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ABSTRACT

Composting animal manure is one of feasible treatments that reserves some portion of nutrients of manure.
Although the application of compost to arable land has many advantages, the repeated cultivation of the
agriculture land will accumulate the level of heavy metals in the soil which is potentially harmful to people
and animals. Therefore it is important to know the characteristics concentration and species of heavy metals in
a variety of chemical forms than just total content of the metal. Because the metals in different forms have
different mobilities and bioavailabilites. The aim of this study was to examine the total content and the
chemical forms of the heavy metals; Cr, Ni, Cu, Zn, As, Cd and Pb in the animal manure composted with
sawdust or rice hull as a bulking agent. A total of 75 compost samples were collected throughout the country
and classified into the three groups in accordance with the characteristics of raw materials: swine manure,
poultry manure, and mixed(swine + poultry + cattle)manure. The compost samples were analyzed for total
metal content and fractionated by sequential chemical extractions to estimate the quantities of metals:
exchangeable, adsorbed, organically bound, carbonate and residual. The results showed that the heavy metal
concentrations in all compost samples were lower than the maximum acceptable limits by the Korea Compost
Quality Standards. The concentrations of heavy metals in the swine manure compost were higher than those of
both the poultry and the mixed manure compost except for Cr. Zn and Cu concentrations of three different
compost ranged from 157 to 839 mg Zn/kg DM(dry matter) and from 47 to 458 mg Cu/kg DM, depending
on the composition of animal manures. The predominant forms for extracted metals were Cr, Ni, Zn, As and
Pb, residual; Cu, organic; and Cd, carbonate. The results suggested that the legal standards for composts
should be reexamined to revise the criteria on the total metal content as well as metal speciation.
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Table 1. Recovery rate of the heavy metals by various extractants” (Unit : mglkg)
Extractant Cr Ni Cu Zn As Cd Pb
Ternary solution 10.42 452 218.89  525.58 9.32 0.59 5.85
(HNO; + H,S04 + HCIO,) (100%) (100%) (100%) (100%) (100%) (100%)  (100%)
HNO; 8.49 4,78 216.82  520.38 6.46 0.39 5.08
(81.5%) (105.8%) (99.1%) (99.0%) (69.3%) (66.1%) (86.9%)
HNO: + HCI 8.78 4.20 208.42  480.33 7.01 0.19 5.35
(84.3%) (92.9%) (95.2%) (91.4%) (75.2%) (32.3%) (91.5%)
HNOz + HzS0. (616?:/2) (4?3'.2%/0) (%.15'3/5) (?;2‘.1632) (42'.03;) (4%.2230) (4?3'.?)%/0)
HNOs + HCIO (93%0) (93.@2@ (%gtig/i) (22.5&) (93%@ (4%.2721@) (1fé{.3§%)
Y'DM basis.
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Table 2. Total heavy metal contents of the composts with three different animal manures®
(Unit : mg/kg)
Compost? Cr Ni Cu** Zn* As Cd* Pb
-
m'gnure 9.22+3.64° 8.41+3.06° 273.42+58.62° 481.12+100.79° 11.35+2.7° 124+1.19* 10.26+3.01°
POU“W a a b b a b a
manure 6.18+2.13" 3.32+1.01° 55.30£12.63" 216.74+ 58.20° 9.79+3.39" 0.47+0.32° 9.24+3.34
Mlxed a a a A a a a
manure 1153+1.56" 6.48+2.35" 199.22+70.7° 444.70+116.45" 831+4.24" 111+1.08" 7.47+2.90
UDM basis.

225 samples each manure species.
E?)ata : Mean *+ Standard deviation.
an,.c
* Significance at the 0.05 level.
** Significance at the 0.01 level.

Means within the column followed by the same letter are not significantly different.
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Table 3. Heavy metal contents of pig feedstuff and manures®

)
(Unit : mg/kg)

Feed/Manure cr Ni cu Zn As cd Pb

type

Weaner feed 549+0.90 1.23+0.29 851942371 34523+103.70 1664043 0.13+0.10 1.08+0.67

Grower feed 539+0.51 0.84+0.13 60.55+14.60 6656+ 3248 1761066 0.11+0.09 1.12+0.50

Wearner manure 12.04+4.74 6.41+0.95 43251+46.08 824.69+ 57.20 2.30+052 0.38+0.15 1.97+1.21

Grower manure  7.50+0.83 6.7810.77 351.09£3544 298.96+ 34.26 3.54+1.27 0.1710.08 1.08+0.24

DM basis.

220 samples for the feeds and 12 samples for the manures.

Data : Mean + Standard deviation.
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Fig. 2. Speciation of Cr, Ni, Cu, Zn, As, Cd and Pb in various chemical fractions by
sequential extraction in compost.
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