SR A A SES| K], M267 M[25(2016) ISSN 2384-132X(Print) ISSN 2289-0564(Online)

Original Article

Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(2): 170-177

http://dx.doi.org/10.15269/JKSOEH.2016.26.2.170

= = =AM § al sls S =
Tl Elulo] S gher U shetE HEld S4
asE' - 27|
ISt E A S ak, CRAME S ol Ekal Ak R A 5t

Heavy Metals Contents and Chemical Characteristics

in Compost from Animal Manures
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ABSTRACT

Objectives: This study was conducted to evaluate the total heavy metals contents and chemical forms in the animal manure
compost.

Materials and methods: A total of 109 compost samples were collected throughout the country and classified into three groups in
accordance with the raw materials; pig manure, poultry manure and mixed(pig+poultry+cattle) manure. The compost samples
were analyzed for total metal content and sequential chemical extraction to estimate the quantities of metals.

Results: Concentrations of Zn and Cu in several compost samples were higher than the maximum acceptable limits by the Korea
Compost Quality Standards. Concentrations of Zn, Cu, and Cd in compost samples were 257 ~ 5,102, 68 ~ 1,243, and 0.02 ~ 2.54
mg/kg respectively, while Cr, Ni, As, and Pb were < 20 mg/kg. The concentrations of heavy metals in pig manure compost were
higher than those of both the poultry and the mixed manure compost. The predominant forms for extracted metals were Cr, Ni, Zn,
As, and Pb, residual; Cu, organic; and Cd, carbonate.

Conclusions: Results indicate that the Zn and Cu contents in compost were higher than other heavy metals and the heavy metal
contents were greater in pig manure compost followed by mixed and poultry manure compost. To prevent the accumulation of
heavy metals in soil where animal manure compost is applied, strategy for reducing heavy metal concentrations in animal manure

and compost must be considered.

Key words: animal manure, compost, copper, heavy metal, metal speciation, zinc
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o ME EF W) FFEY FHWA ofjet §ol
o fEel O3 A W ABS 0P AL

e O‘E]—(Klng et al., 1990; Moore et al., 1998). FE3F
7k BB A9 9 o)F ool AEshe
ix‘%‘x}ﬂlﬂl—i vlik FEi Y a0l 5942 = A
L ugRAsy BA= AZE + ok oled ¥
AL AFEZolY AlREE A 59 o7 7K

o g AR H71E+E Cu, Zn, As, Mn, Fe & Se

g2 nFdase] A% FEA Wl o854 &
I 4R B2 ujEEr] gjEo]tiSims & Wolf,

S, P71 2we] ¢ Zn} Cu 2 54
Fa0] Saaol M Hulel Pa ol g 4
© EAl A@H7IFol sk ZehE AR
t} &=t B3 (Mullins et al., 1982; Williams et al.,
1984)7} 9lof ZHE flmw AzH /2y =9
AT g W oS AL TR
) 53 @ wsk el 7

952 of¥

o= 01351 %
Ta5Y l *éd% k=0 o3t &4
2 Azshd) s 2okt uet
F3o0o] oe Fa40l Bt P &

¥ =W (sequential extraction
procedure)®] Z-g-o] I Q3T Tessier et al., 1979,
Pichtel & Anderson, 1997).

ARHA F Fad TN S5 E3Hbel
gt AFES & sk SEAe =A| 1Y T
715 Eu7} AlgE EoKEmmerich et al, 1982;
Pichtel & Anderson, 1997)2 thAlC &2 3l om, &
Ak W 7FSE EHo] it A7 YR Ry

S }(Miller et al., 1986; Hsu & Lo, 2001; Ko et
al, 2004) &£ F77} ot 7R gu|of figt
3 7k @ el AR Aok web 1 @

ofje

L 2R FR0 B2 SR e W) & 34
Bk A Sl o Sa49 st o)
A4S slotstel 7tEE Hulzt @9 RARNE B
A FAo] 2 o:]l:‘ 9 Fj el ulEe 95k

