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Analytic study on lead and cadmium in copper contained carbon materials
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Abstract Quantitative analytical condition for lead and cadmium in copper contained carbon materials using solvent
extraction followed by inductively coupled plasma-atomic emission spectrometry was studied. Copper contained carbon
samples were dissolved by nitric acid-perchloric acid digestion. Lead and cadmium were determined after separation with
KCN masked copper by an dithizone-chloroform solvent extraction. Recovery efficiency of analyte elements was
satisfactory, and most of matrix elements causing interference could be effectively eliminated by the separation. Lead and
cadmium were quantitatively determined without influence of sample matrix, by applying it procedure to artifact sample.

Key words Carbon, Copper, Solvent extraction, KCN, Dithizone

TS T A ¥ d sk=F 4 28 a7

23S

a3t le e GRS, A1, 153801
(201099 10¥ 1€ HP)

(201041 10¢ 139 AR

(20101 1€ 54 A EA)

o guliFE3 ICP-AESE ol§8te] TE|9} gavt FAEQ whaddd 78 | ¥ t=ES AW 98
AFEct FEdES g 2 JtEF A g welE 8128 potassium cyanide® masking®t Th dithizoned 7}3}
FIEE-S Pb- BE Cd-dithizone &2 P43 T2 chloroform 2 F& 3l 25tk ¢ 2 =Rl dig =

SN, WA E dode vAYAE A8HeF AAY F Ut ¥ 2 A=FE SFEC] e A8
N EFEA A matrix®] FTFL WA R AFFsA

o tjo

M

o
MN ol & N

mo el el Y RO
R ~r

2 o

LM B Ha dagel A¥ske Feol w4714, 71AE 5
A Fol tEER AR - Az, U, 7,
BB diamond, S (graphite), M dE A (amor- A T AR el ohFskA] o] 8FHL vt
phous carbon), fullerene, carbon nanotube %2} o3& g ge A7k v dshA e ARE AREEY
7R AAoR FERHEH, £3] 19853 Smalley[l] 5 3 o, 21470 A mEvlee] Fxd) net
of oal &7 RUS 7 gAEAL fullerene(Cy,)0) e gl Al7|gol WG @ Ao 3 AF
AR ol MEL TR vl ek Ayt s o] ikl Az oS A AEs FE A
olFA I 9l 1991 U2 Lijima[2]e] &l carbon  HPot, A WL sl 2137
nanotube’} LHH ol BAAmoke] HAMMZ & digh 2 tiFEL °
3t7] Sls) AAXLR Q77 AP QUTH3, 4] o] e ARAF FHE FEEe] Ao AT 24
o 7ol Bt FAECR HY e @AEE Ug g9 288 ouE Zdeth gadd o) v¥ v
o] ; =

g, WA, mEEA 5o 5 E 58S 7 Jlen,

?Corresponding author 28 A g A 5o A= W
Tel: +82-2-3282-2493 1_].”

A
Fax: +82-2-3282-2489 _ L
E-mail: zhchoi@kicet.re.kr g et ol WS S FAE] il |



308 Zel-Ho Choi

g@et7] of#lg dxe] ot auz g
2k ol9)e] kg AMgsle] HAlEle] gAS FUstshe
g 5 FEES AYsle o vl Fesith w3
A BB B olely F4, AkslE 59 3}
o] eHol e 97t iRt} aBEE ga
Age] &Hsrt #+Us
Paso] ofgh ElR sle] A 4Rk Aol ul¢
ofFtt. WA miF FHE @ 2 JI=E 5FY4E
dRet7] 9leted marix2HE B8 9 FEsjob st}
271
el Fo] dou, | 2 IS W94z 2
2 sEske §WFES Bo] olgdy Urt. fui
SHEL FEHNA EH P49} chelate complexZS
98 = U= chelating agentS 7}8kd complex com-
oundsg F4JAIZ] % complex compounds?} &3]
organic solventZ FE3h= oA Y 9 =
ALE FEI7] H8iM AHEHE complex agent®
APDC(ammonium pyrrolidine dithiocarbamate), DDTC
(sodium diethyl dithiocarbamate), dithizone(diphenyl-
dithiocarbazone), oxine, cuferron 5°| AME-%77 glom,
#7182 chloroform, MIBK(methyl isobutyl ketone),
diisobutyl ketone T°] AREHIL STl )& complex
agente soft baseEA] 4Ze] S50y U EF43)
i chelate complexE A ¥onz el F450]
v e EFE 7S matrix2HY A 28 4
ATH9-20]. YHEH oz APDCY 79 {9 o
pH 3 °|3l2 AHJ3lsled chelating complexE &3 s}
ARS-SEAL ¢l chloroform, MIBK 59 £7]8uj2
FE513, DDTCY 7% pH 4~72] ek T 49
A} chelating A7) MIBK, isoamyl alcohol 508 &
%3t} Dithizone®] 739 4Z4#]AQ pH 922 143}
& chelating 1712 chloroform & & 23130 ot
£ ddlMe A7IAE B Asak BE AEEE
AE7I 2719 SRR ke REol ARE
TrehE AR 35S BT 59ER 2EHY de
brusholl thste] & B Fl=go] s NS fead

