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L/min) 12X 0l L72PMasikBl D 9 B, KM 55k 23 E L CofrBHT W 72, ol O PMas
REEIL7.9~40.0 pg/m3 & EEGFITIAV, F72, DR EHIIE N TV T T 7 GREF OISR S 15 Yt
FORED bEENTWA HVY 75— (285 L= 7 4 L Z ZPTFEf . OHORIBA TFH-R (20.3%x25.4 cm)
T, PMosOfEmFEIT400 cm2TH 5, PIXE{EIL T 4 V& FLERD2%2 ecm, ICP-MSIEIX T 4 L # O HLL
s 7 4 )V Z D125 Stk & LT,
2.2 PIXEZIZKDTTHEDEENH

PIXE{EIC LD #ESOHE. BARTA Y b—7H2BY A 70 brr k% — (NMCC) @ PIXE JEE
TiTo72, PIXE oM O BEFEHT, 3B (2x2em) #~A 77—/ X —47» F 7 L— AL 0 (13 TR
L7, PIXE S5 TlI. AE—AHY A XD A7 bmrnbd 2.9MeV D72 hoBE—2A (3 mmd) 2 E
Z8F ¢ U XN—NTHREFEHCIRE L, Zhick v BE LM XBRE R s LS —H L mm X —Ho 2
B O Si LD CRHIHE 9L TARY MV ARG, AT VARG LTZBEOEM &1L 3—52 pC T
bolz, AT MLVINBRRHIEHRE O ¥ — 7 & 2 T3 2 13T 7' r 77 L”SAPIX™) | B — 7 HifE) 6 E
HE % K ¥ 5 121% Nuclepore-Br i% 9% v 7z, NMCC @ PIXE &2 H W CoxmHEoH i, Na~U £ T
ERHLCERT DI ENARETH D,
2.3 ICP-MSEIZKBRTRDEENH

ICP-MS JEIZ L BB i, ik (132 7 4 v %) 2K 2x2em (24~ b LT 156mL DR Y 7L il
REICAN, BEN—t— b7 0y 7B L 0RED S PMas 2 BiHE S, g (1%HNOs) T PMas ®
SRENIICHER D AR L, 2 AU K0 PERK L 72 o Hrelkl & B2 ICP-MS (2 EA L TfT 5 7=, ICP-MS ®
TS % Table 1 IR L7, BEK—b—F
7y Z7IEOFET, 15mL R 7L IR
IR 7 4 V¥ B AV D —1%HNOs % 10mL i

Table 1. Operating conditions for ICP-MS instruments.

ICP-MS Agilent Technologies 7700x

2 D—BEW (15~2047) - — h7 1 v 7 (80°C,

Plasma conditions

lhr) —-H&EH (15~2047) Th b, Rf frequency 27 MHz
FEmt#EIL Be, Na, Mg, Al, Si, K, Ca, Ti, Rf Power 1550 W

V. Cr. Mn. Fe. Co. Ni. Cu. Zn. As. Se. Rf matching 21V

Sr. Mo, Ag. Cd. Sb, Ba, Tl. Pb, Th, U® Gas flow rate

28 THR T ERMER LT DIV AR AT 7 Carrier gas Ar 1.04 L/min

7 Z— (RF: JREEARE0) 1h 2 W e, REBEEAREE, Auxiliary gas Ar0.90 L/min

0.001 pg/L~1000 pg/L OEEAEVSHR % 5 AR L Coolant gas Ar 15.0 L/min

HE L. 5 [El Ok UHIE E O ZEEREDS 10% LA Reaction gas H2 6.0 L/min

N, IEHERRIRE & OFREN 10%LIN T, ofTik Reaction gas He 4.3 L/min

BT DN D ME & IR & OBIfRNE
WO H HIRERE CORMBRKOMES & Lz, &
HEFIRAE X SIN=3, E& FIREIZLV AR AT 7
7 2 —ETCRDIZERME & EERIRIRE & DR
D RE10%RE T, EEEN /N ERDMEE LT,
B T IRAE OGP 1 0.005~10 pg/L., & & FIRHE
DO#iPHIX 0.01~10 pg/L TH - 7=,

3 HEREER
3.1 PIXEix & ICP-MSENDEEHE

Sampling conditions
Nebulizer
Sampling uptake rate
Data acquisition
Data point
Integration time
Repetition

