrial waste was metal-spoon industry of PT Star Metal Wares Jakarta containing high Cu
and Zn. Some properties of the industrial waste were Cu 754 mg kg, Zn 44.6 mg kg™, Pb 2.44
mg kg, Cd 0.12 mg kg™, and pH 7.30 as shown in Table 1 (Salam et al., 2005).

Insert Table 1



Industrial waste was broadcasted on the surface of soil and mixed thoroughly by plowing at 0 —
15 cm at rates: 0, 15, and 60 ton ha™. Lime and cassava-leaf compost were both given at 0 and 5
ton ha™! one week after waste treatment. Lime was (CaMg(COs),). Casava-leaf compost was
prepared as reported by Salam (2000). Rates of industrial waste, lime, and cassava-leaf compost
were selected through several preliminary experiments reported previously (Salam, 2001). Each
plot measured 4.5 m long and 4 m wide, with distances 50 cm between plots and 100 cm
between blocks. Complete experimental treatments are listed in Table 2. The experimental plots
were since 1998 planted with corn, dryland paddy, cassava, peanut, and left bare in between.

Insert Table 2

The lattest soil sampling was conducted on 17 September 2016 ((x18 years after treatment).
Composite topsoil (0-15 c¢cm) and subsoil (15-30 cm) samples were taken diagonally from 5
points in each plot. Soil samples were air-dried, ground to pass a 2-mm-sieve, and mixed
thoroughly before analysis. Analysis included soil Cu and Zn labile fraction with DTPA method
(Baker and Amacher, 1987) and soil pH with a pH electrode. For the purpose of this research,
this data was compared to those of £1.5 years after treatment (Amirulloh, 2000), £3 years after

treatment (Prihatin, 2002), and +10 years after treatment (Ginanjar, 2009).

Results and Discussion

The DTPA extracted Cu and Zn were enhanced by the addition of the Cu- and Zn- containing
waste as were also reported previously by Amirulloh (2000), Prihatin (2002), and Ginanjar
(2009). Analysis of variance (Anova) shows the significant increase in the extracted Cu and Zn
by waste over 18 years after treatment in 1998 (Table 3 and Table 4). These data clearly indicate
also that parts the added Cu and Zn had remained in topsoil and subsoil for a quite long time.
The high temperature and precipitation rates in the tropics in fact did not wash out all Cu and Zn
from soils. These metals were retained by soils, most probably through adsorption reactions by
the soil variable charges. The presence of precipitation reactions may possibly occurred because
the addition of waste also significantly increased the soil pH particularly until about 10 years

since waste treatment in 1998. This observation shows that the tropical soil was effective in



retaining part of heavy metals for a quite long time. As indicated by Bolan et al. (2013), Park et
al. (2013), and Salam (2017), the leaks of Cu and Zn through heavy metal leaching and plant
absorption were also probable. However, it is reported that the movement of Cu and Zn in the
soil body over 3 years period was not significant and was lower in limed soils (Salam et al.,

2005). The heavy metal adsorption onto higher energy bonding with time was very probable.

Insert Table 3 and Table 4

Even though reported to increase the soil retainment capacity towards heavy metals, particularly
right after treatment (Amirulloh, 2000; Salam, 2000), organic compost did not affect the
retainment of Cu and Zn after long time (Tables 3 and 4). This phenomenon was obviously
caused by the probable quick decays of organic matter over time, particularly in the tropics
where the relatively high moisture content may accelerate the enzymatic organic matter
decomposition (Salam, 2014). The decomposition process of organic matter may lower its
effectiveness in decreasing the extracted Cu and Zn. Based on their researches, Bendfeldt et al.
(2001) report that organic matter incorporation is indeed useful to retain part of heavy metals in
mine soils, but they suggest that the decomposition organic matter by soil microorganisms may
cause the release of heavy metals to more readily available forms in the future. It is also reported
that the oxidation of soils with dilute H,O, significantly decreased Cu and slightly decreased the
adsorbed Zn onto organic substances (Stietiya and Wang , 2011). Organic matter decomposition
may then in general increase the Cu and Zn mobilities and availabilities. More durable organic
matter materials like biochars may probably give more significant effect over a longer time of

process (Namgay et al., 2010).

