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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.

Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

© The Korean Society of Soil Science and Fertilizer. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-
BY NC



654 = Korean Journal of Soil Science and Fertilizer Vol. 50, No. 6, 2017

Introduction

ol 2w eH-8=F (Cation Exchange Capacity, CEC)-= EO] 5442 Uehf= 7P 5838 A 32 EQF] HA1H
QN EAS 7 & A9oh= Qitelt). CECE EA4F9] EYdel 7L e wehd ol F5hs Hehdnt
(Chapman, 1965). Y80 = CEC7} =2 ESITE {50 AXER, CECAd = 2F=29] 474l 2
Qb BlE AJRE Aohs Tatt EREA Y-S0l

CECE S7sh=tl thaet A o] AltE] o] ARSI QLo (NIAST, 1988), oI5 Kol whet 578 e o
Foltt (Ciesielski et al., 1997; Pratt and Holowaychu, 1954). EQFo] 7F2] 11 Q1= QFo]2-9] &-7of we} EQFo| 4| 9]
wEtEo] tf2 7| ujRo)| B &S AR5 | T St (Silva et al., 2010). tHEA Q] CEC 495 .0 2= ammonium
acetate™], sodium acetate] (Chapman, 1965) & BaCl, & ©]-83F compulsive exchange® (Gillman and Sumpter,
1986) 0] Sltt. o] FAHE2 columnS o-851o] 4THA| O] I (32}, A| A, wet W S4) S AH SR 24
o] B4k, 4 Altte] Hol A= Tho] Qi

o|dl FA40] TS Hetshr] flofl B2 A7AREC] A= 242 AIFITE. Brown (1943)-2 417, WRE CEC
A4S floll weg ol H' o2& % Brown {Ho|H-& 76, o] #4241 EellA o] st
(NIAST, 1988). B A2 2o}, A& Bl wet A Aefstal o] 2.0] F2 5444 o]-85t] CECE 2415k
t}. o] 52 thH-E M E F=2] CEC 24-& 218l methylene blue (Kahr and Madsen, 1995), copper-ethylenediamine
complex (Bergaya an and Vaver, 1997), Co(IIl) hexamine complex (Ciesielski and sterckeman, 1997), Ag thiourea
complex (Dohrmann, 2006) & Cu(II) complexes (Meier and Kahr, 1999) 5= ©]-85}1 o]t o] 252 HE F
=ofl =2 3l8telo] 3l

EFofA Cu S22 4718, JE T, Fedt Al oxide, o[- 22]2H82F pH 501 2J5)] S F=T} (Atanassova,
1995; Chen et al., 1996; Marosits et al., 2000; Msaky and Calvet, 1990, Yoo and Hyun, 1985). JE°{| 3J+= AIOHL+
SiOH9| %5}t F-9lof| Ta4at Sa42teEo] S25 T (O'Day et al., 1994). B2 A7 ES HEG=E
A Cug] F2 544 7] $15l CuCly, Cu(NOs),, CuSO4, Cu(CH;CO0), 52 13HE-S 085kl glom, A
Bl SltE2 Sol2o] FHiot B B 540 59 Sl B2 g3 vtk (Yu et al., 2005). Cu
(CH3C00),9] Cui= &l ot o] 227} Lo} 912]9] pHollA] CuS042t CuCl, 2] Cui et 27| ST (Khattak and
Khan, 1995). E{F ThE &o]20f| H]51 acetater= Cu®] F18Fel& #olil, 95 Gut= Iste] k3 -8-919] pHof| 1]
A= el 2tk (Yu et al., 2005). Cu= A O] APZES w1 Qlof 'H e o] BHA Ao Qlol e 23 7A4J0] 7Fss7 |
]l copper(Il) acetater= CEC 42| 33}-go 6 2 0] g5k 4= 9]