NEARE BEIA S
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1L Al= xH &

& Ao AME FAAEE SEe 9RE UL
S Fulet FeAE 9 EHXHi— 22 5 otk
7IEE EEle 7hsEel A Fie Edel
of AR AAFLR ﬁ‘ﬂ% oF HulAl=2EdY &

oA AL = e HHTAE oS i)
Asto] H=oll A &=, ALEY % EEH

H(EE+AE+SE)E 7217] 3384 2 109349 A&
(A7) 347, 2 187, 25 127, 74 138, A& 15
A, A 78, AF 108)E v Z0EH(RDA, 2015) A
& Q7100 oASH] A= & 1 kes HF ek
FEAIR O A ATEHL Y= AE U SRS
27 1584 F 30388 AREFEAYH(MAFRA,
2010) AF 71N oste] Al& T 1~2 ke 38k
t}. 8HE, FR Bkl F5=0] 5~25 kel A=T} 25~
55 kgQl S/dE=0lA Z47] 1084 F 2089 AlRE A
oAk LE A REL 60TC2] =84 IFA=R7|0|
A 2AIZE o sl ARAIZ] = 1 m A3 o] B
Z+=] Wiley Mill(GmbH & Co Dietz2001, Germany)=
23] Baysle] 23 upsf] ZetaE 2abdgo] Yol AR
Hytidof Bistn] Fa4 Ao ARgSHT

() 7AZE 9o ) & 334 8F 24
R i o F FRE gL

of AzH FuAR | g& HFsto] 250
flaskof] ¥ 20 ml HNOsS 7|51o] 3}34; whx]
a1, Agyk(hot plate)ol Al 7FEsto] 21 A o]
wj7}R] ALF ) AlZIcE W2z & Ternary solution
(HNO; +H,S04 +HCLOS)S 30 ml H7}ste] tha] 7}
A A Ha|do] Ao} EWgl Zhllo] EH B3|
2 Wi Z254E 715t A S ZFo](Whatman No.
6)2 ol7}at & ool 29| Cu, Zn, Cr, Cd, Pb I As
=2 9 r A% Zalzul @atad = 7](Varian 730ES,
Varian, Australia)of| 4] ZF J&o] g8 oa ZTF
A S 2498 & %3 THMAFRA, 2015).

=
Iy
T

ol
=

NN

Loz > o 4o
N N

Ul

AR W F FFE BFS A QA 3

http://www.kiha.kr/



N E
o g
Lo
>
)

5
=
ok 3
%
L&
9||_,
i)
>
LU

e woﬂ A oloke Alzstech. g, 5

Atz 31710 ohd yarguss) diz g

Hol glons F FI4 U AL YL AR

PRSPV

it

() M2 Hul W 34 BAE 22 O B4
aE Hul 0 FE49 8ot geo] et

HE 917] 9|8 Emmerich et al.(1982)0] 3} 914
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neE A7kl 16412 AREHHAZ F A4 £
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A

Al A5l Belsie, 0.05M EDTA 25 mlE 378t
of 6A1ZF Mgt dAE 2SO npAg dA =
4M HNO; 25 miZ 911 80Coll A 16417 8 & ¢

Table 1. Heavy metals contents of the composts with three different animal manures
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(Unit : mg/kg)

Compostz) Cr Ni

Cu’

x

Zn As Cd Pb

*

Legal standard 200 45
Pig manure 10.46+2.84" 7.36+4.10"

Poultry manure  8.31+3.21% 4.21+1.32°

Mixed manure  11.56+1.93° 5.84+3.52°

360

900 45 5 130

285.72492.85" 884.25+214.54" 12.27+3.70° 1.48+1.04" 13.29+4.28"

85.50+30.61°

361.47+82.50°  9.79+4.92° 0.39+0.21° 9.48+4.33"

251.92+80.74" 740.44+161.57"° 10.81+4.42° 1.23+1.01° 9.20+6.21°

" DM basis

? 33 samples each manure species
Data : Mean + Standard deviation
ab,c

" Significance at the 0.05 level

Means within the column followed by the same letter are not significantly different

http://www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(2): 170-177



H o] 68~1,243 mgkg Zn:= 257~5,102 mgkgl 2
UERdTE S50 FRol hE BRAAE BRI &
TS FUERE AzE 7HEE EHH9 Cu, Zn ¥
Cd 5=/t AlES FHRE AZH 7IE5E =4
vgl] AR §oHQl Afolg Kol ASRE U
Epytth 1 9o T4 Y4l Cr, Ni, As 9 Pb2
U¥rH o2 20 mgkg v FEE EAECH 1
Hub 22 SEE 0|85ty EH|E AR etE =
v o] Fa& T dxpt 24 e A HeT
EHoIu gAt e sREEA 9
o]§ o], £=H Hxo BHUA, Eu|th 23 4
nYEE W o] fQleR  wrhE th(Epstein,
1997; Hsu & Lo, 2001).
gy e-jvtete] Hlg@e o= 7SR EEE
HAER|RE BRdte] & 8709 S5 diel o
g o3]S AASEL QUTHRDA2015). 2 A+
oA EAH 7IEE EHle SRS At o2
At #71Eolu Fa4 O] w2
2] oFokgolle B5kal YN EES FURE A

