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2 2k AYE A& £9 v]g Cd, Cu, Pb, Ni, Zn 59 £4& s FHU28Y AGEHYE o4
vk At ulelazst EgAb(AAL B4 G4 BaEE o483l £4dsdd. Ammonium
pyrrolidenedithiocarbarmate (APDC) 0] 3342 ol g3l <t} o) dae] =348 E% o2 Pb
F A5k, YA 452 o fodof NHOH 37} ¥ 141 $-23le Fe, Sn, Ti 5& AAYL o 33
st A A4 s i oA FFUL wE dode wAYAS xgHez AAYL £
U 238 YR JAFEEEA Fof vlFU4 EHef o] Wb A4 2 A2 & dHFHE 2
AANE d& 4 9.

Abstract: Isotope-dilution inductively coupled plasma mass spectrometry was used to determine trace

amounts of Cd, Cu, Pb, Ni and Zn in sediment. Sediment samples were dissolved by microwave digestion
with addition of mixed acid (HNO,, HF and HCIO4). Lead was determined after separation of alkaline and
alkaline earth metals by an ammonium pyrrolidenedithiocarbarmate (APDC) solvent extraction. The other
elements were determined after separation of iron, tin and titanium by hydroxide precipitation. Recovery
efficiency of the analyte elements was not satisfactory, but most of matrix elements causing the isobaric
interference could be effectively eliminated by the separation. Good agreement was achieved with the

certified values in the analysis of the two sediment reference materials.
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BAEAY A AstedoF Bt E}etA] oJape wA
7] 18 o] ZHA] whge] Afse] oA nAA"
o] 2J3t shdgr AL Brpesin], oled} L ¢l
o= 7P BAE WE 3pgo] ohh Hex|rie}
E 5394 g Q4F alg] Al7se Aels

£ M E AR Fll rlgFoz Fashe Cd,
Cu, Pb, Ni, Zn 52} $4& $]s] ¢4y Az
EA R (ID-ICP-MS) L o] 4515l er, Alx F¢f izl
o 28 T4 uRiE Eol7] f8 5 2 A
w2 o]83t mi A AlA ube) & d7aido

24 #

2.1. 717} s =

FH1925) 248 Aaged 3 A8 27
< ¢]# HR-ICP-MS (Finnigan MAT, Bremen, Ger-
many)& AMg-Etodem], HliHd 7]7] Fak 9 odle
Bl Ae] £ Table 15} 2} A8 235 418 six

Table 1. Operating conditions and data acquisition para-
meters of HR-ICP-MS

ICP-

Rf power/W 1300

Sample uptake rate/mL min? 0.3

Argon gas flow rates/L min™
Coolant 13.3
Auxiliary 1.0
Carrier 1.2

Sample introduction

Torch Finnigan standard torch
Nebulizer MCN-100(M 1)
Spray chamber Scott type, quartz

Sample and skimmer cones  Aluminum cones for Ni, Cu

Copper cones for Zn, Cd, Pb

Data acquistion

Resolution mode Low {m/Am =300)

No. of passes 1000
Mass window (%) 5
Search window (%} 100
Integration window (%) 100
Sample per peak 200
Sample time/s 0.002
Settling time/s 0.001

position rotor7} Sojzt 4= )y vle]zia g} BHa}A}kz|
(Milestone MLS-1200 MEGA, Bergamo, Italy)3 AR&-
sheleh Alge] Azele 9L (JEIO TECH Co.
Korea)& o|-43lgoer, Alag] 43, 5499 A
50 A7 £ A v A 239 9
&2]-& (Mettler AT 201, Swiss) & o] 8-8le] 22314
o}, Halgl Alg= 29 9] $)8H class 1002 clean
draft ol 4 Azskeiet.