2]

fe de e

iy
A

£

ek AAE brushis TS T4 SLARI A}
S50, 284, WA, WA, volan 2 v 54
Se PP AR & 5 wlRE EE )RS
FP2L Wie A JoE ez 43S 95
i A F R4 8ol AGHL A wA o
AW FR18Y AL 0%l YadEe] A% T
2el4 2 718 marix 9450 )3 HE)= <lskd 4
H 295k o) wlg olgth TeuR B drolie
wadnel Ax, T2 dae wol, @ ¥ AsEs
AA0R 228 4 e 208 2] HAEAS

2.1 AleF 9 717]

Aol AMSE BE AFES 558 AREsIoH, A
Are AR /Y AL 2ol2318 33 2&F
ZHTE A28k Dithizone(diphenyldithiocarbazone)
8982 g/Iy> diphenyl dithiocarbazone 2 g& chloroform
1,000 mpefl gallste] ZA51 2, dithizone 84(0.2 g/
e 2g/l dithizone®¥L chloroform® 2 108] 3|43}
o] ARE3IS T KCNE-AH (100 g//ye potassium cyanide
102 & 100mpl &3liste] 2AISH2™, diammonium
hydrogen citrate 8 (250 g//y> diammonium hydrogen
citrate 25 g2 & ¢ 80 mpoll £33 ammonium hy-
droxide® & 73l pHE 6.5~6.72 1A% TR A
FE 100 m/ w27 A9 Z2ASh Pb ¥ Cd B
SNe ArE-F FAE 1,000 mgkg EFENE P
e} F=5 8Asle] AMEsIH. Sodium -£98(1,000
mg/ly> NaCl 2.5420 g& 9o} beakero] ¥ HCI 25
mPl =91 th2 1,000 m/ volumetric flaskel]l &7]72 &
T2 T A 4o] ZASIHA, boron £
(1,000 mg/}e BCl, 10.8390 g& ©o} beakerd] 21
HCI 25 mP) =01 tFe 1,000 m/ volumetric flaskol] &
712 R ww7E AL o] Z2AERIT BE 2
A 10% Gt 33 FRTE A v 71xske
ARSI Pb B Cd 94EAE 98l Perkin-Elmer
A9l Optima 3300DV F=Z2% Seklnl ArpEEE-=3
71(ICP-AES)Z ©]4-3}3t}.

o r

2.2. AgHhy

Fig. 1914 Hi= uje} o] @A AE oF 02gS
0.1 mgZ7HA g8ks] ©o} 400m/ H7|ol FFH oz &7
3 ANE A el o INZE TR AdR7A
WZskaL P 30 miE Tl AARA R g e
o] HlE Ax2 ZFdste Aol FHPaAto]l A &
oW T deog Yz v AFants o Hrtet
o JEIPIE WEsle] ©AE s ARSIAIA A|As
Ak g As] AAEE deos sl 10%
Are A% 7isled £8l8tal, diammonium hydrogen
citrate £ 20m/Z 7}t TS ammonium hydroxide
L8 7lslo] gAlo] pHE 8 ooz U 1%
t}. o]ojA] potassium cyanide®% 5~6 miE 7t}

N



Analytic study on lead and cadmium in copper contained carbon materials 309

]
...____._,, Shakinqnmwn |

g
Removeof Organit | new oot
compounids

Tt
|

. Separation
| /250 mi. Boaker

Fig. 1. The flow chart for preparation of sample solution of
glass materials.