71E20] CEC 24K 0] Thls Hetshr] 91t T A7} o] R oA gheollte EFotal A7 & vl w 4] et

E3sial 24 Alzto] who] A Flo] E-g/go] w2 Holtt.
wfeba] B A 7HEskY 41455 CEC B4 staia) copper(ll) acetate -89-S L3FEH O 2 o] g5}o]
St Eoo]| CuZ B2AF e Cu 52 B AR =43 4= QIEE copper(1l) acetate 223 <]

CEC &3 278 ZA5} ammonium acetate 3} CEC B4 21} Wl BXHo] §- 8418 |1 AESIICH
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Materials and Methods

EUYANE ARl A8 B = B, & EY D AT SIS RS 5 1672 AFI5to] F213 th3-2 mm
A& spoto] ARgSIGIt B afeby 2412 EReREAY (NAAS, 2010)0f T2t E<F pHE 1:5H, f71=
SRS Walkley & Black®, a4k Lancaster‘?j ofolwehgak} Wk oFol-2-S 1M NH,0OAc (pH 7.0)H
o7 ZH5H9tt 947 42 micro-pipette S ©]-85t0] ME, tjAl el =S 451} (Gee and Bauder,
1983). A1 EFO] pHE=4.75~7.9, F71= %}Ek‘o_ 0.06~7.65 g kg, FE= 8.08~44.2%, ammonium acetate .02
Z73F CECE= 8.89~23.94 cmol. kg H 1S 2H= EoFo| It (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

~7.90  ~76.5 ~462 ~2.03 ~134 ~739 ~0.96 ~239  ~442 ~747  ~739

Mean 5.26 233 164 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).

fo|lRmet2f EF E= = ZA  Copper(ll) acetate [Cu(CH;CO0), - H,0] ESF8-o10] Cy S2F2 o]&
o] 2goH4 0 & 2|20 CEC 4 2715 A757| Slol S8ubd, 298N 0] 2715, 84| pH, E}-8H
H

A o] 24 w2 Copper(1l) acetate LM O] =2 10, 20, 30, 40, 50, 55 mmol L' &2 zﬂ&%& 3 400 nm~

800 nm AF]9] spectrum=- UV/Vis 2458 A] (Spectronic”®, Genesys-5, USA) 2 Z7510] oFAH

W= oS skt

Copper(IT) acetate 20| Cu S22 100 mL AZtEek~T o B 5 gt 27] -84 (20, 30, 40, 50, 75, 100
mmol L) 20 mL-& ZF2} @31 1 A]7F %l 3 5 Ailsto] Cu 55 S45HT) 82 9] pH= ammonium hydroxide2}
-89l pHE3.0,4.0,5.0 % 6.0.2% 27351 E=F 5 2o 20 mLS A7 1o tha 1 AR5 HEGA]

5@
i
5

acetic acid= &7

A
AT
E G} okg N o] M7 ul e UG AIRES B | f1ell B 5 g2 7= 2= B copper(Il) acetate -8 (55

mmol L)9] Bl &2 1:2, 1:3, 1:4, 1:5 D 1:102 E7}512, 9ESAI7ES 1, 5, 10, 20, 30, 40, 50, 605 ST HE}6}9]
OF. T3 A Aol B o 2% 272 A o HOlE 9l A-2oll A 4-385I3itt. Cu®] S2FRE 27] 559 o 9ll9]
& Aol 27E Altstlrt. ofd, ofutol] Fof| ol 1HRw flofli= BT 52 2o = 7Sl

CECO] Atk 2715 %9t 328 @ -9 55 2lo| 25E] ofefl Eq.1 02 ALttt

v O

oF -1 £ 1 1
EFCEC (emol kg) = (C.— C,) x 5100 1000 < 3177 (Eq. 1)
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o714, C= %7] Cu &= (mg L), Co= T2 E T Cu 5% (mg L), E+= copper acetate -84°] H718F (mL), S

oge sk} 7fo
, 31'77 = Cu™ & cmol 2 EHISH Zholct

= EFF A (g)

