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Soil Adsorption Characteristics of Heavy Metals and Antibiotics
in Piggery Waste Fertilizer
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Abstract : Due to the wide use of feed additives on pig farms, large content of heavy metals and antibiotics have
been found in piggery wastes. More than 90 % of piggery wastes were applied to crop field in Korea. The metals
and antibiotics originated from piggery waste in the soil may affect plant growth and human health. To examine
the adsorption capacity and residual ratio of heavy metals and antibiotics to the soil, a couple of jar test and
leaching tests were conducted. While 86.4 % of zinc and 68% of copper applied were adsorbed to soil particles,
while over than 60% of antibiotics in pig manure liquid fertilizer were leaked out to effluent.

keywords : Adsorption; antibiotics; compost; heavy metal; pig liquid fertilizer
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i, 52 o] HiE Hem &
A UEHR. Hirsch et al., 1999). A=
SR, Ee7E 2 HA s wkeo]
I T8O wEdES Fa A ==
A 713F R 7beAde] EAlET =
o4]= Chlortetracycline,

Tetracycline, Doxycyclineo] &% o] 714
2 b wel AgEa gow(elad, 87,

ri mzi

o

=

Oxytetracycline,

2004), chlortetracycline, oxytetracycline®] 7
$ = AlEE 2 XS A 1 2 9
FS HolFa Stk xadd 5, 2009).

Oxytetracycline StAA FollA 74 39
At HHE dehis, A3 AR e
Fgow QlE daed WS FUAA
7} At gl Ao ® Busau glrke
5, 2006). WA TSR EdA wiEE A
7F B FAE EAE S el A oAl A

:\911mr$i
o H o

Ifm
2 o fo gt

314

B Aol te S A AT ATE
3] = Aot}

Aol HEF EFE SRS AT o

489
A ARSGgom, A FE H, S Hg ol
o P EFS ARz gL EF 24
S 99 EY 1000 g2 AAHELFHEA,
2019 I3} ERel Fo| 4 seksigio
W, £ FE4 BHe Ad Az F 015
mmel3tE AHEEle] EFeAFNB/FA F

sto] M A(As), ZF=E(CD), FE(Cr), T8(Cw,
YAND), F(Pb), o}d(Zn)ol thal =23 =}
ZPHSHIMADZU, ICPE-9000)Z o©]-&3&ke] #4]
S THEE -, 2009).

2.2 E|, HH|o| EM

T Ak FEA A A ALk En)e} of
HE FE A3 RA7IH(EA S, 2010002 F2l
(TP), =3tk a7HBOD5), F-HEZ(SS),
AP} A7 - =S (EC)(Thermo SCIENTIFICAL,
ORION 5 STARE #4318len, om]e] CODcr,
TKN Standard method(APHA, 1998), EH|2]
TKN2 Eok@r HEAlH o 25T, 1988) 4
stk FEsS 2140 el EYe] a5
A} FUe WS ARESISITE Al e 34
A 2S840, A= tetracycline AlE
9] OTC(Oxytetracycline)®} CTC(Cholortetracycline)
2 X¥Esle] AR 31t Agilent Technologies,
Inc., 2008). @AYA E41S S8l Alss dalwtest
of NS FHsl GF/CAAAR o3fatar, Al
FZ=W(Solid—phase extraction; SPE, Agilent, Part
No.:12109206)= A8l 8= 3 5 A4 &5
F7l& kst A1 H HEE @ 10 m mol/L
TFA solution(1 : 19) 0.5 mL® F&3F 0.45 um
Hugel 2 o3} & HPLC(High—performance
Liquid Chromatography, SHIMADZU, AT-100)&
o835l Table 1. o] o= FAsIglon &
HE Fig. 1o vehd A 2t

.
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Table 1. Analysis conditions of HPLC for tetracycline

Column Agilent ZORBAX SB-C8 250mm x 4.6mm. 5im
Flow rate 1.5 mL/min
Injection volume 20 1l
Ending time 20 min
Mobile phase Methanol-acetonitrile=10 mmol/L TFA solution, gradient elution
Time (minutes) % methanol % acetonitrile % 10mmol TFA
0 1 4 95
7.5 6 24 70
13.5 7 28 65
15 1 4 95

