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ABSTRACT

This research analyzed the elements and their quantities in airbomne particulate matter by
neutron activation analysis. The samples were collected into two size ranges, i.e., 2.5 -10 4 m, and
less than 2.5 4 m. Two locations were chosen for sample collections, King Mongkut’s Institute of
Technology Ladkrabang (KMITL) and the building of Thai Meteorological Department near
Suvamabhumi airport. The samples were collected for two days a week for the period of four
months continuously at both places. The samples were collected using the “Gent” Stacked Filter
Unit (SFU). The airborne particulate and standard samples were activated by neutron radiation from
the research reactor at Thailand Institute of Nuclear Technology. The gamma rays from the
activated isotopes were measured by a solid state detector HPGe. The element quantities of the
samples were determined by the gamma rays intensity of airborne particulate and standard sample
together with the weight of the standard samples. 19 elements were determined consisting of Al,
As, Br, Ca, Cl, Fe, K, La, Mg, Mn, Na, Sb, Sc, Se, Sm, Th, Ti, V and Zn. The obtained results
could not indicate clear information as they could be effected by many factors such as wind
direction and the polluting sources. However, only one element, vanadium (V) which is generally
found in petroleum, has increasing tendency correspondent to the Suvarnabhumi air port operation.
It was found that the total concentration of the analyzed elements in the Suvarnapbumi airport was
less than that of the KMITL area. The average quantity of total element at King Mongkut’s Institute
of Technology Ladkrabang and the building of Thai Meteorological Department near
Suvarnabhumi airport were 74 ug/m’and 32 ug/m’, respectively. Even though the total
elements were not the total particulate mass but they could provide primary information to indicate

the air quality. The results show that the ambient air at King Mongkut’s Institute of Technology

I



Ladkrabang during the time of study was over the limit of ambient air quality standard, i.e., ambient
particulate mass should not exceed 50 ug/ m’® . However the air quality at Suvarnabhumi airport

was still in the standard limit.
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Passage of PM

PM 7 - 11 micron

PM 4.7 - 7 micron

PM 3.3-4.7 micron

PM < 2.5 micron
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Emission Sources

Markers Elements
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Automobile gasoline
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Secondary aerosols

Al, Si, Sc, Ti, Fe, Sm, Ca

Ca, Al, Sc, Si, Ti, Fe, Sm

Na, Cl, Na', CI, Br, I, Mg, Mg""
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AL, Sc, Se, Co, As, Ti, Th, S
Mn, Cr, Fe, Zn, W, Rb

Zn, Cu, As, Sb, Pb, Al

Sb, As, Pb

Ca

K, Zn, Pb, Sb

C_,Br

ele? “~org?

Br, Ce, La, Pt, SO,”, No,

K,C
C

ele?

C,.,C... S, S0,", No,

ele* ~org®

$0,”, No,, NH,"

C,. : Element Carbon

C,g : Organic Carbon
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(1IN 2, 8, 20, 50, 82, 126 fi?vﬂ'h QUNHAIT5H (magic number) WIITHIVIN
91U73U Stable isotopes YDIF))
- 519 7ifi$ 119U p, n 1§10 (even) 1dusnIavA (odd)
uaﬂmnwi‘fuagjﬁuﬁmauTﬂwmuuazﬁmsauﬁluﬁamﬁumtﬁaﬁaiueéﬁ'u

WawInfAea W00 NTEAY (State of excitation) YD UADYH
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100 |is placed on the chart
according-to the number -
of protons and neutrons
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2.4.2 NYHYMITNIWAIVBIFIINIUATIA (Theory of Radioactive Decay ) [7]
v '
drinsaniuvezaen lusgiuiuafidnmualumsdledianiny N, ozaeu #
Y ' H
nan < wazludwauiuldaasd1uda dN, ezaew dienauddsusn «o il t+ dt 3o

v
Tugrana “dt” a2 1ddnsinsaaiedinail
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dN,
EATR 2.1
dt ‘ @1)
2214
- ﬂ = Adt (2.2)
NI
dunnge (2.2) 9214
ln—]-v-’— =-Af 2.3)
N,
LogH 2.4
N, e (2.4)

