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ABSTRACT

Received: October 30,2017 Copper(1l) acetate spectrophotometry method (CASM) was used for the rapid and convenient determination

Revised: November 21,2017  of cation exchange capacity (CEC) in soils. This method is composed of a single-step exchange reaction that
adsorbs copper and is measured through spectrophotometry. The CEC of 16 Korean soils were measured

Accepted: November 28, 2017 using 1M ammonium acetate method (AAM) and the CASM. The CEC values determined by CASM and
AAM were not significantly different, and were highly correlated (r = 0.966**). Due to the convenience, cost
effectiveness, and time saving analysis of CASM, this method is recommended for most soil laboratories to
measure CEC in Korean soils. However, CASM may not be applicable for soils that have a much higher CEC
(greater than 20 cmol. kg™).
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Relationship between the cation exchange capacity determined by the copper(ll) acetate
spectrophotometry and the ammonium acetate methods.
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Introduction
ol 2w ekEEF (Cation Exchange Capacity, CEC)2 EFS] EAAS UEIE 7Y 583 X B2 EQFe] HA|1%]

Q1 542 71 & ek AAolet. CECE 4] Bl 7T gl ek olee] £ake ekt
(Chapman, 1965). QHF2.0 2 CEC7} %2 B4R ofHH .0 o] 7|20 & CECEA AT 22| o] @
Q3 H|2 AJH[ERS Aok £ 8 EQREA g RO,

CECE Z45h=t] vt BAlo] AtE]o] A& 1 9101 (NIAST, 1988), o1& Yol wet Z4 4 he o
&SIt} (Ciesielski et al., 1997; Pratt and Holowaychu, 1954). EQF0] 7FX] a1 Q= oFo]2-9] E-5roll et Egfol|A <]
wgHo] th27| wjio] St UENG ALE 51| % S (Silva et al., 2010). THEZQ] CEC E414.© 2= ammonium

acetate™], sodium acetate] (Chapman, 1965) & BaCl, & ©]-83F compulsive exchange® (Gillman and Sumpter,

1986) 0] Stk o] ZAHE2 columnS o-851] 4THA| O] P (328}, A| A, wet W S4) S AH SR 24
o] BRfstal, 4 Algte] gho] del= wgo] Sl

ol Ao TS Hetslr] flsf] 2 ARl A2 A S AT Brown (1943)2 44, #E CEC
A2 flol wekd ol H' o2& 9 Brown {Hol S 7IESIGY, o] EATHE A EgollA o 2gsict
(NIAST, 1988). B A5 3o}, AjH 9 wet A Aefolal o] 2.0] F2F E/4d2 o]-851e CECE 24513
o} o] 52 -2 HE F=2] CEC 242 218l methylene blue (Kahr and Madsen, 1995), copper-ethylenediamine
complex (Bergaya an and Vaver, 1997), Co(I1l) hexamine complex (Ciesielski and sterckeman, 1997), Ag thiourea
complex (Dohrmann, 2006) & Cu(Il) complexes (Meier and Kahr, 1999) 5-2 ©|-85}% 11 o]2{st o] 252 HE
=°f &2 Js}=o] itk

EGolA Cu 22 f71E, A& A, Felt Al oxide, o222+, pH 5ol oJsl Y22 =t (Atanassova,
1995; Chen et al., 1996; Marosits et al., 2000; Msaky and Calvet, 1990, Yoo and Hyun, 1985). HE°{| 3J= AIOHL+
SiOH®] 245} F-9loll Fa} SasatEe] S2HErh (O Day etal,, 1994). B2 G142 ES HER=
ol A cud] & EAJS AL517] 915 CuCly, Cu(NOs),, CuSOs4, Cu(CH5CO0), 59 3RHE-S o] g5t glom, A
Bl ShkE2 gol20] FHISH B #H E4o wet 5459] 22l B2 FF= TR (Yu et al., 2005). Cu
(CH3C00),9] Cui= -l ot o] 227} ol 912]9] pHollA] CuS042t CuCl, 2] Cuith =7] St (Khattak and
Khan, 1995). E2F ThE 2o]20] H]5}] acetater= Cu®] F12t S #olaL, €5 Btz QIsto] Hig- -4 0] pHofl 1
A= GOl At (Yu et al., 2005). Cu= 840 APZh WAl Qlof = o) jHA A|of glo] e Z3g 24 0] 715517 | uf
]l copper(Il) acetater= CEC 42| 3 3}-go 0 2 0] g5t 4= 9]