Z(0.005mm ~ 0.074mm), HEZ(0.074mmo]sh=
ZF E5etal SR 1L 2 10 g9 B F
3] T2 o} FFEAS 5 mg/LE

Step 1. Conditioning i

7)
i ol
29343t 77l ]Olﬂi F
fie 3 2
3

5mL methanol

Step 2. Equilibration

5mlL 10mM TFA
(pH = 2.16)

Step 3. Loading

10mL sample
(direct injection) at ImL/min

1L SHFTE 92 HolAd 17 42 EY

Step 4. Washing 50 g FEl9} o XFEHES 0 ~ 5 mg/L 7}
3mL TFA solution A 57 R Q] F aHdHUar-tesHE

(pH =4.5) AAEAT F4uNH100rpm W3 gt

Step 5. Elute (40rpm 15%) ¥ 20% 3* X% Ak *J%]O—H%
AFste] Cuet Znol s FHES B4 +

8mL 10mmol oxalic . _
acid in methanol Freundlich 5 §24& °]&

o
i)
2
:OL_It
2

ol
o
38,
T

Step 6. Dry (N, purging) 24 =% ! 2UAH 85 &
Fig. 1 SPE(Solid-phase extraction) g, Hnle] HA FYA EY RS A8
procedure for tetracycline analysis 7 HOH 72 83 AFS AAEY. ZEe
Fig. 2 9} o] WA 28 cn, &©°] 40 cmQl o=
23 EYo 25 S3E 2o HYToR 3 setE Al AAHFEEFY

) o e 2YHES B 1,000 g Al ¥
231 2= A4

3 0 glo] 50| £ wEolE A 7 7
EY Jdr 3715 2A0.05m ~ 2m), AE Holl Mu|(Liquid Fertilizer, LF), ¥¥](Composted
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Fig. 2 Schematic diagram(left) and picture(right) of columns

Materials, CM)E 27} F{isialon, Eofvt
43tz (Standard, ST)E #l=tate] ]
w2 skl Zdel FE g, du|e] g
2TEE Vo R FYES APEEsiE(eld
<, 2011), EU 9] #4429 71ed 210
kgN/ha/yre] %S AR 81tk HH] 67 mL,
M) 50 g& 27| Zile  FSist
L7} 52 9] o]% 1 cycleZ 3}

ol 7t AR T4 v} Aolste], 1 bed

O S

)

31 B9 =2, olstety 24 21t

Aol AFEE ES Table 29} o] R
(sand) 84%, HER(silt) 13% HER(clay) 3%
o] Q% wER AMFE W o8] R
2% (sandy loam)®Z YEbGT B9 %27 F5
& F=v ¥art 1.3 mgkg, JH=FE©] 0.5
mg/kg, 7ol 14.4 mg/kgel™, &7k 16.5
mg/kg, U7o] 9.6 mg/kg, Hel 15.0 mg/kgel™
ofelo] 48.7 mg/kg® A= ATk

Table 2. Initial heavy metal concentration and soil texture size for applied soil

Heavy metal concentration (mg/kg)

As Cd Cr Cu Ni

Particle size (%)

Pb 7n sand silt clay

1.3 0.5 14.4 16.5 9.6

15.0 48.7 84 13 3
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32 &-ou| M4

-/ =
Table 30 yebd Az} o] EHj: 7E5Ew
EH|2 v7l§ 30%, f71= ul AAH7F 40, &

1.8, & 55%, Foldtolx|4= 7002 e}
I gleH, aﬁ\_ 26,000 mg/kgs ¥t YE
Aoz FAFE An)i= COD 18,132 mg/L,

BOD 11,045 mg/L, SS 13,825 mg/L, TKN
3,359 mg/l. 182 T-P7} 639 mg/LE 4

o= &, ol L B34 L FMle] £ BHS

HA =

60.0 mg/L ol }
Fas A¥un 2 dehia

o o7

el Tele] st
55.2 mg/L AE® v
ek EH| <]

o]

