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ABSTRACT

This study presents a novel method for addressing the issue of high-concentration contaminants (ammonium, phosphate,
antibiotics) in leachate arising from decomposing livestock carcasses. Antibiotics, developed to eliminate microorganisms,
often have low biodegradability and can persist in the ecosystem. This research proposes design elements to prevent
contamination spread from carcass burial sites. The adsorbents used were low-grade charcoal (an industrial by-product),
Alum-based Adsorbent (ABA), and Zeolite, a natural substance. These effectively removed the main leachate contaminants:
low-grade charcoal for antibiotics (initial concentration 1.05 mg/L, removal rate 73.4%), ABA for phosphate (initial
concentration 2.53 mg/L, removal rate 99.9%), and zeolite for ammonium (initial concentration 38.92 mg/L, removal
rate 100.0%). The optimal mix ratio for purifying leachate is 1:1:10 of low-grade charcoal, ABA, and zeolite. The average
adsorbent usage per burial site was 1,800 kg, costing KRW 2,000,000 per ton. The cost for the minimum leachate
volume (about 12.4 m®) per site is KRW 2,880,000, and for the maximum volume (about 19.7 m?) is KRW 4,620,000.
These findings contribute to resolving issues related to livestock carcass burial sites and suggest post-management strategies
by advocating for the effective use of adsorbents in leachate purification.
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swine fever, ASF), ZFQZF QXK Avian influenza,
Al), A ¥(Foot and mouth disease, FMD)1} Z+& 3
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2021).
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Table 1. Kinetic parameters of mixed adsorbent (Korea Forest Service, 2023)

Pseudo-first order Pseudo-second order
Contaminants Qe k, ) Qe ks, ,
.. r . T
(mg/g) (min™) (mg/g) (8/mg - min)
SMZ 20.14 0.350 0.99 20.92 0.013 0.99
Without HA PO,* 18.96 0.010 0.92 21.05 0.001 0.99
NH,* 22.14 0.047 0.93 23.98 0.003 0.99
SMZ 8.13 0.177 0.99 8.38 0.044 0.99
With HA PO*> 9.65 0.016 0.92 10.86 0.002 0.99
NH,* 21.30 0.067 0.92 19.86 0.009 0.99
Pseudo-first order Pseudo-second order
s g
o E
= -
_g
I’) 200 400 600 00 1000 (1] 260 4[‘)0 ﬁll)l) EI‘)I) 1000
Time (min) Time (min)
(a) Without HA
Pseudo-first order Pseudo-second order
2 £ B
< < -
:
0 200 400 600 00 1000 0 260 -ll;l} ﬂ;l} Slll} 1000
Time (min) Time (min)
(b) With HA
Fig. 1. Kinetic test of mixed adsorbent (Korea Forest Service, 2023).
SegRe 99 exold B4 BA9 FAWW B AW FYsHA AFEUL SLFIolA
W ghe] PAE Urhs AYOR Langmuir w8 AFEElEl ABAS] £ o] HASl ZAo] ol
° gEAFoAe] AT Fremndich B F2  ZHAE AL BISAOM AeetolEe] FA YL
dol =¥ el HEof wet XA o8 Hask= A HAS] ZAfo%= & W37l §1%ith Langmuir X2 2]
= 28T (Langmuir, 1918; Na, 2011). Qmax %k 50l 560 mg/Le] HAZ} £ 79 A
552 Ao|A SMZ, POS, NH 7 242 05, o] Hojgaeeke HAZL 9l 4% Mok oF 733
1.0, 5.0, 10.0, 20.0, 50.0, 100.0, 200.0 mg/L, +— 580 mg/g FA5FHal, ABAY FH||&2HeSFe oF 3.63
mglL7} AHEEglon malu] W ojel 2ASL F2  mgeo] Aslth AT Behgl ABAY F3 A
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Table 2. Isotherm parameters of mixed adsorbent (Korea Forest Service, 2023)

