Journal of Korean Society on Water Environment, Vol. 37, No. 4, pp. 306-314 (July, 2021)
pISSN 2289-0971 eISSN 2289-098X  https://doi.org/10.15681/KSWE.2021.37.4.306

JiEEy Sy - dHlo] HEAR W E22 szl BE 017

1a,} 1b =~ A2 = 4
S - S - 01842 - NBAP - HRZ

ro

(PASTEA - HHBHHS| - NS |a0fsin BETaln - ‘TeeLsl
A Study on the Nutrient Composition and Heavy Metal Contents in
Livestock Manure Compost - Liquefied Fertilizer

Ahn Taeungla’* - Kim Dongmin' + Lee Heungsoo® * Shin Hyunsang® + Chung Eugene’

!Environment Solution Partners
Environmental Preservation Association
*Department of Environmental Engineering, Seoul National University of Science and Technology
*National Institute of Environmental Research

(Received 18 June 2021, Revised 27 July 2021, Accepted 27 July 2021)

Abstract

The application of organic fertilizer could be accompanied by potential hazards to soil and humans due to
trace metals. Livestock manure compost * liquefied fertilizer is a well-established approach for the
stabilization of nutrients and the reduction of pathogens and odors in manures, which can be evaluated as
compost * liquefied. In this study, the livestock manure compost ¢ liquefied fertilizers produced at 333 liquid
manure public resource centers and liquid fertilizer distribution centers were collected from May to December
2019. The nutrient content (nitrogen, phosphorus, and potassium), physicochemical properties, and heavy
metal content were investigated. The livestock manure compost * liquefied fertilizer was measured using a
mechanical maturity measurement device. The organic matter, arsenic, cadmium, mercury, lead, chromium,
copper, nickel, zinc, E. coli (O157:H7), Salmonella, etc. of the livestock manure compost * liquefied
fertilizers were analyzed. The average heavy metal content in the livestock manure compost - liquefied
fertilizer was as follows: Cr 2.9 mgkg (0.2~8.7 mg/kg), Cu 204 mgkg (1.6~74.1 mg/kg), Ni 1.3 mg/kg
(0.4~4.2 mg/kg), and Zn 79.8 mg/kg (3.0~340.7 mg/kg). Although large-scale organic fertilizer plants and
resources recycling centers produce good organic (liquid) fertilizers with proper components, it is necessary
to standardize livestock manure compost-liquefied fertilizer in order to facilitate efforts to turn livestock
manure into useful resources.
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degree

lat Corresponding author, X (Deputy General Manger), ahntu@naver.com, https://orcid.org/0000-0002-5492-2591
1 3} 7% (General Manger), kdmv999@naver.com, https://orcid.org/0000-0002-2520-6131

2 22 (Deputy General Manger), hsleewater@gmail.com, https:/orcid.org/0000-0003-1642-0110

3 3 5*(Professor), hyuns@seoultech.ackr, https://orcid.org/0000-0002-5197-8645

* & P (Senior Researcher), egchung@koreakr, https://orcid.org/0000-0002-4053-4790

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

SI=ESgrass| x| 373 A4S, 2021



s sl - Aol HZYE W S35 sl Bet 9T 307

1. Introduction

et ZhEE st Ads Jid

=
Wyl gt Fao (ST, 24, HA, $HY
201,7457049 ZAE7tolA 264477AF9 &, HA
ARFSEaL glom, A 4
o2 FUtetal, 79 AHF FAE QI A9 AL
Fd FAE HolA T AbS2

A%59
3 QT ER, ABAE FR7F ZHE B &R F2

F2 20129FH 201797HA < 179 m
20189 & 185,096 m/YE F7tete AFE BRI 75
o dAFE 4997t 2 A 59 AAsFF A g&
3, S X9 ALS T S b SRR SAFE
A F7retL e BFS EATHME, 2020).
7tEERE HY] - QU2 Agsletes 4 VSR
% Wl ojHe FF A7 7t
Ro| AAolth, BAFHA Fe FE
5 vl REEG A¥E= P o) &
@A ] Bol EG HFYoz FHHO A4 Al A
st 2 W kA, 342 {FYH FEE g3 Z ¢
7} w1 % &F3tHDupas et al., 2015; Jang et al., 2012). 2
Az YUty FEFA+= U2 OECD F7bol vl 43
3] ¥2 Holl £FHKim et al., 2005; Kim et al., 2008). &
o SRR AEEE FRHE e dRYHY HAie
FAGA NN EHE FLEA7)7] el HgFY Hu o
H] AX = o9 F235tta & 4 lthAlonso and Camargo,
2011; Jeon et al., 2012).