739 W&k 4.7 mg/kg, ol 66 mg/kg, TEl7}
276 mg/kgel™ o} 632 mg/kg= HH|e] %

$5h mpRTA R st ofel
frHlo] Q= glow ek,

o _
ge] arEER

o) v A

OTC 2.8 mg/L, CTC 2.2 mg/LE A=At

Table 3. Initial Characteristics and antibiotic concentration of liquid fertilizer(LF) and the
Composted Materials(CM)
. COD BOD SS TKN T-P
organic &
nutrient LF (mg/L) 18,132 11,045 13,825 3,359 639
As Cd Cr Cu Ni Pb 7n
Heavy metals LF (mg/L) 0.1 ND 0.4 60.0 0.5 0.1 55.2
CM (mg/kg) 4.7 ND ND 276.0 ND 66.0 236.7
OTC CTC
Antibiotics
LF (mg/L) 2.8 2.2

% ArE Table 40 JeRRATE F2]9]
38 =89 &xE =AEw 4L wAdolN 303% WEANA 68.3%%
] Z}ol Al Sz} =

3.3.1 ol SxkAlS e 1ol Zetdas FREo] AAE Ao

RS2 B | == e = 14_]:/]_ . o}_o:]_/] 76]..‘3"_. 71(; 7(] E.E}‘ /\1E21

g, oule] 7Hg wEER i FEE E5 0 ol 64.2 %0 FHES wolw Ak e A
o TEish obdel dlek HX ARG W A o) AV 34.1mgkg olv, ofdle] Hu) FF
T2 m8e sotely] dlel R FHUEe e 32.1mgke B ZHEU

Table 4. Removal rate of Cu and Zn by soil adsorption with different soil particle size

Runoff water (mg/L) adsorption rate (%)
Size Ratio (%)
Cu Zn Cu Zn
sandy 94 3.5 3.1 30.3 38.9
silt 2 2.0 1.8 59.1 64.2
clay 3 1.6 2.6 68.3 48.3
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olF EE EY LH"ﬂ R FEE 3l
v Tusd "t HAd e Akkshd A7

T27F 15.2 mg/kgo]al O}ﬂ% 19.1 mg/kg®
e, dAAo® SR o] FRE
o] B H& AoE Ueyth o= ofde] R
o B¢ stErh Zebr] wiiel som AgEm
Bk Eoke] Aol o) o] & kel FAFHEI7L

B Ao® deid QrheRy E, 1997, 4
B4 5, 20089, YWAOE Aol 4L5E F
Aol FEF A0E oA P, B

o

olX+= ofde] ¢ %E?‘e W 64.2 %9 EXE

Uehdar ok o= ESYA 3717} t= ﬁ%
EoF wHe] 2eskery SAo] #dsh] el o
43 EAS HolFA Eahs d wE e B
Aotk (H-E4 5, 2001),

332 =5 A

Freundlich &= S22 1D)& o] &5te] 4

gol H8Y EF] FFE EAFHAL 243

(19973 43 S5(2004)5 o
2 A 1/n0] 0.1~05 #E By o 4353 &
A2 Hr EE= AoR Busta 9k

2 _pon 211

7 D
o]7]elA,

X 53d v5H=e] 5=

M Fe F2Ae =

C: +F¥a 32 JE5He4de] vk, ¥de

Table 5. Constant numbers and correlation
coefficients for Freundlich isotherm adsorption
equation

Cu Zn
k 0.059 0.037
1/n 0.38 0.15

1.00

ACu R?=0.9724

OZn R?=0.9935
M’f a]

0.10 1.00
log C

0.10

;R

0.01

Fig. 3 Freundlich isotherm diagram for
Cu and Zn on soil.

