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Environmental pollution from abandoned metal mines has been awarded as serious problem and many
techniques have been applied to remediate pollutants. Main objective of this research was to evaluate
efficiency of heavy metal sorption capacity of spent mushroom media (SMM) in aqueous and soil matrix.
Laboratory batch experiment was conducted and 4 different heavy metals (Cd, Pb, Cu, Zn) were evaluated. In
aqueous phase, all 4 heavy metals showed high reduction efficiency ranged from 60-99% and Pb showed the
highest sorption efficiency. In case of soil phase, much lower sorption efficiency was observed compared to
aqueous phase. The highest reduction efficiency was observed in Cd (average of 38%). With scanning electron
microscopy energy dispersive detector (SED-EDS) analysis, we confirmed sorption of heavy metals at the
surface of SMM. Overall, SMM can be used as sorption materials for heavy metals in both aqueous and soil
matrix and more research should be conducted to increase sorption efficiency of SMM in soil.
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SEM-EDS image of spent mushroom media after Zn sorption batch experiment (Upper-control, Below-after Zn sorption).
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Introduction

Pe] ARl 4G ARSI AARe] 0|0l

olol] 2lo] HH WAEL AT AN A Q)
a thekert -9l stk FUAe, Bae @ ARl

FolA A E FEES TR 2 A2 E A JI2AY
Eoko]| A E T} (Jeon et al,, 2007; Jeon et al,, 2010), =+
W AR F 5396748 ARbgAl 400704y, URbEAE
4,9967) 27} EA3T, o] F ANEFARS S84 2,16671
4, HlgE3At 2,8307 a2 BTl & B4 4075 A
A|SH= F4534F 2,16671 5 56709] 71aYgARS AlQst v
W2 2,1107]= 9 FAre|th (MIRECO, 2014), =4 34t
O] 97%5 AAISEAL Q= FrH]EAE X2 B4 7| =24 A]
dog QIR FHA|Y 0w ol A A uiE, #7159
=2 AT A7 Ee R wiY TR B
= AAA] EoFo] 2¢o] ST (Choi et al,, 2012; Oh
et al, 2011), TE5E 71d=dY gy slehikgol
ofaff wali=| ] ol ol HAET edE Bl A
AHE FAES SEES AT o den AESY Yol
Akgol ofsto] AEs=aart W E a5 2S5
OS2 QA Yo e FAE] gk nx]7] wzol
olo tfgt A5} Ha3sltt (Jeon et al,, 2007; Jeon et al.,,
2010; Kim et al,, 2011; Lee et al., 2009a ).

FTEELR oo B HUsh] ffe e =94
sfela Eels BHoR HeEo] mopia, 24 9 7
7], gk A7), AEAst 5ol gl oY Sases
LHdE B LFdHE B B T A8 gold-A
A & L off S5 AAZE 8olshA] gt 23
2 PSS AMESl] TS QHESATIE Qs
A3t TS a5 S0l ut ot =49 Ago]
o = At AgRol golsh AejH|go] A&sl] uf
ol a5 LHESS BHsh]o] A7t FHoltt (Jeon
et al., 2010; Oh et al,, 2011),

HA AT HALS Aabetal @2 Al iakER Sy

HA AR = AL AAFS] F 4 10, THlE EAYEITH (Kim
et al., 2007). 2010~2013W o B{AA8ALEFQ] 168,610 M
ton 2] 10, 7HiE A 1,804,129 M ton Q] B H =] 7}
Ay, wheba] Bz o] 849 AE-E ek mAY
< 9lal oheket A7t o] Fo| AL Qlrt, EupEARARE- bl
A 29| o]&- (Lee et al., 2005), A|Fo] AYAHg- vjR] 2] o]
€ (Bae et al., 2010), 7I=EZ2 NFA2Q o8& (Lee et
al,, 2006), AF=E29] 0]8 (Kim et al,, 2010) 5°| t)EZ
ol HAlEfx] ] g s AMGEAL Q)T

olof 2 A= A WARFo] H2 AYgRAEQ] HAL
HA 5 S5 SHTARA &S SRl o8 &
g3t a5 0 BEQF @% F8o] 7] ERlskaizt

=3t
Materials and Methods

MEIHF = AfolA] o] &5 AFAFEARER] Bl Al Hg
A= HAFGA] 3Tl IR AL Fdoll Al 20144 7
A 290 AFHgIT}, AL Sl WAL AjSolH Al
gk = BAEEAL A wiAE =EUE 5 30%,
28 40%, 255t} (corn cob) 30%, WS4 1% nFEO &
FAE] SITE, MRS REERT GE WA A ]
£ o}galo] T T UG BHeIT AFielo] E1151
th o] 3 2 mm o5tz A|AFTI] ARG AR A2l A
Hyskit (Fig. 1).