2.2 Ak o H=m

Aol M3 BE 7T AL A F ool
2 A4 9 Axse Azslelch 2E4Ae BT
Fapehd 1419 23RN L 10gks EE4YE A
oz Ml Azt e EF ol
A)gka} Milli-Q Element water purifier (Millipore,
USAYE AXAM & ° ¢] 28 sub-boiling4ell M
A AA sl Apgslg o HCI#F HNOsE E-$uE=4]
Aleke] W= A)eFS- sub-boiling still AfellA] 2 23
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A g ALl om, HCI0 221 25721 (double
distilled) Aldrich (USA) A]e}& ARg3lgc}. HF= %
Soplizte] WEAe Aeke 2z ARgshav)
5% ammonium pyrrolidenedithiocarbarmate (APDC)
g8 alg o) A zsled CCls (Merck, Germany)
2 23 &8l Aalsldok | M ammonium acetate
43490 AR 13 Aokg AHgaie] Az
& A}2-317] A Chelex 10022, AA 3 225
2424 US Services (Summit, USAY®] MCd
(96.31% &%), Cu(99.7% = 5), ®Zng} ISO-
TEC Inc. (USA)S] 5Ni (97.01% 2 x)E AME3d]o
o, A7h SAYL ™Pb3} Pb FHUL REEL W)
TYEF7]<HU (NIST)2] SRM 9912} SRM 981 3!
9828 AMRBIA . ARy YA A HFTAN] T (key
comparisons; KO} ##] CCQM-P154c3 Al3g
AUxE A&s} NIST SRM 164622} YE-gaidrL
(NIES) CRM No. 28 Ag-3}sdc}.

2.3. AlB2| 23

ohe]Z23 Y o] 4% A= FIADL Fig
13} 742}k AlE ¢k 0. 1 g-& B8 Teflon 87)e) 35}
I FAA e Qa0 FHY4 258 Ag
e AH7IE og &34 (11M HF$} 7.5 HNOs) 9
mLE H7eRek Y AaE olelzza) By
2ol Abglalm 250 WellA] 7R, 400 WellA] 103, 650
WeilA] 10¥2] 7oz wle]zzsl Bastedch W
ZHAI7] Bhg HCIO 3mL & 718t $ellr{s} e x
ez oA wtolzagl RaE AAso Yzt &
Teflon 4715 7Ave} 100°C 991 AlollA] 2k Az
ghed £ Fo] AF AE-S FS{EY R 0.14 M HNO;
10mLel| g3t} 24 AUz Az & 47
0.1g)8 Aag s L =AM Efgien, 6
7} port 3 upmiA} 2743 wlEAE L 0R dld Aa
HYAA FollMe] ededit Bt % HF: 25 uA
ol ol gatdct. Hal4 A=) A} A 37 (2} 1
g9 Mg =] A stz 105°C Azen
oA 247k Fal 7l o8 Wzt b A %o
A HHFE 3 A8 T FEFE TG
o, o] & HZFAA} BAd] o] g3l

24. opE AL Bl B
N2ge o) fAQAEE ARt} ICP-MSS]
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[ Spiked sediment sample 0.1 g in PTFE vessel

Add 9mL of mixed acid
{(7.5M HNOs;+11M HF)

4

Microwave digestion (I)
250 W 7 min, 400 W 10 min, 650 W 10 min

[ =y

4— Add 3ml of HCIO4
y

Microwave digestion (I
250W 7 min, 400 W 10 min, 650 W 10 min

| Evaporation to dryness |

. Add 2mL of 0.14 M
HNO,

r
Redissolution

4
| Dilution to 10g with 0.14 M HNO; |

h 4

Matrix separation

Fig. 1. Acid microwave digestion of sediment samples for
the determination of Cd, Cu, Ni, Pb and Zn by IDMS.
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AMAEA] ok3r ICP-MS2] Eal%-£ 300002 gjA]
ZA%P 14 & dod)e= ¥}l (ArNa, Ca0, TiO)
t &A1& (Cu, Ni, Zn)¢] ¥]=% EeEAd 3=
7b Eal% 30040 vl ¢ 110 sz fejriy o
7] FNUA v g Betws) ¢k (2% Foz o}
B} & A7 e FHSdE B glo] 244
EU=F 347 Hole] viAPLE AAE e
2% 300014 EAFct o9} e BHes u
A7l A miA A A upgE Fig. 29} 2ok
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ction

Aqueous phase
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| Dissolution to 5mL 0.5 M HNO, |

v
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Pb

Add 8 M NHsOH

| AdjusttopH 10 ]

v

ipitat
‘ Centrifugation }&f
X Discard
Supcrilatant (Fe, Sn)
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Cd, Cu, Ni, Zn

Fig. 2. Matrix separation in sediment samples by APDC chelation and NHsOH precipitate.

