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Removal of Heavy Metals from Agueous Solution by a Column Packed with Peat-Humin
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ABSTRACT : Peat humin(p-Humin) extracted from Canadian Sphagmum peat moss was packed in a column and removal of heavy metal
jons such as Cd, Cu and Pb from aqueous solution under flow conditions was studied. The metal ions were removed not only from
single-element solutions but also from a multi-metal solution. Column kinetics for metal removal were described by the Thomas model.
For single-component metal solutions, the maximum adsorption capacities of the p-Humin for Pb, Cu and Cd were 138.8, 44.66 and 41.61
mg/g, respectively. The results of multi-component competitive adsorption showed that adsorption affinity was in the order of Pb >> Cu
> Cd. The adsorbed metal ions were easily desorbed from the p-Humin with 0.05 N HNOs solution. It is apparent that 95% of the heavy
metal ions were recovered from the saturated column. This investigation provides possibility to clean up heavy-metal contaminated waste
waters by using the natural biomass, p-Humin as an environmentally friendly and cost-effective new biosorbents.
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AAoA o= FHE-A(humic substances, HS)& o]
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BAME ¥ FFgoz EsiEz F87HA7 500 HS
24 W F8 dRoz Fgad, 9l 48202
E33stH, -COOH, alcoholic-OH, phenolic-OH, -NH,,
-SH &9 ogst 48718 717 t-ds 2 Q(polyelectrolyte)
EZolt. @A HSe £ A H(=20)9 £F&0|
E3 - 7% AdolE 5P E(chelate complexes)S
B4l Wil FFd &Aste MEY FIF5 AA
EHE BHE £ 9k o) HSE $8Ad A9 pHo
mE g3 x wel FeAKHhumic acid, HA), =49 Afulvic
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2.1, G ERA-F01(p-Humin)A| 2

FJERA A]EE= ACADIAN PEAT MOSS Ltd.ofjA] +¢
F 7t} A Sphagnum peat mossE AlEslFch JER
225 p-Huming EIAe FAFHIIHHSS)Y EE
AxA ] £33 £MFEF 2ZF FE&dHe FEsid
Lipid$} 8& HSAE(p-HA, p-FA)E AAS %, 0.1 M HF/
HCl £ofA] 24A17F B¢+ wtste] JF RI71E HE&
AASRE? 2 23}, JER2Y & §718 FFE 95.7%
(wtrwt)ol 1™ p-Humin, 76%, p-HA, 18%, p-FA, 3% %
Lipid 228 28%2A U%EL pHumino] A1
o, JERAZHE 2849 p-Humin FFA)9 thFgn
7t AeEE € F A4t £3], pH 2 oY FEAA
S94E do] JERA AAE 44 F4A4A=2 888 2
%, AA&EE AE F e 8E HS JEHAS FA)
o] 21%%E AR Udth p-Huming F& - £ #3
2 F8 EFEHEAYEY, B87], EATFE §) T8
A A =R 348 4gE A

£E - A p-Humin2 ZHe] FAEZ AREE7]
@A 0.1 N HCl 894 24X BXANA £ FRA
& H 2 HEF. ZF HCLL /55 AR Q)
AgNOsE A7ste ae) AgClis) AAEC] FHEHA
%e HAR FE3 AAst] AAsAT AFFY p-Humin
2 BZAZRE 53 EUHH=E dglend, o & A &4
£ E3] 32-meshol|A] 250-mesh A}o]¢] 4AF U7 X
0.5~0.063 mm)E 717 JAE FALF AgsAh