28 7IEE Hule FAREHR 3 FElA Al
o gl RAgE el e 2ushe 4w
o] A o
AN AKX (€]

I,

gk abgul e BAAA AT SR
= g 5o RAY WS v
A u Ao MBAARIS BRI B 7}
2 HuoAE F240 SAAR 27t 0 B
g RS

TES g0l w2 =1 HElu dHIE A7 A
A =W E9F F Znot Cud] F=7F EolA A H
, Bl HAE Zn&t Cus 2H=9] BARE A
= f2lo] EHtH(Tucker, 1997; Brock et al., 2006).
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Table 2. Heavy metal contents of pig diets and manures”
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$71490 QA Be RHoln A&7 o
& 272 PaliL BaERe BARANA A
Asta Qi FRse] fAAE 1Ee 54 4
Sl ATPIIESS mAlslo] Alsalof g oIt

Fa4 o] £ A1EE BHuo] Hud A8
EdUY s34 A4S fdote] A E AH
A AE Q] obE), 17 A% AE HEo] thE 24
A2l A EAE oA 5= Utk 2 AR R
Ae ES 2204 TAE EXE0] a5l &
A=) QIzke]l A% faldel S ulxaL ik
(Chen et al., 2015; Wei et al., 2015)31 H 1% 31 Qo]
FaEo] A7 ALY Aol g A &5HQ =
UEE X3 Fasittil AsE

2 YEAR Y ER L 522 8
715 Aele} paEo] 7 oleleg Am 9l
FERLE AR o] Fthe BEAY Wit

, AT AR BETiA FA o2 Abr] H7tE

4 Wudo] avwe WM zubw orld 4
Z(phamacological level) 22 FoJE o] A UjoA] o]
|HA EotAY o] & H AT e 4 & £o = v
AEh ol A15Ee] B @4l Al o 717 9
9o ede dod bgAel YUrkBemal o al.,
1992; Jongbloed et al., 1999; Wang et al., 2013). w}
A ZjER HulzAe] B3y 2 24 94 A
R L BRI EE R R
Atael Ao HiEEE & W 54 T
2AFssh

i aN 2o

L -
. p.
5 [e)
P =

(Unit : mg/kg)

Feed/Manure typez) Cr Ni Cu Zn As Cd Pb
weaner feed 6.95+2.98 2.35+0.79 82.92+436.91 354.56+149.70  1.36+0.44 0.31+0.10 2.84+0.99
grower feed 8.93+2.15 1.97+0.53 62.98+17.81  82.65+50.48 1.4+0.83 0.67+0.31 2.94+1.18

weaner manure 22.04+6.87 6.41£0.95  432.51+115.08 842.96+120.76  5.20+0.92 1.38+0.37 7.33+£3.28
grower manure 29.44+6.61 6.78+0.77 351.09+74.44  383.96+89.34 5.54+1.07 1.11£0.26 6.89+3.88

Y DM basis

230 samples for the feeds and 20 samples for the manures

Data : Mean + Standard deviation
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Aol A ZAL BAE FEAR W B ye)
% oS Table 29 At Ap=AfmolA 7H
204 AL Zn2A] 218~516 mgkge] dhEF
S Hth o= o™l A=9] Zn a5-<l 100
ng’kg (NRC, 1998)3} AbmoHe|Ho A AAstaL =
120 ngkeS 25 Qo S 98 W7
4= Q= 2,500 mg/kgR th= W2 ol qih
SAE AR U Zn} Cud 7Hzh 38~134 mg/ked}
42~81 mgkg?] st HY = E A9t} Nicholson
et al.(1999)> ALEALR WO Zn &5F ®9I7F 212~
2,920 mgkg SAAAIRE= 193~914 mgkgolsfal Bl
st} & A9 Anuct B T WP S
% gl

