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Abstract

Aurbome particulate matter (PMp) collected using high volume air sampler and silica fber filter were analyzed
by Instrumental Neutron Activation Analysis (INAA), Inductively Coupled Plasma Atomic Emission
Spectrometry (ICP-AES) and Alowmic Absorption Spectrometry (AAS), and the resulls weie compared with each
other. 30~40 trace elemenls in environmental slandard reference materials (NIST SRM 1648 and NIES CRM
No.8) were analyzed tor the analylical quality control. The relative error for two—1ihird of elements detected was
less than 10%, and the standard devialion was less than 15%. During the sampling pertod for 24 howrs. the mass
concentration of fotal suspended particulate was 36.1 pg/m?® and the value 15 lower than the critical level in Korea.
In the results of NAA, the elements of Al As, Ba, Fe. La, Mg. Na, Sh. Zn were well agreed with those ol olher
methods. In slalistical eslimation between different methods. the deviation of Al, Ba, Cr, Fe was less than 10% and

quile reliable.

Key words : PM,p Air Monitoring, Heavy Metals, Trace Elements. Standard Reference Material, Data intercou-
parison, Instrumental Neufron Aclivalion Analysis, Inductively Coupled Plasma Emission
Spectromeny, Atomic Absorption Spectrometry
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INAA -

‘ Sample 1n FEP Beaker ‘

HNO- 5 mL
HCI 10mL

| Digestion (100°C, ca SmLﬂ

HCIGy SmL
HF 5mL

‘ Digesbon (100°C. ca, 5ml} ‘

HCIO; 5mlL
Fumung (Ca 200°C)

‘ Dryness {syrup phase)

HNO, 5 mL

Dussolution & Dilution
(100mL vol, (Task)

L ICP-AES. AAS ‘

Fig. 1. Sample preparation by mixed acid digestion
method.
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Sample Preparation

—

~ Dry in an Oven for 2 hours at 105°C
- Ceooling and sterage

- Weighing (10~ 3500 mg)

- Sealing in a polyethylene capsule

— Blank Test & Standards

‘ Short Trradiation
T=2m
‘ Py, =1.7 % 10" pfem?s (PTS)

T =2h

Long Irradiation

&y, =1.7 x 10 njicm?s (PTS)

HANARO Reactor

BA| 19Bu*, WBr, 4Ca, ‘ ¥-Counting I = Counting I ALY, 8By, Men (Cd)*
WO 660y, Ubmy ||| "L, “Mo*. 2Na,
STy .w:sI* ’uMﬂ 5[’Ti Ty=10m T.=74d 1228 %, 155 m¥, R Au*,
' 81 ‘ T.=300s T.=20005s iin (U)*, 2K, LTl
| 18 Dy*, 2K, ®Mn - Countng I y—Counting IT | HmAg 1210, 1HCx*,
Hpyg FTmGrE SICr, §ICp, 59Fe, 5Se*
Ta=1h T.=20d =~|| =B, 1#HI, 7w Ln,
T.=600s T, =4000 s W5 ], TN, 124Sb.
T !()Rb*, ‘"‘SC, SECO (N])‘I-
IIBSD*, lSZ"[‘a’ lﬁ[J'Tby
135Pg (Th), F75Yh, #5Zr
| Flux Monitoring 85, 1Ba, “Zn
(Au, Co, Fe)
| |
_ . O . Hed 9=
Spectra‘And]ysm © o34m0 EhE o
- Correction
o T, - FA A} 2ApALLE
- Calibration Ty : 2 AME Q1 7ZHA] 7
- Data Bvaluation L
T : 7'1] %T'M Eds
Fig. 2. Analyhcal procedure of airbome particulate maiter by INAA.
Jobin YvonAb2) sequential 3 IY 38 PlusS- A}8-5bq)  SH 4000%)o2. Feko] vlwd w2 4 (As, Cd
5. gtk 799 423 Thermo Jarrel Ash  Cu. Cr, Mn, Pb. Se ) F9= 4552344

#}e] Polyscan 61E2 Alaalgch BAYAA94E  (UnicamAt2] SOLAAR 989Q7%) o2 Zeeman Wreh

Age] sheko) WlmA & Al Ca Cu, Fe, K. Na® it nAyE Apgslel 2431900 42 YAES
W 207 el 7|75 A B EAzA)E = 1 Bdge] A% 20uLe] AlRE ridged coated cuvelte
o A o A5 Fisiglor, 7 Adage] ML =

