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Abstract

This study evaluated the potential use of hydrated ferric oxide precipitate (HFO), primarily composed of ferric hydroxide,
as a stabilizing agent to lower the amounts of nitrogen and phosphorus that leach from livestock manure used as compost. HFO
was collected from a facility that recovers the precipitate from the leachate generated during underground excavation
processes, and its mineralogical characteristics were analyzed using XRD, SEM-EDS, and BET. The results revealed an
amorphous structure, high Fe,Os content (71.7%), a specific surface area of 266 m2/g, and mesoporous features with a pore
size of 3.93 nm. The total metal and leaching concentrations from both the Korean standard leaching test (KSLT) and
synthetic precipitation leaching procedure (SPLP) indicated a low environmental risk. Batch tests were conducted by mixing
HFO with compost in weight ratio of 0 (control sample), 3, 5, and 10 wt%. The results of KSLT and SPLP leaching tests to
evaluate the stabilization effect showed that TN (total nitrogen) and TP (total phosphours) concentrations generally
decreased with increasing HFO addition. The KSLT indicated that TN of pig manure compost was reduced by 2.56% to
24.5%, and TP was reduced by up to 73.7%. The SPLP test revealed that the TN reduction efficiency did not increase
proportionally with the HFO concentration. However, the amount of leached phosphorus was lowered significantly, and, for
pig manure compost, was reduced by more than 70% by adding 10 wt% HFO. These results suggest that HFO may reduce
eutrophication by inhibiting the leaching of TP from compost made from livestock manure. Further studies are required to
evaluate the long-term field application and stabilization performance of HFO.
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ZA|o]tHChoi et al., 2012). T7FF At = 7}
= AREES7E 7P 32 201999lE 155,220
m’/day7t AL, T 202289lE 139,353
m?®/day”t BAYSISATE. o] F 71%= A7HAE] EH]- o
H] P2 AL E L, oF 21%= 1= 2] FEE A
2] = HKMOE, 2022).

MR E AE-Eots TAS Ao Agg EH
oA FHolv B AR SR G o= 2185
71k qich Al=olA 2ag B4 =2 dAaN)
o} QI(P), ZE(K), Z%(Ca), IIHlEMg)S2 vl
Hazt Jom, 7tEE kol o] F Al 22 H]
7 AEo] go] = o] tHKim et al., 2001; Choi
et al., 2012). EH|E v F4ME HlmE HA o
= 7|0 R A8EE o] ditdo|1 715 EH|E
JttoiA| AhgotH Aatd-g et EoF W A7 A
FAE 2 4 UHKim and Jung, 2000). E3F &
Aol Hlsh A o &2 Q4] Mo Alg o & Qs ESF
W Q14to] ZAEo] e A I AEAR QI 4
of FUAEAY Rotr& JFS] Aoty 2d-= Zefst
7|1%= §tH(Lee et al., 2004; Won et al., 2011; Choi
et al., 2012; Jang et al., 2012; Dupas et al., 2015).
2] 7HEE EH1E B A0l oFAR AHl= A
A4S A AL EEE R ZEot] 0 EA
7V Aztel A 4= th(Lee et al., 2009). 1 ©f
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A FEEE 27 Ee dakn §9) Aol
A viEA7F AR Q1S

= A77F tH(Lee and Jang, 2004; Kim et al.,
2008).

ol2fgt Q1] AloJ& Ca, Al ¥ Fed o]-gstod AA7}
7Fsstal(Bastin et al.,1999; Melia et al., 2017), &
FAF8HE(Ferric hydroxide)©l 14, €4, H|4&, 7}
& AA 221 BEAS o]-8s AA A 4
A AU ESF A To= Hgo] 7Hesithe A
T QU TH(Streat et al., 2008). 131l & 7|5t E42
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TRt AR 7R A Qlo] ArstA o) gl = B
Argol 7HsshH, AREERhS, Feammox, =24
&2, 3ehe A 59 FA ) FoAd 4= Avk(Zhu et
al., 2024). ol2gt 54 Fofl HAtde ditelE &
= PSS ol8ote] g Bl At QS S
2k A Aot A7t St oA 9l