N, = $uszaonvessigiionauiudu t=0
N,=

[ y
$auszaeuveIsIgAsndInInfisnatiiy lwiiy «

) =Y o @ v . 1 o (=)
Msaa1eR1vediil lnassuiuaseidesnunsivinezaoy il Tenanualydlay

Qy - [] s 9 [ n’: =S 9 1 d' o 9 |a ar L% @
TUIBIUUAICDATIVUUATUDINIAN muuﬂﬂwamamwﬂw1Jsmmﬂ1mazﬂanﬂuuuﬂsaﬁ

@ W U4

A A o d‘ o 1 \ IA s Iy
AABINTINIIVRIS NN TR (58771 A1NTITIN (half-life) smuﬁ'wﬁtyanym t,, HOTU

U

v o do o dy
ANVAUNUTNY A agl

4 e 4
MINAUNISTN (2.4) 1y 19w, 92 1d W, =-2—0 Jaums 9 2.5)
N o
___2_0_ = Noe TP
2.5)

VINAUNITN (2.5) 1519AWITONMIAT £, 189 A Feaunsi (2.6)
2

In2 0.693
tl = e—— = ——— (2.6)
A A
= s o\ U . . .
2.4.3 mﬂmﬂziﬁﬂtj’Jﬁu’miﬁmlﬁlﬂm’a‘lm(Neutron Activation Analysis : NAA) [7]
a 4 a a a o [ a o
N5 AR LAemAlintiInsouLeAAITY (Neutron Activation analysis) 11UN13 AT IZH
Qs { { = J ) =
519 Tlagerdenisilasundasimifiadunieluiunfee (auclear  transformation) Tagn1584
' [ a [~
oYN1AAINY 15U sYnIntiInseu, ayniaTdsaeu, vivoyniausaw udu d11dly
~ = L3 Qo o ' Q . @ i sy J Ll )
Hunfod 1NASUAIATEI159TA199 (interaction) sANTuns@nfavusy agluaniizlu
=) ar Yo A A 1 1 @ A a9 ¢§ P-1
0es saoedllised nioeyn a1 Wy SaFunuu weawi nie Udr  eenudall
L \ A o ﬂl ' Qr o = A\l o a’ o
WAL HAaAIA5ITIN (hatt — life) Aunnaredul aansedwlFinsizihmsduiuaded

> d a o o A v . . . =Y v o do a
uuzﬂumﬂaz"ls Usuusaansonnuns sl (radioactivity) ‘l)Zﬂﬂ')'liJﬁﬂquﬁﬂU‘ijiiJ']mﬂlﬂ\i
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v ada 4 o Yo ¢ |a yd a dq v ' yy
afediiedu awsoiunldinszinlSunasg1d uimseunldmunsouis1da
FRNAINY

2.4.3.1 Hinseu(3]
a I Ay 1 21 a o
symailasou usyman Wliszyliuvtatssuin 1.675x107 Alans (1.00839 amu)
gnAunulud) wa. 2475 Tasuanin (Chadwick) 1dirueilul§Asurntean lids
IWSaidou (beryllium; | Be) syn1adi ldvenuininilfisofeoymaiinsoudlfissinu
=)
auNIN (2.7)

1 Be+3He—"2C+n Q.7)

13219NUDIHINTOUNUIMHYMIAUVDINA 191U

Cold neutrons Iindenuiioond 0.003 eV
Slow (thermal) neutrons PNAINUTZTN NS 0.003-4 eV
Slow (Epithermal) neutron INAINUTENNS 0.4 - 100 eV
Intermediate neutron INDINUTENIN 100 eV — 200 keV
Fast neutrons IndenuserNg 200 keV- 10 MeV
High energy(relativistic) neutron INGeuuINA 10 MeV