22} 2o} As. Pb, Se€] B-Alof| A= v 3A A

33 H ST -
Pd+Mg E3-a9 Agkg Az ¥4 Yrisideh
J‘]E ;E;-_ 52_3{}];:,} H]_ﬁlzﬂr lﬁ__ Nil Mgf _‘_7] 0]_ l:l o =2 ] ]’ ] ‘15] ]’.I'Ai]:}
ANEw 23 975553 (Thermo Jarrel AshAL]

Fe 7 AR A IS A A4



INAA - ICP - AASS o] 85t f 719 =] (PMyg) 2] of 4l 454 499

Table 1. ICP-AES operating condition. Table 4. Analytical results of urban particulate matter,
R.F generator . 27 12 MHz, 1150 W, free runmng type NIST SRM 1648 by INAA.
Spectromelor : 0.75 m vacuum menochromator NIST SRM 1648 Cortified Relati
T ertified elative
0.73 m vacuum polychromator Elements Nuclide Mcﬂsml c?ﬂvalue, oo o
(grating : 2400 groove/mm) ng/g (ug/e) (%)
Teich : demountable standard torch Range  Mean {RSD, %)
lant : 13L/ <
ZEZTL o Diﬁm Alf%)y Al 242~399 34701541 3424001 LS
i ) As BAs 897~ 146 102.0(175)  [(5410 103
camier ; 27 psig {0 8 L/min) Au AL 0 036~0060 00523
Sample uptake rate : 1.2 mL/min Ba MBa  6l0~804 729 F(15.9) (737) L0
Observation height * 15 mm from load coil Br 2RBr  441~380 523 6(85) (500) 4.7
Nebuhzer : cross flaw pneumatic nebulizer Ca{%) ¥Ca (.588~0.845 070812
Cd nsCd 67~861 THIHI2E) 7547 11
Ce WiCe 414486  4486(1.94) (55) 184
- Cl%) Ol 0399~0.605 0479%166)  (045) 64
Table 2. GFAAS operating condition. Co 000 168205  T.625.7) (18)
Wavelength Pyro Temp, Alom, Temp Cr Mo 332~d(2 3972 403x12 L3
Eiements (nm) co Cy Cs MCs  26~136 IS (3 1.7
Cn “Co  459~-033  T06(29 8) ane+27 164
As 1937 500 2,200 Dy WDy 24~42 325(16 8)
Cd 2288 500 1,400 Eu "Eu 0,45~0.57 049010 2) [UE 62
Cr 35749 1.200 2,500 Fe(%) *Fe 33§~3.32 3606400 101401 7.9
Mn 279.5 00 2,000 Hf B 403~483  434(5.9) (44 13
Fb 217.0 1,200 2,100 He WHp  2.72~-4.85 36717
Se 196.0 1,160 2,200 I JT o wa~276 232022 Qo) 164
’ . In Uemlp 092~ 143 112017 9 1.0y 12
K(%) K  p967~122 105292) |05+00L 02
La MLa 324~361 34773 7) (42) 171
Lo Vil D44 ~062 Q31173 3)
Hal al =]
3. Zda o 9 Mn $Mn o 618~1060 845(15.7) w60 17
Mo “NMo 313~496  3753(17 6}
_ Na(%)  *'™Na 0340~0320 0406(13.2)0425-£0002 43
3.1 SHA A2 Nd MING 48~319  27.96(94)
EFAIRY BA 9 HE INAAY 2A4A3}L 7 Eb 8Rb 470~661  53.7(139) (52) 33
. Sk #5b 47.5~386  33.139.0) (43) 131
5 H5ke 3 3¢ vleld wpel o] w2 A H Se “Se 5561 583(3.3) m 167
2 zela] olZmFEEAL A w5 el Se H8e  285~446  369(15.3) 17+ 359
o Oﬂ ] 11 T RETE = ‘EL ‘] ]’ 4
" o . Sm H8Sm  48~52 50854 1) {4 13.5
SRM 16482] #AZHE ®m 4o vjejy] ovd ‘17 Ta ETa 54-102 844173
F3 A)wmeled 405 A9 AU gake) A zag Th 1?3Pa 66~87 173078 (74 44
e st d sl 4 . M%) UTio02de058 0M93H dn 25
e ALEsele dEas Faghe] AAE A gy TNp  29~36  305(12)  55k00 445
% Al, As, Ba, Br, Cd, CL, Cr, Cs, Fe, K. Mn, Na, Rb. ¥ v lod-imn DAISH ok 07
~ W 1Y 38~64 33(19.8) {4.8) 10.4
Th, To, V, W. Zne] 10% o je] Abef ¢35 ey Yb MYb 221-338  3.09(14)
o, HXE Y450 AdERAz= 107 HAS Zm%)  ®Zn 0397~-043  043369) 06004 90