2 A= ApAEEo] 19 &2 A7 s sttt
= AYATE R oz fAEHE JH Y Jd=2 7t
=2 EH)of| Hriste] 1 BHE Brtekarat ettt £,
AFsFd(Hydrated ferric oxide, HFO)AH-&E0] 7}
S5 HHloA &5 RILRE dor=4da g
Q9] & A 8L gelot= AZ FH o= e

=
=
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21. M=z

2 AFA AESE FAMSFE(Hydrated ferric
oxide, HFO)A A& 75 59 2ot 22t aHg ol A
A E &40 Aol A AHHstaT. A== AL
S5 75E Y SR EES ARSSHA AL, A A&
L] FZAtell A SR Al el AFERE 715 EH]
£ SAtollA 23S wAotAA HiEE 7SS EH]
slohe Y 5 55 DAVt ol A= A9 EHE
A7gstdtt. HFO= 34 < =45t 10 mesh (2
mm) FEA R AAGLN A 2E F45F FF 242 4
3l 100 mesh (0.15 mm)& A|7E53te] ZA|5HACt.
Lt AR AFE TSR EHlE THETER SAHH
go] 24 9] F7et Smetero] Aolste] 1 ¥ AR
o] HAIE flof LFYAE o]8ol wF F 4
mesh (4.75 mm)AIE AH&st] AAEsHAH. Fig. 1
2 =S AAsHL whaf) & AAEE v MR E

o],

HFO9] F&st4 EAS ¥kl 918l XRF
(model Zetium, Malvern panalytical, Netherlands)
9} XRD (model X' Pert PRO, Malvern panalytical,
Netherlands)}&24-& AAISH, HlBEHA 4 7|33
715 &745t7] $1st BETEA T 2H x4 JHE
dotH 7] 5t SEM-EDS 48 =gttt

HFOS} 752 sivjo] 29 54 5 3478 3



SEEH ARk e AP 24 9 A 82 niAE 9% 377

. wunmrw‘,'\“n

Al 2 .

Cow manure compost (CM) Pig manure compost (PM)

Fig. 1. Dried and crushed livestock manure compost.

Table 1. Standard test method soil pollution

Standard test method for soil pollution(NIER, 2023)
As, Cd, Cu, Pb, Zn, Ni : 100 mesh (0.15 mm) sieving — total content analysis

Sample preparation method
Pretreatment method As, Cd, Cu, Pb, Zn, Ni : aqua regia digestion (HNO3:HCl = 1:3)

Extraction time and temp. As, Cd, Cu, Pb, Zn, Ni : 2hr, heating

Table 2. Comparison of leaching test

Method KSLT TCLP SPLP
Maximum particle size(mm) 0.5 9.5 9.5
Agitation apparatus ‘ reciprocal shaking end-over-end fashion end-over-end fashion

(stoke:4 cm ~ 5 cm, speed:200 rpm) (3042 rpm) (30+2 rpm)

Leaching time 6 hr 1842 hr 1842 hr
Leaching medium HCI Acetate buffered solution ©0 /I;L%Sv?té"/AHrSigtsure)
pH of leaching solution 58~6.3 giﬁgéggigggz 4.20+0.05
Solid:Liquid 1:10 1:20 1:20
Temp. Room Temp. 23+2C 23+2C
Filter size 1 um 0.6 ym ~ 0.8 im 0.6 ym ~ 0.8 im
Leaching vessel 2L, Erlenmeyer flask 2L, Teflon or PE 2L, Teflon or PE
Calibration by moisture content® Yes No No