ZU0E maskingdl ammonium hydroxide &80
galo]l pHE oF 958 WAEI 250 m/ BNzl
Harmow Q—/].l, dithizone £ (2 /) 20 miE 7}3}d
0E7F s € the 848 AXANA F For B
Zix7l ohe —,«%—0—‘.‘ 2o 3t =72 dithizoned
H(0.2 g/) 20 m/iE 7t8ke] 28] wbE. s f7]8m)

,_.

2 dsisith f718u7t EolslE HAZ AAHANR
e QY Z2FEOA S0E gy ATA o o
o] ALE vheted gsfsiant. fvlES @8] AlAs)
71 S8 A 3miet ik smig vhet WS
Wz Axstr 10% FAe A8 shele] g3a o

100 m/ F3 Zef=0]] Y=
2 AL, o] fAE A

Asiitt.

grog 2713 a7k
FHgHoZ AMREl] ICPE

de o

N

|

St 2YR fUIEES Bale] SEE |
=

Bg e 3ib Aa 5 Tk ALgao]

ool ¢ o
o off &

NA F71ES St §718 F 25948

s1 217k A23]sE olgsld /78S BElshe A
B8t 2571 500°C ofdelME d, A, AEE T FF
o] A7} FEEe] Tt A A9 Aoh21).
FH5Ee] A dutee st A AMgale] &
ZlEE BEA7IAL AR galert v dle 34
'EﬂEE R E% °V\94 gl ole&- ©ide] st

o~

FADRe A T 7PY e AsAEA 7ty

&5 gm AkslEe] & die) 2k wAElE A
9= CLO, ClO, 5 AstEo] s dasiglEo] &
ek ukgol o3 B ez dEA Uk

C + 4HNO, —4NO, + CO, + 2H,0 1)
4HCIO, — 2Cl,+ 70, + 2H,0 Q)
el AskE WA Sle) Slekeag Tl

Rldns Sesaod, diedsl va 59 v

L
ey
g;;;
5%
mru
1>;,
21
a3
E?
r:p roh

3.2, fujEzo] o3 Hka) Ui A7

AWk O & carbon brush®] 7% ©A7F 50~70 %,
7} 40~30% 13T Mg, Na, Fe, Al, Ca @Jfﬁw
3],0 }O% /\}\E}- ICPE } 0}01 ]/L m 7}'E
A matrix Y4 23 WG EFE A8 Flg-
20|A Hie npel o] g ﬁ&ﬁ% 20, 50, 100,
1000 mg/(2 AH 2 W7, 742} Gl
FI=E BEENE 1, 5, 10myA Ak 3ol F
5 43y 95l dudoem grol 94¢ w9
220. 'm nmet 217.000 nmE HEEINE, TREge] %
2 23317 9sld dukkon 7wt S48 228.802
nm S Agsle] @Ak de 4g 7Y E
w7b o 100 mgl AEeME 2 e WA WA,
ZE9 Fovt Aoz 78] wEh 220.353 nm

o
><>|ﬂ—u

Moy

Oﬁx

oM F7isks Ade JERNAL, 217.000nm 3}
#ollMy= Ashe Adko] #aEo], FesEe] iy

¢}
2 &4k Agoles el 23 matrix GEF] A
B Reg vepdth 7lege] Asols e w1t
PEEE EAEeE o] 93t matix &3t AL
VERA] o= S E 5 ek
T2 0] matrix Y4l i YL 2ARBH] 3]
Fig. 3o Jehrd 23 Zo] vldlg EEEAE 50,
100, 200, 300, 500 mg/[2 VAIF o2 WAL, 27}
golo] @ 2 FloF HRLHS | mg F7BIL W
9] 58 24317] 918l 220353 nm 3} 217.000
nm 94E 7 wgE 245 fs)
o 228.802 nm IS Aglsie] PRI W ¢ T}
E“?A A vkdlge] Bt BE Agole & 9%
S Wz oA Uuﬂhﬂ TE7F dAHeR UK
| =g SHeert hdhe EAES Ve
| 8ol vkl ] IFEE EASh: A1
matrix Gl e Ao e
o]9} 7to] matrix YaE o3t} EAALE] HF

