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TITIPHAT HIRUNKAM : HEAVY METAL CONCENTRATION AND
CLASSIFICATION ANALYSIS OF DUST IN NAKHON RATCHASIMA.

THESIS ADVISOR : ASST. PROF. SUDJIT KARUCHIT, Ph.D., 152 PP.

HEAVY METAL, ENRICHMENT FACTOR, ROOF DUST, DUSTFALL

This study analyzed the heavy metal concentrations which are the composition of
dust from 10 communities in Nakhon Ratchasima. Soil, roof dust and dustfall samples
were collected in the study area. Concentration analysis of 9 heavy metals — Cr, Mn, Fe,
Cu, Zn, As, Cd, Hg, and Pb — was performed by using the Inductively Coupled Plasma-
Mass Spectrometry (ICP-MS). Calculation of the Enrichment Factor (EF) was done to
identify whether the sources of heavy metals are anthropogenic or natural. Principal
component analysis (PCA) and Cluster Analysis (CA) were carried out to determine the
sources and to classify the heavy metals. The results of EF values of heavy metals in the
Dustfall samples are relatively high for Cu Zn and Pb. There are 5 heavy metals in
Nakhon Ratchasima municipality which show EF values more than 10. This suggests
higher contamination from human activities than other communities. Roof dust, in
general, have EF values less than Dustfall. The results of PCA and CA analysis of both
types of dust sample found that the correlation of heavy metals include Cd-Pb, Mn-Fe and
Zn-As. Possible sources of heavy metals in Nakhon Ratchasima were found to be 3
groups sources : 1) Cd Pb Cu and Cr from traffic and industrial sources, 2) Fe and Mn is
from natural sources, and 3) Zn and As from agricultural sources. The results of this study

can be used as preliminary data for surveillance and impact monitoring of heavy metals in dust.
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9 5.6 2.9 153 0.0325 7.9 22 510 2.4 116 3.6 52.4
10 3 1.55 114 0.04 9.4 2.6 633 6.2 203 6.3 1.2
11 52 2.8 171 0.03 8.2 2.8 550 2.6 133 43 51
12 3.5 1.95 75 0.0325 8.7 33 563 6 194 6.1 2
13 3.5 1.85 84 0.0363 9.2 32 599 9.6 274 8.2 3.9
14 5.6 2.85 156 0.0338 8.1 2.6 429 10 250 8.2 2.7
15 3.1 1.65 108 0.0338 8.5 2.3 672 8.8 217 7.4 51
16 4 1.55 87 0.0313 9.2 32 664 4.4 115 4.2 32
17 5.4 2.7 171 0.0263 8.8 1.8 502 0.9 43 1.9 2.5
18 5.5 2.6 174 0.0238 8.2 1.8 486 10.5 278 8.4 1
19 5.5 2.6 174 0.035 8.1 2.8 607 1.1 60 2.6 1.4
20 35 1.5 105 0.04 9.6 3.1 793 13.8 300 9.2 1.6
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M13197 2.3 FoyaAWAURUS UV Correlation Matrix ¥99e151ANN 11 ¥iia

Correlation S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11
S1 1.000 | .923 875 | -.640 | -707 | -.582 | -.746 | -.134 | -.229 | -219 | .068
S2 923 | 1.000 | .885 | -.564 | -.781 | -.606 | -.874 | -.159 | -213 | -.219 | .049
S3 .875 .885 | 1.000 | -.497 | -.635 | -.744 | -.730 | -.050 | -.161 | -.157 | .128
S4 -.640 | -.564 | -.497 | 1.000 | .584 | .528 | .597 | .089 194 | 185 .108
S5 -707 | -781 | -.635 | .584 | 1.000 | .458 | .744 | .091 133 .102 | -.087
S6 -582 | -.606 | -.744 | .528 458 | 1.000 | .602 | -.189 | -.085 | -.090 | -.118
S7 -746 | -874 | =730 | 597 | .744 | .602 | 1.000 | .015 .059 | .063 .081
S8 -134 | -159 | -.050 | .089 | .091 | -.189 | .015 | 1.000 | .944 | .950 | -.055
S9 -229 | -213 | -.161 | .194 | .133 | -.085 | .059 | .944 | 1.000 | .992 | .009
S10 -219 | -219 | -.157 | .185 102 | -.090 | .063 950 | 992 | 1.000 | .028
S11 .068 .049 | .128 | .108 | -.087 | -.118 | .081 | -.055 | .009 | .028 | 1.000
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Component % of Cumulative % of Cumulative % of Cumulative
Total Total Total
Variance % Variance % Variance %

1 5.240 47.633 47.633 5.240 47.633 47.633 5.127 46.607 46.607

2 2.903 26.392 74.025 2.903 26.392 74.025 3.013 27.395 74.002

3 1.086 9.870 83.895 1.086 9.870 83.895 1.088 9.893 83.895

4 .581 5.278 89.173

5 544 4.941 94.114

6 294 2.674 96.788

7 .206 1.873 98.661

8 .071 .649 99.309

9 .045 407 99.717

10 .027 244 99.961

11 .004 .039 100.000
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Component Matrix" Rotated Component Matrix"
Component Component
1 2 3 1 2 3

S2 -0.954 S2 -0.944

S1 -0.927 S1 -0.914

S3 -0.897 S3 -0.901

S7 0.867 S7 0.894

S5 0.815 S5 0.818

S4 0.724 S6 0.763

S6 0.702 S4 0.721

S8 0.954 S10 0.987

S10 0.945 S9 0.985

S9 0.94 S8 0.979

S11 0.972 S11 0.973
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753 BSC 300 Soil Had0t 19 dasdaimiindleeia bifiu 0.25 g TavldnTosvmaiion 4
MUNUL anaRagi 3.8 (1)
2. 1ANNIA HNO, (65%) 5 ml 4AZNIA HF (40%) 3 ml 8471 vessel N ldd0e19/ 1
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4. Lﬁaﬁa@daaﬁqamgﬁmmLaﬁ’aﬁwﬁmEhwaﬂmmmﬂ‘%aq gagiimaduna
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o L) s S
35 mamuammsazaudivedlanzyinludy (Enrichment Factor : EF)
& f, n:slJ o T ar o K P o) w 1
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EF(x)= 7—— (3.2)
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e EF(x) = 1 Enrichment Factor 48459 Janzniinla o
X Y J %’ ol ar -7} oo d' 9 ¥
(—) dust = dame sl minvesg Tavgminle « dusedrddiw Rvndu
Ref.
x a 1 g ar w ar o o« A o =
— Jorust = demaniwnimesg lameminla o Aungd@dmwdldnnau
Ref,
YA

o o A e 1y
Tunsfinunssitazdenld Fe wuilusind19de o reidin 1 Tu 9 s1aTangmin

a
o =

- o = Y =] 4:’.? 9 o e 9
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g

(L.awson and Winchester, 1979)