71£9] CEC AR 9] TS Hetslr| St B2 A7F o FolA ol EFolal ARV v w4 Aetet

B35t 24 Ato] go] A g Eof ghg/do] W Ho|tk
wha] B A= 7HESE 41455 CEC A4S 7RSI A} copper(ID) acetate -8-8- ES|goll 0 2 o]-g5}o]
g Bl CuEs TRt Cu 58 88 AI2 S8 5= QU= copper(l) acetate 2812

CEC 24 271-& ZAF5F1 ammonium acetate ¥} CEC E-A4123 2 B o] §-848 vw AESIC
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Materials and Methods

EUANE Ao ARERE EYR = B, & ES H ATk MR ES -5 163 AFste] 3417t o2 2 mm
A5 Fatsto] ARgSHIT. EFe] 2Fold 412 EURIeHEAT (NAAS, 2010)0] et B pHE 1:58, 471=
oIS Walkley & Black®, a4k Lancaster‘?i, ofol 2 wskgEk} Wik 9Fol2-2 1M NH,OAc (pH 7.0)H
oz 459t 44 —‘iJi'S micro-pipette'-& ©1-851] HE, A}, el tirg S5 (Gee and Bauder,
1983). A& O] pHE=4.75~7.9, 771= %1"‘“*‘0_ 0.06~7.65 g kg, FE= 8.08~44.2%, ammonium acetate .0 2

Z7J3F CECE= 8.89~23.94 cmol, kg 1915 2H= EoF0| Itk (Table 1).

Table 1. Chemical properties and particle distribution of soils used.

Soils pH OM."  Avail. P,0s Exch. Cation (cmol. kg™) CECT Clay Silt Sand
(n=16) (1:5  gkg’ mg kg’ K Ca Mg Na  cmol kg’ %
Range 4.75 0.60 4.65 0.16 0.90 0.45 0.13 8.89 8.08 18.1 8.65
~790  ~76.5 ~462 ~2.03 ~134 ~739 ~0.96 ~239  ~442 ~747  ~739
Mean 5.26 23.3 164 0.57 5.18 2.17 0.27 13.9 18.2 439 37.3

oM., Organic matter; TCEC, Cation exchange capacity was determined by the ammonium acetate method (pH 7).

gdo|lemetezt = & XA ZAM™  Copper(ll) acetate [Cu(CH;COO), - H,0] E3FgH 0] Cu 2 o)

o
of 312 0 7 H210] CEC 24 2712 AH5P] 919 274uHg, Tehg o] 2715, §91] pH, E P} §
H

2|2 o] 27 w42 Copper(Il) acetate ES}2 0] 2 10, 20, 30, 40, 50, 55 mmol L' 2 zﬂéﬁj 3400 nm~
800 nm AF°]9] spectrum=- UV/Vis 458 A] (Spectronic®, Genesys-5, USA) 2 Z7510] OFAH
e TS el

Copper(Il) acetate -§°] Cu S22 100 mL AFZFEetAT 0l B 5 g7t 271 891 (20, 30, 40, 50, 75, 100
mmol L) 20 mL-& ZHZ} Y1 1 A17H A" & oJ3ts1o] Cu 55 S751T}. 894 2] pHE= ammonium hydroxide 2}
acetic acid= 27| -] pHE 3.0,4.0, 5.0 H 6.0.0.2 A5 EF5 gof| 20 mLE 719 ok 1AI7HEQEHES A
At

Ef} elg-ol o] 7t g HESAI S A5k | Sloll EY S g= 7122 E4T copper(1l) acetate -84 (55
mmol L) 9] H[&-&1:2, 1:3, 1:4, 1:5 % 1:108 71613101, HESAIES 1, 5, 10, 20, 30, 40, 50, 60259 21513
O T ) A0 T9] 2 2L A1R] O 918 2ol Sk Cudl BAFS 271 S wetofal
55 2ol 2 e Atakich oful, oftjol Fof olol 2hReF olo i E2E 2108 s

CECO| Al 27150t F2H Y 59 &= Aol =7 ¥ off| Eq.1. 2.2 Aklsigint.