U Lo & oH& #7] £13THE PFA (perfluo-
roalkoxy) ¥lolA 2 &3ict A AelA sz A
A7AA MMF 7AdEe {7leelE A B
AgelA Z&avlzA CCLE AH4SE A2 dE &
ols] Bla] FdAde] 2 Hols] whFelst &0 FE
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3t A AL} et A e &3 AR BE
d4¥e] 471¢l $7]x 8M NH,OHZ 73] pHE
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R 48 39 Fe, S, Ti 5% I3 #sly 598

ICPe| 39]3}e] Cd, Cu, Ni, Zn 3-& 23 )¢l
3.d=a o nH

LA HAH &8

AUE A& 0.1gE FElsle] 50g $Yoz 34
ssle o) fAad =T fAEE EEELYE
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AA s A 4428 e f=E9
2o} wp22 3 (ICP-AES)s} o = A0y
(GFAAS)E o|&3lgon F2 vzllte} 24 U4
9] AA QW 35LE Table 28} Fch o] Tableo) X
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X Table 29 M9} 22 Blgolepd 5-43) 34 7}
%3} whebA] Snelut Tiell 218 7H4ledske] AlslA|
% Phy i E Ala g o] 43l 2Aslge
o, YojA] Q4 A4 Eelof 28] Fest Sn P Ti%
AT ALY ol g3t ZYU.

32 5L HMY
2 AYI vuse HEF 24 29 IDICP-

MSol ofs) WY Aeen 2UYAe] g F

Tuble 2. Recoveries by solvent extraction and precipitation

C.oncentration Recovery (%)
Flements msf)ﬁlt]i(j)z:lrd cflc;]a‘:;irgn Precipitation
Al 50 mg/kg 0.14 0.02
Ca 10 ~ <0.1 <0.1
Fe 50 » 91.6 1.05
Mg 5 <20 <20
K 10 » <1.0 <1.0
Na 10 » 1.56 1.32
Ti 5 » 0.68 <0.2
Sn 2 - 75.0 <0.1
Cd Spglkg 79.1 62.2
Cu 10 ~ 978 89.8
Ni 100 ~ 92.1 66.6
Pb 40 » 92,0 4.26
Zn 100 »# 85.6 58.8
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S o] e Fo4la 4] F5dan)8g 2R sin
Excel 22| o3 z} Ag2] U4 =8 7
st

Por 8ul32 A8E A Fslg 2k
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tion g-<f¢] AgapdaAg A=Y AHEET
NIST SRM 981-2 Al& 8Nz} primary assay standard
£ 2] Pb YAlF A4S H3 T4 v &
AeA Agapdazs 2A5H=E AMEE AdE
A2 Bl ulg-& e

Ccde] E¢K2 == 870 (106, 108, 110, 111, 112,
113, 114, 116)319] 'Cdute] & Q40te] F370
Aol glev x] 5984 2% Pd, In, Sn 55
7Hde] 9ok Cd 338 S8 A3 F94 4
A A7} vi2 1 amu $]e} glom] A EAju]s}
uicge} of 2ufel 12Cdr} MCdsd ) $2 Hol H
th "2Cd= 53] £408] 0.97%2] "Sas}t FFFA ol
ooz lign 7h] kg A 73] $ale] AR
glefl o] Sad AAY Aafdg o]fsle] FAJ3}
ek Cde) A5 R E 2F5gde] gomz
anl 5pg/ml B38998 Al&sle] spike calibration
fol0] EoUAn[E A AP adE »A
st =3 8709] F-9l¥4 2ol Wjsle] 7433
£ AAzn & £ AP FH L0 EE 2A8)
7] ¢]37] w2l ICP-MS& ARM3le] &AJ%A] ¢t
AQEANF Ahgste] QAR AlAbslT A28
3 Z3gde gl cdo YAk $dsica 71
ool A2 Cde] FHAAYEL A AAXe=
7] 4A% ez gl 7] HE) $9) 2L
7Hel o]t 23 %= ICP-MSe) 23t E914v]8

22 Betxo wste] TAIF £ 9o}

WA Cu, Ni, Zn9] 5= 232 ¢ Adit 59
U 4L SCus} SCu, SNiz} ©Ni, %Zne} ¥Zn So|
o}
Table 3-¢- NISTS} NIES 22849 7} 4 2
AARE AFRT A 2okt epd et