= ' ot ' o 2 =
#13519% 3.1 AN Enrichment Factor NUHan93¢AUN3 U109 (11 : Yongming et al., 2006)

EF <2 Deficiency to minimal enrichment
EF=2-5 Moderate enrichment

EF = 5-20 Significant enrichment

EF = 20-40 Very high enrichment

EF > 40 Extremely high enrichment
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3.6 mIinnztiesndszneunan (Principal Component Analysis : PCA)
. . . a “act e o A : a o
Principal Component Analysis w35 a5 1zieNezaaduaudlsuazszyi
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unazfedves ludanuduiusnuons Tuaounsun sz PCA Ao 1dsunsy SPSS w1
oY T
Wldasas Uil amedagilh 3.0)
@ - LY o o 9
1. AsendeyannududuvedlavsmingazdimuadintsasluTdsunsy spss
wdndonh Analyze s89AN Data Reduction 140N Factor Analysis (11T mﬁ'&gﬂﬁ 3.9(1)
4 ar = a w o ¥ A A o & .. A =~
2. wenaandsnagvimisanatleie uantenhiaida Descriptives (08117 Initial
solution ¥4V LT AIA Eigenvalues 1l 01 & Percentage of variance explained ludiuves
4 : e o
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@/ o o 1 . . . o 1 J o o4
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=

1 - % I~ = H a
4. NiM1d4 Rotation IU&IUUD Method (8001 Varimax Fuilumnadiafivlisiuou
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Auilsienga a1 Factor loading 1nalunaaziass (iaaensglf 3.9 @)

#1479 Scores Lﬁ@ A9 Save as variables WY Method Lﬁ‘ﬂ nn Regression (UHA9 f4

=5h.

5.
3107 3.9 (5))
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. . . = & o s
6. WR1T49 Options 1390 Exclude case listwist #3992 ATIZVIRNIE case NUAINNNTD

uils udavihins Run Tilsunsy (uareedagali 3.9 (6)
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FiRepesi

Saerkin Veriabie

511 3.9 Sunoumsi#lsunsy spss Tuns3imsizH Principle Component Analysis
(1) 189 Factor Analysis
(2} Bon Descriptives
3 \Hon Extraction
(4} ﬁ”lf? 4 Rotation
(3} ’Fﬁﬁ"lﬂ Scores

(6) (390 Exclude case listwist
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3.7 padwunngudanilssiennaiia Cluster Analysis (CA)

. o3 = 1q 9 ¥ ar ' T
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2. dendaudsdeyaniududuvesTanzniinlaly variable (s) uazluguuss
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21 3.10 Fumoun19T1sunsy Spss lumsSiased Cluster Analysis
(H i8R Hierarchical Cluster Analysis
(2) 1fonAls Variables
(3) 18 Agglomeration Schedule
{4) Hon Dendrogram
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41  anudinduvedlanswiin
411  anudHiuveansHIn AN

o & ar - ar s =l %’J
pamainsin laveninluduanngualuswiauasssiinieus 1o

UYL LARIAINTIN 4.1 HAZUAAINIUINLIINYINAGIS Dot Plot A3 4.1

19198 4.1 anudnduaes Tanzminanauildnn 10 yuau

anududuvesiansminludu @wnnn)

YU _
Cr Mn Fe Cu Zn As Cd |Hg| Pb
FAUAT 1511 | 179.03 | 6,06622 | 3.10 | 27.09 | 1.58 | 0.11 | -* | 17.56
wugaiaman 1700 | 73.97 | 442521 | -+ | 1049 | 079 | 0.05 | -* | 322
HFume 1743 | 15432 | 884641 | -+ | 1563 | 2.28 | 0.08 | -* | 626
MuUDINIEY 1546 | 16879 | 8349.65 | -+ | 672 | 1.84 | 0.04 | -+ | 4.26
qaui3 858 | 3525 | 2,88234 | -+ | 134 | 078 | 005 | -+ | 171
g 3272 | 15420 | 11,684.15 | -+ | 1228 | 2.038 | 0.07 | -* | 9.18
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AuyUNa 1227 | 6295 | 343804 | 113 | 556 | 104 | 007 | * | 271
VITIAU 24.19 | 253.81 6,_75_6_;66" 1o 273 | 16t | 009 | ¢ | 465
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e - |
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FANFINTIVDVANNTTNSIINY (Detection Limit)
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13190 4.2 manfFeufssaaimaduduvesTangninluduin lduoenia 10 yuau fuswda

UATIIVTY AuAuRfuvesLlszme Ing (Zarcinas, B. A, et al., 2004)

Aunit Anfrogw | wedidu'ngs os Argege fwiga
) (un./an.) (un/nn.) (Nn./AR.) wn./nm.) un./nn.)
a b a b a b a b a b
As | 159 | 750 | L6l | 270 | 236 | 2900 | 243 | 12400| 078 | 008
Cd 0.07 0.03 0.07 0.01 0.11 0.17 01 0.29 0.04 0.0t
Co - 6.00 - 2.08 - 21.10 - 113.00 | - 0.10
Cr | 1889 [2520| 17.09 | 1530 | 3103 | 7940 | 3270 |20500| 8358 | 0.4
Cu | 211 |40 - 690 | 221 | 4360 | 310 |35000| L13 | 016
Hg - 0.04 - 0.03 - 0.10 - 0.2 - 0.01
Ni - 1350 | - 6.20 - 43.90 - 27000 | - 0.10
Pb | 644 | 17.50 | 447 | 9.00 | 1439 | 5460 | 1756 |55000| 171 | 0.10
Zn | 118 [ 2390 | 1139 | 1400 | 2314 | 7100 | 2700 | 14000 | 134 | 0.10
Mn | 15754 | - | 16155 | - | 29119 - 32177 - 3525 | -
Fe | 782898 | - |755%16| - |1295800| - |1329491| - |2,88234| -