Langmuir Freundlich
Contaminants k
Gax L r K¢ n r
(mg/g) (L/mg)
SMZ 24.23 0.333 0.94 9.12 4,748 0.94
Without HA PO,*> 24.50 0.033 0.98 2.59 2.427 0.95
NH,* 21.75 0.098 0.98 4.25 2.901 0.93
SMZ 16.88 0.200 0.94 5.00 3.905 0.86
With HA PO* 20.87 0.024 0.99 1.71 2.222 0.99
NH,* 21.50 0.024 0.98 1.46 1.818 0.92
Langmuir isotherm (Without HA) Frenndlich isotherm (Without HA)
: Holk
g H
& &
® SMzZ
A pog-
m nNHy
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Ce (mg/L) Ce (mg/L)
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Langmuir isotherm(With HA)
20
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é 10 4
=
!
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] a ~NHg
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(b) With HA
Fig. 2. Isotherm test of mixed adsorbent (Korea Forest Service, 2023).
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A ERS dol B A4EES AT AR oiH =T
ok E3, ThE A ST} 2 ALatol =l By AR W WEeh gAE EHxA] ot
Exo| o3t A7} ofd Ao xFEo = AR S5 AIxHe At wet I EE HES
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Table 3. The amount of leachate by livestock species

Average number of | Amount of leachate | Average leachate per
Livestock carcasses per burial per carcass burial site References
(Unit: ea) (Unit: L) (Unit: L)
Duck 14,606 1.50 21,909
Chicken 52,294 0.35 18,303 Korea Forest Service, 2023
Swine 2,649 5.20 13,775
Nati 1 Institute of Animal
Cattle 50 220.00 11,000 ationa HSHiLLe of Anima
Science, 2011

035 L, Tf%] 5.2 L2 &A=t} 2014~20164 uj&=
A 2AERS 2 23k EA 1AL S FE
BESL 07 14,6060}, B 52,2940}, 2] 2,649
ake], 4 50ukeE] 7t miEE AeR XARE ST (Korea
Forest Service, 2023). A& Al=S Ao 2 A1E 2]
2 ARl A% Belg 2 A
Stk AT TLEEAGSCYlA
9 22 25097 WAL AL} & A BAL 3
F 230 kg2 oF 5% PARLEE Bk W
TS 0Ae] 167 L} Lgsisiont )
220 L7} 9t Ao® Wi
Institute of Animal Science, 2011).

© e fEo A% A2l

Ak RFH o 7EE0l 70%es SRR o]FolA
om, Wi A @714 B e AA 7t
&, ol Al §ENFE, AEE YA
ok Ao %8HHL A Aol A4 e gEdo] x3F
H A&7t Y=, ols =7 sk AAs)

A AesA s gRE §E L BE
9 OEgE Ase @ SRS e9Ad & U
(Ryu, 2014).
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Ao r Qs YA A o] FREA] ok
tEEo] gy tet AFomiE wAE Y&
of A R TPso] B Aow ey
o} (Kim and Kim, 2012). $-2jutebs RIS 7130
/\]_ok_,_}x{,_]. X]tﬂ ]H]-_Q_ g;@ oz u]-ak /\]—_9_1:401 %}g
2R i AlEo] Rujg o HE &7 45

A B AS4E 2@AD S Uk el B
Ao 2 HtE ) (Cho and Kim, 2012). w25 7139
s mgolx wAlsHe AEat WAAIeh 2L o
PP LPBASS PRk Glof FW EF 2 54
2 9EE e Bl ol gk A7AnS
ol MEE ZHEAR O] %
R
At FH Aol &

£450] Q7k Al S
&A1l HYEHo| @ FEh (Ok et a 2014) UHE
Ao A s AL 9 F o}"}t = AR
of AFEE AJA| o]t} (Ministry of Environment, 2017).
20239 FHSAMAER L AFOoFEbAA o A T
748t R w2, 2013 765E 2] A Tl ek
2021 1,036= 02 ©F 35% Z7}5l9th &=2EE
AR o2 Avof H|sf] =X} HollA FAYA A
o] =4 uYett (Animal and Plant Quarantine
Agency, 2021). AARA7] = FAAA W/dol 79
2SS P 10714 98 £ U= Aol =