22. ZEAMEE 78t S35 Y49 M=

Z34& ol&(Pb, Cu, Cd) A|RLAL Aldrich Co.25E
TY43 Pb(NOs), CANOs) - 4H,0, Cu(NO3), Behe] Al
& Agsly Azsgrh. 9d F345 ALY A8
Fe4 AR 92 qg A% 1,000 ppme] = FAE
ERTE g439 AxIALH, AAS & B3 EF
A A& 5= 747 Cdo] 44.57 ppm, Cur} 50.47 ppm
2 Pbo] 1812 ppmelgich. AHel A& 3% AE &
d9 =t & olfE 4 A8 4 ZF Pbo] Cd
$} Cuoll Hl&le] p-Humin®} 2~3d] £ FzE L /1A=
v, # BE ¥ #EF 529 H(C/C)E A
AT A FFE& 7Y HTE LolgHA 37| Sl
AARA EF FE5 899 BR FFE L9 B4 F
#F B4 HHE Hsld & 35S 5 mMe] BUd 5=
2 2R B BY9L Az F FH5E 109 345
o AF 05 mMe] B2 FHHh &9 pHE $A
F§ AE 2F4E EQE FF9 FF5 AALE B
pH 5.0 #0.2)2 ZAFHAT. Lo ALgd ZE A%
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SES FHEPE A FEE UF 1.5 em, Zo] 20 ecm
9 Flex ZHE AMESIALoH, p-Humind 3 g& &A%
t o W 2he) BY% pHumin®) HeFE WA I
&) p-Humin 23%& A2 42T 5% 44 1~2
mm¥ UFE 7 BAE 29 3 g¥ g AN p-Humin F
A=9 Hu= 159 mLolgoen, B Z# | bed volume
BV)dl FFech FulE FFE SANEE 94854 ®=
(peristaltic pump: EW-07520-50, Masterflex)E o] &35} 2.7
~28 ml/min® AF} §4502 p-Humin 3 T T
FoHAG. 2 BRY REFE 93 A0Foz A
3k &, 045 pum Syringe filter (cellulose acetate)E o] g3t
AP on el EARE FFS ole9 EE U4
FTEZ71(220/FS, Varian)& At&3td E4&%t. RE
SHuge mdAd A8e ¢ AN AREE Ala)
9% dHl 925d 23% BTE(C/C)HF 08
13U AFAA AASAT 2RIGL Bl a5

& ol2er ¥3d 9¥ ¥ ER 334 89 AF %‘%
€ dideg Z7 0.05 N HNO;E 3.0 mL/ming &0z
2 FFdd 79 Aok FEFN F
AA EE ARt EASAY BE E‘Z—} ! ‘%_Ur’“d
= 33 WEsReH, ¢ 2FHE FHstd Jeti itk

2.4, Thomas Model

pHumin 37 2 g 183 A45E AP B3 e
A3 Thomase] 935 Atd 598 Zd(Thomas model)
& Agstd AXetgch” Thomas modele AEZH(bio-
sorption) 2L B A& BN I 53 AASH
gl de FesHm gon’ T ol emg Ay AAd
= AgET P &8 AMEHE Thomas 4& Qefe) =
g 42 AFgsld BAG Aoz thed o] mdH,
28 492 5d 9L 4259 R gHERRH &
AA9 Fd FHLLH FAETAFE 422 4 Aok

ln(—%—l)= L 2 o)

A7), Ce= fEFY F=mgL)old, Gt Y59
F=(mg/L), k= Thomas £% A<(ml/min - mg), g = &
A4 w9 4% 9§32 A S99 Bmge), ML
F3A 9 FHe), Ve ALTB(mL), 0& & (ml/min)o]ct.
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Fig. 1. Breakthrough curve for Cd adsorption on p-Humin.
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Fig. 2. Breakthrough curve for Cu adsorption on p-Humin.
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Fig. 3. Breakthrough curve for Pb adsorption on p-Humin.

1S 98] Cd, Cu E Pbe] FEF& B8AE ez 7
F2FE AAEET 2 AFHE dojR F FFEF 0|29
s} M (breakthrough curves)¥ F&9 pH WsE 47
Fig. 1~39) AA AT #FIH L FEFY F3& 5%
E #9499 BV(bed volume)ol| tidle ZA)S AT 7|4
BVE A 49 AFS ALY AFeR Ur FOE2A
2 AgzA9A9 1 BVE 159 mLd| gt