Aesigl, 7he

~NQ

fr



310

Pb/Cd Conc.[mg/Ll

PH/Cd Conc. [mgAl)

&8 -

Zel-Ho Choi

PR/Cd Lmg/l. , Po/Cd Smoll . Ph/Cd 10mgd
o
M
/ " b B Rl
LLE YR
k2
. q§/ . s ) !’/ | . g@ ’}
) v 58 *\? ¥ B
- e ns A ¥ t 4
S i - - w’“mg%
[T \“m%ﬁ ™ o 5 “‘”'mw\ﬁ
~ . o e, un =~ Nﬂ
~, —_ aso . —
\‘%Q ET R " - S
D A A - = ) A A S S
Cu Conc.fmgi ]
" 220.353 o for Pb @ 27000 omtor P & 225,802 rwn for Cd ¥ i Conc. of P/Cd

Fig. 2. Interfering effects of copper ion on Pb/Cd concentration.

» 220353 nen for Pb
® 217000 nm for Pb
@ 28,802 rm for Cd
¥ Il Cone. of Ph/CY

2}

Pb/Cd Cone. [mgA.l

T * T T v Y
108 e 00 400

T
500

J

o @3 Jehie AL ¢ F AT aHEE EF
fA3 Age FAR AL XA YL Y
£ BM3) Y8l Ca FFES 500 mg/l, 1,000 mg/l L
I 5,000 mg/ FEEE ZAGK] AHS FHFNAT
Fig. 494 B nle} 2ol (1)9] 24 Ca 899 5%
7} 500 mg/Rl &4l & R A= FE8A 0, 10,
3.0, 5.0 mg/iE 7tale] AARHAE S Ca =}
500 mg/l, 1,000 mg// 223 5,000 mg/R]l £l & &
Fregol #7289 0.5 mg/l(graph top)2} 3.0 mg/l(graph
down)2 718le] 243 23 Ca =9 matching®] €
Asole & 2 =g =) dsEe dAske

B .
o Conc. o Ae T+ dou}, Cadl FEIt FEE & B 7}
o o SE S0l dbsEun s ) e A
Fig. 3. Interfering effects of magnesium ion on Pb/C
& S ncetiatny < 4 5 ARt (9 B Ca §49 FEE 1,000
{1) 500 moA. Ca {2} 1000 mg/ Ca {3) 5000 myA Ca
L % 18y
L1 uE ELE
e e b . - | e
e e ———— g8 R T T
s R S o T— - [Ty
B2 wE »E
E7 ¥ [ 5] . = r T v T
e E 3 kLo Eo- e k-3 18 e oy oy ot e e - k] p- ] HE
b 2k &
) ﬁ 2% T N
as ” i MM E3] n R
LES an U T T —
s G 32 g;‘ﬁ: T‘M 28 R - “'”“-v«q
28 e T — 28 T S ? -~
N e ™ e
234 k3]
rx 2.
o5 " 2 v , " ] + T
k. e wee g L4 k- 88 - Josg - -3 k- b oy o o8 E -
Ca Conc. img/L]
™ Z1E000 v for PO & 220,353 ran for Pb L 22882 pentor Cd ek, Cone. 05 me/t. PD/Cd and 30 mo/l. PH/Cd

Fig. 4. Results of matrix matching method.



Analytic study on lead and cadmium in copper contained carbon materials 311

mg/li &to] matchingS & A3} graph (1)7 Y31
5529 matchinge] ® 73%03% W 2 7R =
‘:7‘*} APt A= AL & & slont Cadl B
7t SRS W E l=Ee] 2Age] dAlsrET
iﬂ‘)r A ehe Bde 23S d%en, (3)¢)
AF Ca €€ F=E 5,000 mg/PIA matchingAl7] L
(O FL3A o8 59 Ca-g) ¢ 2 7l=F T

FEAL stele] A¥E s A3t 255 Ca B
9} matchinge] ¥ A% ¢ & ?}CUQ] Ty} o Als

w9k A= AL L 5 don, Cadl BEo} ol
S5 W % IR 23g0] AEERT B
A ek 2 & % sk Me ARe] 4R
o EHPee AP PalE FE P vrg B
HASRIS A3} AR Atk Ao e 2
9]
o]