¥ ot = g & o w =4 =2 A
a= ﬂ'ﬂﬂﬂ‘ﬂll‘llu"i}@ﬁIﬁ'ﬁ31’7'LJﬂiuﬂﬂsﬂ'E]Q'W'L!1’1iN“H'}ﬂuﬂ'ﬁi’i%ﬂiﬂﬁl’lﬂﬂ'ﬁﬁﬂ‘ﬂ‘]ﬂiﬂu

b =anududuves langninluduveslsemealne (Zarcinas, B. A., et al., 2004)
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PNHU Cr Mn Fe Cu Zn
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maUaga | meras | 25213 | g2 51936 | 3,024.40 9,162.76 17.33 168.67 47 1,034.24
wuauinal | 5733 5779 | 20027 | 59394 | 2559201 | 15.564.00 2233 17108 340.83 632.98
e 473 3346 | 39069 | 60542 | 1264736 | 10,337.53 20.7t 5297 135.06 385.9
HUBIATERY 46,5 66.8 15858 | 47304 | 424132 | 7.396.13 14.25 109.26 19.18 673.5
gauts 24,07 3658 | 29432 45147 | 935335 5,098.81 5.98 18237 3.25 855.76
e 38.37 101.85 | 425.17 56505 | 1520448 | 822339 155.63 61.12 257.91 62144
thages 40.98 4153 | 32894 1 66307 | 1617404 | 645850 11.56 78.79 46.25 130186
AN 12.07 4977 6116 40305 | 333227 6,853.56 - 29.99 14.61 41824
PG 4932 8135 | 35235 1 1,02923 | 2353685 | 21,060.73 18.54 63.28 375,19 §09.84
Toeind 2064 64.37 8262 71474 | 748279 1 24,1203 8.24 52.34 12.24 1,082.31
1 2 m
A0
aAnnde 1133 756 1 26244 | 62096 } 1305880 | 1152847 30.51 96.99 124.63 781,93
Anlregu 43.47 6LO8 | 310.13 38665 | 1344434 | 869318 17.33 7104 43.99 74167
1 & o
audos i
W e 46436 | 1845 410.1 04270 | 24667.19 | 22,748.35 102,31 1713 35073 | 1,202.62
lnad 93
1 e
ANVeULY
240,66 64.5 144.4 200,94 7622.07 6,480.57 4124 5781 145.68 294.21
WRIFI
o o of
FuilssEnT
. 212 0.82 0.55 032 0.58 0.56 1.55 .59 L17 0.38
s




84

15197 4.3 anmduduves Tangminnndumdenuazdy Dusttall #1800 10 yuau (@)

3 af - o
FNMBUVULDT lavenun (un./nn.)
sy As cd Hg b
fumdaar | Dustfall | duwdaen | Dustfall | fundany | Dustial | fdundent | Duosital

LML TR S 0.58 449 0.23 2.47 0,08 9,52 9.48 1,259.90
wusamm 3.13 4.15 0.23 1.01 -+ 481 33.69 2,111.03
Wrunte 2.63 4.3 0.17 0.74 * 5.48 13.04 695.47
HUBINTT Y 3.49 5.43 0.16 1.49 - 8.51 7.52 1,024.26
gIuis 3.08 4.47 0.09 2.16 * 26.19 4.15 974.13
fivw 3.20 4.56 0.87 2.27 =+ %.53 54.36 1,618.49
1lypataq 2,61 4.84 0.18 1.39 * 10,16 10.13 974.43
ATeyUna 0.97 348 C.11 0.54 -* 3.19 572 408.46
vz 374 38 017 1.31 * 6.21 15.49 1,048.65
Tvwaning 1.08 571 0.15 0.82 - 5.44 5.88 1,151.42
Aada
Aundy 2 46 4.52 0.24 1.42 - 8.8 15.95 112662
Auinag 2.86 4.48 0.7 1.35 - 7.36 9.81 1036.46
sudasigulnas

3.63 5.58 0.58 2.38 - 18.98 45.06 1,889.39
95
Anbouun

115 0.63 0.23 0.68 - 6.51 15.95 470.7
waIgIH
duilseimenas

. 0.47 0.15 0.96 0.48 - 0.74 100 0.42

uilsi

*AINNNVBVIVAMIATIINY (Detection Limit)




85

g Cr-Roef Mn-Roof FasRoof
L. .. ! i! (L en 22  on |
Cr-DFJ Mn-DEJ Fe-DFJ
& f: . ..
T T T T k) ¥ E T T o T 3 T
[c3 200 a0 i) i) [Jencd [l 200 0h S S 1603 1100 000 15000 15600 0008 25000 30000
Cr Ma Fe
Cu-Roof i . Zn-Roof : : As-Roof
th . ael - o2 282
Cu-DEJ . iznDFJ S ©|AsDF
. [ ] a' lI . :. ; - - .
[ M 1965 150 i} a TER RO TEh 1000 32ED 100 265 300 400 5006 640
Cu n As
Cd-Roof Hy-Roef Pb-Roof
-
Cd-DFJ 2 Hg-DFJ S IPb-DR4
SIS P YO PO i § BN
00 ) 1080 B0 e 250 360 i E e 1z puci] e 30 [ S0 100 193 2003 250G
cd Hg Pb

71/ 4.3 Dot Plot vasaanmdudu Tanemiinya 9 wila lufundsauasii Dustfall

71410 10 e

wavinnsmnnududuvedTangminludundsawagzu Dustfall 910 10
s Juduveedundimmuanududuvos He Idifissururounmnouasa Taofll
ansonuadudu udundnivedin o guan 18 uaz ludmves cu himusansaonu
T8 lugundanwessummguna Tudauvesiu Dustall sermisansieldnunnany
Wuduvasmana Tangwinuasasenunnyuay dmiumsasn iwuanududuriy sl
anmno@odduiy Tanzminludutiufe Aanududuil 8Tadnhawannsaluas
I e veanioefontod N9 198 IUANITATIINY (Detection Limie) 3195 d1mFuns

a o 9 qa & ¢ v 1 Y Y ar ' o A L = e
'Jlﬂﬁ'!ﬁﬁsﬂﬂﬁﬁclu%uﬂ@ 11]ﬁ]31&%uﬂ?ﬂ33u£ﬂ]ﬁmu@ﬂﬂﬁlmﬁu 0 LW@ﬁJﬁ%IUsﬁuﬂluﬂ'ﬁ'éiﬂﬁ'}gﬁﬁ

e

GHIY
o o o N ) =
TumsTinnewguuumsusnuasvea Tangnainlugdua 2 #ila 990 Dot Plot

ar

o =% ar g Qs 1 H 1
TamnsfSeuden Teoldmnaszduanududu@orsunu i lave v nfidnsuanueed