Cd(C, = 44.6 ppm)d] AL, FETY F=(C)HE 70 BV
742 002 vehgew, 1 g wEA Frseor 125
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p-Humin ZH-& Cdol fiated 116 BV ol27|71A 50%
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9 AALC/Co = 058 FAFAT Cde] F5 AT
E2HE AINE, FHAHL 7.527e|Ren o AF7t
A9 p-Huminol] ogt FFZFE 16.67 mg/gelAct. H7)1A
9] #3}7 (breakthrough point) A A&(%)ol C/C, = 0.05
7b He AFAE gt Cu(C, = 50.5 ppm)?] FE, &
229 =57} 60 BVZAR 022 Velgon 0 &2 &7}
871 A1EEe 108 BV7EA 50%9 AAESE FASHRT
(Fig. 2). Cuel W& p-Humin d Z9 A 7.3
Ao 2 17.33 mg/gd &&Fo| I3ttt =3, PG,
= 1812 ppm)9] A& &5 =7 73 BVAA 0
o2 Jelgon, 50%9 AALL 107 BVAX AEHA
tHFig. 3). Pb 899 HAFATLL 74Aer FHFS
7333 mg/ge)Q2om, Cdel Cuoll W)sle] <F 4¥) o4 L
FAEHL Ve ols I 2ES =279 38y
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p-Humin#o] WS E7E 58 Uedoh
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A&5FAA Y p-Huminell tid 7 $359 FHAE&S
AFAom N - Y3}y Y3t dFFAHY FF
Z#E Thomas modeld] AL3ta] sty 2 2
Table 1¢] Vel §lth

5% o2 distyq d& P9 Thomas plot
0.82~0.89¢] ZFAFC)E AL ol2%H Id FIHq.,
mg/g)? &£E44¢ ml/min - mg)E A&3Arh p-Humin
w9 28 3 Al T35 FFHF(q., mg/g)S Pb(138.8)
>> Cu(44.7) > Cd(41.6)24 Pb7} Cus} Cdol H)sled Al
Foz e A degth ol ¥4 $9HA p-Huming)
sl 52 FRARAMY Langmuir At F3-E FH(qma)

o o
T T T

Table 1. Model equations and parameters obtained by linear
regression with the Thomas model for adsorption
of Cd, Cu and Pb on p-Humin

Heavy Linear equation determ.inationz § . fo
metal coefficient, 1~ |(mL/mg - min.}|(mg/g)
Cd |log(CJC1) = 775 - 276x10° ¥ 0.82 0.17 416
Cu |log(C/CA1) = 591 - 222x10° ¥ 0.88 0.12 447
Pb |log(C/Crl) = 851 - 3.72x10° ¥ 0.89 0.06 138.8
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AALE A% AEJFAZA del A7 5= Fungal boimass
(4. niger, R nigricans)$+¢] ¥lRA A7} EQmatrix)] F
& 3#3EPFE p-Humino] oF 4-581 o & FI5&
e & 5 den, ad 4 A FFHe AL AJE
(peat) B2 AA ] wstdE Cd9} Cudl F35o] °F 24
AR B2S € 5 3tk 3T BH: A FEH 4
g B3 oA I EFFFH(ged HIZEFGE A
¥ AgorA FEFS AAE 9T AFFAEAY

p-Humin®] £&4< Jehact'”

g%, Thomas &E4<(k, mL/min - mg)e] 2, FRFH
2] Cdot Curt ZrzF 0.17¢F 0.1224 Pb(0.06)] H]5}
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Table 2. Comparison of metal adsorption capacities of p-
Humin with other natural biomass obtained from a
fixed-bed column experiment

Adsorbent capacity (mg/
Adsorbent pacity (me/g) Reference
Cd Cu Pb
p-Humin 41.6 44.7 138.8 This study
Peat 23.0 21.3 - 19 >
A. niger” 3.6 2.9 10.1 16 >
R. nigricans’ - - 13.0 20 >
C. echinulate’ - 20 45 21 >
A. nodosum® 30 - - 22 >
U. reticulata” - 55.7 - 23 >
S. Filipendula® - 38.2 - 24 >

*derived from immobilized fungal biomass and the metal adsorption
capacity is in terms of biomass, where the matrix contains approxi-
mately two-third biomass