=

|5
a} matrix 947} 7S theksie g tieksl =
A A Eeke A s AAdsolsle ‘ﬂﬂ-r’ﬁ

= 3«\1 o2 HrgEc)

olg} o] o] AgFo] FEIP= AlM B Do)
gk ICP 5 7171840 Wart Sl ARe A3se
7 7o ﬂJ“ﬂ Wal7d HA s EHYAgNE
Hglstodo} g1}, Carbon brushE 83k 8908 okolz)
PO 2 THE U2 cyanideZ masking agentE 713PH
T2 2 AH GRS ke 3) % @) ZFo] [Cu(CN),]”
gl [Fe(CN) ]~ XLOIQ'C’] PAdEct, o] & chioro-
form &ofo] g3=o] U= dithizoneS H7lahd whe
21 (5)9) 7ol ¢ 2 FH=H o]2o] dithizoned}t 2313}
& ¥Aste] chloroform gufol] a5, Lvle|E34:
2 P EFE o2 dithizonedt HIFEL e}
A 9l gkl EAjslAl Frk W [Cu(CN), ] 2

T
Q
3

[Fe(CN)]™ SIFE& f718v)0] galslx] %z Bl &
Eik2i=A Tr7lE~UH~er FEAES HejgoRd g @
Fh=E SHEHE-S matrix YAEEE £ ¢ 9,113}:
Cu’' +4CN [CW(CN) T (3)
Fe’" + 6CN” ——— [Fe(CN)]™ 4
e SHEN o= SNER » /N-.N\
Bt 2 S-(:\ { m =C \N'*Hf. N C=3 5)
dithizeewe

iEEe A% HHo] AL BYsl7] 98] masking
agent?l KCN9} 713, chelating agent$! dithizone®)
AV 3l F 2 FI=F chelated] 2 98 pH

Table |
Experiment Results of Addition quantity of KCN solution (Pb
Conc.: | mg/l)

Wavelength 10 % KCN solution in m/ into 1,000 mg// Cu solution

(nm) 1 2 3 4 5 6 71 8
220353 0.02 005 001 098 10 097 099 1.01
217000 - 00 - 096 098 097 098 1.02

Table 2
Experiment Results of solvent extraction of various dithizone
concentration (Pb conc.: 2.5~2.9 wt%)

Dithizone concentration with No. of repeat

Wavelength

(nm) 0.2¢g/1 2 02l 3 2gl 1
005! 1 02gl 2

220.353 1.47 1.99 2.59

217.000 1.47 1.99 2.60

o] {9 52 TEILE YNFH SR carbon brushe]
A9 Tt 4030 % FE TR0 domz FEe
FTEE 1,000 mg/[Z TASIAL 10 % KCN £H9] H7}
F2 WA APE TS A3} Table 13 7o) ¢k
4~5m/ KCN &9& 7lsld Fgo]2°] 79| masking
He Aoz Jehdth
A4 carbon brushe] 73 |
Roevg B Adyolxe ge o] oF
carbon brush® Al&ale] 2.29] AR oA dlthlZOI’le
gadlo 7Ele] FESke A dithizoned TEE
HIA A o] Bl tigt APE 7Pt Table
29} 7H0] 2 g/l dithizoneE Ao 2 13 FZE3lL, 589
0.2 g/l dithizone§&-H OS2 23] HREslJol 243
Q*‘E 749& ST
HH F2o 28k Pb B Cd AFE FE8A] pHY
7] wiitel] AZE Wl TR matrix Y4HE

s

f 01)]1
i mlo

Z% % Jn

LR

W ‘ / ( A

s WS

Pb/Cd conc.Img/ ]
\\\
.

®

1 P

Y T ¥ T Y
8n :3-3 g 45 -1 wE e

pH

Fig. 5. Optimizing of pH in sample solution.