Wt | rlo

231 w9 (Silent Pandemic)©. 2 o]Z W= A]F3H
H’* AR 017131 QI 7k ARgolLt off Aol

g e FYA = Aol AHESHE AT TR
A = ARG EAL Qlom, A YA AREEFS] 70~
80%7} AlEAAte] BEE I Itk St Izt
oF 4xioino] A 4T} Betsle] AptEiths o
A7 @Ity (Ministry of Culture, Sports and
Tourism, 2023). F-<IEHEA 2] YA W/ HILA
wpe ud of S00aHgo] A Ao st
Apgela QI 30eld ol WEAIML gHErhE
APSRE 27 o B2 o2 Zaskal Itk (Bracing
for Superbugs, 2023). YA = v|WELS A A ¢
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Table 4. The status of main contaminants in leachate generated from livestock burial sites

Category Unit Poultry Swine Cattle References
pH - 6.5 6.7 6.9
Ammonia nitrogen mg/L 10,400 13,300 14,100 Pratt, 2009
Phosphate mg/L 4,300
., Burial site 17.72~44.94
SMZ 1g/L Ok et al., 2014
Farmland 6.48~8.85
'SMZ : Sulfamethazine
Table 5. Method of producing experimental leachate
Category Humic acid NH,* PO* SMZ
FUJIFLIM SAMJIN
Maker WAKO PURE CHEMICAL JUNSEI SIGMA ALDRICH
Cas No. 1415-93-6 12125-02-09 7778-77-0 57-68-1
(Purity) (100.0%) (98.5%) (100.0%) (99.0%)
Target Concentration 400 mg/L 120 mg/L 8 mg/L 4 mg/L
Thi f
¢ amount o 2,800 g 931 g 72 g 10 g
material input
The amount of 2,000 L 2,000 L 2,000 L 2,000 L
water input
3jAg o] wol =of A st 4= U}t (Ministry of Z 4 T} (Ministry of Environment, 2017).

Land, Infrastructure and Transport, 2020).

. PR ENH,)
A BAY A0 BHRRE HYHE A
Lyl griad 28 344 34 5

2o A HAYE &40 pHE Wt 6.72 ZAMETH
ol pHY| Fko W2 AIAAE 1A HE5Y
Fe|2 A3t (Vohra et

t}. AAEPOS)

MEAZRYH fE2He dEeY F oddd
NH,', PO/ 7} it} (Park, 2013). ¢lAFd <
w2 2AgE 4l 7|Fo] Z3E|o] Qx| oF

[e]
2 AE4E GEE0Y, B 3R 9T 1)

224 MHR HES A
2 Aps 99 488
stk WEed
TOCE 11
A

PO 72 g&

~ z:;w; 545t 0] S e A
SR 83 Al s 2ol

Hum1c AcldE 2, 800 g—o—

g/L NH;" 931 g2
E3]5to] 8 mlL, SMZ 10 g EQl5to]

Q1514 120 mg/L,

4 mgle 747k BEE Basio] AAaisit
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Environmental Protection Agency, 1998). o|& X9|3d}
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: A8k 1~2 mo] 3ol AYE AFLe 242 M2
E o)l = AlFQ A=A 521
£ OPSHAT PR AU8 WEre B NS o gguae) nass Hees s ddee
AN FHUS F A £97F B AERS Sol AR A At .
! 5 HE Sl . Lo 14 % 330 AA A5ATAA(ASI0 Refrigerated
O] AlS XS Al HIE 7 A Ol Al A A _ o o
. Jf pEA BEE FEAA WA HEBE ez 114 3 L9 AR WEslel 4T 4
2 Zo
Fct. ol A4 o] ?55‘ ’(1,800 mm(L) x 280 g2 Basidnt 2 13 Alsgao] Ho,lt‘l:sl_o:‘ 19 33
mm| x 1,100 mm(H)?l S2A| 7IEZ A= Ba .
W > Xfﬁ”%;j;_ PEEE B e ang 2 paeel e - e
FilterE o]-§3}to] A 2E S & F-21ste] A 2shed NH;, PO43—_% BAo)gsleln; B3 _—?—_ A&
T o L 5
Flow cc:ntroller { Aultg‘r’g‘?lm:eg?ler o b',‘ Auto-sampler / z
__________________ Floiv_v_r_rft_er >
e | 5 g
Artificial v U'ndergro!md Underground N Undergrou.nd Y, Storage tank
wastewater inflow pile reactor outflow pile
Reactor Height (H) : 3,000 mm
Cartridge Height (H') : 1,100 mm
bt~ 4 m/v w;f?}af/s%g} N s e
=L 27 -o::é/y/;/
R ;munmmum
— || = E|E
E|E
28 :
2|2 R
=qr= - [N
— '_"* [ ——— v""‘“‘wu_h_, i
M 280 mm R
2,000 mm
Fig. 3. Flow chart of underground purification test.
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DHE AIZ0l| ofst AiE4U 2ASH AIA LY
= B2 5l
SMZE &4 2] 2|53tk 3 7E:| ﬂl-
SEH HI2 2M .
25 S5t =4 31 SR So A
T4 A= -‘:rfoﬂ _E]rEP s = e 2 311 Sxy 2{xSsH|S
A As) AEE HeedFe AAsH £ ’ ]
g SRS AAE S o) -&H H Qo H A Y89 &*= Korea Forest Service (2023)
], A=), ZHCEd, dEh| He), A, HuAe] fgs &t 8 does HeEr
ANEZR7E B), 719 olee =3tet aoe] An 12 W FR 2dE8U SMAZTsE 126 mg/l, AlAE
W oF 20008UEA wEFeR Az 10000%)= AFETHC), POS(27) R 5379 mgl,