1) This fluid was made by combining 64.3 mL of 1N NaOH and 5.7 mL glacial CH3CH,OOH to appropriate reagent water, and dilute to a volume

of 1 liter
2) This fluid was made by dilution 5.7 mL glacial CH3CH,OOH with reagent water to a volume of 1 liter
3) For moisture content >85% ; Extraction Conc. x(15/(100-moisture content)) For moisture content { 85% ; not calibration

o7l ol H45 W2 Iy EFOATAHAIR] 8300, Perkin elmer Inc., USA)_E._ 24519t HFO

T(NIER 2023)°1A1 AAGE HMFHFHOR g&5F & o 357 24YEL F 739 Tu5@s, Cd, Cu,
A (ES 07400.20) 2. & A5k ICP-OES (model Pb, Zn, Ni, Cr)'s =& 5% "3]'93\—1——', A5 ¥



Zi 34 3% Al Fe, Cag Eds}o] 24sisict

58 HHlo] 345 LAgEe wapeyel
2 2477 AARDA. 2023)°) 755 Hul7} -4
% Qe galgRo= AN As, Cd, Cu, Pb, Zn, Ni
Cro® S1913, [CP-OFSE 1 555 Bt 2t

A2 Table 101l AAISFTE 18] TN
9 TPY] gd-& Qlsty] fls TN EG 9 A=A
EAHRDA, 2000)2] TKN (Total kjeldahl
nitrogen)A @S AHE6FY AL, TPE EFSSHEAH
(RDA, 2010)2.2 A5t

F3F HFOS| §&E542 g<lst] flsf =l #7l=
TAAAZIE(NIER, 20249  SEA1¥(Korea
standard leaching test, KSLT, ES 06150.e)3} u]=+
HH2 9] A57-98-EA1 ™ (Synthetic precipitation
leaching procedure, SPLP)E <335FATHUSEPA,
1996). KSLT= a7l 2e] Wd= S ol $a5%
T AolEdo] MEHE ALE dSste HHeRE @
=49 Y §27Fs4S Holehr] e,
SPLP= EY 2 HV|&E F 5771889 ol54dE 3
7t o) Abgots o R VSR EH|E s R A
asto] ARgRIthE A& o] EAS dleste] AAs5H
o, 7t SESA A Y] Ul-8-2 Table 29} 2t

2.3 3|24 L ¥Y

HFO7} 7H-2 EH]of Mg 3tA| 2 2-gsto] A 9l
1 SEA7 5ol Ql=A Wrtsty] flal e Ad
S APstet. o) HHE-S Zhzte] 7MEE EjH]of B
Al tiy] o2 Hrtetdet. tE2w2 HFO7} 28
2] ere Zy7ro) 71 R EH|Z, 0 wth(HHET), 3 wt%,
5 wit%, 10 wt%<] Hl&=2 =3t 7ttt HFO7} 7+
S5 EH| AA A 9 85 A 9FE FE=A &
Q1571 18l = KSLTS} vl= 847 2] SPLPE A4l
shct,

2.4, 8BS 24 WY

.

$290] TNS WASREE SRy HPULE
& ALgSte] 120C 2ol £71834 7 Refstol
Atoles PN T MY HEjR sl FYRE

UV/Vis (model Lambda 365, Perkin elmer Inc.,
USA)E 220 nmeollA Z4st] TNY = Aot
. TP= #713HE FHQ 1S 48}t 2aljste] e

%

ol SRIES XHA(POS)FEHZ WSt oy B
Bl E} ¥H-35to] A4H S B RE
& ofaFIsto B Fhelste] BAH FE|Ed4teY] &
FEE UV/VisZ 880 nmollA S5t TP &= 4
ZFotgth. ol AU $ELETHAA7IZ(NIER,