86

Y ar T = = o 9 L v 4 o
ﬂmﬁiﬂuiu[ﬁ!m’]ﬁ ZHUU AD Cl‘%lﬁuﬂ’]ﬁlmﬂlmﬂiﬂﬂlﬂﬁmLLUH lognormal Y48 1HDWDITU

¥

mwzaurdsnun g lvgnsuenuswosiundng IndReeu lognormal #aaz

o3 ¥ gx 1 a} kY q'. F1 t o1 1 ] .:{
HUIINTUIALIILY lognormal Humm N uduf i Taodulvalsziiadeuuimieai
5 A 9 =t = ex ved w ] ey o 9 ~t ]
vosvselnaines o Tasllfue lufdedehfiainnududug Taof Mn Fe uaz As liannsa
@ 3 o 2] a ' 1 i 1
spipdnyaemsuenuad lagany dmiulugavuosdy Dustfall wWun15HnRLHE LN
TndiRauy normal @19 Mn Zn As Hg waz Pb emniududu lasdn ngfid Indfesdy
' e o 4 Tt = 9= = o Y 1
Aundpues lansningINmg 10 guasy ualinisuonuei Indifsauuy lognormal vty 1deeng

FAUAS Cr DY Fe

' £ o = as a T ¥ =
dun1simne ludsssdvanududuvesTaneniin Tudus 2 aila
g s o 1 5 :

1§ Cd Hg wag PhazwtunminFeudon TasldmnaniianyndaunuulSoudiou
A13LLIAUA9 Dot Plot YBIAUNTIA12ABULINNA WKL 0 Fuflesnnududuidinds
* w =1 ¥ o i a4 o
Apud AU Tnammiznsdl Cd He uag Pb od13 lsmumingfisnduil sz finsnisualsiu

i g [N Eat [N 5 1 o
YoduN 2 nuy wuherdanivgla ldfu 1 Fuaasdansuenussanunsiivaes
g/ 4=;d 94 =y Y ¥ 1 7] ah:\l Fooar =Y cg
goyaiiuu Iduuuund encduludiuwes Cr cu unz Zn vosdundmifimdulszing
MILsAULINAT 1 FTEARADINUHANTATMIANYNULMITLINLILIY lognormal A4 16

1 g v
na1 Fidedu
= a @ * o 1 U g Pyt .:?1’ “
NARANI AN lansvtinvessdumdemmanududuruniiagaluiug
wounauiamiuanue InoTangwiniwuanududuga ldua Mn Cu Zn cd uag Pb Tay
et o < A o - 1 = -t =
guyniilidnyailupeudisennadnunsliundaiouisane lunaaeu uazBaguasuh
3 w1 o A o YA ow gt &

wuANMBNdIYes TansninasudsgeRemaaduaszdiy ulaun Fe Zn uaz As 31

o o It ¥ = P 2 o A -
anvmeyurwIsitlusuyruun naldynideasouiFesdwanden ifleoswniils s

[
o 22 oA g oar

2 1 on =3 L I ar
gamIMnITNAIeY Ao lssnuiiaiansys dimainiseaniseuia 21,000 Audsoredu

S

1
o o =4

dwmSuguruinuardududsudefsdiuagsuid ludiuvesyurumauiauns
= = ar o A 1 ¥ o J i a 9 T '
un3sdn Tlaneninnasiafivumanudududoudiam Taun Ma Fe uay As uawny
arududuves cr inoudhegs
o o ) 1 =4 [ 9 g '
VINHANIIATIZH Tansniinye|y Dustall szmunmauudu Taedu

Tnaaslimganivosdundanm delumsmanududuvesdy Dustall @1mr7aw DAY

9

¥

4 : L o a ' 1 o A g yye 4
Wuduyed Hg 18 sosimmududufideudroziniganivesfundmidiulddaie zn
uoz Pb Taswuanududuvss langminfigehgalugurussanauiauns fe Cr fu cd

mAad1uaIsdiuny Mo Inemind Feuaz As uazludiuuesgsuing cuuas He




87

1
=i

= P RS diy - 1 d'dcu <
geiige Tasfinunndudusi lufiuiivesayune aldnvasfugusudiomwinain uaz

L

NSV UNEATATIL

) = =]

=4 v 9 a ar ¥ g 1
‘I’T']ﬂi‘lﬁ:iﬁﬁ‘ijmﬁmﬂ’J']ﬂJWEJWHEUENI?]W&’ﬂl&ﬂ%'}ﬂ@nﬂﬂ’lﬂﬂﬂ 3 Gﬁumgmu‘lmw