%:l
il
5

! 1 (Eq. 1)

oF -1 £
ECEC (emol kg') = (C.— C,) x 5100 1,000 < 3177
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o714, Ci= %7] Cu &= (mg L), Co= T2 E T Cu 5% (mg L), E+= copper acetate -81°] H71&F (mL), S

oge sk} 7fo
, 31'77 = Cu* & cmol = EHISH Zholct

= ESTA (9)

Ammonium acetatetH2 0|28t CEC & Ammonium acetate ] (NAAS, 2010). 2.2 1674 2] EQFS 3HHE5}
o] 24519}, ZAHH-S 1M NH.OAc -89 (pH 7.0)2 Zs}golo g ALgs}on melog E—j}ﬂ NH,"©] A|
22 95% ethyl alcohol-S AF8-0F1 11 S NH, 9] X182 431 10% NaCl 8- o853tk CEC2] 57
A= 5} Al 9zt A oA A-g3Z7] (Sampte tec, Vacuum extractor, USA)S ARSI H3-52E7]9]
Z2e 2o}, Al D AgAoA BE-§o8-80.125 mL mim™”' 9] £ 2 8AI7HES S 27| 513} 2|8k -gof o]
NH," 8] £A4-& U455 7] (Foss tecator, 2300 Kjeltec analyzer unit, USA)Z HATS S35t CECEHS

EMZ0t Hl1 Ammonium acetate (pH 7.0)5 2 copper(Il) acetate .02 3HHE ZAoH Av}E o|-85}o] At
A, FETAE, Hol A& Hl s o™, 7 ARl thieha]Ql 244 @ AR HI-8-& H| W s}t

Results and Discussion

Copper(ll) acetate®] BT SHZ SIst TE Ml PYBEAS o} 3510 53 WY T Wolgke Cu )
o] 515 27517] Sl 27 o] SR 0 2 ZAElolof eieh, S mRgolH 2ok AR
Pro| 2jolr} 27| o], EHEI} 11 S oA SR Hlo] 2H0A1E B 5 ol pHolck, /2]
oS- =79517] $13fl copper(Il) acetate 2] Cu =5 10~55 mmol L' 7HA] 2124 0 2 ‘s & d2lslo] S 45 =
g5kt (Fig. 1). Bl BAIRLO] 500 nm P El = S35 77414 © = £olA|th7E 750 nmoflA] a13dof] o] =731

Eil
A
o
e
e

ChA] Wobglct, 2] 8900 ‘Fe 775 mmol L o[dR] A= g7t 20 71719] g3 Al <]
7Fsoraant. kA, B AtollA= 720 nmOllA] copper(Il) acetate ] & 271 AE-S 434513t

0$

2.0
—%— 10 mmol, L-1
I 79 20 mmol, L1
15+ 1
' — ¥ 30mmol, L
—— 40 mmol, L
- -1
10 - —#— 50 mmol, L \

Absorbance

—0— 55 mmol, L

0.5

400 500 600 700 800
Wavelength (nm)

Fig. 1. Spectra of copper(ll) acetate solution at 400~800 nm.
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0

TaZoho| SEe} pH EoJoll ] S470] S22 Auky o 2 2| B0 ofo] BhesE G| Hold
o} J8Bg 2 dof|A] cul] Sl oJgt CEC 42 27| st BAA7te] &2 v]x]A| Hrh. Copper(Il)
acetate R0 0] =2 Ay 95 CEC Zto] T 3719 okl 7] %2 20~100 mmol L2 }_7*45}01
Cu®l BTG Agle AIE Fig. 20 eholct, gote] 27bs17t Z71glol et 50 mmol L7 2
710] Mgl A0 2 /1SR Aaoleli, CECT e EQRe CEC/H e mobivt 1 wao] mdslelrh, Eet 2
71’5 40~50 mmol L' 4] ammonium acetate .2 2 4% 37] EFC] CEC A2t} B w3 uf o2k 80~1 15%g
A S e iet. sRIBIES AlQjslal $-2luet E9F] CEC7T Bt 10 cmol, kg Heo]2 2 tidz U
CECE 1125} Copper(Il) acetate 2 S}-8-H 5= 2755 55 mmol L' 2 A X519t 0] s 2 E| Cu” ]’
100% S2rechd Eoah Z3L8NS 1:4 HIER CECE AL ] 44 cmol. kg'ofl s3Itk
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20 F

10}
—@— 11.4 cmol, kg™
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Amounts of adsorbed Cu (cmol, kg")
_
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T
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Fig. 2. Effect of initial concentration of Cu(ll) on the adsorption of Cu(ll) by soils that have different cation exchange
capacity.
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Fig. 3. Effect of initial solution pH on the adsorption of Cu(ll) by a soil (cation exchange capacity: 15.4 cmol. kg') at an
initial Cu(ll) concentration 55 mmol L.
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S} golo] pHE AA5H| $lall-8H O pHE 3, 4, 5, 622 Z75o] Z2F AHTH AVE Fig. 30 RN IT) pH
7} =okglof ket Cu ] S&FE 571519101, o] Avk= Kwon and Noh (1990) ¥ Stadler and Schindler (1994)°]
pH7} Eokglol w2t Cu o]22] F2to| S7igtthe Harel ket ot 7] -§H0] pH7} 5% W 1M ammonium
acetate §.0 5 BX % CEC2} 7 717FATE. Sumner and Miller (1996)°1] ©J5HH, 1M ammonium acetate 5 (pH 7)