However, when combined with waste or lime treatment, organic compost significantly decreased
the extracted Cu and Zn (Tables 3 and 4) at 3 and 10 years after treatment. The increase in soil
pH due to waste treatment or lime treatment (Table 5) may have enhanced the adsorption sites on
the remaining organic matter functional groups. This process may have eventually decreased the
extracted Cu and Zn. The significant effect of organic compost was also observed after 3, 10,

and 18 years when compost was combined with waste and lime (Tables 3 and 4). The presence



of OH" at higher pH by lime may detach bonded H on the organic matter functional groups

causing the increase in the adsorption sites that are important for heavy metal adsorption.
Insert Table 5
The extracted Cu and Zn as affected by lime and/or cassava-leaf compost and time of sampling

in plots with the highest waste addition of 60 ton ha™ are also shown in Fig. 1 and Fig. 2,
respectively, presented as the relative concentrations calculated by Equation 1.

where Ry is the relative concentration of heavy metal M, M is the extracted heavy metal M, and
Mo.1.5 is the extracted heavy metal M in the control plot (No-Compost and No-Lime), which
equaled to 122 mg kg™ for Cu and 116.6 for Zn at waste addition of 60 ton ha™. This data is
needed to evaluate the trend of heavy metal immobilization over time as affected by lime,

compost, and waste treatment.

Insert Fig. 1

Insert Fig. 2

Fig. 1 clearly shows that the Rc, decreases with time of sampling. For example, the R¢, at
+ 1.5, +3, and + 10 years are 1.00, 0.77, and 0.19, respectively (Fig. 1). A similar pattern was
observed for Zn (Fig. 2). Rz, decreases with time of sampling. These values indicate that the
extracted Cu and Zn decrease with time. Some of the Cu and Zn was removed from their labile
pools and was shifted to other forms over time. Several probabilities are depicted in Fig. 3. A
part of Cu or Zn was probably adsorbed into a higher energy adsorption sites or precipitated to a
more insoluble precipitates. The other parts may be absorbed by plants or leached through the
soil bodies (Bolan et al., 2013; Park et al., 2013; Salam, 2017).

Insert Fig. 3



At earlier time i.e. at + 1.5 and + 3 years, the role of lime and/or cassava-leaf compost is
obvious. The extracted Cu (Fig. 1) and Zn (Fig. 2) were depressed by lime and/or cassava-leaf
compost. The organic matter enhanced the soil capacity to retain heavy metal cations as
negatively charged functional groups (Poonia and Deka, 2001; Khan and Jones, 2008; Gupta and
Nayak, 2012; Mabhar et al., 2015; Khaledian et al., 2017; Pukalchik et al., 2017) and the raised
pH by lime enlarged the quantity of the negatively charged organic matters and soil clays (Salam
and Helmke, 1998; Khan and Jones, 2008; Mahar et al., 2015; Malinowska, 2017) that are able
to retain more Cu and Zn cations. However, the role of these factors faded with time of sampling
more than 3 years. After 3 years the presence of compost solubilized Cu and Zn. However, the
interaction of lime and compost in the presence of waste were observe to lower the extracted Cu
and Zn.

Heavy metals released into the soil solution after 3 years may have encountered various fates as
suggested by Bolan et al. (2013), Park et al. (2013), and Salam (2017) shown in Fig. 3.
However, Salam et al. (2005) show that after + 3 years Cu and Zn were leached in smaller
amount than those under control conditions but overall the Cu and Zn were not significantly
moved to subsoils. Most of the heavy metals may have been adsorbed onto the higher energy
sites.
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Table 1. Selected properties of soil, compost, and industrial waste used in the experiment.

Industrial
Properties Units Methods Soil Compost
Waste

Sand % Hydrometer 41.2

Silt % Hydrometer 26.0

Clay % Hydrometer 32.8

pH Electrode 5.11 7.3
Organic C gkg™ Walkey and 1.28 275

Black

Total N gkg' Kjeldahl 40.1

C/N Ratio 6.85

Cu mgkg' | DTPA 754
Zn mgkg” | DTPA 44.6
Pb mgkg” | DTPA 2.44
cd mgkg' | DTPA 0.12

Salam et al. (2005)



Table 2. The existing treatment units in the experimental plots at Sidosari, Natar, Lampung, Indonesia.

Compost/C
Waste/W Lime /L
Co C,
Lo WolLoCo WoloCy
Wo
1 Wol,Co Wol,Cy
Lo
W,
W;L,Cq W, L,C;y
L
W,LoCo W,LoCy
Lo
W,
W,L:Co W,L,C,
L
Notes:

W = Waste (W, 0, W, 15, and W, 60 ton ha'l), L=Lime (L, 0
and L, 5ton ha™); and C = Compost (Co 0 and C; 5 ton ha™).