A ol5lan 5% HYE 2ok £ 5= 4154

HE

Table 3. Condition for INAA of airborme particulate matter.

*Data in parenthesis are those of informative values.

Trradiauon  Neuton flux Sample Trradiation Cooling Counhng Elements
facility (mfem? see) weight time ume tme detected
PTS L7 = 10" S5~10mg 2m I0m 300 s Al Ba, Br, Ca, C1, Cu, Dy, Eu, I, In. K,
Mg, Mn, Na, T1, V
PTS 1.7 % 10 ~ 100 mg 2h 3~7d 2000 5 As, Au, Ba, Bi1, Cd, K, La, Mo, Na, Sh,
sm, U, W, Zn
PTS 17x1%  50~100mg 2h 15~30d 4000 & Ag, Ce, Cr, Cs, Co, Eu. Fe, Hf. Hg, Lu.

Nd, Rb, §b, Sc, Se, Ta, Tb, Th.
Tm. Yb, Zn

I. KOSAE Vol, 15, No. 4{199%)
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Table 5. Intercompariscn of analyticai resuits of NIES CRM No.B sample by INAA.

Korea Certified  Relative
Ele China Indonesia Japan  Malaysia  Thailand valne’! errnr
Range Mean tne/g) (%)
Ag (0 168--0.230 - - - - - - (0.20) -
Al 3580 ~4420 4000 3600 3270 3328~ 3384 2040--3740 3380 3300 242
As 2.08~273 3.03~5.0 561 253~274 156~262 2.36 2.4 013
Ba 88 4~93.3 - 119 - - 499~2175 1298 - -
B1 53.2~56.4 - 58 37125 - 38.4~735 60.46 56 796
Ca 4690~ 5340 - 3700 3452 - 5710~ 8080 6827 5300 28.81
Ce 323~361 3.4~31.6 49 - - 25~37 a1 (3.1) 0.0
c1 362~ 508 - 793 1081 - 1008~ 1290 1150 - -
Co 3.01~3.68 28~33 3.1 46 - 3.0~35 3.37 33 212
Cr 27.2~314 23~44 31,7 368 24.26~26.17 35.6~477 41.8 335 63.92
Cs  0,202~0244 0.49 - 2 - - - (0.2 -
Eu  0.163~0196 0.2~0.:4 0081 0,27 - 0012~0.033 002 0.0s G0.0
Fe 4630~ 4870 4700~6100 3364 G110 - 6705840 4656 - -
Hf  0.148~0.167 - 0.138 - - 0.17~021 1.188 - -
I - - 32 - - [o~132 118 - -
K 1170~ 1400 - - 1200 1212~ 1294 - - 1150 -
La 109~1.30 1.21~21 - 132 - L.13~1.34 125 (12} 417
Lu 0.0131~00173 - - — - — - (0.02) _
Mg 504~1120 2000 - 972 - - - 1010 -
Mn  6l6~824 67~101 108 71 59~63 65.3~813 73.8 - -
Mo  £05~6.385 - 4.1 - - g£3~112 a8 (5.4) 53.12
Na  1830~2070  1800~2200 1700 1912 - 1600~2500 1917 1920 nle
Nd 097121 - - - - - - - -
N - - 17.6 - - - _ 18.5 -
Rb 3.48--3.72 4.5 5.3 - - - - (4.6) -
S - - 2.1 - - - ~ - -
Sb 5.46~3.63 5.8~88 7.1 6.2 5.73~6.03 52~78 6581 60 13.5
S 0.555~03575 0.6 0.9 0.6 - 047 ~0.64 0.542 (0.35) 143
Se - - 14 - - 1.3~ 1.8 1.51 (1.3) 16.135
Si — - - ~ 18076 ~ 18542 = - - -
Sm 0.169~0.196 02~04 - 027 - 022027 0.240 (0.2) 2300
Sr - - - - §4.04~93.88 - - 89 -
Ta — — 1.26 - - - - - -
Tk - - — 2,50 - - - - -
Th  0.320~0375 - 038 - - 029~0354 .42 {0.35) 20 00
Ti 262419 — 296 272 - 291592 411 -
v 164~ 189 19 14 170 1664~ 18.69 14~18 162 17 L7
W 547~577 - 5.9 6.17 - G283 7258 -
Yb 00641 ~0.0860 - - - - - - - -
Zn 070-~1120  930~1900 970 1348 - 834~1140 1003 1040 337
*Data in parenthesis are those of jpformarive values, Concentration 1n /g,
Z $]§) NIES CRM No. 85 =717k vlmEsgr 2 2] Adess Yehlen, 245 g4z Adx
HzA 2639 T AYsdm AFUS FA0 FUAE A 428 Adshn 15% oY B
EAZAE wastr ¢z R44dAe 4o
R FAA whAs R e Agre) Hdeg el ZHE|e BM INAAL A S Szl wR)A

