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Determination of Cu, Zn and Ni in Sediment Certified Reference
Materials by Isotope Dilution-Inductively Coupled Plasma Mass
Spectrometry using Off-line Solvent Extraction

Jung Ki Suh'

Division of Chemical Metrology and Materials Evaluation, Korea Research Institute of Standards and Science,
PO. Box 102, Yusung, Taejon 305-600, Korea

Isotope Dilution-Inductively Coupled Plasma Mass Spectrometry (ID-ICPMS) was applied to determine Cu,
Zn and Ni in marine sediment PACS-2 and estuarine sediment NIST1646a. These materials contain high
amounts of potential interferences such as Ca, Mg, P, S, and CI. Therefore, an off-line solvent extraction with
solvent extraction using ammonium pyrrolidinedithiocarbamate (APDC) as a chelate was employed to separate
the metals from the sample matrix. Contamination from reagents and from the extraction procedure was min-
imal and precise results was obtained for these CRM materials. Microwave digestion method using HNO3/HF/
HCIO4 media for the dissolution of solid sample was studied.
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Table 1. Instrumental parameters and their values for optimum condition

ICP-MS instrument DRC-ICP/MS
Plasma conditions
Rf power 1300 W
Plasma gas flow 15 L/min
Auxiliary gas flow 1.025 L/min
Nebulizer gas flow 1.058 L/min
DRC parameters Cu Ni Zn
NH; reaction gas flow (mL/min) 0.6 0.6 0.8
Rejection parameter a (RPa) 0.0 0 0
Rejection parameter q (RPq) 0.5 0.5 0.5
Autolens On
Isotope ratio measured 8CufCu 60Ni/5?Ni 67n/5%7n
Optimized ratio 0.5 0.3 0.5
Concentration level for measurement (ng/g) 20 10 50
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| Decomposed sample by microwave digestion (50g) |

Add 15 mL of 5.0M NHAc

(pH 4 ~ 5)

| Shaking (1 min) |
| Add 2 mL of 5% APDC

Microwave digestion (1st step) | Shaking (1 min) |
250W 2min, 1000W 5 min, 600W 2 min, 250W 10 min | Add 20 mL CCly
|add 1 mL of HCIO, | Extraction |

‘Microwave digestion (2nd step)

| Discard aqueous phase

250W 2min, 1000W 5 min, 600W 2 min, 250W 10 min

Organic phase

|

Evaporation to near dryness (Teflon beaker)

l Dilution to appropriate volume with d.i. water ‘

|

| Dissolution to 5% HNOs |

] Matrix Separation ‘

Fig. 1. Microwave  digestion procedure used for
NIST1646a estuarine sediment and NRC-PACS-2
marine sediment sample decomposition.

| Isotope ratio measurement by ICP-MS |

Fig. 2. Chelation-solvent extraction separation procedure
used for sediment sample decomposition.
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Fig. 3. Picture chelation-solvent extraction

showing
process for decomposed sediment sample.
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Table 2. Summary the major interference ions originating from sample matrix and plasma gases during using ICP-MS.

Element Isotope Molecular ion interferences (mass, amu)
(mass, amu)

58Ni 23Na35Cl 40Ar180 40CaISO 40Cal701H 42Ca160 40Ar1701H 295i2
GONi 44Ca160 23Na37Cl 43Calﬁo IH

Ni GlNi 44Ca160 IH 455 elGO
GZNi 46Ti160 23Na39K 46Calﬁo
64Ni 32561602 3252

Cu 63Cu 40Ar23Na 47Ti160 23Na40Ca 46C31601H 14N12C 37Cl 16012c35Cl
65Cg 49Ti160 40Ar25Mg 32s33S 3ZSIOSI7O 33sl602 12cl6037Cl 12cl6037Cl
64Zn 3251602 48Ti160 48Calﬁo 3252 36AI'14N2
GGZn 50Ti160 3451602 325160 180 325 1702 335160170 325345 3352

7n 67Zn 35(:11702 335345 345160 170 335160180 325170 180 3351702 35C1 1602
GSZn 3651602 345160180 40AI.14N2 35C1160170 3452 36Ar325 3451702
7021,1 35C12 40Ar14N160 35C1170 180 37C116017O 34S 1802 365 160 180 36Ar34S
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Table 3. The values of parameter for preparation of blend b and blend b' solutions for the determination of Cu, Zn and