Table 3.
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Analysis of variance of the changes in labile Cu concentration in a tropical soil treated with Cu- and Zn-

containing industrial waste, lime, and cassava-leaf compost after a period of time since treatment.

Time (years)
+15% +37 +10” +18
Treatment

0-15 15-30 | 0-15 | 15-30 | 0-15 | 15-30 0-15 15-30

cm cm cm cm cm cm cm cm

W oy oy ok oy *x *x g g

C ns ns ns *x ns ns ns ns

L *x ns ns ns ns ns ns ns

WxC ns ns ns *x *x *x ns ns

WxL ns ns ok ns *x *x *x ns

CxL ns ns ns *x ns ns ns ns

WxCxL ns ns ok *x ns *x ns ns

Notes: W = Waste; C = Cassava-Leaf Compost; L = Lime; * = Significant at 5%; ** =

Significant at 1%; ns = Not Significant at 5% dan 1%; Y Amirulloh (2000); 2 prihatin (2002);

3 Ginanjar (2009).



Table 4.

15

Analysis of variance of the changes in labile Zn concentration in a tropical soil treated with Cu- and Zn-

containing industrial waste, lime, and cassava-leaf compost after a period of time since treatment.

Time (years)
15" +37 107 +18
Treatment

0-15 15-30 | 0-15 | 15-30 | 0-15 | 15-30 0-15 15-30

cm cm cm cm cm cm cm cm

W k% k% %k k% k% k% * 3k * 3%k

C Ns ns ns ns ns ns ns ns

L *x * ns ns ns ns ns ns

WxC ns ns * ns *x *x ns ns

WxL ns *x * ns *x *x ns ns

CxL ns ns ok ns * * ns ns

WxCxL ns ns ok ns * *x * *

Notes: W = Waste; C = Cassava-Leaf Compost; L = Lime; * = Significant at 5%; **

Significant at 1%; ns = Not Significant at 5% dan 1%; Y Amirulloh (2000); 2 prihatin (2002);

% Ginanjar (2009).
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Table 5.  Analysis of variance of the changes in pH concentration in a tropical soil treated with Cu-containing

industrial waste, lime, and cassava-leaf compost after a period of time since treatment (Ginanjar, 2009).

Time (years)
+15% +37 107 +18
Treatment

0-15 15-30 0-15 15-30 0-15 15-30 0-15 15-30

cm cm cm cm cm cm cm cm

w * ns ok ns ns ns ns ns

C ns ns ns ns * ns ns ns

L oy ok ok oy g *x * *

WxC ns ns ns * ns ns ns ns

WxL *x ns ns ns *x *x ns ns

CxL ns ns ok ns *x *x ns ns

WxCxL ns ns ns ns ns * ns ns

Notes: W = Waste; C = Cassava-Leaf Compost; L = Lime; * = Significant at 5%; ** =
Significant at 1%; ns = Not Significant at 5% dan 1%; Y Amirulloh (2000); 2 prihatin (2002); 3
Ginanjar (2009).
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Fig. 1. The relative concentrations of Cu (Cu/Cugy-1.5) in topsoil at waste level of 60
ton ha™ (After Amirulloh (2000) for 1.5, Prihatin (2002) for 3, and Ginanjar (2009) for
10 years; Extracted Cu in topsoil with No-C No-L at 1.5 years was 122 mg kg'1

(Amirullah, 2000); L Lime at 5 ton ha™ and C Cassava-Leaf Compost at 5 toh ha'l).
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Fig. 2. The relative concentrations of Zn (Zn/Zny-1.5) in topsoil at waste level of 60
ton ha™* (After Amirulloh (2000) for 1.5, Prihatin (2002) for 3, and Ginanjar (2009) for
10 years; Extracted Zn in topsoil with No-C No - at 1.5 years was 116.6 mg kg'1
(Amirullah, 2000); L Lime at 5 ton ha™ and C Cassava-Leaf Compost at 5 toh ha™).
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Fig. 3. The possibility of the waste-origin Cu and Zn removal from soil labile fractions after waste treatment (1 —

Adsorption or precipitation, 2 — Absorption by plant roots, 3 — leaching) (Salam, 2017).