z2EQ P2 Bk 543 N

X
> -r oX

==

o & Mz
ru% N,
S
lil m_lu
30 X

Eha
kr
1o
og
L
ofN
N
_0|L
&l
A
o
=l
5
Rl
)
rr e
o 3o

=
)
S
[
= b
i

o
N
ofr

of
1o
o
fo

o
fru
N
Im
i
ra
>

0,

oy

i
NE,
=
N
to
sisA
o,

Kl

o Wt 27
o 9AF 23

AA = AHKim

2 ot W ooy 4 o
e
o
fols
-4
8
L

> o fr to
rir 0
Nk
e ot
Hr XN
kr

o
9

ke

2]
ol
N
&2
tfo
4

et al, 2004). £3] AZFo] 23 W&E2 I &

N AMSEE A7 B die OE 7Sl vl& 7
= wjdFo] B ¥ ol £5F T FAF R4 &
She Aol Bopx FHozRE FFS LAANTE F
L2 AEE o} gtk ZALE AA7)ER] FAlol AAE
=5 Sddfor & FAWF o] o & %

29 RN E 7MEERY EY ds
AL, Y 2 S LG IIE FELEY FHOE Q
At o9} 22 tueFel 22lo g A3 FEItES B
o] 7R AR, HEELE FEA Al Aol
o Z4AQ AMFLR A4S HA

NS
_O|L
il
M
o
X,

Yol 7198t - RS - AYS HEA EERY B
AF 7t gt PSR $EdY Fo dHde=
FEL 3 QTKNIER, 2013). 7I&EERY ZA$ AAd < - ¥
F BAFY 1%y f71E 2 ZAa, AR 22 YEF
e OF TR Slo] FRALLAFE}Fol UM F AR
NEREEE i3 Aol A& FFol

Az #=A & | 5
ATHRyu et al, 2012). 20179 FFFE =

3 52 3 FAAQ &8 /9 2FTY 42%(F 7
7t 7R HEE7H BAE MEERE ZAHAT
T gEYol MjEH] 79%7F Y FEAM WEHE
A2 Yetskedl, 7HEERS F - du) 42 24X B3
B NEHER 5o) gEFY WiEFE2 BAFITHME, 2010).

T

7y 1.73%, 1.88%, 1.66%RL f71&, G2, T2 B4
27y 38.9%, 40.9%, 1.2%%R°eM, 2F, T, YA, of
o HFF FFEL 47 1059 mgkg, 114.07 mgkg, 6.32
mg/kg, 439.30 mg/kgZ FAME T (Ministry of Agriculture
Food and Rural Affairs, 2007).
FEHT A9 FEETHAA AT 29
[e]

i‘

of
od
o
=)

Ae 7AEE ARG AFdAE A7) FitelA
71918t ¥Vl %= T-N 2.8%, T-P 37.5%2 AL3(Z

F7N)ell vlsted T-N <F 3ul, 283 T-P= oF 8ull A& &
A Yebdtia B tHAhn et al., 2001).

Jeong (1996)2 7t&5E=9 LgH HY| P E HHFE
E2A pH, 71E%), 7t=%, ¢, @ 4 FE+= 47 8
39.5, 0.56, 2.14, 2,103.20 2 113.90 mg/kgo & R I1}% Tt}

7hein duld FHE 54 B HES 9 SR
o WAFEE ZASIL FH 7HEER R4 9 ol &
BR8] S8 A3 A A S S 9] fF5
S AHIE A F 71E M EHYA RS AHEF
T3 9AE HAE 4tk ol &3 tEER