Anuuduvssdu Dusttall Sarmnududugsiige Taslansminidoudefidigauas
' 1 o ar & 4 ar = ' o 1
unnavedrufiu lddanufo zn uaz Pb FullonSsusvvesdunazdundinidmadi
1 o F & my i o o
uanaenuiluediaun nelinanmuniuasngeudeya luwumimafidanuvesainy
o
uaneedana 1y Jeargdilanmdiulyld 2 nsdl e Anmeisassfiafinnuuandieiuin
BFemuiiny mﬂmmﬂﬂm13mmmmw°lm?’umaumsammmmauaﬂmuamsmmu
A o ' 1 s d vy [
Hinsondaedadu Dusttall i lddpaimsoniossmeduds Fedeu i ldremmbuiidld
* [ ' g/ ] - & & ¥ ¥ 9
TwnunsutaInats Bl lemaiiannuamamdounnmsludeounisludould
1 o
dwiusnnududuvas He A limmsoasany I8 lunadunazdunden modfosmay
I - dai) = a £ s - =g [~
mavauas) Aerwziinsluleunnauvaifeinu viadieRarsaniegduuuyesmuiy
as ¢ £ =% =] 1 o o 1A } @ 1 as 7
Mathana 2 viiaudnzmiuhidnuasnmanudediiveuandrfudeududany Aemsdy
o Y o =] ar i o = <4 o t Ep
nasniwihinanudeiiufisaniuier WSeuaiieun1siud 1981900 Grab uddu
o ar 1 q 9 < o b P 2 =]
Dustfall Manudtedn ldna lumafuuasasaudredauunaindon Futlumsfy
1 F= o 1 ' a 1) ?.r
ABE1UUY Composite tazdnfadvfionniziinadesannududuvosTaneniinveaduns 2
P=y %.’ X ar 1 ar - I o g}: ] =y t‘_?l‘ P
¥iip Aon1svevenidy FelasdnvazvasdundmimmafuiurzfuuSiaiufi
H U 1 F
ARTLD luﬁﬁmmmlﬁmNummiwmmr;lmm:Tawxwuﬂ”lumdmuaaﬂ‘lﬂulﬁ’J,mludu
= o YRS ; -1 o ' 1 s w ' '
Dustfall 3giigagUassidosdniwudeninsafissJesdu i ldTnsgadodisdrsiusan
o s . . .
VNS zij’é]ﬂiﬂ‘]_lhlﬁ’ (Titiphat Hirunkam and Sudjit Karuchit, 2013)
Ly U o o~ 4
lugvesundsmuagauiumanusudusos Taneminvatssiafind
A lndifvaiu wiaunneiediu liun 18un As cd Pb Fe uaz cr sy Cr vaaumsiaunsa)
& W e 1 o [ 1 ar = P v as '
gionnduivguldndedunndundimfinnufadevdolunisduvesdieuesil
1 ‘g qt 3 =Y E 1 1 o b i
arantzluiunnndeinedy nanfedumauvesdundinezdsznsy T dredui
o ) ) N 3 of = =
pnwaldrwunnauuazduiduazesseymalusmaiannioanasuumzdalu
=Y o 9 é o g 1 %’a =Y =l =} o o
winundn 14 aalasmaSeuanududuyeaduis 3 aiia awsaBouBesdduany
WuduuesTanemithonuinlihies fie fdu Dustfall fumdam uazu awdidu
4
dwmfvanuduiusvelansviinaiiade 9 vosduis 2 gauny Tu 10

o

Py 'l ar Y a £ ar ar o et
PUFU ff']id'liﬂ?ﬂﬂﬂgﬁhl‘ﬁgt,‘Mﬂﬂﬁ‘I’Eﬂﬂ@‘ljuﬂﬁ']ﬂﬁde@ﬁﬂ?ﬂi&ﬂ‘i%ﬁ‘l{l‘ﬁﬁ’ﬁﬁmwuﬁ (p ) Taodil

13
oogr

AUYAFIUN NEDAR I




Hy: p=0 (lifanuduiusug

Hy: P#0 @anwduwutiu)

88

(4.1)

(4.2

Tasldseduivdagmieada (oL ) w1y 0.05 Tunsnaaey Tasldlalsunsy

c d 3 1 ot ﬁs‘
dusagy sPSs aunsniinsamanglven s naaBLINA Sig. (2-tailed) Rail

WUUAN | Sig. (2-tailed) > O

UUUT 2 Sig. (2-tailed) < O

A15197 4.4

waasNeoNiuauNAgI H,

HEAINUDUTUANNAT U H,

(4.3)

(4.4)

= 3 @ o o @ 2 & ar
TagramsinnsinnuduiuivedTansminanduna 2 jUuuy uaaeds

P = s o o @ ' = e ' 2
AW 4.4 Wamﬁamﬁazwmmﬁuwuﬁmmiﬁwxwuﬂaaﬂax%uﬂw"lé’t’ﬂ1ﬂpjuw& 2 guvy

Tangwin | dulsefniondusiug Sig. (2-tailed) Joayl
Cr 0.948 0.000 yauTU H,
Mn -0.181 0.616 gouTL H,
Fe 0.320 0.367 g9uTY H,
Cu -0.176 0.627 8913y H,
7n -0.270 0.451 gauIU H,
As -0.360 0.921 gouiu H,
Cd 0.459 0.182 HONTL H,
Hg 0.039 0.916 HOUSU H,
Pb 0.702 0.024 YOUTY H,

dmiunnuduiusvesTaveminudazaiiaf 180 nduss 2 sUuuy woh

U

daulngjveoniuauy@gu H, fo ufiswduiuseduiiivdidamieadanedu 0.05 fifios

=

o ot v ow o 1 = o i o a
langminfiwuanuduiusfulingaazifieniailuuinfe cruay rb Heenfumn@g

H, dufe danuduiufedisiiieddyniadafszdu 0.05 SsendnldhdeyaveTany

1 3
wilndi ldanduns 2 daulug lifianuaeandosiu




89

]
=

dmiumsAnsanauydgmuresuIteididuainudsniuazdy Dustal
w ar s 3-’!
TWradoyalansuinlndvefunazamisnldnaunusuldin Bonzldnisnagou

e =y Qs 4
ANYAFIUN WA AD Paired t-test Tumsnaaey Tasflauydgiudail

H, :tuianof . /uDu.ujau

H, : #
A JL lR(mf /Lt Duseferit

(4.5)

(4.6)

=) 1

laeh 1 . AeAunigvesnnududuTansmind Idnindundem
i)

A A o g w_ dy 9 '
M 10 AURBOVDIA ML Tz TN Id 01U Dustfall
Hstfa

= 3 . =] a* k ?x’;
HANSARTIZA Paired t-test 1Tsuiiiou Tangninawnduns 2 sl uaa

AIA15199 4.5

A15197 4.5 HANINATOY Paired t-test Ao Soufouninion 1ty Taveniinuaazuila

~t 9 T :‘;);
nldanguna 2 31luuu

Huvdam H Dustfall
Tavnz y mudowuy | L | duflowuww | SigQ-aited) foazil
niin mmag WIRTFIU riRas WIRFIU
Cr 113.5 240.66 78.56 64.50 0.556 | wouiU H,
Mn 262.44 144.40 620.96 200.94 0.017 | #ouSUH,
Fe 13058.89 |  7622.07 | 1152847 | 6480.57 0.573 | weoudu H,
Cu 30.51 47.24 96.99 57.01 0.021 | w®auSUH,
Zn 124.63 145.68 781.93 294.21 0.000 | wpuSUH,
As 2.46 1.15 4.48 0.68 0.001 |  gaNiUH,
cd 0.24 0.23 1.42 0.68 0.000 | gouiUH,
Hg 0.008 0.025 8.80 6.51 0.002 | ®wONTUH,
Pb 15.95 1595 |  1126.62 470.70 0.000 | wONYUH,