Ammonium acetate'HS 0|&8t CEC &% Ammonium acetate™ (NAAS, 2010).2.= 163 0] EQS 30HES
o ZA5199ct ZHUHS IM NH,0Ac £ (pH 7.0)2 Eslgol o 2 ARSIyl on, vjojo 2 Fole NH, 2] A
-2 95% ethyl alcohol-2 AF8-5H9.1 G2 NH,' 9] 2|3H AHAJSHE 10% NaCl -84-& 01- 85199t} CEC2) =7
A= 5} Al 9z ghehkA oA A-g-5Z7] (Sampte tec, Vacuum extractor, USA) S ARSI A3527]9]
ZZLe 7o} AlA @ Z]ghgA oA RE 8o1S-0.125 mL mim™ &) £ 2 §A|7F 5ot 527 61t} 2|k R o]
NH, ¢] 542 A2 5E27] (Foss tecator, 2300 Kjeltec analyzer unit, USA)= ZA%S Z75to] CECHHS

SEMZ3} H|I Ammonium acetate (pH 7.0)5 H copper(Il) acetate .0 = 35Hs SAJet A3LE o]-8-5o] At
A, B2, FHOARE Bl skg] 0w, - 2ATHT ] tihA Rl EA A QAR HI-8-S Bl SHRIT

-

Results and Discussion

Copper(ll) acetate®] ST SHS 93t VT M8 By AS olgslo] 53 HE 7 Holgke Cu
SV SIE UM A g A0 AR Uk B} 22 a5l S0
0] FJoly} A7) thol, FHs 1 S Wl SHeR Hol ZH9AE £ 5 P ol
TS =751 2150 copper(IT) acetate 2] Cu ‘S5 10~55 mmol L'7HA] x4 0 2 S8 o
514 (Fig. 1). 2ol BAZ0] 500 nm 5= S3E 71 2 0 & =olxth} 750 nmol|A] H31o] o] 2
ChA ol 1211 891 35571 75 mmol L0141 29 S} 20] 779) Ao ol 2o
7FsSIATE TaEbAl, 2 AtollAl= 720 nmellA] copper(Il) acetate] F& 71 A& 423513
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Fig. 1. Spectra of copper(ll) acetate solution at 400~800 nm.
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Z38MO| SEQ pH EUOlN T559 22 gt o 2 S2E|= 249 ol Ha5 gzlgo| golxl
of. JejEE 2 A-toflA Cull S2tf oJRt CEC w412 27| F it 24 d3e] 3k v|2|A| ot Copper(1l)
acetate 2} 0] 55 AX5L7] QJ6l] CEC #fol] the 371¢] Eoll 7] %5 20~100 mmol L& ZHs}to
Cu®| F2FF& A3 A7E Fig. 20 WU Ik 8949] 2757t S71stell W} 50 mmol L' 7kA)= S35
Aol w4 e 2 F7Foh= 7oA, CEC7T -2 EQ2 CEC7 =2 EET A& ool mdsilrt. T3t =
7]%-= 40~50 mmol L' o]14] ammonium acetate $.0 2 ZA 5 37]] EF2] CEC Ao} H|wg uff th2F80~115%2]
S VeI SMISIEE Alefelal $-2luet Ee] CEC7F H 10 cmol. kg He]o|B2 A= e
CECE 1185} Copper(Il) acetate E3F8- ‘5= % 7|55 55 mmol L' 2 A|ZSIAL. 0] 52 B Cu”t
100% S2HEcHH Bt o8-S 1:4 HIEE CECE AXIHE f 44 cmol. kg ol sig-eick.
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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| 9Jall - 8H O pHE 3, 4, 5, 6.2.2 Z7g5o] Z2F AHTH VS Fig. 30 RN IT) pH
7} =otglof et Cu ] S&FE £715191.0 1, o] Avk=Kwon and Noh (1990) ¥ Stadler and Schindler (1994)°]
pH7} Eokglel w2t Cu o]22] F2to| S7igtthe B arel Attt et 7] -§H0] pH7} 5 W 1M ammonium
acetate Hi B9 CEC7F 7H7FATE. Sumner and Miller (1996)]] ©J5HA, 1M ammonium acetate™ (pH 7)
=373 D ¢ EO| CEC S40l AR =L o™, sokgHo] pH oF AA| EFe] pH7FHHE 737 B2 CECE
s ET_EFEH ojgfzo] Jlrkal st