Micromist nebuilzer
0.4 mL/min

3 points/peak
3sec
3times

PIXE 7.5 Ti%, Na, Mg, Al Si, P, S, Cl, K, Ca, Ti, V., Cr, Mn, Fe, Ni, Cu, Zn, Ga, As,
Se. Br, Rb, Sr, Zr, Mo, Hg X' Pb ® 27 i HZ N EK NEEIIL, N TV T 70 7B EFR< 14
BT b - EE&ESh7Ze#EIL AL Si, S, K, Ca, Ti, Fe, Zn XO'Pb ® 9 tFE ThHh-o7-, T
NWNT T 7RENBIE Na, Mg, Al, Si, P, K, Ti, Fe XUO'Sr D 8 oE M - EE SN, 74 ¥ (F#
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FEHFE 400 cm2) %4729 OfETIE Na, Mg, Sil 10 pgAitk. Al & KiX 1 pg A, Ti. Fe, Sild 0.6 pg
PIF & PMas 244 U723 0BHTEE R T 1/10 LA F T - 72, ICP-MS Tl OMT8 & L= 28 THED H b
Be #Fx< 27 EENTEEINTZ, TV T T 73 EHT 28 TROE TR SN )hoT2, FT~LT
F BB ERS 4R ETHLEREINZEHEIE. V. Cr, Mn, Fe, Co, Cu, Zn, As. Se. Sr. Mo,
Ag. Sb., Ba, T1 xU'Pb ® 16 t#E T »7=, Table 22 PIXE #: & ICP-MS IEIC X 5 E&EA R LT,

Table 2. Quantitative value by PIXE and ICP-MS method.

PIXE method ICP-MS method
Element
Range Range
Be ng/m’ ND* — ND
Na pg/m® ND — 0499 ND — 0374
Mg  ugm* ND — 0475 ND — 0140
Al pg/m®>  0.058 — 0953 ND — 0705
Si pg/m®  0.003 — 1325 ND — 0588
P pg/m®>  ND — 0285
S pgim*  0.285 —  3.19%
cl pg/m®>  ND — 010
K pg/m®  0.046 — 0244 ND — 0315
Ca ug/m®  0.016 — 0813 ND — 1560
Ti pg/m®  0.004 — 0134 ND —  0.029
v ngm*  ND — 1849 0.93 — 2150
Cr ng/m’ ND — 1932 0.16 — 3.99
Mn ng/m* ND — 33.07 2.86 — 32.89
Fe ug/m®  0.059 — 1479 0.023 —  0.661
Co ng/m* 0.02 — 0.29
Ni ng/m® ND —  19.63 ND — 1015
Cu ng/m® ND — 1004 2.55 — 1106
Zn ng/m*  14.60 — 8059 22.90 — 9550
Ga ng/m’ ND — 6.80
As ng/m® ND — 3.56 0.36 — 2.00
Se ng/m® ND —  28.09 0.32 — 3.01
Br ng/m’ ND — 1685
Rb ng/m’ ND — 3219
Sr ng/m® ND — 7007 0.10 — 8.60
Zr ng/m’ ND — 15662
Mo ng/m® ND — 9.64 0.19 — 4.88
Ag ng/m’ 0.02 — 0.51
Cd ng/m’ ND — 0.39
Sb ng/m* 0.55 — 2.87
Ba ng/m® 2.49 — 1120
Tl ng/m* 0.02 — 0.26
Hg ng/m’ ND — 3.27
Pb ngm® 215 — 8643 2.65 — 227
Th ng/m* ND — 0.02
U ng/m’ ND — 0.02
PM,s  pg/im® 7.9 — 40.0 7.9 — 40.0
Total/PM, 5 (%) 6.2 — 19.6 15 — 9.8

* Not detected.
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3.2 PIXE k& ICP-MS &IZk 2 EEEDLLE

PIXE £ & ICP-MS {EIZ X D iR EEMEO L, WA TEREI LTV 5 Na, Mg, Al Si, K, Ca, Ti.
V. Cr, Mn, Fe, Ni, Cu, Zn, Sr XO'Pb ® 16 jtRIZOWVTITo7, Fig. 1 [ZITEE LR TH D Na,
Mg, Al Si, K, Ca, Ti, Fe X' Zn, Fig. 2 IZ&EILHED V, Cr, Mn, Ni, Cu, Sr & Pb @ Fhigifh 5
o Lic,
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Fig. 1 Comparison of quantitative value by PIXE and ICP-MS on major elements.
(O marker sample is excluded.

FELHFED Na, Mg, Al, K O Ti Ti&, PIXE & ICP-MS #: & OERMIZKE < D TEEN 7= 30628
HHI, ZNERS EARTYXEHD L OO PIXE k& ICP-MS L0 EBEICERIEOBENRD b,
PM_2.s DG & DMRIRIZ D 72 OWEREHE PMas OB EMEWEENCIL. PIXE % & ICP-MS ik & O EEfEMN
RELMTEEN TS, 728, PIXE iEE ICP-MSIEICBIT 2 ERBMEOREZ MG+ 5124 -> T, E&F
[RAELCL T OEIZBRAN LTz, FEEILRIZEIT H PIXE £ & ICP-MS O EEMEOBEMF TIX, Mg, Al, Si, Ti
2 O* Fe 13 PIXE D EREIC AT ICP-MS 50O E &AL, Mg & SiidEThH5, — 5. Na, K,
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Ca KU Zn 1%, ICP-MSEDOEEMD F 3 PIXEEOEREME D b &,