Ni in NIST 1646a estuarine sediment by IDMS

Typical value

Parameter Description
Cu Zn Ni
C, Amount content of primary assay standard 1.0469 mg/kg 4.8906 mg/kg 2.3103 mg/kg
m, Mass fraction of sample in blend b 0.25023 g 0.25023 g 0.25023 g
m, Mass fraction of spike in blend b 0.24889 g 0.24889 g 0.24889 g
m, Mass fraction of spike in blend b' 250120 g 250120 g 2.50120 g
m, Mass fraction of primary assay standard in blend b' 2.50134 g 250134 g 250134 g

Table 4. Typical value of intensities and ratios for isotopic standard, blend b and blend b' solutions for the determination
of Copper in NIST1646a by IDMS (The level of concentrations were about 20 pg/kg)

Solutions isotope Intensity 63Ratios RSD % Mass bias correction
(cps) (BCu/FCu) for ratio factor (K)
: 63
Isot((;\;});g Tst;r;gz)lrd 6583 19717061570 1952 0627 L1510
(leglj_dsstéu) ZZEE 16 41669:(?2 0.457 0.720 1.1510
63
(sﬁﬁlﬂgcw 6583 15102697107 0.449 0.543 1.1510




83 17471

Table 5. Typical value of intensities and ratios for isotopic standard, blend b and blend b' solutions for the determination
of Nickel in NIST 1646a by IDMS (The level of concentrations were about 100 pg/kg)

Solutions isotope Intensity soRa-ti(z)S- RSD % Mass bias correction
(cps) (5ONii/52Ni) for ratio factor (K)
Iso(tl(\)llilscTSga;sd)ard Z(z)ﬁi 2324156916 6.439 0.617 1.1997
PAS s o K 0282 0.769 11997
(Sarlzsreld +bezNi) Z(Z)Ei 2519 6227;35 0.274 0.437 1.1997

Table 6. Typical value of intensities and ratios for isotopic standard, blend b and blend b' solutions for the determination
of Zinc in NIST 1646a by IDMS (The level of concentrations were about 50 ng/kg)

Solutions isotope Intensity 66Rati(g:s RSD % Mass bias correction
(cps) (%6Zn/%%7n) for ratio factor (K)
; 66
(léi?i?gfcasiﬁiﬁge) 68;2 g68065717 1.340 0.834 1.1075
(Ptjfgidsggn) ZZ;E f955889211 0.439 0918 11075
66
(sarﬁiizdﬁszn) 682 22?;‘:; 0.440 0.491 1.1075

Table 7. The analytical results for Cu, Zn and Ni in
estuarine sediment (NIST1646a) by isotope
dilution ICP-MS method.

Conc., mg/kg
SRM (Type)  Element *Certified  Determined
Value Value
NIST1646a Cu 10.01 £ 0.3410.19 + 0.17
(Estuarine Zn 489 + 1.6 475 + 05
sediment) Ni 23 216 + 0.2

*from certificates of NIST SRM1646a

1646a A1 29] S 7 e ME e o
7FA EAHID-ICPMS, RNAA, ETAAS, FAAS,
WDXRE, ICP-OES)S AH&-3tod Haghks eI
283 Nio] A9 A5a tAl Faghez Fojxle

W Bewe BA9A gl

32.1 vidEe] 3t 59 Aol

A Bafgk AlFe] mid Eelat $o) )7} Zne)
Aol FEges 30 5= ). e st
717¢] NIST 1646a Al&°] %ZnS8Zne] ®l:= 1171
o]lont, mARe o] vl 04382 UERT) olE
IDMSE 283 srAlstel] 488 ¢ sx2] xjo]

= 100 olge] Frh, o]s} 2& A} ek ol

gole-e Sulfurt Tie] SR ool wAyse
NIST 1646a Al5°] 25 S 0352%, Ti 0.465%=
st sle. Wep o)Se) olg AskE Ayl o
@ o= FHHE,

3.3 | EXEk(Marine sediment, NRC CRM
PACS-2)9| 24

NIST1646a HHAEF ARE TA4a7] 93 Axd
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NRC CRM PACS-2)yS #41317] 93l Alset 555
flelae] g8 (blend byt dxhEF=E (PAS)Z
FEEA0d] 8 (blend b)) AFsIANOH
Table 8l f.°Fste] YERAATH

ole} 7+o] AzH blend b ¢} blend b9 FNAAx
H& 374745 (Rb, Rb)9| thE2Ql #hs S8 A
2 Table 9~Table 11¢] YERHATE 714 mass
bias correction factor (K)e SULH|EF=&N 9
AT AASFFCE o] YeploH F99
AU ERTENS FREA] 2 Zno] Ag AAEA

vlgte] Hl&RNE okt
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Table 8. The values of parameter for preparation of blend b and blend b' solutions for the determination of Cu, Zn and
Ni in PACS-2 sediment by IDMS