2 ATLof|A] copper(Il) acetate 5200 F FILEH-G A 23S W pH 6.0 odollA] FHEo] A=A, pH 9.0
oAl A= copper(Il) acetate 2] AHo| AR E|o] Bt A2 =2 o] 12ts1AT) Yu et al. (2005)-2 Cul] S2HIA
oA copper(Il) acetate -22H ] pHE 5.0 0.2 X5} 0™ acetate 2] A3t 5 5502 27| Mo pHet 52 H

3 9] pH #fo]7} A <] %}ﬂ'_l_ H IS} Copper(Il) acetate2] 7] M2 55 mmol L' 9] 5 & THFEQS uwf &
ol o] pHE= 5.6+0.030]31.0 ™, $-2|uet = EFO] pHE= Hat 5.9 (Kang et al., 2012)0]37, BF E9FC] pHE= Bt 5.6
(Jung et al., 2001). 0.2 th-E A EQFo] Bi H]-&o] =7] w0 copper(Il) acetate 2] Z7] -8H o] pHE 24 ¢l

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

HE T ELY S22 G AlRto] dojda-E ESut Cull = ATto] Aol Jafo] HolA|thr, AAA
7o 2L pH S o] S| Hok (Sparks, 1995). 55 mmol L' 9] copper(Il) acetate -8 20 mLE EF 5 goll
gfsto] 2 AZEE ol #x "oflA] 5E7H = S2Fge] A4 o & F7Islelom, X9 AlZte] 1042 o 78t
S HE Aol 52 Hgof EotTt (Fig. 4). 1M ammonium acetate (pH 7.0)H2] CEC 42 3 -& AR 12

Al7re]al, BaCl, & ©]-83t compulsive exchange method+= 24|17t 59t HE32 wff HP o] T3t (Sumner and
Miller, 1996). = A& elAl= 102 21" o] % Hadof] =Esilal, o] Ak HEZ=o] izt Cul] 52t BEo] w2

7| o]Fo Xt = Hareh -2 Aukirt (Kwon and Noh, 1990). 10+ 5 5 copper(I1) acetate -5-4o]] 23t CEC %k
-2, ammonium acetate 1.2 2 4% CEC7}15.77+20.8 cmol. kg 91 EFIA 2F93%2}99% 2] A2teS LRy
3!, CEC7} 11.4 cmol, kg Q1 EFAE= 2F 80% 2] =& LFERYQILY.

30
5
15 W
10 w

:'/,_‘__.,/,-0——0—’:;;;: !

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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Eft-§olo] 7 Hle-2 EO] Satof| B Fake niRith &, EYC] 8§ W e s 0T R E
& T & 2= ol 7ok Ao] YREA o[t (Atanassova, 1995). 2 Aol EQk} -G8 34715Fo] HlE
=1:2,1:3.1:4,1:5 2 111022 % U EF 29 7 3 SAF2 7 ke A3e Halrk (Fig. 5). 12 BEYF
3} copper(11) acetate -22H°] H|-80] 1:4Y o, ammonium acetate F°2 4% 3710] EQRS CEC 3t H| W =
T 90~110% H$10] =S LRSI