F2& 3gs] TEFA JFAEE FEFLEA

kr
2
=

ogl

1L g o 2

I T oo X &

o o 2 2 g
=

o)
of
>

2 dFdA e @A 959 3337029 7tEER A
Alde LR 7SR HH - g9 AR E4(E L, <,

A B [e]
2% 9 335 3% D2

>
02_1_;‘
o
38
o
&
N
¥/
SiA
kr
A,
Ry

EH X owm

Journal of Korean Society on Water Environment, Vol. 37, No. 4, 2021



QRS - Sl -

oz

- NS R

g EdE 7I5ER H -

= Hl - ug 337E
1o e AAYe AEFNA etk

Z

2. Materials and Methods
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3. Results and Discussion
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Fig. 2. Annual average livestock manure compost - liquefied
fertilizer volume.
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Fig. 4. Analysis result of livestock manure liquefied fertilizer.
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Table 1. Results of the statistical analysis of livestock manure compost.

Category Organic Matter Pb Cr Cu Ni

(%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Mean 40.6 124 14.5 149.3 8.6
Min 11.8 1.5 0.2 12.9 0.6

Max 81.0 99.2 193.9 688.0 137.5
Standard Deviation 8.9 11.4 20.0 95.4 13.6
Variance 79.7 129.3 397.9 9,063.5 183.3
95%ile 58.6 35.1 52.6 330.7 16.8
75%ile 444 14.8 14.6 192.5 8.6
Median 39.3 89 8.5 123.7 5.7
25%ile 353 5.8 52 80.9 42
5%ile 30.3 3.7 23 46.2 2.7
Coefficient of Variation 0.2 0.9 1.4 0.6 1.6
Standard Error 0.6 0.7 1.2 59 0.8

Category (mé/?{g) Sa(l;l)lty \Y;z;r C/N ratio Total Nitrogen(%)

Mean 597.2 1.18 38.8 245 1.75

Min 8.6 0.28 2.1 13.3 0.38

Max 3,132.0 3.30 65.4 46.2 5.69
Standard Deviation 350.3 0.47 11.5 54 0.61
Variance 122,204.1 0.22 131.2 29.5 0.37
95%ile 1,158.7 1.95 53.5 333 2.79
75%ile 698.0 1.48 46.5 273 2.02
Median 504.6 1.13 40.2 242 1.66
25%ile 410.0 0.83 34.6 20.8 1.37
5%ile 273.6 0.51 14.1 16.6 1.00
Coefficient of Variation 0.6 0.40 0.3 0.2 0.35
Standard Error 21.6 0.03 0.7 0.3 0.04
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Fig. 5. Results of the correlation analysis of livestock manure
compost (N=304).

Fig. 6. Results of the correlation analysis of livestock manure
liquefied fertilizer (N=29).
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Table 2. Results of the statistical analysis of livestock manure liquefied fertilizer.

Category Total Nitrogen Total phosphate Total potash Cr

(7o) (%) (7o) (mgkg)
Mean 0.22 0.06 0.33 29
Min 0.05 0.01 0.12 0.2
Max 1.22 0.35 0.74 8.7
Standard Deviation 0.21 0.09 0.12 2.1
Variance 0.04 0.01 0.01 4.1
95%ile 0.41 0.31 0.52 7.8
75%ile 0.21 0.05 0.39 3.0
Median 0.18 0.03 0.31 24
25%ile 0.12 0.01 0.27 1.8
5%ile 0.05 0.01 0.18 1.0
Coefficient of Variation 0.99 1.53 0.37 0.7
Standard Error 0.04 0.02 0.02 0.4

Category Ni Zn Cu Salinity
(mglkg) (mg/kg) (mgkg) ()
Mean 1.3 79.8 20.4 0.20
Min 0.4 3.0 1.6 0.09
Max 42 340.7 74.1 0.38
Standard Deviation 0.9 72.9 14.9 0.06
Variance 0.7 5130.8 2129 0.00
95%ile 33 189.9 38.6 0.33
75%ile 1.3 112.5 25.7 0.21
Median 1.1 55.3 19.5 0.20
25%ile 0.9 287 10.8 0.17
5%ile 0.5 9.0 34 0.13
Coefficient of Variation 0.6 0.9 0.7 0.31
Standard Error 0.2 13.6 2.8 0.01
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