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ABSTRACT

Depth-Wise Distribution of Extracted Cu snd Zo In Cultivated Ficld Plots Three Yeoars Aller Treatment with
A Cu-and Zn-Conluiniog Waste, Lime, ond Cassava-Leal Compost (AK, Salom; 5 Bakri, F, Prihatin}: Cation
retention by soil eolleid adsorptive surfaces is believed to Dnhibic the movemeant of heavy metal cations in soils. This
research was to investipate fhe movement of Cu and Zn in eultivated ficld-plots 3 years after treptment with en
industrial waste containing considerable Cu and Zn, lime, and organic compost.  Three levels of industrial wasle {0,
15, and G0 ton ha™'y were mixed with field topsoils of 0-15 cm one week after treatment with lime and organic
compost. Extracted Cu and Zn were mensured in soil snmples collected depth-wise from O to 75 cm in field-plols 3
years after treatments. Coppar and Zn only from high-leve] waste-treatments were observed to have sipnificuntly
moved from fopsails o subsoils of 30 — 75 em. Unlike that of Zn, the movement of Cu was also shown o be
slnificnntly lowered by opsoil treabmnent widli lime andfor compost, sugeesting that the increase in soil adsorption
capacity inhibited the movement of Cu eations, Most Cu and £n were retained in topaoils.
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INTRODUCTION

Heoavy metal inputs into soil system will
probably be diswributed into several important
compoenents, .2 ino soil adsorptive sites and
precipitates that are not mobile and not readily
washed out and into soil water that are readily
woshed out by percolating water and  readily
condaminates ground water,  [ncorpomtion of
particular ameliorants such as [ime and oreanic
compost, that may enhance the soil adsorption
capacity (Salam and Helmbke, 1998; Salam ef of,
[987), may presumably incresse the adsorbed and
lawer the water soluble portion, and therechy may
inhibit the movement of heavy metalz in soil body
and, therefore, may limit the extent of pround varer
contamination by heavy metals emitted by the
presence of industrial woste.

As pointed out previcusly, addition of 15 and
60 ton ha™ af industrial waste contuining Cu and Fn
was proved to significantly increase the soil labile
Cu and #n, including those classified as availoble,
exchanpeable, and waoter soluble.  However, the
presence of 5 tonm ha' CaCOy  significantly
decreased water soluble, exchangeshle, and
available Cu and Zn {Salam, 2000; Salam er af,

[908g; [908e; [998F Salam ef af, 1997), which
was suppested to be related to the increase in the
soil adsorptive capacity induced by the increase in
soil pil. A grear deal of research works have
previously revealed that the increase in zoil pH
enliomced the soil surface charges that mav,
eventually, decrease the soluble metal cations (Choi
el al, 199 Balam and Helmke, [998).

To a lesser extent, the presence of orpanic
compost also increased the retention of Cu by soll,
related (o the increase in the soil adsorptive capacity
origmated [rom composl Tunctional groups (Salam,
000, Salam et @f, 1997). As poinled ool
previously (Shenker and Chen, 2005; Salam and
Helmbke, 1998; Parfitt of of, 1995 Hodella e af,
1995; Alloway, 1990; McGrath e of., 1988), some
researchers were convingced that heavy metal cation
concentrotions  in soils may  be  lowered bw
monipulating same sail chemical properties such as
pH, organic matter contents, and CEC, that dircctly
ot indirectly control heavy metal solubilities in
sails. This celationship may eventually lower heavy
metal cation movements in osoils (Salam ed al,
[998a; [998h; 19984},

This rescarch was to investigate the depth-wise
distribution of Cu and Zn in soil three vears after
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treaitment with industrial waste containing Cu and
Zn, lime, and cassava-leal compost,

MATERIALS AND METHODS

Field experimental plots were sct up in
Sidosari, Matar, Sowth Lampung, in July 1998
Somic initial soil charaetorstics were sund 41.2%,
silt 26%, clay 32.8%, oreanic C 12.8 g kg™, total N
0.8 g ka', /N 13.6, pH 5.1, Cu 1.6 mg kg™ and
Zn 0,13 mg kg, The experimental ficld consisted
of 12 plats for one block, each measuring 4 m x 4.5
m with distances 30 cm between plots and 100 em
between blocks. Troatments were amranged in a
completely randomized block  design with 3
treatment factors, ie. industeial waste, lime, and
cassiva-leal compost.  Industrial waste {with Cu
754 mg kg, Zn 44.6 mg kg, and pH 7.3) was
given at 0 (W), 15 (W), and &0 ton ! CW5 lime
{CaCO:) at O (Lyund 5 ton ha' (L) and cassava-
leaf compost (C/N 6.85) at 0 (Cy) and 5 Lon la”
(Ciy. A complete repart on the proparation of
industrial waste, cassava-leaf compost, and
experimental field plots was reported previous|y
{Solam, 20000, Al plots were planted with one
time corn and one time opland paddy and were left
bared until the time of so0il sampling,