312 Zel-Ho Choi

e EEske 342401]*1 Pb ¥ Cd#} dithizoneo] 2
133l Ph(dit), 2 Cd(dit), 23}LEL I ﬁ;
l= #H9] pH HAE AN Pb B Cdd B

7F 100 mg/l, Cu®] =7} 1,000 mg/l S A8
< XAt Fig 5914 B ule} o] ge49] pHE §
FE 117K W3 A A9E 3 ds) g9 pHrL o
9.5 oA i ¥ Fl=g FEo] A Ao= v

-

g-’O

KCN 7}, dithizone®] 371, §89] pH HT&
AR AR W HHe 2U0F ¢ E sl=ge] S
A 2 AFe @ 2 Sl=E 2899 1mg/l, 3mg/l,
Smg/ 223 10mygiE A7iEte] ¢ 2 Jl=ge] g4
€& FARIITE Fig. 6olX HE nls} o] 2g1

dithizone SHOE 13 F&3}7, FENZLS 029/
dithizone& N O & 23] wHE3le] F&3h= A3} Lollo]
pHE 952 W&ol Sui32348e 1088 33l

ICPE 220.353 nm(for Pb) & 228.802 nm(for Cd) 3%

LLE - - - - * s e S
®
-
L
e
Sl
- %
§ b
L T .n P
et
& 2
\ [ R T e T B RUE—E L T
-
-1

Mo. of Experiments

M 2 Ak ¥ L AE EFe FE Y
9 ol v e 3582 LehARIch

3.4. N8 B4

Aol AYEE 98l BEEEE o]83
o] nigHeA| e, A AuEe ¢ 2 =g 2

TFEE GRS dadAY] BFEH] g Wi A
TIEAER AMSE] flste] AlFelA diE Qe
carbon brushZ FY3l g B 7l=Fo] TiE AR
%o AL carbon brushE &S o2 ¢ % 7I=F9
F=7F zZ4zk oF 37+5mghkg, 21+5mgke] HEE
g B Il=E EEENS AUl oehE-g et 48
AIZb Bt ball millingdt o2 W& AASS Axs)
of Az3t AH7)EE2 (artifact material)S FF XA
FAH(XRF analysis; X-ray fluorescence analysis), 3%
£5 7P, matrix matching, W3HEE L& F3lo
aAAE ERIBAT. ole} o] AZF carbon brush
AIR7IEANEE TSR £33t Fig. 7914 B uf

A
S

<]

o} zro] gujERel osf 83 EMeld] ABEL &

Er o

88 vl oo B sl s B sty i T il onenondls

Cd conc.[ma/L]

L
@ o« M oW e w3 oW
Bertoodinoodaniinebonsiss Bt bosfon et hussdesibniobutud,

B —

No. of Experiments

Fig. 6. Recovery of heavy metal ions by solution extraction method.

] m 217.000 nm
m .
S ® 220353 nm
&0 -
-
- ®.
W s e e e g e S
o A o, o
% . !:"ZSQM‘::._E e P o &
@ =
1
L] T T ¥ i ¥ ¥ 1 k] 3
- 1 ] 3 3 5 & ] ] &

No. of Experimentis

5. | 228 802 nm

25 U P ——

15 . R —— T —

Cd concimg/kgl
#

No. of Experiments

Fig. 7. Analytical results of artifact materials.



Analytic study on lead and cadmium in copper contained carbon materials 313

w9 IlEES Weldagiy By 2 FEsled
Bo] ol 8EHI Y= SuiFEE Sl DDTC, APDC
S5 complex agent® ARSI Qo) B Azt
w2 FEke] g, A 5o 92t dREHY e Al
£9] A% DDTC, APDC 52 complex agent® A}
37lols ol Yae] Ee7t oHSrng, o) 94
£5 KCNOZ maskingslod £elsled @ 2 =g &2
2ES dithizone® 2 FZ= Zo] wl$ Agshy

R
N e

FZ9 24L& 2g/l dithizone €402 13 F&3}1,
TEHSE 02 g/l dithizone £HOE 23] WiEsle] 3}
37 g8e] pHE oF 953 Yol §uiFEshe Aol
9 Aoz veyith

b g, H 5o 947t HEow FGE eiAl
89 74 AR Fae vk KCNOE maskingd}al
dithizone® & gujFZ3ste] ICP & AASE =43P 7]
LT FTE A WA o wge] ¢ 2 =g
S AFY 7 e Ao et}

l

| AT 20064 AAZAY AN ATAALY
o TN Wol FAT A0 olo] e Ajel L

1]
o
o
rt

[1] HW. Kroto, I.R. Heath, S.C. O’Brien, R.F. Curl, R.E.
Smalley, “C60: Buckminsterfullerene”, Nature 318 (1985)
162.