920

)
110015 N 7UHA Paired ttest Y04 1anzn1in1ngus 2 sUuny wudrlae
1 Ty o I o w sy W 1 A =y 1 ar e
alngjudrooudy H, dudenumdovedlansmind ldnnduis 2 vile uandrsfusded
' & ] i
dgihdyn e tafssay 0.05 Taofi Tanzmindles 2 vilamniufsensy H, Ao Cr fu Fe 3
1 L 4 - o C; I (;y) L) 1ed ¢ Qt L) P [-3 ar
wrasmauRtoveslanzminh Idnaduis 2 afia lilanuuendistuetaideddyms

¥
ar @ a

daAsEAY 0.05 AINUNAKIMINATBD Paired t-test Tearg IdManududuvedTangniiai

94 4 3’/ = T as 1 o k7 L af
Taandunis 2 gluuu fanuuanarsduuag Tiemnsathuidunus 'l

q

4.2 fh Enrichment Factor ﬂf@ﬂﬁﬁs%ﬁﬂmﬂﬂu

HaN13A1UINAT Enrichment Factor WERIAIA1T 1 4.6 TA0UEAIG20819M5HIAT EF

= qr b

T ar [ ‘g) 3
Y94 Cr 1nHuMAInvaunnauns 19 Fe dlusaada dade'luii annududuves or lu
dundanvesmmauasiity 797.23 dadnfuA laniu uag Fe Mindundaniveunsing

uAs leanududinnIiy 3,024.40 Tadnfiwh lansy luduvesiusanuduiufiduas Cr

o

MINY 15.11 Tadniu/A Tandu uag Fe Mny 6,066.22 TodnduwA landy Wounudilunis

[

o 3 ) n ¢ nﬂy
AUINAT EF 1a9e lanatl

197,23
EF(Cr) = %%%S:—z 4.7)

6066.22

wldm EF=105.82

o I 1 3 o 4 = 1
Tunsiwaludmvos Cost agldnmnududui ldnnduvewudazguamnum
1 o ' < o 9} F=1 ] 3’, 1
arlunsdna snriuludouves co iluduwuanududufosnegmrudniy ufitee
i H 1 =y g’o’ 3 o
ldawndunuanududuvesguyui liwumanududuvos co ludy Welimansiman

' o Py = - v ot 9/ 3 ) 2
A1 EF udaanin1519% 4.6 Imsve¥mingendi 10 Taensladuld 13 Tnedra8ennmsdinu

AT UMD Meza-Figuerou et al 40 Joshi et al #9381 31M0A1 EF>10 482 Tanz

1 o
o

=1 2 24 gd o g} Py = e 9} o o ol o
ninwyTuduiliun Tduiznanfenssufiferdesdunywdiiumgn




(] uoneela(l) NEMEL LIELY BHILERLEULIBIAL By

=R
3

mmrnwmpnmmc@cc:w_.zc_ovmEmwmpzﬂwnﬁdw@.@:va O1<dd LURRW] MEISLIAL U
r = il [ [ v RAE [

TC09 | 660 'y ez |eL1000 | 601000 | STTT | 61T | IOET | €99 0£T 98°0 'l €61 BUIRLERUY,
. . . . . . e [ . . . . . . FALIZER
7 | 960 L9 b0 | 530000 | Szo000 | TOEE | TEET | 616 142 £l b0 80°1 650 4

L | 81T 18 291 | zzo00 | ostoon | FLIE | T | GZET ! s 7€ 00T €0z 01 BUIthILY
o . I . - N . e . . . . . bELULE
OTTHF | €81 | TEFT | 6Lt | 159000 | ovio00 | TLUET | 6T | TEED | 90b 00 6L°0 6o'r ¢l .

e . T . . . [PE—— [— JE— —— . . . . RLIEM
OFOSZ | cov | I09F | s | wesooo | ogtooo | oI | FrOT | Tes | 9rRS | o1Ts 2z Ty 060 u
S . S . ) U [— . —— . X . i ) eLmel
TTe9z 1 S0 | 5O | sso | oziooo | Lsoooo | ZTEDE | sco | &8%E | €80 or'9 LST 107 98°0 £

FTZIZ | w0t | 96TF | veT | 8920000 | 060000 | TCET | ol | TEE | sce | ove | szl | swy | ogur | THAREURERA
—— . . . R . [F— . J— . . . . R ALUITLLIE
056 | ovl 187 g1 | g820000 | cprooo | ETTE | voe | oS0 | sso og's TR bl 061 K
TosT |18l pL'S 080 | sseoo0 | zotoos | STEIT | woc | Wz | <Lt 87T 290 L60 orp | LELELiisenK
e . JE— . . . [E— . — [———— . . JE— JR— BLILBIAT
wF | sor | BFT L ety | ov8000 | 6zs000 | ITTZ | 60 | ToOE | TTIT | ez wo | 0T | o
lensnl | LRI | IEpsng | Luspuil | wisna | webpdngs | nepseg | Lssednf | nesed | wespundy | nensea | wssauns | meised | Lstudng .