(Korea Forest Service, 2023). &5 AlE Foof w2
HEek S2A vg ZHuAE A

AAE 100.00%)S ABA(A), NH(Z27]%% 947.80
mg/L, | AAL 83.60%)2 Al&Tto|EZ)7} s
LABYE AASH: 5EAE Bk SMZe} PO &
AASHE FZAA AFEE, ABA S B2 A

2.6 MHBHTY =%,
AEgo] Houl, NH,'& A7sks Al&etolEL =
At T E AFE =3 AAst xet Sl = & 2pad
Poel WA Aws AYel wek BAE AT oygu) Aol peis S0l TS 4
A bt Aol TEeR S AR SAFE s 05)) gjg) w9 BA 3 AlstelES R )
A teto] H{53F Test-bedof| A A5 =35ttt 92 AMesls AL AR Ao] Wold AA A B
o) 2ot
Initial : 947.80mg/L
100
&
é, Max : 83.6%)
+§ 59 Im.s%
% 60 -
% 40 -
E 20 -
0
CLAL:Z13 CL:AL:Z1S CLALZIS CLAL:Z20
' Level of zeolite mixing ratio = 7 '
Fig. 4. Removal efficiency of NH," according to mixing ratio (Korea Forest Service, 2023).
Table 6. Removal ratio of NH;* according to zeolite mixing ratio (Unit: %)
Ratio 10 11 12 13 14 15 16 17 18 19 20
Theoretical (A) 41.8 46.0 50.2 54.3 58.5 62.7 66.9 71.1 75.2 79.4 83.6
Logical (B) 68.8 - - 72.8 - 76.6 - - 81.6 - 83.6
Ref. : Korea Forest Service, 2023
- : No data.

Logical removal ratio eq = 1.5618 X zeolite mixing ratio + 52.881

dotrEstg|| A 37 H Al 6= 20239 128
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= 15815 7H43koitk oju, SOP 7| Ajef4] o =4

Table 7. Leachate volume and ammonium concentration by
livestock species

Category Leachate volume NH,*
Unit L mg/L
Chicken 18,303
Poultry . 10,400
Duck 21,909
Swine 13,775 13,300
Cattle 14,250 14,100

“Korea Forest Service, 2023
“"National Institute of Animal Science, 2011
""Pratt, 2009

%1HA@%Eﬂsoom%Smxsmxzom)
o, Fstdol| A A|etE7F 1 m ol o]FH A

19

125}o] Table 87} o] 3]Auj4S AHA o}gﬂ;u}. T
3}, Al 2ato|Eo] Z S 1 kg I 12,000 mg] NH,'
< FA7FssH A7l Xl sk A7 AA
2] ool Wi & £A7|EQ 0.5 mgL7kA] A28t
= Jo® Hasigith

3 wEA wE A %§E°
Table 99} Zro] AAIsHl oW, wi&EA] 17]4

EATF AlgutolEQ] H4- 1,504.16 kg, AF=Ete
9 15042 kg, ABAQ| 79 15042 kgO. & ﬁxg:q
™ % 1,804.99 kgolct.