=

of Zro] Tt 314 13 o]
o] TAE| 7] glt}, o] HZA ] ApAEE A
o] FE T3 E AT & gk AyA+e 4
(Lee et al., 2011; Kim and Ji, 2023)2} S-Alsict, ot
ZhA] 12 AT HFOZ} HIA A - 1784 A =2 ek
HIPAR Kol AR ZHASH 9 A= 21 9l
FE-SEM ¥ EDS 248 $35t9 1L, Fig. 3l &2+
E Ul e A7 EEEelal &
Hol AM Y thgAd FXE Holr], EDSE e B
AeiE AE Zets A5ARkE FAE 0] Fert =
2 H&Z Bt A= 3kshy 244S ot ] 9
off 4% XRF #4127 Table 30 AL,
Fe;057F 71.7% = 7V =& vl&= E4FE 2
FFS v HEAHHL 266 m?/g0l1, 71537 )E
3.93 nmZ #|Z27]FUE EAT 4= U} APA-ol
A v EHAH 0] 257 m?/go]al Wl 27152 I Ha
APSHE S2A|I7F H] B A O] 126 ~ 136 m?*/gdl HIX
7% 49 &84 FHAEDG ¢ e SRS B
T A} ot S 5 Y sArEE o]
2Zg7Fo 2 QMY AA &t itk AFdTE
Fa1stod(Kang, 2011; Chol et al., 2021) & A5
AHERF HFOE B71eithd A vadds o
AP FHA=A ALgo] 7 Ao R Hlrh

Hif o
nomol o

o
-

h)

3.2, HFOO| M3i2t U 82 £4 2}
S

HFOY 3% ATF 55 &
+ Table 49 2ot H

T Pb 4.92 mg/kg, Zn 135 mg/kgs A ¢5}
2] As, Cd, Cu, Ni, Cr2 25 EHEE Yey

2 B0 432 Fe 35 359 FF2 Al 48.8
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Fig. 2. XRD image of studied hydrated ferric oxide precipitate (HFO) sample.
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Fig. 3. SEM-EDS analysis of the studies HFO sample.

mg/kg, Fe 22.7%, Ca 6.72%= YErSTH. HFOY
a4 ATF F ESLAEE 52 As, Cd, Cu,
Pb, Zn, Ni A7t= EokehAd B HH(KMOE, 2024)

oA AA st EFH7IE 149 o9 gt &

IstATt.

HFO9] EAI1E Aol Al KSLT SEHL As, Cd,
Cu, Pb, Zn, Ni, Cr, TPolIA A HE0|A, TNOJ
2.05 mg/L= UERsTh SPLP ﬁaoﬁ AT As,

Cd Cu, Pb, Zn, Ni, Cr, TPOlA 5 EHEE UE
TNe] 2.21 mg/L& YERTE.

01 23t 295 EY|2 HFOE B7Ishd
oA Zn #kol thA =11 opA| 9 EFRb P H %
SH7|E 179 71282 2k gal 8254
FEF B EHEE UET) EoFl AH
o990z TAs AL Al 8% SPeAe
Aoz gorE

)

R
¥ oo
ox,

» 10 o
20 N @ o Jm
o

to ro x

3.3. 7|25 E|H[o| MEH U 22 EM AT}

Ao A AR 7FEE EH] 9] SE4 ke T2
I 2ot &7 EH= Cu 91.3 meg/kg, Zn 399 mg/kg
S =2 YEhgL, =5 EH[E Cu 105 mg/kg, Zn 842

Table 3. Composition of HFO analyzed by XRF

Composition, (wt.%)

Components

HFOV

Na;0 0.11
MgO 0.32
ALO; 0.04
Si0, 7.71
P,0s 0.03
SO; 0.13
cl 0.07
K0 0.03
CaO 3.69
MnO 1.29
Fe,05 71.7
ZnO 0.04
SrO 0.13

1) Hydrated ferric oxide precipitate, HFO

mg/kgoi Uebdth Cd F 79 72 EH 2

T HEHA] B, As= = HH] 1.37 mg/kg, =
= HH] 1.80 mg/kgii e st FAEHE
o] 3AFANA 7H5E EEI7E e o e folA
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Table 4. Total concentration and leaching test result of the studied HFO