2.4.3.2 Aufuiasiinsen[3)
9 o a a =3 9 @ Qs dy
Auiuiiatingoun a1msenIsa 19 neduvyl Aadl
1. U751 (a,n) (Alpha Particle — Induced Nuclear Reactions)
fldoymauoarh vinasiuiuassdmu 2 4m,*2Cm,* Po ,* Pu, ® Rata'ld

v a

Al uARLAYRIT 9 13U B, Be, F, Li szlitansougnilasseenun aedlfnsoidsaunis

b

M (2.10)
+Be+ He—"2C+,n (2.8)
2. U731 (y,n) (Photo neutron (¥, n) Sources

Pt

19598 unun delddsiiunduavessigaafisou(Deuterium; 2H ) uag wiadow el
flnseugnildosesmn fedal§Asedeaumsii (2.9) uaz (2.10)
2H+y—> H+4n (2.9)
1Be+y—>}Be+,n (2.10)
3. W‘B‘ffﬂﬁtﬁﬂﬁmm (Spontaneous Fission)
iflesninmisuandavesiiundoavessigminesniuaesdiu Judafuiilnad

@ @ [

ufunTad (Radionuclide) NIAVNIANINNIINTBNITL 230 (A >230) 13U Arsanesiiion —
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252 (Californium; 22Cf ) Tomalunisifaiizasouiidosuinilszaa 3% dredel§isnds

qumsdi (2.13) g (2.14)
P1Cf > Xe+'SRu +4,n (2.11)
U La+Br+3in (2.12)
4. Uffsoflasuiignmilumniilasiianseu (Neutron-Induced Fission)
Raesnniundoavessigmin gnszauBadasiiaaseundauanoenilu 2 nie 3
dru FaudazdauFendnueilydy (Fission fragment) wazfilanseusiuau 23 fagn
asgaaniun drvdnlgasndeaums (2.14) uaz(2.16)
U La+EBr+2,n (2.13)
BU+on—>'5Ba+Kr +3,n (2.14)
5. Huadus AT (Nuclear Fusion)
Aailosnnmssaudrtuvesiundvavessignn A¢8) udiiindnutaades
pon Fuda 18moldgungd unzamunadugannlssnadssdninaiu BunlfAseii
U§Asrunes Tuiduadvs (thermonuclear reaction) fogeilfAsendsaumsii 2.15) une (2.16)
*H+H—>,He+,n (2.15)
'H+!H—>;He+n (2.16)
6. n30us 09NN (Accelerator)
fanseufifasuiiesnninteass ige Tisaou, Bilnaseou, uag Aaunesou 191
wisaugaiasuth dredelfRsmdsauns 2.17) uag (2.18)
1Li+/H—>]Be+in (2.17)
JBe+?H—"IBe+in (2.18)
7. inSeailfnsaifiunfes (Nuclear Reactors)
eilanseudrsuiundoarvesniguda vldifanisutendudaifitnseugn
laoyeanin ﬁamaum'dﬂyﬁﬂﬁ'tﬁﬂﬂﬁﬁ?muﬁqﬁwia"lﬂ"lﬁ'{?am (5onUA3819n 1% (Chain

A a ~ t o { a o
reation) cxsammau‘n"lﬁ'aanmmumﬂﬂmﬂu Fast neutron U'lﬂﬁilzlﬂﬂﬂﬁil‘lj

a r'd a o & kY = a 9 = ) PRy
MIANTZHNILeAANTUF IFeymainseudud I lutiundoausssigidonts
o o 1 o 1 a ¢ o w o A o,: o Iy o {
UATICH TR 1umamwzﬂmmﬂummmaﬂ NUUUATIY mﬂumﬂﬂsmmﬂﬁuﬂnmﬁ
a Y aa =) = a o y ' =)
NAVINDUATNITVIUINTOUUNUN (n, 4 interaction) L?Uﬂt'ﬂﬂuﬂﬂ'lﬁ'llﬂi'wﬂﬁ'ﬂ “UINTOULD