2574 W 4] EYO CEC SAol| A=l o™, k8N 0] pH oF A EF] pH7 T ThE 79 ESC CECE
A5 wAsh=d| ofg=o] Ukl skt

2 AllA copper(ll) acetate 8002 FETLEMS A XS wf pH 6.0 o/dollx] HHE0] A=A, pH 9.0
ool A= copper(1l) acetate 2] Ajo] B o] Fggt A2 Z7do] 2SIt Yu et al. (2005)-2> Cud] 24T
oA copper(1l) acetate -] pHE 5.0 0.2 X5} 0™ acetate 2] A3t b5 5502 27| Mo pHeL 52 H

o $9] pH z}o)7t A9 %‘x‘:]'i’ 1 715199t} Copper(IT) acetate 2] Z7] 80255 mmol L' 9] ‘H 2 THEQ1-S o
ol o] pHE= 5.6+0.030]%1.2H, $-2|ufzt = E9Fo] pHE Ht 5.9 (Kang et al., 2012)0] 1, ¥ EFO] pHE= B4t 5.6
(Jung et al., 2001). 0.2 THE-E A EQFo] Bi H|-go] =7]| w2 copper(Il) acetate 2] 27| -8H 9] pHE= 4 §l

o] o]-g g 4= Sl A o & Tl

[}

o

HE T EYY S22 G ARto] Aojd4-E ESut Cul] = ATto] Ao FaFo] Yoo, d7A|
Zto] A upH g2 of] =S| Hok (Sparks, 1995). 55 mmol L' ] copper(IT) acetate -8 20 mLE EF 5 goll
Agste] K AL o] 2|2 Jgol|A] s527H )= S2Fe] 244 0 & 716l oM, X AlZte] 1042 o 78t

= S of| =5ttt (Fig. 4). IM ammonium acetate (pH 7.0)H 2] CEC S-S SH & A7 12
Al7re]al, BaCl, & ©]8-3t compulsive exchange method+= 24|17t 59t HE32 wff HP o TS} (Sumner and
Miller, 1996). = A& olAl= 102 21" o] % Hadof] s, o] Aik= HEZ=o] izt Cul] 52t B ol vz

7| o] Fo X th= Hareh -2 Aukirt (Kwon and Noh, 1990). 10+ 5 % copper(I1) acetate -5-210]] ]9t CEC %t
-2 ammonium acetate .2.& E-A41%F CEC7}15.7220.8 cmol. kg’ @1 EFollA 2F93%2}99%,0] Aot & LR
AL, CEC7}11.4 cmol, kg Q1 EGOIAE 2F 80% 2] Ao E LERfi3ict

1""
a,
N
1o
Iiol
JQ
o,
_ oflt

30
25 b
s W
10 ~

'/,_,_,.,/fo——O—’:;;:: e

5r

Amounts of adsorbed Cu (cmol, kg-l)

—O— 15.4 cmol,, kg

[ —¥— 20.8 cmol,_ kg™
0 1 1 1 1 1 1
0 10 20 30 40 50 60

Shaking time (hour)

Fig. 4. Effect of contact time on adsorption of Cu(ll) by soils that have different cation exchange capacity at an initial
Cu(ll) concentration 55 mmol L.
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Eoh-§o10] 7} il g EoFol F2jol Bhe ARk mAIT) 2, Eofel] 89 A7 B b5 ol s B
& T & 2 E= ol 7ok Alo] YREA o[t (Atanassova, 1995). 2 Aol EQk} -G8 34715Fo] S
S1:2,1:3. 1:4, 15 H 1:100.2 2318 o) B 9] 7A & S22 S7oke e B3l (Fig. 5). L2|a B9
7} copper(11) acetate -22H°] H|-g0] 1:4Y o, ammonium acetate 122 A% 370] ERS CEC 41 HI W =
1 90~110% H$]2] AoteE ey Qi)

A
10}
[ —@— 11.4 cmol, kg™

sk —O— 15.4 cmol kg™

Amounts of adsorbed Cu (cmol, kg")

—¥— 20.8 cmol, kg™’

0' 1 1 1 i i
0 2 4 6 8 10

Soil to copper(II) acetate solution ratio

Fig. 5. Effect of ratios (soils to copper(ll) acetate solution) on the adsorption of Cu(ll) by soils that have different cation
exchange capacity at an initial Cu(ll) concentration 55 mmol L