EC Concentration of extracted solution (unit : mg/L or mg/kg)
Type H (dS/m Type of extraction
P P ) P As Cd Cu Pb 7n Ni
Aqua regia extraction? N.D. N.D.9 N.D.% 4.92 135 N.D.%
KSLT N.D.? N.D.? N.D.? N.D.? N.D.? N.D.?
SPLP N.D.? N.D.% N.D.? N.D.? N.D.? N.D.?
HFOD 81 . T ¢ Concentration of extracted solution (unit : mg/L or mg/kg)
. . t i
ype of extracion Cr Al Fe?¥ ca® N TP
Aqua regia extraction? 1.93 48.8 22.7 6.72 - -
KSLT N.D.? - - - 2.05 N.D.?
SPLP N.D.? - - - 2.21 N.D.?
1) Hydrated ferric oxide precipitate, HFO 3) Unit : %
2) Unit : mg/kg 4) N.D. : Not Detected or less than LOQ

=9 HiF F Zn2] 7152 900 mg/kg 2= A= o]
e, =& EHH|9] 7Zn°] 842 mg/kgl® TAHA
olyol7l= stAIF 11 &7t Erhe AL o 4 Qo
2] 7HEE B[S Bl AH|shHe EAS 1183
< W 3= EFRAHEAHIA LR EYL
B 12 Hof| sigshH, ol 7 = 7|E2
Cd 4 mg/kg, Cu 150 mg/kg, As 25 mg/kg, Pb 200
mg/kg, Zn 300 mg/kgoeltt. o€ EH F 714] 7H=
= EH|9 Zn @2 =& EH] 842 mg/kg, = E[H]
399 mg/kg S 2 EFEHEAY 12 7] St
= Z29E Bk 7SR EE7E EE of ARt E9F
of| A E gtk E44E I3t 7SR HHI7HE
Foll LAYz 283 7hgAdo] flom, = Q5]
FTasol E50] AR FUHAY EGRAR
FAC =] HEHE s A8 7HsAe]
of, 7HEE EH|9 TN Thv 8 EH 2.09%, v
ElH] 2.38%°]1l, TPY FEt & EH| 1.34%, =
= HH| 1.70%= e o]+ APAT(Kang et
al., 2011)¢] &4 0.6% ~ 3.3%, A4 0.2% ~ 4.9%
oF v =3t =30] ATE Helrh

7HEE EH|9 SEAIY 29E HH KSLTOA %
= EH9] Zn S&E7F 2.291 mg/L, TN &&= 594
mg/L, TPE 125 mg/LRL, =& EHH|9] 7n &7}
6.595 mg/L, TN E+= 860 mg/L, TP+ 189 mg/L
o] AitE Hr} SPLPOIA & EH[S] TN s+
417 mg/L, TP= 100 mg/LY Y, =& EH]9] Zn 5%
= 3.89 mg/L, TN 428 mg/L, TPE= 123 mg/LE

=Z O =
= Y

uebdth eeuE 22 2AM(KMOE, 2025)9

UL QBANEH§71F FBAG NFE 70 1
mg/L7} 71 B §EA] PP} okt AL

o 4= QIQlt}. 12]ar 942 EH]of| vIs] =2 B9 Zn
ol =2 k& Hol=t] o2t A= == EH]Y]
Zn9] AEF LIt 9FE F= AL =R HRlrt o=
A zof 7152 A7-S 9180l As, Cd, Cu. Pb, Zn, Ni, Cr
T2 uFdAE A4S, AREE VN 52 BHS
& Hrlotee, old mlgdAart A 524 UelA
ol-8ER] ¢al Ui E= HiEEY] wZo|tH(King
et al., 1990; Sims and Wolf, 1994; Moore Jr et al.,
1998:; Go et al., 2004).

T A=AES87E FHA Y 71 TN 30
mg/L, TP 4 mg/L2 AAEoIQl=T] 2 A7t A
ARl A At S IHstE g 75
= EH| ZAAA §E5= TN TP 57t o+
== A4S € 4 Utk Table 5+ Al¥e AR8gE 7}
S5 BH|Y] S35 o, TN TPe] A=t &5