ARTU” AegUN 2.4
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A 1075

Radioactive
nucleus
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NN INSBUR VAT TITINTBDUVUAIBEN AIUMATTATIIATDUUBARIITUIE TASIR LA

9
HAINTUGAVLIUNSBITINTBUNT OO IUTIAT OUADAIBE1S

Y] ¥ aaa ) s da 9 o a ° Y a oo P

mamaﬂgﬂsamnmaosw‘l‘vmmamﬂummumm‘lmﬂmammum FUWNIY

o o = ' a o = o 1
g wmsulslumsimszatemaiiniiinssuLeaanTy 15y



22

B Na+,n—3Na +y (2.19)
Aoudeidlu 2N(n,»)* Na

3735As+gn—->3736As +y (2.20)

@Wouderiu ” 4s(n, ) Na

M3 lnomaiinidnseuneafndumiuisantiwesn Iy 2 wuu fe

a g a @ 4 . .
1 m5mﬂs13wmﬂmuuaﬂmwusmu“l%'m?mﬁa (Instrumental Neutron Activation

= I'd o @ U a
Analysis, INAA) Ainn15 uns5 14 lastiidiedlauaza1suiasg v ldorwihaseundou
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b d

minuessigluasiedn Pinusadnnsglumsdiesn 221)
g = N

mninvesnglumanassm YSnasdnnsglumsinasgm

d' o - < = o = o . .
WisilnsougnganaulaviiundoavessigdasimaialelaInlsed (Activation
rate:A) v2iiiu Tlmwaums 2.22
A=ogN 2.22)

4 o a v oada 2 o v & a a
vaziiowiizaseuloTo InlSidnfadu imsaniodadisdaiu Sasnsnangns

[ . = v o a o o @ o
‘118\1191“]!1111]5\1’(1 (Production rate) iNl'i‘.hlNﬂﬁ'l\'lﬂlﬂﬂ'ﬂﬁi'Iﬂ'l‘ilﬂﬁﬂ'ljﬂﬁi'lﬂ'li'dﬁ'lﬂﬁ’lﬂ']

aun1sn (2.23)

Production rate = Activation rate — Decay rate (2.23)
dN’ A
VL) = ogN — AN (2.24)
dt
) * o o A
gis N fis fwuszaouvedls IaTnsed e rnami
A fo  awanlunsaatodalvesle lainlSed
o @ ¥ t:‘ = d
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o o a
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AU (2.24) 32 1@ muezaouvesle e Inlssddsaums 2.25

N'@) ="‘%N(1—e""') (2.25)
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2.4.33 MIAATWITINUNN (Quantitative Analysis)
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2.4.3.4 M3AALHIVIIS U1l (Quantitative Analysis)
a o a Ty a ¢ & Uy o ] ad s a
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4.1.1 sginmnauinaeaiunalulagnszesundudigammsmanszi

o a ~ a s L ¥y 9
M7 4.1 llilnﬂlﬁ'lﬁ!'YlW‘Ull'lﬂ'Uinmﬁﬂ']Uul'ﬂﬂTuIﬂUW?%’;TJﬂH!ﬂﬁn%’]

AUNMITNANTSIN Al Ca, K 1402 Na

Element Al(ug/m3) Ca(ug/ms) K(pg/ms) Na(ug/ms)
Mouth +Error +Error +Error +Error
02 16.3+0.1 62.6+0.1 21.740.2 11.840.1
N1 43.6+0.1 30.4+0.1 16.6+1.9 14.9+0.1
N2 7.90+0.04 31.720.1 2.46+0.40 8.67+0.37
D1 11.84+0.04 55.940.1 3.70+0.15 36.6+0.1
D2 22.62+0.03 16.3+0.1 1.7320.13 3.38+0.01
J1 25.84+0.02 18.6+0.1 1.82+0.17 5.88+0.06
2 9.96:0.01 10.9940.01 0.49+0.07 2.38+0.05

a v a o a v v o
4.1.2 ﬁWJ‘YIWH‘NE)EIU‘Jl'Jﬂ!ﬂﬂTﬂulﬂﬂTujﬁﬂVﬁZﬂB‘Nlﬂa'lm'li’!mﬂﬂ'ﬁﬁ'lﬂﬂ‘izﬂﬂ