AL
ad 0 sy uz o upW e

16

[TEFISTC] Mg 2011 LBU WA DR, 008 ,] JUSWDUUL LY 9'y WH.ELY




6

=

LUMEUTIREN nenh s FLETLLE r_,ﬂ.m.a_.ww@Zw@mﬂ@Er%&_zﬁwmr@rmammmﬁﬁnmu ¥ w‘w_.rm

ELHEBILEEULLBRER

elHel =6/

=
;w»wch: =¥
AL = €
LBLBEALEHI =T

LEVHBLRRIU =1

MELAATELLUUR
rA

BLEUGU 8 UL

nmmcxrc@@:_.zm%:m
i &

BBUBTIMIILY

\
Ehs




93

11001510500 U1 Enrichment Factor v lavgmiind Idaindundeniuay
I é‘) Eil t at g’l = 1
thu Dusttall Tasnsiiaunsamiat BF voe Tanemings 10 yurueenutld 7 viia (aansn
' Y A e 9 w oA i
wiludves He dillosnnmsi liansanuarududuvos He Tuarededuuaz iy
ar =2 a 1 { o ' U P ’
ndam Yo W ldanseezdondt BF eenu 18) wudia BF voe pb 7180104y
A Vo g/ S Y as A T ' o
Dustfall #n1A8UY1gRNA laariu lAedndanudissnnanududuiinuszniienmsiiu
ar ' ) [ o 1 o o ] = T 1
A10619%9 2 Juluuy Hawirenudoudianin dmiuat BF vea cu Aligelugy Dustal
I Y] = Y a 2( a 51 o e et ] ~ o J
wuniy laeiidedunade lumsdwanezldaunfovesfiuiinun cu fios 2 el
Tumuanududulufnvespandu q fmde A ldmusamannududures cu oonin
4 @ 3 P ' 9 o = ' g7 ' o oo
18 dmfue BF imudeudrshegdluludanues Mo As uaz cr snduluduues or sy
Tdnmaiaunsuasaduiivadiiag
4 ] w e = - =3 d; "
dewedludnminmvos lavznin@ifia: BF ifin 10 Tnonenfinsandluuans
o 91 o W s - P [ ] =
wiuiaNgusuinuTaveminda BF By 10 vawwsis 18un mennauasa fune ues
v
nagyu gantiuazinges Taoludawounmnannsa sy wud a1 EF fsigendt 10 1u
Taviziinds 5 Tu 7 9fia lAun Cr Cu zn cduag Pb unzdn 4 qusuTaoseumwamatiaunsg
o ar W w o Sy o b 3 o Y oAy o
Awuludnpagadiodu andu o A'lda EF d1nd1 10 dmsunguii 1@ EF eanuly
as P Yt =) 4} - | b - ] o s o
anuazitlndiReersondioatanude nquyuauiiog lnsseumauiauns 8u'l8un vuesia
e huime unsnuesnszyy Junguil1da BF figaludauues Cu zn uag Pb nlanindu

1
F =

Dustfall Bnilenguiien BF Indidussuienguitegludiuanidusine 18un thndes diu
yuna vszdiu wag Tnoauind Fewus BF figaludanves Cu zn uaz b VY Dusttall
e Tudmyosuvdan o EF A ldrendhefiezindifeaduy

1031 44 Gim%waqﬁuﬁﬂmﬁmm;musueams?rmauﬂm uazuInalassoy
Usznovludroundsideduianafivomealdnainnaefons sy Wiwsdlufivnos g
Msf gaamATI nEAsAITY iy SATanuUEeNEn auLmeIee ATeNHEoTeLEn
nalae v?’aﬁmnmsﬁanm%’mgaiuﬁ 2553 W‘u:iwﬁuﬁf’f’;uimjmammmmauﬂ'sdl iy
Auivinerfuuazsrumsfioudanun uazvindeyavodssnuaaamnssunandu
fanTaunsnsdimuhismawdome 2275 Traam wazag luvamMALIAUATRS 225
Treu (@inaugammnssudandauas i, 2553) Fadadiulszinadosns 10 voq
Tssensimuariartedoria TasfiszimmuesTssamdame lumamauiaudldauased

Y
4.7 st 11l




94

3199 4.7 UszanuazduauvesTssnugammnssuluamanaunsunsswdan

i dnipagamunssusiniaunsnadun (2553)

Uszpnuealsanu U

T3 U DUUYULD LI E WU T DU 60
Tsanusznevfomsmetuniasadtlany 31
Trsnutlszneuviosmulasdududmivioous 20
Tsenupan Usznou ﬁ’ﬂuﬂaqﬁasﬁ@mmmﬂ%awuﬁ;ﬂ%aa%’ﬂﬁuaxgﬂﬂmﬁ%u 61 20
T39O MUWEAD IS LA IS IR 28
Tsanurdafendy dndasasinn 1S uasstoutan 19
TseemtszneudomsAeiums iy 8
T591u8u q 39

TIN 225

u < ) T & P g' ] T ' I~
ﬁ)"lﬂeilﬂii%ﬂi]%L‘i’T'HT]iﬂ‘L!ﬂ??ﬂiﬂﬂ]@ﬂii\?ﬁ'}‘uﬂﬁﬁ@EﬂJlui“ﬂﬂLﬂﬁ‘UTﬁuﬂi"l ﬁ?ﬂiﬁtyﬂgkﬂﬂ
A w ¢ A w A o  oa ¥ ) o Y 4 g
TTUINUINUVETHYUA 1ATDIINT “H\‘icl'lq!ﬂ'igﬁ'ﬂuﬂ?ﬁﬁﬁﬂﬁﬁ@ﬂilﬂﬂﬂ‘l&ﬂ?ﬁ A AIUURIESUNE IV
ar 2 P W A ] a o
muTangununaiu vioududgaamnssudu q Amstman Tansnindstulunszuiums

1 ar 1 T i P i P=1 o T =) 1 I~
A9 9 #20819 1w mMInud iludweauveddiiTovemifnnauoguaivaia lidwzflu

[l
=

=l o el Qs e Qs =2 g’: c:rb 3
Pb As Cr iag Hg n38gamunsiuineinulavehomisony Taveminlumsdauinseilld
[} 1 -3 o iq‘d 1 3’}
NAFUA A8 UNII Tansnay (9aaew) RIEIUMTNUEY Cu Mn Cd 1182 Zn 57uvaly
= r'd PN ded Y] 1 ;:91’4:# 1 19 1 o
PATINNTTUNTT AU 1uwuﬂquﬂwTaﬂwuﬂmmmﬁumumﬂuwmmwuﬂu
o o ] 9/ ar
NANITITIUAUNNITT wunne lumamsiauasa Uszneuludsauunsn s
@10 ouuseadidy 31 a1 aunsesna il 7 ae auuesdosiazaion wosa1a 9 Bn 266 T
34 8 1
vatlnnradsrnnmsiuiuausaidyes lwameauazfunusarnisUdesuaiy
21N IMEznU I AT e suaiud1e 9 18un BC @737, NO, (8,216), SO,
(214), CO (13,429), PM (569) uag CO, (386,682) IanlilSunamnisUnosuady Sy auil nas
vinaisfnediuamslasreaiyoim A no UM E LIS Uy PM fiRain
o =l ¥ 5 Y wr a?x" oot 1 Fd
sz wunlszianiEosininn ldes 1addl sosuasmvuialue) (377.18) sovua
=S ar o oot [~ d'ul =3
WU (89.50) TDINTUIUEUA (63.18) UATIDOUARALYAUVUTIALAN (38.82) Tasiasauysum

misifay PM nanuauda leaTumbe 568.60 dufil (aqud Tanas wazane, 2554)