*derived from fungal species isolated polluted watercourse, from a
marine alga and from a raw seaweed, respectively
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(mg/g)2 247+ 356, 3.61, 61.44 o]t} o] AAE &
d FEE 8RAM FHmge) 279 vREEES o,
Cust Cd9 29 2d F3% 94300 AS vms 2z
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$ 7333 mg/gollA 61.44 mg/gl B FRFoE o 744
Z& Byt o8 AFE p-Humindl thdly 2 A3y
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BANE 542 Fig 40 =ANE & F8459 AAFA 3
ol g& v|aE Bl oS gas] 484 & sk

Cdel A9, 43412 BV) o] & &5 w27 F4%
3o} ok 30 BVE AUEAMREE &5 3527 271 &
UBEE 2IHC/C, > 1.0)3he FHo] FREEHYLH, 40
BVE 7172 AFFo] YolvtdA 160 BV o|F HEA
gel E=2EE A& & F Ao ¥, Pheld e Bd BF
& &G FAG Fd9 BAHAFHE Holw oF 300
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Fig. 4. Breakthrough curves for Cd, Cu and Pb adsorption
by p-Humin from a multi-metals containing 0.1 mM
of each metal (flow rate = 2.55 mL/min and pH =
4.8).

Peat-Humin &8 ZEE o|§3 F8d 9 F5& AA 539

Z Pbole BANSLZ Q8] A&#H Yehte BHoR
AFEEE Cus Cdoll W3] Fddez I go] Fo.

ol4o] AAwE AFZFAE Thomas modeld] &3l
AT 1 AFE Table 3o] Jepgch Cd o324
9 A% ARXNE g F9 (C/C > 1.0)8] §FL= Tho-
mas 2249 Hgo] BrMsstgth Cust Pbe| -7, Thomas
Bdo)| 9% 4 ZF p-Humin &9 I F AW IF
& E&(g,, mg/g)S 2zt 20.8(Cu)3} 106.1(Pb)E Vel
on, 94d FF&EAqAY Al 2T FF vnPS
) Cur} 22812 Pb(1.3ul)o] Hlstd 74 Zo] =A e
B3t Phol el BEFE ZaE Cu, Cd9Y A3l 9
T gFgol gox Bdd FFEH & FFF &9 g
A AgF AQEEY AH18L6 vs 103.5 ppmel I F
ol 9l Aoz AEHTh Voleskyd Prasetyo'’: §9
=5 BEAA (eg, marine algae)E UFLZ g F3 4
3e 5 59 2Q04 49 3= £84% AE3
Eng 89 2 AoldAg $34 5E PRERY Fe
o% s FAPe) tha FAhRe ATl A
5 gleh

29402 359 BF pHumin FAA) FA5E P
>>Cu>Cde ¢og 2% & glod, I ol s
BH(coordination chemistry)ellA12] Hard-Soft, Acid-Base 7]d
(Irving-Williams series: Hard acid+= Hard base$} Soft acid=
Soft bases} ¥ #3E =g 7HD) & A 3
g a0z AYE & AP H @F A% pHumin 27
o %o AYATE WA 7H227](COOH)E Hard base
2 BF5u Hard acide] 717he Pb™ 8 Cu’’ whg-go] Soft
acidel Cd™'ol wlslel £ AP g 7HX7] dEelnh o]
3 AM L HMEZANO-COOH)H} T+ FE&ol2Te FE &
Z(log K at 25T, ©]4%= = 0.1 M) 39 ¥AE F3d=
g9d 4 9t} (eg, log K = 2.0(Pb), 1.6(Cu), Cd(1.4)).””

o
= BAZ EAst AT Rolth

Table 3. Model equations and parameters obtained by linear
regression with the Thomas model for adsorption
of mixed metal ions on p-Humin

Heavy Linear equation determ.inationz ¢ N
metal coefficient, r” (mL/mg - min.)|(mg/g)
cd - - - -
Cu Jlog(C/Cr1) = 211 - 1.08x10° V| 0.54 0.09 208
Pb [log(C/Cel) = 741 - 2.03x10° V 0.90 0.06 106.1

*model parameters estimated do not statistically significant
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