o

341 RET W =25 M4

5, o]z} Zgle] FYg Hu] ) 29k of
Ao FE= 276 mg/ked 632 mgkg & FUE
&S 27 13.8 mg, 31.6 mgol™, Hje] ¢
¢} o}l FE+= 60.0 mg/L, 55.2 mg/LE Y
H > 77t 4.02 mg, 3.69 mgoltl. v A
9 631(1000 mL/3) frEF 5 TE9 vxe
0.02 ~ 0.20 mgl& Fig. 4 ()] et A=A
H FYPE o 7.3 %7t FrEEY ESl FIF
2] 90% ©)/del %73% Ziﬁi Uelstth 53], 5

Oﬂ—‘
M
1
Ll
R
59
&2
O
2T
iy
o
-
e

04 ~ 027 mg‘_f’.i 2.7
~ 7.5 %= Tt FARHA Vel it EH]
oMY &5 & 7YY sEE 002 ~
0.20 mge® Fig. 4 (el Yepd Rz 2ol
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0.15 ~ 1.45 %= Yehtal 9lom, ofdd] k& Hhal, HHl= 138 EZ FH)So] FA4E FHHlE
= 0.04 ~ 0.27 mgo=® FUF ui¥] 0.13 ~ U e 45 HEo] W2 Aes yehin
0.85 %7} FZEE Ao UEhyitl HujE o Jont, 7|zt AX =2 7FsAel U= A
Ao Fel= B S AIFE ool EY FHAL o7 sgekech

ol= FFete] TRt el Ak FEH=T)

10 10
—-—Cu  H-1In (a)

—#—Cu  B-Zn (b)

Effluent ratio of LF (%)
Effluent ratio of CM (%)

Cycle Cycle

Fig. 4. Heavy metal composition in column effluent ((a) LF, (b)CM)
332 ZH W S35 2= HEY gk 2, H&
i

4,02 mgo] F95 ES U E T55 v5E B8t H, 9y
=]
=

= o
o] 86.3%7F Edl FEREASH, 13.7 %% e 29 5
o

]
6 %, 69 %BH=Tt &

o] Y= 68 %7t FHENL, FETE T gle} ofl BT JTHel 8

¥l 32 %7t FEHAT =M FY) A= ZEs 1% 4 2 em(Fig. 5. (a), EH<]
T2 7.8 mgo] FYH 93.9%7} Bkl FA T 785 TElet ofdel A7t 2 ~ 24 %, 6 ~ 41 %
on, ol 936 %7t SFE I 6.4%7F FFE TER FF F3A E S 1% & AArkFig.
FE FEHAC HHlo] A9 Ao} ofd BF 5. (b). Egk FElo] ZRHAY FAES Iy
FRlZe] 6%7to] FEHAIL viate] Bl z+ 86.3 %, EH] 93.9 %o)al AW FHFo] HE
Fohs Aow Yyt 9E H, 9| B Aol A 68.3 %olth. o} A% 2y F&
43 49 5, 9] ) FEE A2 gl 2 94| 68.0 %, EW] 93.6 %ol JHE &
B S&HE AoR Yeh AEA W FE5 Zgo] NEAA 64.2 %t YAE 2 A
29 FA Edl gt T4 F4S RUY Fe 1FPEo] gl FEdoz A3 ukd 7
& dloF & doAe ANt Ytk TEEY] F 2 A3oMe 1P Eo] EAsE EH, dH|E o
Froll wel Cu, Cd > Pb > Zne] &AE 540 S3lo] AFs Avjolr}, 29 oAM= H, o
ettha dex|ar 9lom arEke] g ks Hr) Hlo] ojaprt fEEo] PE ST 1 %l
wds] HESer & a7t IS AtiHER HI T 45 %1 EH7E F2EEC] A Ugken,
5, 1995). E3 o]FF 5(1996)2 FuE 2% P FFAE Ao e F2Ee] =
Aol A 2He o] FEEHS Zn > As > Cd Al Yehdar e o] JA| 13 E sEe; I

> Cu > Pbel o8 EA8l= Aog Husta o] 9= AoR L)
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5(2009)¢] ATl wEW AHAE 9 E
o] A=Al 4 A= IWEA Kt
2 AEEE g9l stk Tetracycline Al
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Fig. 6. Antibiotics concentration in LF and CM column effluent (Unit: mg/L)
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