A% Ak erd

o]

oo},
3.4. A, 0l 82 A7 A 21t
3.4.1 KSLT E2AIHE SEHTNS| 82 A& Hot

HFO9] eHdst 52 B71st7] flall 7152 =Hell
HFOZ 5 dH] 0 wi%(TZD), 3 wit%, 5 wi%,
10 wt% 7¥st] KSLTE 433st3la, ol it
HFOE Z7FskA] 942 7I=& EH|I(0 wt%)oltth
Table 6ol 33| ¥HE35t §EA12 TN € TP B3t
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Table 5. Total concentration and leaching test result of livestock manure compost

Livestock Type of Concentration of extracted solution (unit : mg/L or mg/kg)
manure extraction As Cd Cu Pb 7n Ni Cr T-N T-P
Aqua regia 2) 3) 3)
Cow manure  extraction” 1.30  N.D. 91.3 1.43 399 4.27 414 2.09 1.34
compost KSLT? 0.026 N.D.? 1529 0.004 2291 0113 ND? 594 125
SPLP? N.D.? ND.? 0861 0007 168  0.068 N.D.? 417 100
Aquaregia gy Np2 105 ND? 842 368 212 238 1.70Y
Pig manure extraction
compost KSLT? 0.006 N.D.? 1255 ND? 6595 0064 ND.? 860 189
SPLP? N.D.2  ND.? 0827 ND.? 389 0031 ND? 428 123
1) Unit : mg/kg 3) Unit : %
2) N.D. : Not Detected or less than LOQ 4) Unit : mg/L

A, A EFH2HRelative standard deviation,
RSD%; (#=H2H/ ) x 100)5 A7 EAISHATE

SEH TNEA diolA =& EH|S TN &&5F
L= 860 mg/LE HFOC H7l=o] $71d5 787
mg/L(3 wt%), 723 mg/LG wt%), 650 mg/L(10
wt%)= 2t 7}/\5}“‘:} ojdfo] AT TS 8.48%,
15.9%, 24.5% At S EH| ZHA|2] TN &85+

594 mg/L¥em™, HFO H7FF Z7tl wat 578
mg/L(3 wt%), 466 mg/L(5 wt%), 458 mg/L(10
w2 FE7F HAsHGr olo WE ATRES
2.56%, 21.6%, 22.9%= ettt

=2 HH9] 3¢, HFO7} 7Fgel Hllste] TN
AT EEC] F7ote A Bl HHH, 9= EH] oA
=5 wt% 2 10 wt%ollA 2+ 20% OV‘B’J ATEE
& B o 3 wikolAE 2.56%= F2 8-S UE
Wit} oli= HFO7F $-= EH]9] dA 855 A7
= B lov E7 EH|e g okl whel v
g|5te] AZET B o] Hr

Aol ZEo HEEER O Mald J]t 922 o] AT

= AFot, olof tet 49] Eole= F&o] g =
ET AAR 7 EH]Y] dE T2 0.61%=E =
= HH] (0.45%) Ht} =& 752 HA(Nam et
al., 2010; Lee et al., 2025).

B2 st Ea Ao 3’4'7‘401] Oﬁo Fo ]%l T e
o, —3%57} 1EEQME
TAo A Aol o7t A& 7\101*5 135[ Sfof k=
Byt M‘:]'(K1m et al.,, 2001). Lee et al.(2023)2]
Ao 2H FEo] muobyg Ha o] Hitrst &

3.4.2. SPLP BEAIES S5t TNS| B2 X HIt

7t EHE 54 ELRAS
A 094 7Fsde 1 3%0}01 SPLPE S35ttt

=X EH] 9 TN &5 5+ 428 mg/L¥1, HFO 3
wt% H7F Al 7.60%, 5 wt% A7F Al 6.66%, 10 wt%
A7F Al 333 mg/L2 FAste] 22.2%2] AAEES
Hrh I3 9-F EH| o] TN &5+ 417 mg/L3
I, HFOE 3 wt% &7} Al 385 mg/LE 7.60%, 5
wt% A7} Al 383 mg/LE 15.7%°] AIAETES B
oh 5, 10 wi% H7F A 412 mg/LE 1.04%2] W&
;({71-3’;_0& _Hic}jd:]'

o|A Y 9 E[H|e} =i EH] BFoA HFO 7t

& o TN 8555 A= o, drigol 371
45 AFago] vHEFoR EolAAE At
SPLP 4&A199 TN ZIH= Table 69, A a&2
Fig. 4°ll |53t