NIST SRM 1646a2] Cu® A|ojslai= A d4r} <l
Z3e] 2= Aol dA)sla AEE ¢ 49
o} Jeh Hyires 2 deale] 24AR5] Q)
RS oi B2 e Jep T gleiM goz o)
of W& HAEsl Basicl 2 Ao viskig 24
Ae] #EHARe] 3ulel] A e AAR
YA A2EA1E= CA00015pug g, Pb 0.024 pg g7,
Cu00l6pg g\ Ni002lpg g, Zn21pgg! S0 2
A= 3t

23772 BEe= EURACHEM Guide"& o]4
sle] AlEslgch FHUA: HAYAN Apapdas)
A 9l vitAe A& xeiste oo A&
Al 2 A (2)2} 7o) 1oL R, R, R, Rp2] 7+ &3l
W&t Agkpias RAAE 747 K, K, K, K,
gt &t

Mo M IR RyK R
e ity mip ERip R.rp_Kﬂ' - R
Kr-R-K, - R
= * " _Blank 2)
K. -R-K,-Rs

A2)2] 7 sz FHE o dE A =F
=8 42T o o]lES PE P BESE
HeF Fagch Alg Azl 43 E=r 408
B3 ddd BEert gL oy, g
vielzk BA e W ol YAEEHaE F9)
of dojzl o)} ujz|etoz o] AR x| wpgt
el 7104 ¥8eg et AP PHEHEE T
shglon, AR (U 3E A= 3
Q) A} (coverage factor) k=23 Fa}e] F3}dc)

#H 2 7 SA=FHNYH (CIPM) A3 B
AARELN 03 (CCQM)elA] F7lrE718zt Y43

Table 3. Determined concentrations of elements in sediment reference materials

Concentration*/ug g™

Samples
Pb Cu Zn cd Ni
Sample preparation eigz‘ggn Solvent extraction+ precipitation
NIST Determined 11.4£03 9.31£0.15 4794150 0.141+0.003 -
SRM 1646a Centified 11.7£1.2 10.01+0.34 489416  0.14840.007 -
NIES Determined 1104+ 1.3 2074452 336.7£22 0.824+0.03 39.84+0.6
CRM No. 2 Certified 10546 210+12 343+17 0.82+0.06 40+3

*Mean and standard deviation from four separately-spiked samples,
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Table 4. Determined concentrations of elements in CCQM-
P15 sediment samples

Concentration/umol kg ™!

Pb Cu Zn Cd Ni

KRISS  Average 417 741 4790 227 390
U*(k=2) 144 24 260 044 98
C_(F:,?;E « Average 421 - - 230 -

*U; Expanded uncertainty
**Results of 10 institutes participated in CCQM-P15 KC program

AR ZA M| LKC) AKj)e] 3hiz AAE CCQM-
P15 (trace elements in sediment) Z2H58] dHejc)
Table 4= CCQM-P15 A|2¢] &AA7E Qokgt A
o2 Cda} Pbel] H#HAE= 107] 24 ZE7)H 2
AR HRE vlmste] velligle & 79 &
A A (KRISS)7t Bad-gw(U) WM A4 3
o Ao} & dAE s 9l & 4= gk

49 £

AU AN FgFpAg e ol g AR 24 A
F AT o= 2383 AdatAeA g
A3 BA o A &FZA N wAM F 23]
Al #4851 4R oo T diAde] Bt
Al F9] vl 2AE fiMe Sese o
QoZtjele TF3U4 HHE doF|e viAddaE
olz] as}Hoz Al s o} g

2 A7y 2" AYE A= APDC 33
2 NH.OH A Felo &)s)] Aa 59 F8 744
48l ode] 9 azbe] =324 28] Fe, Sn, Tid
AMAgezH FHYAEY AR 29 ojsf
Cd, Cu, Ni, Pb, Zn 5-2 2352 o323} 23w
Az 2ME 4 Agloh w8 Aag vle)=za) 2
b 2ol o3 Azjghozy A= Feladels
2] 298 A3 ¥ 4 9l # A7EHNE Ay
E A& % Cd=} Pbell 3 ZAIv]mel -S43 A3
Al ¢ Sk 2AAAE P4 4 ole
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