=25 M MZE A AH8H F55 842
IAA RS o]-8-310] F£2] (Cu, Copper(Il) Chloride dihydrate,
SAMCHUN, Korea), & (Pb, Lead(I) nitrate, SAMCHUN,
Korea), 7= (Cd, Cadium chloride 2,5—hydrate, KANTO,
Japan), °}1 (Zn, Zinc sulfate heptahydrate, SAMCHUN,
Korea)Z 1000 mg L' 02 A %3t 5 100 mg L' 0.2 34
sho] ARE-SHIT

o

Fig. 1. Raw materials of spent mushroom media (SMM).
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HAmUX|S| 22| 3t Ed B4 wAlHEix
Zelath S0 52UEH EYsshiael Folel &
Al5H3IT} (NIAST, 1988), WAIHHIR]| 9] 4=aro] 244> (pH) 2t
A7 AEE (EC)+= 1:5 HO HE 0]-83}0] pH meter (MP220,
METTLER TOLEDO, USA)2} EC meter (Conductivity Meter
$230, METTLER TOLEDO, USA)Z ZAaloich S &9lAt
(P205)2 Bray No. 1& o838t on, {753 (OM)-S
Walkley & Black®] 0.2 =4]7]7]|+= spectrophotometer (UVmini—
1240, SHIMADZU, Japan)& ©]-&3}o] S8 2142 660 nm,
f71& S 610 nmojlA] HIAGRF sEQiet. oFol 2|2k
ZF (CEC)+= 1 N-NH40AcH]-S ©]-83}4] pH meter= =745}
At} FT-IR (ALPHA-P, Bruker, German)E ©|-235}o] 131
AHEi A7} e85k 9= 7]%57] (functional group)S
AFa}gl o, SEM—EDS (JSM—7000F, JEOL, Japan)& o]Jl
So] mslmAe] ErAEe B Erie] AARAL A

A S Fa4 BAS 18 FE4S Sls] 915
Re) Eo AT AN o] £olol AEFae B4
He] 0,1 N-HC1Z} Mehlichlll (Mehlich, 1984) & HIH o=
vlelgon], 5174 " ESISHLA  o] 2510 Y4 (HNO;:
HCI=1:3) E3ll2 A $FF (total content)2 eI}t Cd,
Cu, Pb, ZnS A0 AAS (AA—6800, SHIMAD—ZU, Japan)
2 ZHs5F3rt (Table ).

il

-

HAHEX] Z3% & 4" S35 93
A Fe = ATk P4 AT Cu, Pb, Cd, Zn G2
2 3lAste] 747} 50 mL A 250 mL 4FZtEeks Aol '
3 W AEHERR] A=) S A3t -89 50 mLof| Ttk
0, 1, 3, 5%(w/v)S @il 220} A flask shaker (KMC—1205SL,
Vision, Korea)o] 150 rpm o2 WHHA|FTE 1, 5, 10, 20,
60, 120, 360, 720, 1440, 28805 W3- & Al=olS o7} %]
(Whatman No. o] Z4] clahx|7ich, of7hel S-gole] £
& SR AASE 2459

ot
o Mz

A [e]
Ao Z12F 0,15 mm, 1 mm A AES dlo] EAfo
Ak AR Y3 ARl 2UFARS HFI} ag] FAES.

Table 1. Physicochemical properties of SMM and soil.

23 2 g oFAL A B10w, 197K 0] EFL
AARle] AT Falole, e GEaye] Belateta EAL
ile—@ QB Ne] F5tol BB (NIAST,

1988), @ PEFO] 0|25 (pH)YF M7 HEE (EC)=
1:5 HoO Y ©|-83}9] pH meter?} EC meterE ©]-85}0]
=74 3};&} FAQAE (Po0s)-2 Bray No, 1 & o|-83lil
71E 3k (OM)2 Walkley & Black®] © & spectrophotometer
o]-g-5ko] 610 nmoflA] HIAH T ok, ol 2x|ehg=F
(CEO)+= 1 N-NH,OAcE ©o]-8-3to] AASE Z4s}elth 5+
Ao 7hgA] 2349 gholsly] e AEJaE 2