EAMHO| Hlw AFAEF 16750 tisto] 2 Aol A 7HE3E copper(1l) acetate £-3H-S ammonium acetate 7}
3RHEC = FARH oS AT, w9 Ho| A& v skt T 1T ell= Fig. 63 2o 119 TI‘—’]/H L
ZE= A o) A (r = 0.966™)7F HERTE. 131‘% 7R copper(1l) acetate -8 -2 27]- 84 9] Fot =

2ol w2t Cu g2kl Y& PIX B CEC7H= o}:% CEC7 } & EgHT=A Bl =2skA "ok skt
o] tha W2 it el d =B 2, CEC7H &

S
Fig. 72 & WR7e] AUEE Buaiet fo|Alpz 247 dxjoltt. & AR 0] FEHA = copper(1l)
acetate 4] £0.79 cmol. kg ©]5F°] 1L ammonium acetate -2 +0.89 cmol. kg ©]5}Itt. F HH O] ]OJEO‘E
of ot EFHA= Hat £0.312 2Fo)7F Y94 ammonium acetate -2 CECQ] F31 2R20f Hats19 o
copper(Il) acetate 23512 CEC7 2 ol TFHA7F It & 24 0] CEC 2423} tigt ol A= 5%
n|ako 2 AshA| 45|} 0Lt copper(1]) acetate 35 2] HO|Al4~= Haf 1.37% % ammonium acetate 2 Tt
LIt} o= copper(Il) acetate wg 2] 4 Apo] A& $ ofifsio] B YA R S76| witell TsEA]RE,

=
ammonium acetate §-= 24 7o) 35} AjH, 2|2t L A F7 3-8 AR = 5 Bxoto] AP ol|A] 2217t

g1y 51010] B w2l Zlo 2 g7t B A ARSH EFO] pH (4.75~7.9), 4712 3 (0.6~76.5 g kg™)
9 Y& gl (8.1~44.2%)2 112 v -2yt 573 2] E2] CECE copper(1]) acetate +8'H.0 2 ZHT 4= &
Aoz AH71-%1:]-
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ot B Aol A ZiEFH o052 =23t copper(ll) acetate"d5 2] B4 §-58-2 ammonium acetate 5 2 T} F
1/1209] AZFeE50] 7F5513 0, A0l A Q = AloFO] HIGE 1/60= EaT 4 & % iUrEP’H:]' whebA]
copper(Il) acetate g2 ©]-83F CEC B4 EF AA T A|H] S 9ol W2 ko] EQRS EA4st Q=5
71X EREAIAOA ARSS 739 Bt 4437 whEA| CEC 4] 29E &5t 59 ?l%oﬂﬂl EFEAY A0E

g % 5 G A0 A7,

2
‘Téﬂ ..
=l ¥ = 1.0862x - 2.4427
E ¥k
e r=0.966 °
B 20¢f °
=
3 °
£
9
5
3 .
E 15" o e
E
=
=l
£

®
£ o o

°
ERRUES
g ®e
S
£
0
=
U 5 1 1 1
5 10 15 20 25

CEC measured by copper(Il) acetate spectrophotometry method (cmol, kg-l)

Fig. 6. Relationship between the cation exchange capacity determined by the copper(ll) acetate spectrophotometry
and the ammonium acetate methods.
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Fig. 7. Standard deviation and coefficients of variation of cation exchange capacity by the copper(ll) acetate
spectrophotometry and the ammonium acetate methods.
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Conclusions

ZHHASI 41459 CEC 42 7HE 6] $15H copper(IT) acetate -84 2Z2F8-H0 0 2 o] 85to] g AR =
Ao 4= Q1= E4 273 ammonium acetate H 2] 42 HE H] WS Copper(11) acetate w35 2] CEC 442
55 mmol L' 9] copper(II) acetate Z3} -84 20 mLE EF 5 gofl Wil 10 e A7 § of1}ol-S- 720 nmof|A| £
HEAR EAT 4 Q= 2703 6tk o] 7id S EATH Y ammonium acetate .2 2 74%F CEC= 19
Folde 7 o AT (r=0.966") S FEIRLY, T HRl 0 2 24 W CEC B4 A1) EFHAtetcvE 7
o) zto|7} glo B 2 HH oAk Zfol 7t qIgiet. webd, EF S Slol B2 ol EGE BAI6HL A= 5971
SAlE ESREAA oA AR 9] Hol gt A14/8-S a1 2f_ITHH copper(1l) acetate =3'H 2 2 CEC w415 545k
AL -85 i oletal A2
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