g o gen. AU Fagkel AAY dxg 2% gHsl 34 dlsle B

[+]
£
% Al As, Br, Ce, Co, La, Na, Sc, V, Zne] 10% |+ 28 Y4 xm2 FEEA

o

Sz st Al 154 A4 m
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Table 6. Elemental concentrations (ng/cm?) in blank
silica fiber filter by INAA.

g g7l A] (PMpy2] chelad 501

Table 7. Analytical Resufts of Arbone Particle Matter
(PMyg) by ICP-AES.

Element Concentraiion Element  Concentiation
Ag (038016 La 1.3+03
As 1.06 +0.69 Mo 5434113
Ba 128130 Na 1401 x£22
Br 36x16 Nd 1.8+40.1
Ca 718108 Rb 2.5+0.1
Ce 35206 Sb 23+£04
Cl 101+19 Sc 0.08£0 01
Co 0622001 Se 05+02
Cd - Sm 11401
Cu 110+43 Sn 187226
Dy 12402 Th 0264003
Eu 0.06:£0.01 Th 1.8+0.1
Fe 252441 U 1.o+01
HI 2,240.1 A% 2901
I 31 Yb 041002
In 10.0a) Zn 31+4
K (2788) Zr S0 +29
€8 32 24E TRE A F wAE Ao
B 6ol INAAe) ST £N g ekl
Ahgdt HEE 2Mel deis) B Qe 249
49 wErl AdHes e oz shlew
INAAC] Hgshgl=
3.2 7= Eat=oiuE BYEY
ICP-AESs 2|3l 7] 4H=| Al, Ca, Cu,
Ead

Fe. Mg Na. Zn 77 #14-9] M 7815 = 74 v}e}
Weloh 23 8 2AAGA)6N 24T 27
oz AH=Ee AT Egéﬁ ANz £AAF B
iz—la}o:] A A ohE o R A1 B 2 =1 Rt

Fako 2 Fhalsle] il = (C, ngmi e el
1:]~. 7|4 23 A& (A)s FEEANE B FHA
S 2t ) Azl @ SRR EEAR
24 Lhebd ol ol% Aste ogael T8 w
AEHA-B)F #abe = (C) TS0 Guided] wheh 4
2% B = (coverage factor 213 7|3}l (Inter-
national Organizalon for Standardization, 1993). & 7
oA el vl8} o] FHE|A RS2 FAE4 Si
T Alu A AR FA Fabsglent Al Ca, Fe
Na 52 | mgiml. o] 2} E=AEE Aoz eh)
geigel Bl Gagas] #Ade) 7 A
2% A eahaclel @ 4 gleE &
4 9l

AR

53-11

Sample cone. {ng/cm?y

Conversion

Elements ¢gllected Blank conc (C)

Glter(A)  fiber(B) 70 (ng/m’)

Al 2084427 1775115 1209£35 28448
Ca 2803458 1453454 1350493 317422
Cu 1408 3i+2 [09+10 257+24
Fe 1314+£54 270+17 1040466 244415
Mg 675+15  291+21 3844129 90.34:6.9
Na 260644 200031 60663 142+ 15

Zn 3363 29+2 5000 119+2

Table B. Analytical Results of Airbone Particle Matter

{(PMi) by GFAAS.