0.1 N HCI¥ ¥} Mehlichlll & ®}tHo 2 wjwshe 11]
=4 A @.E‘F (total content)S Q1317 {3l L= —EHSH
Cd, Pb, Cu, Zn& tH Jo

ﬂllﬂl

v

]
>
ol
e

EY Y Ay T4 S9EE 2 mm oJ5tE A A
£ 3 5 250 mL Bottleo]| ZE 100 gofl MAlHH|A] 0, 1,
3, 5%(w/w)E Y3 EALTFO] oF 40z ZE20) E3)
ahod 25°CO A 3, 7, 14, 30, 60 HiFA AL}, HHoFo] Bt
EOokS 105°Co| 8AIZF AR T B9t 224 Bl
220 gE] EA¥el 01N HCOI I} Mehlichll S o]-8-5}14
SRS ERISIYITE wiF 717kl 3, 7, 14, 30,
60U 2 EFEAS ulwsly] ¢ pHE} ECE ZAskgirh

N
%
=
b d
i i

Results and Discussion

HAHEIX[2] E4 AR ] pH= 5,215 FolH]
AsufA] Bk, 4:1)9) pH 5580 AMS =1, EC
25,17 dS m ' 2 Yo HAHH)A] (4.2 dS m) ) oF 6H]
=7 Ut} (Lee et al,, 2005). CEC:= 20,46 cmol kg &
Uehgth $71E3e 12125 mg g 'O 68 mg g 9] B
oA H A Hr} oF 2vff =A| Ugith f-E QAR 136,467
mg kg '©.= 5803 mg kg 9] oA u|x|2} 408) o AF
2ol Bt o]= HAlHuiA] = wix]E 2/Adsk= e
Aox 24 72 vHl&o wE Xo]& AlRHET} (Kim et
al,, 2007), el E Bl AHMAL 7= & Fa
% WS Table 20] Leulct, WSl Zog 553
mg kg 'O& ThE S5 Fhgo] Hlg| A UEhgod, 1
9] Cd, Cu, Pb2 7Zn9] 554 =0l vls) @A HAE= Ut

EC CEC oM P,0s
Samples pH (1:5) I = 1 .
dS m cmol kg mg g mg kg
SMM 5.21 25.17 20.46 121.25 136.47
Soil 6.16 2.53 8.29 22.53 22.5

SMM : spent mushroom media
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Table 2. Total content of heavy metals in SMM and soil.

Samples Cd Cu Pb Zn
-1
------------------------ mg kg ---mmmmemmeme e
SMM 0.1 2.8 3.2 353
Soil 0.6 19.3 90.0 74.5
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10,000 mg kg & A|23te] Al At S
AR TG A I e 71 Sl
o} 1 23} 3,276 cm Lo 4 Yel= EA va= hydroxyl

719] phenols, alcohols= WERATH 3_1“4.1~ 1,620 cm ‘93
L Amide”]9] I bandS WEFYH, 1,029 cm 'of|A] LERF=
T 3+= carbonyl groups VERHTE Tt Cd, PhoflAwh
Hol 1320 cm71Q EA] 1|3% carboxylate group LERAH

2N B S —
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Fig. 2. Result of FT-IR for SMM. (A) Control, (B) Cd, (C) Cu, (D) Pb, (E) Zn.
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Electron Image 1

100um Electron Image 1

Fig. 3. SEM image of SMM, Control (Left), Zn (Right).

E]o] R}t (Barth, Andreas,, 2000; Jeon et al., 2010),
HAH A T Sa% SRS Zlsh] 26l
SEM-EDS {-4]0] o]foHith, Flg, 3of thx+2} oF¢d(Zn)
o] F2t ¥ SEM ARIATE Yehigict, whEa )tz
o] o] vj11e}E W Fa<ho] SAHE HAlHERR| o] &
12 AR RS gRIs o] & Fad S2F R E el
5t7] 918l EDS &4]o] 3w ojH o, Fig, 49 F2F AE
A3} 5 EDS #4140 HAFH A7 A @4 9] oF4d (Zn)
of WAlHMA] H FATE A 2 & 5 Udeh 919
AN=S Foto] Haks off ofd (Zn)9] 79 WA EiA]

ol F2F % Aol Ee & 4 sl

oy

QEES EM 2<E9| pHE 61602 BAlHuj x| H
o} o7k =9to, BECE 2.5 dS m & Ul CEC: 8.29
cmol kg ', 971 BT 22,53 mg g 2 UERGTH B
3 Bl LAETL 7= & T3 FFE Table 19 U
Bt 2AEE AR By PAlE E
FeH9-217]32] Cd (4.0 mg kg'), Cu (150.0 mg kg ),
Pb (200.0 mg kg), Zn (300.0 mg kg )Tt WS Pb, 7n,
Cu, Cd €29 90,0, 74.5, 19,3, 0.6 mg kg ' O & eI}