Table 356 |23 PMes 2R Y I —R % 4 — ~ 7 4 )L ZZHi%E L 7= NIST Air Particulate on Filter Media
(SRM 2783)% fiv 7= PIXE £ & ICP-MS IEIZ 81 5 FEGLROMER R4 i L CHA 5 & PIXE {EOfHEIC
AT ICP-MS IEDENMEWVOIE, Na, Mg, Al Si, K. Ti ¥\ Fe TH5d, Ca & Zn i, ICP-MS ED
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BT 2> T D,

20

20 T T 20 — 20 T —
20 5 "V - c 20 - = Ni
-
ny . r u Cr aNi 15
u 10 [ ] N 15 yZ:_(J45729x
5 O ~ 5 1 s 10 R?=0.7796 |
E . 5 R2=0.9091 | “E; 10 y=0.1998x B /
& "/‘. ‘ £ R?=0.7554 E 5 L
S 10 = o = @ 10 5 | S o 4
] 0 5 10 15 20 = Iy -] 0
i " 5 0 3 @ 0 5 10 15 20
=] a 0 5 10 15 20 =
T s 5 5
n ] |
Q- - :
[] u u
S O NCTT . B e
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
PIXE (ng/m3) PIXE (ng/m?) PIXE (ng/m?)
15 - 12
CD =Mn uCu @ "
10 |
12 -
— | ]
z - - R . i
= L] ";[
= 9 12
) 15 ‘ = 6(@ n
- - = Mn E Y . =Cu
i 6 2 . L s " 8 " .=
s @ - 9 = ol =
" / - y=11521x
3 - 5 = 4 L) A R2=0.6103 |
6 [ ] y=1.0831x !/ "
3 R2=0.7387
0 N ‘ 0 0
0 3 6 9 0 0 2 4 6 0 4 8 12
PIXE(ngmy 0 3 6 9 1215 PIXE (ng/m?)
80 ‘ 100
40 :
=Sr " Sr 40 T
=Pb =Pb
30
60 — 80 30
I
£ 20 y=0.4594x En L]
2= 20 y=1.0285x
E Re=05119 E,[ 60 R2=0.4141
] =
£ 10 L a = 10 =
v L} - L]
; o lmg T 40 , LA
0 10 20 30 40 ]
20 N = 0 10 20 30 40
20 L
: L
L] | ]
o —® -3 =
20 40 60 80 0

0 20 40 60 80 100

PIXE (ng/m?
(ng/m?) PIXE (ng/m?3)

Fig. 2 Comparison of quantitative value by PIXE and ICP-MS on trace elements.
O marker sample is excluded.

METRIZBE L TX, Cr, V., Mn, Ni, Cu, Sr XKO'Pb TIINT Y X|IH 5 H DD PIXE £ & ICP-MS
1O E BRI ERNEOBRNZE D 55, PIXE % & ICP-MS {50 & &4l o B4R 1%, Cr.Ni & 8 Sr TlZ PIXE
HEOEEMEIZEE T ICP-MS DO EEMEMN KL<, CriiEE TH 5, V. Mn., Cu LO'Pb T, PIXE & &
ICP-MS D EREIZIFIER U & 72> T, 723, PIXE % & ICP-MS IR T 5 EREO G Z M
HITH oo T, EETRELL T OMEIZERS LT,
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NIST Air Particulate on Filter Media (SRM 2783)?> PIXE {4 & ICP-MS &I B D& e #E Ok Tl
V & Pb X ICP-MS ¥k v % PIXE #0528, Mn, Ni KO Cu 1% ICP-MS DA 20%Em <. Cr i
FIER CEEZ R LTS, KA 7 1 Y Lk Cid Cr & Ni i3 PIXE #0528 ICP-MS 75 L 0 & W iR &
725 TWDH A, NIST OFEMEYE T Cr iXIFIER U, Nl @EvE s 72> Tns,

Table 3. Quantitative value (ng) for NIST air particulate on filter media by PIXE and ICP-MS

Element Quantitative value by P1XE method Quantitative value by ICP-MS method _ NIST
Mean + SD (a) alc + SD (%) Mean + SD (b) bic + SD (%) Certified value (c)

Na 3220+ 110 1731+ 3.4 1520+190 81.7+10.2 1860 + 100**
Mg 9320 + 617 108.1+ 6.6 8720+950 101.2+11.0 8620 + 520**
Al 33400 + 1830 143.9+55 18800+2400 81.0+10.3 23210 + 530**
Si 85100 + 2860 1452+ 3.4 498006600 85.0+11.2 58600 + 1600**
P 532+ 91