[2] S. Tjima, “Helical microtubules of graphitic carbon”,
Nature 354 (1991) 56.

[3] W. deHeer, W.S. Bacsa, A. Chatelain, T. Gerfin, R.
Humphrey-Baker, L. Forro and D. Ugarte, “Aligned car-
bon nanotube films: production and optical and elec-
tronic properties”, Science 268 (1995) 845.

[4] H. Dai, EW. Wong and C.M. Liber, “Probing electrical
transport in nanomaterials: conductivity of individual
carbon nanotubes”, Science 272 (1996) 523.

[ 5] BS EN 1122 “Plastics - determination of cadmium - wet

decomposition”.

[6] ASTM D 4004-93, “Standard test methods for rubber -
determination of metal content by flame atomic absorption
(AAS) analysis”.

[7] KS M 3210, “Plastics-Determination of cadmium-Wet
decomposition method”.

[8] J. Minczewski, J. Chwastowska and R. Dybczynski,
“Separation and preconcentration methods in inorganic
trace analysis”, Trends Anal. Chem. 2(6) (1983) 143.

[9] K. Kazunobu, “Method of quantitative inorganic analy-
sis”, Interscience, New York(1963).

[10] F. Amore, “Determination of cadmium, lead, thallium,
and nickel in blood by atomic absorption spectrome-
try”, Anal. Chem. 46(11) (1974) 1597.

[11] J.D. Kinrade and J. Cvan Loon, “Solvent extraction for
use with flame atomic absorption spectrometry”, Anal.
Chem. 46(13) (1974) 1894,

[12] S. Bajo and A. Wyttenbach, “Liquid-liquid extraction of
cadmium with diethyldithiocarbamic acid”, Anal. Chem.
49(1) (1977) 158.

[13] L. Danielsson, B. Magusson, S. Westerlund and K.
Zhang, “Trace metal determinations in estuarine waters
by electrothermal atomic absorption spectrometry after
extraction of dithiocarbamate complexes into freon”,
Anal. Chim. Acta 144 (1982) 183.

[14] B.M. Smith and M.B. Griffiths, “Determination of lead
and antimony in urine by atomic-absorption spectros-
copy with electrothermal atomisation”, Analyst 107
(1982) 253.

[15] JM. Lo, J.C. Yu, FI Hutchison and C.M. Wal, “Sol-
vent extraction of dithiocarbamate complexes and back-
extraction with mercury(Il) for determination of trace
metals in seawater by atomic absorption spectrometry”,
Anal. Chem. 54(14) (1982) 2536.

[16] R.W. Dabeka, “Graphite-furnace atomic absorption spec-
trometric determination of lead and cadmium in foods
after solvent extraction and stripping”, Anal. Chem.
51(7) (1979) 902.

[17] A. Mizuike, “Enrichment techniques for indorganic
trace analysis”, Springer Verlag, Berlin (1983).

[18] R.A. Vanderpool and W.T. Buckley, “Liquid-liquid
extraction of cadmium by sodium diethyldithiocarbam-
ate from biological matrixes for isotope dilution induc-
tively coupled plasma mass spectrometry”’, Anal. Chem.
71(3) (1999) 652.

[19] T. Kato, S. Nakamura and M. Morita, “Determination of
nickel, copper, zinc, silver, cadmium and lead in seawa-
ter by isotope dilution inductively coupled plasma mass
spectrometry”, Anal. Sci. 6(4) (1990) 623.

[20] H. Itabashi, M. Yoshida and H. Kawamoto, “Kinetically
controlled separation of cadmium (II) from zinc (II)
with dithizone in the presence of nitrilotriacetic acid”,
Anal. Sci. 17(11) (2001) 1301.

[21] I. Pijk, J. Hosta and I. Gillis, “Proceedinds of the inter-
national symposium on microchemistry”, Birmingham,
london, Pergamon press (1960} 48.