SHH, SPLP Aol A7tg-go] KSLP Aol H]g
A7t RS Holx] 9F2 A2 7 8EAHH] §EA
o] ztole] 7]QIgk Ao {5Hr} SPLP £
H,S04/HNO; (60/40wt%)°] AHE=H, ©] & HNOs7}

.}
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Table 6. Effect of HFO addition on TN and TP leaching

Concentration of extracted solution(unit : mg/L)

Livestock
Method manure Mixing ratio N TP
compost Avg, RSD(%)" Ave. RSD(%)"
0 wt% 594 13.4 125 1.89
Cow manure 3 Wit 578 15.1 104 428
compost 5 wt% 466 15.5 100 5.48
10 wt% 458 5.31 71 11.0
KSLT
0 wt% 860 5.59 189 2.80
Pig 3 Wit 787 143 130 16.1
manure o
compost 5 wt% 723 5.67 86 13.8
10 wt% 650 4.65 50 11.2
0 wt% 417 7.15 100 1.52
Cow manure 3 wt% 385 1.16 75 3.60
compost 5 wt% 351 8.49 63 5.96
10 wt% 412 7.02 45 11.5
SPLP
0 wt% 428 3.10 123 2.99
Pig 3 wt% 395 5.24 58 165
manure ,
compost 5 wt% 399 9.59 43 11.1
10 wt% 333 7.11 18 14.3
1) RSD(%) : Relative standard deviation
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Fig. 4. Effect of HFO addition on the reduction efficiency of TN leaching (CM : Cow manure compost,
PM : Pig manure compost).
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Fig. 5. Effect of HFO addition on the reduction efficiency of TP leaching (CM : Cow manure compost,
PM : Pig manure compost).
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3.4.3. KSLT 82A[&S S5t TPl 82 A2 7t 21t

2 FAANA A= e 58 240 ATH E
G A FE= o] ST SA0] HJgete] o
Hog zZggity 2 Ao = KSLT 82X ES &
s HFO9] Q1 &5 A 59 H7H= S5 TN A
FYSH 7158 EH|o HFOE FAHIZ 0 wt%(ch
), 3 wt%, 5 wt%, 10 wt% Hd7Fste] Aasteirt.

S EH|] A, TP &5 %+ 125 mg/LI,
HFO9| 7ol S7Feol ot s+ HAast A
BEL ST A7FEel 3 wt%elA 16.6%, 5
wt%elA 19.6%, 10 wt%elA 40.4%°] AdEE&S
Bk E& B4 §&599 TP FX+= 189 mg/L3
31, HFO 7kgo] 3 wi%d ®l 31.1%, 5 wt%Q
54.8%, 10 wt% 2 ™ 73.7%2] AAEE&S Bt

olgfgt A= T TR 7tEE EHH| BFoA
HFO$] 7Fgo] 2745 TP skt= Wolbsh
ATEES HY 3 wi%9] vl @& Hrtgoqx
10%°1/3e] AR EIE SRlstArt.

2 AFolA HFOY < HHEES 16.2% ~
73.6% W= e o= A& Tk A
4% 2|(Acid mine drainage sludge, AMDS)9] <1
AA &Ll 70% ~ 90%= EiE A (Sibrell et

al., 2009) ¥ HAsHES o]-43t 9l AlAGEo]
80%°l EAH=(Kim et al., 2008) APATLE} H]
W B o] AFES HFOZ &2 9 A7 aeS
Hrka Hrpsh 4= Qi whakA] 2 A2 HFOE 7t
ZE EH|2REo TP && A7 ofye}, 42
A2 1 A A & 7HsAo] Slct.