Typical value

Parameter Description

Cu Zn Ni
C, Amount content of primary assay standard  77.8038 mg/kg 35.8795 mg/kg 9.9496 mg/kg
m, Mass fraction of sample in blend b 0.25065 g 0.25065 g 0.25065 g
m, Mass fraction of spike in blend b 1.01935 g 1.01935 g 1.01935 g
m' Mass fraction of spike in blend b' 1.01893 g 1.01893 g 1.01893 g
m, Mass fraction of primary assay standard in blend b’ 1.00637 g 1.00637 g 1.00637 g

Table 9. Typical value of intensities and ratios for isotopic standard, blend b and blend b' solutions for the determination
of Copper in PACS-2 by IDMS (The level of concentrations were about 50 pg/kg)

Solutions isotope Intensity 63Ral’ti(S)s RSD % Mass bias correction
(cps) (®3Cu/fCu) for ratio factor (K)
ISOEI‘\’III’iSCTStga;}gard 2283 ffg; 1.986 1.038 1.1313
: 63
® Absleid SECu) 6583 ;g;ggé 0.462 0.513
63
cample = 0 Sy ooty ode7 080

Table 10. Typical value of intensities and ratios for isotopic standard, blend b and blend b' solutions for the determination
of Nickel in PACS-2 by IDMS (The level of concentrations were about 10 pg/kg)

Solutions isotope Intensity (cps) (6()112\%;(2)?“) flgrSII),aZOO Mass fZiiErC(()Ir{gection
ISOt(?\I])IigTS tggg?rd zzgi 462256073 6.785 1.012 1.0634

(P]jiglfaz]i]i) ZZEi 2897619% 0.294 0.946 1.0634
(Sanllg;fend+b62Ni) EZEI 15999182 0.296 0.774 1.0634

Table 11. Typical value of intensities and ratios for isotopic standard, blend b and blend b' solutions for the determination
of Zinc in PACS-2 by IDMS (The level of concentrations were about 50 pg/kg)

Solutions isotope Intensity 66R::ltics)s RSD % Mass bias correction
(cps) (%6Zn/%%Zn) for ratio factor (K)
: 66
ot ondimce) S 1158 1.358 0.483 10928
(Ptx)\ksaﬂsgn) 22;2 13 42 413211 0.223 0.789 1.0928
6
(Sanllgplﬁeni bssZn) 682 17 658821531 0.451 0.671 1.0928

ool A et FHUANE 3} Table 89 IAFE sediment)e] Cu, Ni ¥ Zn®] =9} ASH < H
2HE FedanlEo] A3 A 1), 4 2= A& aste] Table 120 YERASIH
ANEZFS] 7} Yae] =g AXE 4 ok 2 594 o] F¥ Zro]l FHurte] =YEF7]# (National
23X 843 =¥ NRC PACS-2 (marine  Research Council Canada, NRCC)e. 22X €| ZF% 3
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Table 12. The analytical results for Cu, Zn and Ni in
PACS-2 marine sediment by isotope dilution
ICP-MS method.

Conc., mg/kg
SRM (Type)  Element Certified  Determined
Value** Value
NRC PACS-2 Cu 310 + 12 307.7 + 96
(marine Zn 364 + 23 3689 + 3.0
Sediment) Ni 395 + 23 407 + 22

** from certificates of NRC-CRM PACS-2

¥ A E PACS-2 Al79] EAoM% <157tz IDMS
of 93k B Aso] Axprt v & AXTS B 5 9
At} PACS 2/ 89| A5e da¥z 57X o))
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o2 ARSI w2 BE= WU o
oS g 4 Ut

o

4.8 E

opgel AHERE B AP AHEE BHE
o] vlolziEohte] NG ol§e A Ralst g
322 olgd WAAAPRE AHEY AR ¥
RoE uhe AAG FAPILS AT 5
FeEAR FIAPNY oge
dolfoR FHEPNEE EFe| 240 we rlol
Az} BalEs 8A 9o A7t e & ek A
27} 333 BalEsich YAk wde] ol 1ol
2o AAZL g Foslths A B 489S B %
S olek. wehd 2 Aol ALES e, v
APy % SAALIPEY 4 YAEPE
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