L oE, OSE,
lo oM Ml o

32

1A AE4L 2R
a0] SRS fASH] ARkl A3
AR A hdT E2A Rl EACHE,
R F)E QS| oH Y AYE MAETY v
2,000 L 7] Humic acidE 2,800 g2 F<3}e] 400
mg/L, NH," 931 g& =2]5}o] 120 mg/l, PO 72 g&
Fste] 8 mg/l, SMZ 10 g& T3] 4 mgls =
steick 217k Astel 108 AgRIlN ABE
; 245 Artolth. 29
Y7o 2= Humic acid
7.78 mg/L, PO 2.66 mg/L, SMZ
0.94 mg/Lolt}. o] 2ol o} HmA] ) 33.0%,
2|4 6.0%2] ZFol7} Ut o= A dFoe=
AZA] Ll Aol 9217} wrAlet o & wobE
a8 o]l28 Rt B diloA AMREE o
S R Sob FRAY AT mEo] Qo] na
Ao g st 4= Qi

-

3
BE4E TH T AE
EE

120.12 mg/L, NH;" 3

Table 8. Calculation of dilution rate according to leachate outflow

Dilution rate according to groundwater level
Livestock Duck Chicken Swine Cattle Dilution rate of

Amount of leachate outflow average

per unit length (m’, 90%) 0.99 0.83 0.62 0.50
2 m 11.15 13.12 17.13 21.20 15.65
Ground 3 m 21.30 25.24 33.26 41.40 30.30
water level 4 m 31.46 37.36 49.39 61.61 44.95
5m 41.61 49.48 65.52 81.81 59.60
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Table 9. The calculation of adsorbent capacity

Category - Duck Chicken Swine Cattle Average
Unit
Total leachate per burial site L (90%) 19,718 16,473 12,398 9,900 14,622
Ammonia nitrogen mg/L 10,400 10,400 13,300 14,100 12,050
Amount of leachate produced per day m®/day 0.2191 0.1830 0.1378 0.1425 0.1706
Diluted ammonia nitrogen mg/L 693.33 693.33 886.67 940.00 803.33
Throughput per day g/day 151.80 126.88 122.18 133.95 133.70
Total amount of contamination g (90days) 13,661.98| 11,419.20| 10,996.44| 12,055.50| 12,033.28
Adsorption capacity mg-NH,-N/kg-Z~ 12,000 (Kim, 2016)
Minimum amount of zeolite kg 1,138.50 951.60 916.37 1,004.63 1,002.77
Effective amount of zeolite kg (FoS™ =1.5) 1,707.75| 1,427.40| 1,374.56| 1,506.94| 1,504.16
Charcoal kg 170.77 142.74 137.46 150.69 150.42
ABA kg 170.77 142.74 137.46 150.69 150.42
Tatal adsorbent kg 2,049.30 1,712.88 1,649.47 1,808.33 1,804.99
"Z : Zeolite FoS : Factor of safety
3.3 X[5Est ZoldH 3.4 E3N HIE B4 Zut
2 AT B UES U AP AESE 1818 3 AS Foo] meb wAEE AR5 o
m F 40 Aele] A A% FASY  AEER A AEH AL odFL AAeked £
AEomRY 27] B4 AT wostel 19 H: BAAYS ARSI S24e) B vge
144 m' OF 179 FoF B9 F 50%S A@ste] oF 3 wRul, Amu], Au|(guln], Aeu], vk, 24,
d B 1Y 072 Mo & 20U FeF F 266 m’9] A AEAF7E 5 71 oles RS S99 Ayt 1E
dE& HETE Ak 12 mof| F3o]l Add AF T oF 2,0008AF A mERHoer AEEHUN
oz Btk B AR &= S2A7E (Korea Forest Service, 2023). 55 AR5 Fof whe
GAA Qe AN FHNS T AW 297t AESeh FHA 08 AWBAS AN A
94 AERAY AR AFA WIS ABAA  Fo) ME IES WA 0GRS nestel £
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Table 10. Result of adsorption treatment of experimental leachate
Treated water concentration Cumulative mass of adsorbed
. NH,* ‘ PO,* ‘ SMZ contaminants
No. Discharge mass —
Initial . s
NH, PO, SMZ
3892 | 253 | 105
Unit m® mg/L g
1 1.4 - 0.049 0.005 54.4 3.8 1.3
2 2.9 - - 0.095 108.8 7.6 2.6
3 4.3 - - 0.166 163.2 11.4 3.7
4 5.8 - - 0.132 217.6 15.3 4.8
5 7.2 - - 0.131 272.0 19.1 6.0
6 8.6 - - 0.138 326.4 22.9 7.2
7 10.1 - - 0.211 380.8 26.7 8.2
8 11.5 - - 0.284 435.2 30.6 9.2
9 13.0 - - 0.258 489.6 34.4 10.1
10 14.4 - - 0.312 544.0 38.2 11.0
11 15.8 - - 0.344 598.4 42.1 11.9
12 17.3 - - 0.343 652.8 45.9 12.8
13 18.7 - - 0.230 707.2 49.7 13.8
14 20.2 - - 0.224 761.6 53.6 14.8
15 21.6 - - 0.243 816.0 57.4 15.8
16 23.0 - - 0.382 870.5 61.2 16.6
17 24.5 - - 0.454 924.9 65.0 17.3
18 25.2 - - 0.412 952.1 67.0 17.7
19 25.9 - - 0.473 979.3 68.9 18.0
20 26.6 - - 0.475 1,006.5 70.8 18.4
[o0]
(=]
¥
Lo
< 10 : , &
é ; ; ® NH,* (C, : 38.92 mg/L) &
: ; A PO (Cy: 2.53 mg/L) a
E’ : ! - SMZ (C, : 1.05 mg/L)
O 08 [ h e s S S S
L_J '
(]
e T T S T e
©
3
£S5 L
R =T —
- P
c — - ;
] — :
c - — —i
Il B e
S T e :
et — |
c H H
8 00 —S—a—a—a—a—0—2- 22022222 —RRR
0 5 10 15
Bed volume(hr)
Fig. 5. Removal of contaminants by bed volume.
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Table 11. Calculation of adsorbent input cost