ﬂJ

i /’/.
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™

BAMHo| Hlm A|FESF 1670 tigte] & ﬁ?oﬂ/ﬂ WSt copper(I1) acetate w-451-2 ammonium acetate 7+
Iy = v ottt & o= Fig. 63 Zo] 1159 Wq** <
el copper(Il) acetate 8-> 27|80 Fr ot &

O

Aol wkz} Cu S& ol S nA B2 CEC7TH2 EXL CEC7 e EFR T =7 Haol| =25 Hct. st
RELL 0| CEC7t =2 B COpper(H) acetate ﬁj‘ﬂﬂi AR o oha 2 At ol B =, CEC7tH =

S|

=

Ftﬂ
rE

O] FFHA= copper(Il)
acetate 4] £0.79 cmol. kg ©]5F°] 1L ammonium acetate -2 +0.89 cmol. kg ©]5}Itt. F HH O] ]OJE@
of thet TEFHA= Hat +0.312 2Fo]7F Y1194 ammonium acetate™-2 CEC2] A1 k3o Fast e
copper(Il) acetate 2352 CEC7 2 vl ZFHA7F Ikt & 24 0] CEC 2423} tigt ol A= 5%
n|eko 2 AshA| 5] 0t copper(1]) acetate 235 2] HO|Al4~= Haf 1.37% % ammonium acetate 2 Tt
LIttt o= copper(Il) acetate -3t 0] A 1pAo] H& T ofufslo] Bt Al Z451| wjRo]| 7hdsEARL

=
ammonium acetate H-=> 4 7o) et AjA, Z|et 4 A F57 P& AR| = 5 Edoto] oA 47}

[¢)
Fig. 72 7 W] AEES E—@E'}Q} 340174]—r§ A Aol +
1

oTr
ety ﬁo]o] 7] 2ol Zl o2 AZtELE B Adof| AREH B pH (4.75~7.9), 7= =F (0.6~76.5 gkg™)
9 E oFF(8.1~44.2%)2 1S wf| S-2juet 574 2] EFC] CECE copper(Il) acetate g 0 2 S 9)S
Aoz Aﬂ71—%1:]—
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ot B AT oA iR o052 ZA3E copper(ll) acetate 35 ] B4 §-5-2 ammonium acetate 5 2 T} F
1206] A 0] R5ofS10, Al 1S MBS Vet BE 518 A0 ke el
copper(Il) acetate +3'H2 ©|-8R CEC 242 B A8 AH] S 9ol B2 el Ef= 40kl =54
71EAllE] EFRAINA AR 739 Hot g w2 CEC 24 28 =&t 59 ?l%oﬂﬂl EFHR 2

Al & = A= Aoz Az

25
‘Téﬂ ..
=l ¥ = 1.0862x - 2.4427
E ¥k
e r = 0.966 °
B 20¢f °
=
3 °
£
P
k|
8 .
E 15" o e
2
=
=l
£

o
£ o o

°
T 0
g ®e
S
£
Q
=
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 412 7HE 6] $15H copper(IT) acetate -84 2Z2F8-0 0 2 o] 85to] g AR =
Ao 4= Q=24 273 ammonium acetate H 2] -4 A VHE H| W ST Copper(1l) acetate 235 ] CEC 42
55 mmol L' ] copper(II) acetate Z3} -8 20 mLE EF 5 gofl Wil 10 e AlZ1 § of1}ol-S- 720 nmof|A| £
FoA 2 2RS4 9= 2702 SHotgint. o] 7ide 243 ammonium acetate H.02 245 CEC= 1&:9]
Folde 7 A AT (r=0.966") S VFERIRLY, T BBl 0 2 24 W CEC B4 A 1He] EFHAietcvE 7
o) zto|7F glo B g Aol Ak 2ol 7t QISiet. mebs, ESF AAE flol B2 o] ELE w451 U= 5971
SAlE ESREAA A AR e] Hol gt 414785 A1 2fRITHH copper(Il) acetate =3'H 0 2 CEC w415 545k
A -85 oletal A2
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