917 +58 87.3+6.3 1050 + 260**
Cl 430+ 92
K 5240 + 201 99.2+38 4270+530 80.9 £ 10.0 5280 + 520**
Ca 12300 + 345 93.2+28 14100+1500 106.8 +11.3 13200 + 1700**
Sc 2.30+0.46 65.0 £ 13.0 3.54+0.28
Ti 1320 + 37 88.6+2.8 1250+200 83.9+134 1490 + 240**
\% 49.0+175 101.0 + 35.7 38.2+4.6 788+95 48.5  6.0**
Cr 130+ 12 96.3+9.2 123+22 91.1+16.2 135 + 25**
Mn 261+18 81.6+6.9 315+72 98.4+22.5 320 + 12**
Fe 26100 + 811 98.5+31 20500+2800 77.4£10.5 26500 + 1600**
Co 141+9 1831.2 £ 116.9 6.8+0.7 88.3+9.1 77+£12
Ni 436+52 64.1+11.9 57+11 83.8+16.1 68 + 12**
Cu 353+ 25 87.4+7.1 447458 110.6 + 14.3 404 + 42**
Zn 1470+ 71 82.1+48 1550+45 86.6 £2.5 1790 + 130**
As 125+2.1 105.9 + 17.7 11.8+1.2%*
Br 234+35
Rb 789+9.7 328.7+12.3 22.6+3.3 94.2+13.7 240+55
Sr 53.3%4.9
Zr 51.5+2.6
Sh 61.3+11.1 85.4+154 71.8+2.6
Ba 296+22 88.4£6.5 335+50**
Hg 119+ 25
Pb 316 + 28 99.7£8.9 264+25 833+78 317 + 54**

*: Mean and SD of six measurements.
**: Certified value of asterisk mark is based on PIXE analysis.

4 FEDH

PTFE 7 ¢ L 2 ITHISE L7120 ISR IRE (PMas) & 38matkl & LT, PIXE £ & ICP-MS kD E&ED
A T o7z, FORER, RNTYXILHDH OO PIXE {4 & ICP-MS 75D & B IS EARE O BR R B
72o EEILFEDO Mg, Al, Si, Ti X Fe Tit PIXE LD EEHIZ T ICP-MS 0O ERMAKL . Na,
K. Ca XU Zn Ti ICP-MS IEOERED A PIXE IEOEREME Y bEv, MEtHEICEL TiE, Cr.
Ni % % Sr Tl PIXE D E &I~ T ICP-MS D EEEAMEV, V. Mn, Cu X Pb Tix, PIXE i
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Comparison of elemental quantity by PIXE and ICP-MS for
atmospheric aerosol sample
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1 Environmental National Institute for Environmental Studies
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Abstract

Since PIXE allows detection of minute samples smaller than a milligram without any complex
chemical manipulation and since it not only simultaneously detects elements from Na to U in a short
time but also detects major-to-ultratrace elements at the ppb level, it is being used in a variety of fields,
including environmental research, medicine, geology and archeology, and PIXE analysis is fast becoming
a universal method for highly sensitive analysis of multiple elements. Meanwhile, multi-element
analysis by means of ICP-MS is being performed on a daily basis by many research and analysis
institutions. In the field of environmental research, ICP-MS have become synonymous with
multi-element analysis. Comparison of values determined by PIXE with those determined by ICP-MS is
important in the field of environmental research in terms of evaluating values determined by PIXE. As
such, we compared values determined by PIXE with those determined by ICP-MS using atmospheric
aerosol sample.

PIXE analysis of the samples was carried out using PIXE system at Nishina Memorial Cyclotron
Center, Japan Radioisotope Association. Quantitative analysis of elemental concentrations was
performed based on the Nuclepore-Br method. For preparation of the samples for ICP-MS (Agilent
Technologies 7000x), these samples were decomposed with 1% nitric acid wusing the
ultrasonic/heating-block method. The number of elements determined by ICP-MS was 28: Be, Na, Mg,
Al, Si, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Mo, Ag, Cd, Sb, Ba, Tl, Pb, Th and U.
Elemental values were determined based on response factors generated from analysis of the continuing
calibration standard.

The comparison results of elemental quantitative value by PIXE and ICP-MS, was a linear
relationship of the quantitative value of the elements except Cr. In the Mg, Al, Si, Ti, and Fe of major
elements, quantitative values by ICP-MS are lower than quantitative values by P IXE. Quantitative
values of Na, K, Ca, and Zn by ICP-MS are higher than the quantitative values by P IXE. For trace
elements, quantitative values of Sr and Ni by ICP-MS are lower than the quantitative value by P IXE.
In the V, Mn, Cu, and Pb, quantitative values of ICP-MS and PIXE are almost the same.
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