A= Zn Bats =7t 824 mgkgo & 7]E0]
TATET} v)wsle] B 919 mgkeS R idh It
A3 Wkl AR 2 7o) dunct ke
S0l thFleming & Mordenti, 1991; Menzi &
Kessler, 1998). Wang et al.(2013)2 =& W9 Zn%}
Cu 5Z7} S-HEolu A vls| FJHor =2
=2 Holnl glon, 71=9] thAFA (metabolic
process)?] x}o]Z 9ldle] JEEL Y FHEE 5
7h FEARY SaE sEET 3-5u) Erial B
sho] 2 Aol uaT Ao AN 2
Y e bER EAsH 35 st X

ok Hf ofN
4o rlo ol iz
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oA FT 22 Fr2EAE ekl ta
o gHaE 7 5 s AR ARHY S
o] TR =3 vl wt TR e S5
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T4 BES WHIEtaL okl @ 4= Qlok webd &
2 W 55 vx5E AdAA FHe 7L =il
& A7) flsids 7HEe AdelM Fed
o WiE#e AL & e dEAESA A
A o] 7hEE Hu| A=A AGstA F
N FEE BEE SAY A= AST dF F
7h Aol e Aoz Atmdn
3. 7H5E E[H|0f| IHE S35 5151 HE| da

Tude nE et JHE FdstA &4
FHFE A= Aol ohdet 549 2ehA o
ot b B3 YEA "ok &, 545 FE7E
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o274 =W o]E/d(mobility)} FE5HA

(bioavailability)7} T2 A =il Ay} o g2 7}7}9)

T&o] ol A= FaFo] ZolE HolA

(Petruzzelli, 1989). 7}&5 Elv|o] EoF 3¢ A

%9 3ot Yel= B pH, 7718 T &

135 (cation exchange capacity) & AYE5H4]
o

So| ®oF B4 we} g4 gt o

o it [0 ox rlo ol L ooN I

M) S5 A AdAR 8
2 4 o, AE|(EHE)

e AR OR Fovk sbeshd, BEE AR
BRI FFEE AAFQ 24 Sel A 2ol
47 275 e @ 4 YUrkLeClaire of

2 AFoA A == 3
Cu, Zn, As, Cd % Pbo] 315H2] e of it 2
Y= Figure 13} Ak M=
golol WBE AN W o FE4 @
Aol & 7HA] FEj o] Fas ol et 4t gt
Z) &Ll (exchangeable fraction)= 7t
5ol ue} AEE Hulold 254 shoby o
Aol & Hol7l= oy vl vt Ak
WHon), F34 Aaw AV 2w sk
BEx 2 AHEY Cr, Ni, Zn, As 2 Pb= SslE
FHl(residual fraction), Cux= -§-7]E(organic fraction),
Cde gtitdE(carbonate fraction)”} 7P =& H|&
S Holx Aew RAHYL.

Cro] 3eh2] el Rie F59 SRl dAN
o] B 7t EH|olA 66.2~73.2%2] FIE %t
FelE Gheshe Ao tehgnh oREel Crol £
e W YeiE dsde] BES Mol AL H
S7F Mol wet nAdEe] Sdo] W& Cr(V)7}
Cr(Ih= ghl=] o] F-2415 2 (humus) 2} 7F61A 2
7 Wgoa gk Nie] ke Fejol A 2t
= AREH7E 7P 2 HES UESley Crof
v Jeidez 78 vl&ol w4 A=k

Cu? AL, §7|g v|Lo] 37.4~40.1%% 31.8~
33.4%3) FeHE wRd woh A BAEA ol
=l A Cudl 8 3FehA FE7h frlEtal 2
SHMiller et al., 1986; Hsu & Lo, 2001) A1}l Z+o

tlo o
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Figure. 1. Distribution of Cr, Ni, Cu, Zn, As, Cd and Pb in
various chemical fractions by sequential extraction in
animal manure compost

o, Cu7} Cro|u} Nio]l ]3] ARl o] 57t A&
3H4 fawst b g 9 Zno] 7ol
L 3ol AR 7B Eokon] ek E o) vlg
= uaA g vebdch

AsE 3R ARE7F SEUZ S87~64.8%E 7}
A ob Ot e AE Woli glout, X|ghe| o]
Bl &0 11.5~12.7%2 =& EXS vehfja 9.
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