3.4.4.SPLP E2AIYS S8t TP 82 A2 BIt 2t

7}52 EM]ol HROE FA tH] 0 wi(tHZ), 3
wt%, 5 wt%, 10 wt% &7kste] SPLP A9 35t
ot SPLP &9 9] TP 5+ HFOE 3 wt% 7}
Al & EH[Z7F 100 mg/L0 wt%)°llA 75 mg/L= 2
AFQT, EE EHZF 123 mg/L0 wt%)elA 58
mg/LE Hastoh olwje] AAEEE 24.9%,
52.7%= Uer o, ol 59 279 TN #1484
Hrop =& d9qicth

T3 =& EH]= HFOE 5 wt% 871 Al 54.8%, 10
wt% 7t Al 73.6%= ARt ool APEES B
ol2|et Arh= 71EE EH|ol|l A HFO H7lgol 57k
= TPY && A&k S7FotthFig. 5). Table 6
of TPY] §EAI1H A& AA 5

Lee and Jang(2004)¢] @Ato] @2, s}
A 5571 mg/L o3l o) 272 F54]0]
4 lom, ol 1YL wl HFOL TP A%+

N
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2 ATl HE BAEHRo] A8 B AAT 4 9
L 59 Bestel 401E P YUEL T ER
of 742 welo] Qe R A g, Rt 9
QB Wast A9 §5 A% AL Botshant
olE §18) HFO®| 2215 E42 Blalstely, Aekwst
$EEY 242 5o Waet <l 910 B2 e gealztel
FPE St ol RO R 5 Hu|e} HFO
o] £3H]S Dol g 274 KSLT 9 SPLP A1 §S 4
Palgon], 1 ANkE 5o} 7152 SulolA] g
sodorete] B A4} Q19 5 A 5L
Prlstgiet. £ Ao Antel A2 Kok the)
e

1. HFOS] &24 EA4 &421}, XRD 44 F2
2+ 314 siglo] UehA] ghe HIAE A = S]lE
ATk XRF 24 © & Fe,037F 71.7% 2 7H 22 H
2 ZA5I3tt EDSE 53 B TAY4E Fe
ot O7F AR = IRIFUY, T34 e At 3
B2 TEEQlch v EHAL 266 m?Y/g, 71537
+ 3.93 nm= "|Z7]Folth. HFO9| A dha=at

HEHAS 1 o, S22 &8o] 78 A
o= poEh

2. HFO9] = 5442 Fe 2.27%, Ca 6.72%, Al 46.6
mg/kg, Zn 135 mg/kgel1, As, Cd, Cu, Ni2 &
HAEZ et ERAHY EGedEd= 2
FE= 671 24704 ESLARAHAY BG4S
A7 1219 oW 9] 275 FRITE. Zn A}ELO|
Tt =31 A9 HEOZE Bl 214291 e gde
2 2hgokx] b Ao 2 mrEn

3. HFO®| HA4 8&7Hs79-2 B7kst7] sl KSLT
£ gt A3, 24579 T-P HEEFA &9k,
TN-2 2.05 mg/L& &I=9]c}t. SPLP A} EgH
=57} T-PE HAEHA &9, TN 2.21
mg/L=2 Yttt & A8 Aig F5sHH, HFO
2HE IAEE AE 45 7P ve @
7102 morg )

4. 7}5HE EH]e] § %%@% Zn sk S8 EH[

ol 842 mg/kg2 2, TF
= %ﬁec 1 lﬁH AHoz wouct a8y £

A 9] 7n 71%3%1 900 mg/kgH.th

e #i] M o, 57 2] o] AlB|gtth E]H]

< 1 o, AL EdeEE 149

=] ojuf Zn 71Fke] 300 mg/kg= 14

T 2ol Aatolt

5. KSLTE ©]&<F HFO<] TN A% s Bt A
HFO 3 wt% A7} Al &2 EHH]E= 2.56%, =& =
Hl = 8.48%°] Ada&S Hol 10% olste] 27
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6. KSLPE &% HFOS] TP 117‘ A5 B7t 73?%
HFO 3 wt% a7} Alo 9= EHl= 16.6%, =&
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