M3197 4.2 1US110519 As, Br, CI, tazFe USnuaoiuma Tuladnszaoumndud

AUNMITAIANIEL
Element As(ng/ms) Br(ng/ms) Cl(ng/ms) Fe(ng/m3)
Mouth +Error Error +Error +Error
02 41.9£0.5 10.7+£0.1 57941 166+1
N1 9.87+0.06 4.90+0.02 268.8+0.4 55524234
N2 12.8+0.2 2.77+£0.02 258+1 1501
D1 51.520.5 443 +£0.02 490+1 54+1
D2 109.89+0.01 149+ 0.1 ‘1296:1:1 276£26
N 126+12 40.8 £ 0.1 147941 588+48
J2 29.6+0.2 11.75 £ 0.03 550.0+0.3 580429




MmN 4.3 U519 La, Mg uazMn vSnaaaiiuma lulotwsseeumndudigm

NMITAANITLUY
Element La(ng/ms) Mg(ng/m3) Mn(ng/ms)
Mouth +Error +FError +Error
02 9.63+0.85 18735 181.8+0.2
N1 14.4£0.1 1359+3 89.1+0.1
N2 6.25+0.20 569+2 25.39+0.03
Di 29.94+0.6 955+2 48.15+0.04
D2 19.3£1.3 103743 111.5+0.2
J1 60.4+0.9 1270+10 92.4+0.2
12 13.60.6 1079+7 35.3+0.1

M131a7 4.4 151181519 Sb, Sc, azSe uTnaaaiuma Iuladwszreundudinu

48

NUITAANIZU
Element Sb(ng/mS) Sc(ng/ms) Se(ng/ms)
Mouth +Error +Error xError

02 12.2+0.9 0.08+0.01 0.13+0.03
N1 4.57+£0.22 0.30+0.01 0.88+0.37
N2 3.66+0.15 0.0600+0.0003 0.96+0.25
D1 10.1£0.2 0.0220+0.0001 0.741+0.004
D2 7.30+0.07 4.07+0.26 2.88+0.80
I1 19.6+0.2 1.83+0.13 1.68+0.69
J2 5.71+0.05 2.02+0.07 4.72+0.21




A1 4.5 UTN1519 Sm, Th, uaeTi vSHamtumaluTedwszeeundudigu

49

NMITMANTELN
Element Sm(ng/ms) Th(ng/ms) Ti(ng/m3)
Mouth +Error +Error +Error
02 0.31+0.04 4.04+0.46 283.9+0.3
N1 0.28+0.04 1.15+0.08 285.1 0.1
N2 0.10+0.02 0.83+0.01 110.6 £0.3
D1 0.14+0.03 2.89+0.33 170.9 £ 0.3
D2 0.204:0.05 0.5340.06 588+2
n 0.17+0.03 0.35+0.04 7212
J2 0.13+0.02 0.14+0.02 452 £2

MmN 4.6 US1amg Vv uezza vinaeeniuna luladnszeemndudine

nyIsMAnTLIa
Element V(ng/ms) Zn(ng/ms)
Mouth +Error +Error

02 12.5+0.1 98.8+0.4
N1 11.8+0.1 28.0+0.1
N2 11.4+0.1 37.08+0.02
D1 7.06+0.04 3.46+0.01
D2 30.0+£0.2 164+6
n 37.0+0.3 93.4+3.9
12 19.3+0.2 54.5+£3.0
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