Soil sampling was condocted in July 2001,
Soil samples wene toaken depth-wise: 0 = 15, 15 =310,
0 — 45, 45 — 60, and 60 — 75 em m Lthe exect
middle of plots of two blocks. Sampling from the
cuact middle of the plois was considercd  very
impartant to cnsure representative  soil samples
because  all sides of plols were prone o
coniamination from pulside of plaots (Liong, 1991}
So0il samples were all ground, sereened to pass o 2
mm sieve, and thorowghly mixed hefore chemical
analysia,

Soil analysis included the availakilitics of Cu
and Zn by wsing the method of DTPA (Baker and
Amocher, 19821 and soil pld by using a pH-
eleetrode (soil-to-water 1:2). The significance of
treatment factors was cvaluated using analysis ol
variance (anova), Differcnees between troatments

were evaluated using HSD Test at 5% and 1%

sipmificent level (Sleel and Torrie, 19800
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RESULTS AND DISCUSSION

Yertieal Distribution of Cu

Significant elfects of waste, lime, andior
campost on the extracted Cu were observed through
the soil depths of 0 — 60 cm, shown by anova at 3%
and 1% (Priliatin, 2002). This observation indicates
thal the elTects of waste, lime, or compost and their
internctions were still eMective through the soil
depth three years alter reatments, suggesting that
the usc of these smehorants were relatively long-
[nsting.

The movemenl of Cu in soil body was
ohserved in high-level waste-treatments.  The
sipnificant difforences between reatments WalaCa
and WelyCo at depth af 30 — 60 em (Table 1)
supeested that Cu treated at high-level waste (60
ten by in topsoils (0 — 15 cm) moved ta subspils,
AL zero lime, the extracted Cu baoth from Wil G
and WolaCy at 30 — 60 cm were assumcd to be
similor hecause the Co-containing industrial wasie
was applicd o lopsoils (0~ 15 em). The higher
values in WileCy at depths of 30 — 60 cm moust
have been due to the movement of Cu cations from
topaoils (00— 13 cm).

Such movement wos, however, not observed at
low levels of waste treatment of 15 twon hl]'l, that
ingreased the soil extracted Cu to much lower
values than thosa treated with waste at the level of
G0 ton ha'. This suggests that the soil adsorptive
surfnces were nol capable of adsorbing  higher
amaunts al’ Cu from high-level wostes,  However,
after thres years, significant amounts of added Cu
were still retained al depths of 0 - 30 ¢m.

The lrestment of lime andfor compost at
topapils ({1 — |5 em) lowered the extracted Cu, not
anly in the depth of 0 — 30 om, bul also those
maved o the subsails with the depths ol 30 - 60
cm. Thiz phenomenon is most probably associated
with the increase in the spil adserption capacily
driven by the increase in soil pH (Fig. 1) and also
by the presence of residue of organic compost, This
supgests thut lhese ameliotants can be utilized to
inhibit the movement of Cu in soils,
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Vertical Distribolion of Zn

Significant effects of waste, lime, andfor
compost on the extrocted Zn were alse observed
through the soil depths of T3 em, shown by Anowa
at 3% and 1% (Pribatin, 2002}, This abservation
also indicates that the elfect of waste, lime, or
compost and their interactions were still effective
through soil depths theee yeors adler treatiments, also
suggesting that the use of these ameliorants were
relatively  long-lasting, parliculacly at Jow-level
waste-treatineints (Table 2.

Similar to that of Cu, Fn from waste of high-
Tevel treatment (60 tan ha™ ) moved Trom topanils (0
=15 em) to subsoils (30 — 60 cm), as indicaied by
sipnificant  differences  between  treatments of
WaloCo and WoleCy for the respected depths (Table
2}, Tor exsmple, in soil depth of 60 — 75 cm, the
square rool value of extracted Zn with treatment of
WolgCy was 094 and that with treatment of
WoloCy was 0.29. The difference was 065, higher
than the related HSDH at 394, i.e 0.57. Similar o Cu,
most Zn was still retained at depths of 0 - 30 cm,
indicating thal Zn was strongly held by topsoils.

However, unlike that with low level wasie
treatments, the eflect of lime andior compost at
high-level waste did naot significantly affect the
extracted Zn from topseils, and hence, the extent of
£n moving to subsoils Table 2). This phencmenon
sugeesls that Zn was loss stronply adsorbed by soil
colloids than was Cy,

The above obsereation and  discussion
obvieusly show that Cu and Zn only from high-
level treatments of waste were observed 1o have
significantly moved to subsoils of 30 - 73 cm.
Unlike thut of Zn, the movement o Cu was shown
e be significantly lowered by topsoil reatments
with lime andfor compost, Most Cu and Zn were
retdined in Lop soils.
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