Adsorbent Cost Adsorbent Cost
Leachate volume . . Leachate volume . .
(Unit: L) (Unit: Thousand Livestock (Unit: L) (Unit: Thousand Livestock
: KRW) : KRW)
1,750 364 Chicken 18,200 4,841 Swine
2,600 692 Swine 19,250 4,004 Chicken
3,500 728 Chicken 20,800 5,533 Swine
5,200 1,383 Swine 21,000 4,368 Chicken
5,250 1,092 Chicken 22,000 6,204 Cattle
7,000 1,456 Chicken 22,500 4,680 Duck
7,500 1,560 Duck 22,750 4,732 Chicken
7,800 2,075 Swine 23,400 6,224 Swine
8,750 1,820 Chicken 24,500 5,096 Chicken
10,400 2,766 Swine 26,000 6,916 Swine
10,500 2,184 Chicken 26,250 5,460 Chicken
11,000 3,102 Cattle 28,000 5,824 Chicken
12,250 2,548 Chicken 28,600 7,608 Swine
13,000 3,458 Swine 29,750 6,188 Chicken
14,000 2,912 Chicken 30,000 6,240 Duck
15,000 3,120 Duck 31,200 8,299 Swine
15,600 4,150 Swine 31,500 6,552 Chicken
15,750 3,276 Chicken 33,000 9,306 Cattle
17,500 3,640 Chicken -
10000
]
8000 a

— . P &

¥ 6000 Bt e

a) * Pt [ ]

o e | .

™ Max 4,620 — »

X e ®

— 4000 = A d

= fe

0 it

8 Min 2,880 ":_/,.—” L]

2000 .
o ¢
e
.0
o
0 -
Min 12,398 Max 19,718
- 5,000 10,000 15,000 20,000 25,000 30,000 35,000

® Chicken A Duck ¢ Swine M Cattle ‘

Leachate volume(L)

Y = 0.2377 X - 66.657

Fig. 6. Calculation of adsorbent input cost according to the amount of leachate volume.
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