HAHUX] S3& S2F A> sl gk
<% 2 Al 2Yke Fig. 5of etk Addi) S
1ol 102 ofdjef whE At aes Bt ole
Aol 2Rt T F2F Al 1AIRE ofyjo]] o] Fojxitkar
A Q= A} HISsskt (Jeon et al., 2007). HAHH
Al AR 1< 3 < 5%(w/v) A2 &2 F2to] 2 A
T 3%2} 5%2] Zpo|7F A e ALR Hop wAluulA| 2]
3%(w/v) oVFeRe Ta5 A AEo] A dF= VA
Az e o ddtEn ol HAlElA] el F2F 2
717 SEET HEE olFo] 3% oo el =
SAEE] ¥l fle or dddd. 7 2 avE
HQl ppof - 12 o]F &4 Yo F5<% s 103.3

2 rlo ol
W g 1 ol

mg kg "OIA 7.3 mg kg 7HA FAS] Fd T, 247t o] %
o]l 0,036 mg kg ' 71A] 23FATE Cus 605714] 95.9 mg
kg 'olA 44.0 mg kg 7HA] ZHAasitt 28 Aofl 37.6 mg
kg 714 ZF2kgITh CdS 182 0% 81.3 mg kg oA &
o} 819 mg kg 7HA] FAEHATE Zne 2080 921 mg
kg 'Ol A 37.5 mg kg 7FA| AA FA3lGIT) o] Jeon et
al. (2000)2] A Aol w2 Fyo] &S FHact
3 slgon], 2 o] AF okl WalsuAe) 4 &
Hho] RN SE4g FRelo] BT} Wold A
o= gehE 89 o] $34 o) ol AHaA o

& 7o WAL Fashe ofel (Zn)o] §EHU 1)
Rol Ao mu,

EY Y MY = vk A Zike Fig. 6, 7o U
ERYGIEE. 0.1 N-HCl Aa}o A= Cdo) 79 TU7HA] A
ath7t 14el F=7F ST oAl Zadhe AR
Holom, Melich I AT A= AlZto] A1d4=% Cdo] &
=7b ashe 2SO 4 Atk Cue pHZE S7keHE 14
A 7M1 adhs APS Bolon, 144 o] pHrl a4
o F7ksks AE HATE Pb 4T Controlo] H]
3l AErollA] BiskEo] & Z1E st oH, Po thE
Al§l} Zro] pHe} fofgh AaAlE HolA] ekttt (Yoon
et al., 2011). Zn& 14U7HA] F7ketckr} 304 ellA] Z4st
gom 60Ul thAl F7tstl=dl pH F $71H | s=rt
S7ketglom pHrt A4S of 57k askelch Cdd Al
ogh Y x] a4 da0] A9 Alte] A== Al
Aol FErb STk AFE Blch ol wAlHEiA ¢
a4 % Tk (total content) F-4] ZtellA] Cu, Pb, Zn]
sE7Fcdoll vl EA HEE 2L Hot viAuuix] i 5
w&0] Ato] AdE BEY YR §EH o] w2t St
Ao gEch wAdAE o 85t Fad At A
AT g 2 avks BAAT Bk AE A A
gt A, Sa59 TRl wet 2olg Btk |
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Fig. 4. Result of EDS for SMM, (A) Control, (B) Cd, (C) Cu, (D) Pb, (E) Zn.
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Fig. 6. Concentration change of heavy metals extracted with 0.1N HCl in time (A) Cd (B) Cu (C) Pb (D) Zn.
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Fig. 7. Concentration change of heavy metals extracted with Mehlich-III in time (A) Cd (B) Cu (C) Pb (D) Zn.

Aol ] 534 B2 AE Aol AY B BAN
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Conclusion

ARIFARES] WA S S5 SRARA L 714
E3}7] 98l AES Akt Azt T34 8
3 B AlEE) R o] BREAS ARSI B AlHu ] <)
FHE AARES 2715w vlEste] Pb (0,04 mg kg )
> Cu (37.6 mg kg') > Cd (31.9 mg kg ") > Zn (37.5 mg
kg!) 40 Pbo] F2EE0] 99.6%2] APELS Kol
7V¢ A YERdth SEM-EDS 24 Ay F54 ol &

OHH iy

2} Mol Frlo] MjTRA HE Heo] WARYAT 5
T4 B 9 o] A A IS, F24 of
£ 33} 5 Hele] Xejol2o] 27} BT} FI-IR

i

AT} W AHEI A= 3276 cm | A] hydroxyl7] 2] phenols,
alcohols, 1620 cm 'of|A] Amide”]2] I band, 1029 cm 'oj| 4]
carbonyl group, 1320 CmﬂOﬂH carboxylate groupS-o] &)

gk Ao® AL T Fu4 2 54 7]
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