Sample conc. (ngfcm?}

Convmscmn

Elemenis  (gljected Blank conc. (C)

fl(l)l:l:r(A) filergy 7B (ng/m3)
As 28607 <10 2806x£14 6.71%£0.20
Cd 12.6+40.1 <10 12002 2951004
Cr 127410 [39+1.23 11+£2 205043
Mg 646412 205+ 10 350+26  823xa.l
Mn 74.8+44 B31+0R83 66.53+52 156+%1.2
Na 2629469 1987+25 640+ 85 150+20
Pb 3156118 893£1.62 300+14 720433
Se 4713 <1.0 17426 11040.36

3.3 MXET 2YEY

gheke] nlmd =L Mgﬂ} Na—% 5 4AET
A e e 44
d, Cr, Mn, Pb, Se 52 GFAAS@:\ 2]
GFAAS®] A% mE23rpy s vl dal Ahge
25 =2z S A Aste o
3 7 R] BAAdee w8
Hej el £ 9 BHx
7k, Mgel Nao] 7.9 ICP-ATSe] &xldale ¥
e Haeld Utz gL o S glen
As. Cd, Cr. P, Se %f gk AEFH L gloh THEH
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2 glerm INAAS| A
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Table 9. Analytical results of arrbome pariculate ma-
tter collected in urban area by different me-
thods.

. A]Al-ﬂ A ey .

Elo- | Elemental concentralion in ng/m?®

ment INAA-1  INAA-2 ICP/AES-1 ICP/AES-2 GFAAS
Ag [0.266:50 008

Al | 29419 B704215 28443

As | 4802006 42403 §I1409 671020
Ba | 7474020 9108 7408

Br | 118£04

Ca | 59143 BOLIE 7L

cd 27+L3 2964004
Ce | 0584002 0.90+008

Cl | 1276

Cr | G994G01 (704006 14202 2654043
s | 030001

Co | 3035522 1822 257424

Dy | 0060003

Eu | 003340000 0.030£0005

Fe | 25443 2049 2604156 244415

I | 2394010

K 420297

La | 030£001 030+£002

Lu |0028:£0001

Mg 88426 90.3+6Y 823161
Mn | 154004 160403 1643 156412
Na | 14742 16049 280+18 142415 150420
Nd | L0001

N 1L.1+£03

Pb 75128 719433
Rb | 348:£0.10 230+045

Sb | 6094004 6.10+D92

Sc 002640000 0.04040001 1.10+036

Se | 2454003

Sm | 0352001 020+002

S0 | 39£23

S| 0694034

Th {00060 001

Th (00750001 009040 006

Ti 1349

Vo[ 2275020 170+034 19409

7n | 11941 240+43 10423 11942

7 19406

P71 8ALHR) A 15 A4 5

4 o] 3]

Table 10, Evaluation of analytical results of Filtered
Air Sample-

Concentration. ng/m?

Fle- INAA Lab-1 Overall Score”

ments Standard Mean Standard
Deviation Dewviation

Al 284E402 S0E+00 289E+02 50E-+00 a.01
As  480E+00 LOE400 595E4-00 LSEA4-00 —0.76
Ba T7A7E4+00 20E-01 786E+00 9.0E-01 -043
Ca 591E+402 90E-01 4.13E+02 1.3E+02 137
Cun 3.05E+00 22E+00 Z47E+01 51E400 011

Mean

Cr 99E-( 10E-20 L6SE-+D0 41E-0L 1.63
Fe 254E+402 30E--00 245E+02 15E+01 0.01
Mn 154E-F01 40E-01 153E+0! 2.6E-01 -015
Na 147E+402 20E+00 1.69E4-02 46E401 —0.0L
Zn 1 19B4-01 LOEHOC 147E402 54E+01 -005

1 Score (Labmatory Mean—Overall Mean) / Overall Standuyd Devia-
uon

- * Overall Mean and Standard Deviation are those [or 5 methods 1n
Tahle 9
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