95

Y ::?;l’ P el
wonvIndeyaves Insnugamunssuuazduauuuds meluiuimaaunsa 6
=t ~ = P ' o = s g @ 9 [ =1 a as
anvganIul vatennssuienne lhifauafiuswonTavemin 1@ Tudeedlufiwhendy
; v o L R I dedat 1 el ' s
gunsmdaniinisldndadundimanaulsdndidhomezddesazsevsvedlangmin
& o o e o =1 o o
U321AN Pb Cd As Zn Mn uaz Hg Tu 18 dwisuiaffimsmiemamusony Tavewiingman
=l -9 1 :; v = o o A ey
Pb Cd uaz Hg Wiemswuendaaa1d ) luinlas minlimsenvesiiluwara@n deiiany
=1 { o3 ) o Fy
il ldnesduunassufiaves TangurinTuvamauaunsa wad
i [l
uenanunasdudavaiunwluiuiwameiand Tnessuvewvmmauiads
¥ o o1 3‘; 3 o 7|
Usznovlidimvagamnssy vazlssausnounniinsegTasseu s118un wagamnssy
[ vy
wazlssamgaemassuinseghninaduanteaiimat uay Iseanufidsetaumanum
= = o [:] — ﬁi - o c:
wasnwuinudiualannilauasiuavesdunagadiu Guh 44) Falsesnudrwauundly
a & = A R o w o 1 A o
Tssnunadudi Tanzuas lssandidnnseiing Sadnwu Tanemindudunmuniody
dagaulunsguiumsnda dredury Mn A5 luarudion Po 114 lunsiians vie zn uaz
a3 = o3 3 A o 1 o e st 1 a & A& o
cr il lumsnndeu iludu TasBedlumdisuiiaifinnniheulidngs Fufofiorsan
anumzgiemauazirmanauizwy i lugavesauggdi (upieu-iguie) frmavesay
ar s = ¥ = s = a ar [~ r
wrinainas Tuaneals uasnlbou e ludiras Suan (nsnginu-fuesu) semuthen
¥

inwwadlssmiogluinaveshualannssaemasdnshmuafudungludeds

]
oo

3 ] ¥ r
Lm?fN‘Vl?»J']L'}”Eﬁ'lu%qx‘]ﬂﬁ!‘1]5Nﬂ')']3ﬂﬂﬂ’3%@\1ﬂ‘l}uﬂﬁﬁ%ﬁ']%ﬂﬂiﬁﬁﬁ’?ﬂﬂﬂ?‘iﬂ meﬂum@mxﬁma

o ar o

wagyuyu laosey lulinivosduneadiosunss@n Fadmiumsfudiedisdunaz

4

2 o o

wéi'amahmmﬁﬁmmﬁuéi’aaénaﬁegiuﬁﬁﬁqﬁﬁmNamammamamﬂéﬂu (WOHNIAY-
davnaw) Taaludussdy Dustfall &uﬁmmﬁuﬁ’a@éwnﬂ 9 B (G:m?’au@iqumﬁ'uﬁ
WOHIN )

winsznenssy lansminudazriiauinnfenssuvesnysd layldinuaia EF>10
1 lan Crﬁmjﬁgﬁm“lu'c%’mﬂmmﬂmaummw&uﬁmmaﬁﬂﬂﬁmmwye'f Tudaauves
Mn iaz As vounn o yusu b Idindngmuaasnnuifoadesdudanssuveuud @ BF
#1170 naedasanlalds pb andundeniBndas 4wy Cu Zn uag Pb A1 BF NHU Dustfall
fisganniessy IdTunonfenssuvesuysd nasludmdundsnves Cu uag Zn wuhing
guaiinua BF g4 tufto Cu voamsurnunsa uagfiune dwmiy cd it B VINAY Dustfall

a

b
A1geIUE IV IPUTY (IAUIAUATA HUBIATEYN FIUTT U8 uaznvoe Dnvedsl]

EH

fad RPY

' '
o o @ el I o

[} 2 & v P o
uaffaﬂﬁuiuﬁgmmau 9 Ut 1%Hﬂ1uﬂﬂﬂhﬂ1ﬂ¥

o




96

= d
43 WAMTAATIEY Principle component analysis 1182 Cluster analysis
4.3.1 Namﬁmﬂsﬁ Principle component analysis mﬂﬁﬂu‘lﬁﬁ’dm

= Ed R . R T Qs
PIRNTTIATIEH Principle component analysis ﬂlﬂdﬁjuﬂﬁ\ﬂﬂ'l UTAIHG

ar Q@ o I . Qs 4
ANVANNUST Correlation Matrix LLEZA1 one-tailed Significance 4915199 4.8

= o ol ar = 1 e
FN319% 4.8 AVTNALS IUAIY Correlation Mawix Y3 Tavzimin 9 wliannduvdan

Cr Mn Fe Cu Zn As Cd Hg Pb

Correlation Cr | 1.000 | -.498 | -415 | -.068 | -.160 | -536 | .005 | 998 | -.118
Mn | -498 | 1.000 | .702 | 461 | 492 | 923 | 383 | -.536 | .485
Fe | -415 ) .702 | 1.000 | .195 | .823 | 810 | .166 | -463 | .491
Cu | -.068 | 461 | .195 | 1.000 | 417 | 313 | 993 | -.078 | .894
Zn | -160 | 492 | .823 | 417 | 1.000 | 569 | 397 | -.200 | .687
As | =536 ; 923 | 810 | 313 | .569 | 1.000 | .240 | -.574 | .407
Cd | .005 | 388 | .166 | 993 | 397 | 240 | 1.000 | -.005 | .898
Hg | 998 | -.536 | -463 | -.078 | -.200 | -.574 | -.005 | 1.000 | -.142

Pb | -118 | 485 | 491 | .894 | .687 | .407 | .898 | -.142 | 1.000

Sig. (1-tailed) Cr 072 | 117 | 426 | 329 | 055 | 495 | .000 | .373
Mn | .072 012 | 090 | 074 | 000 | .134 | .055 | .077
Fe 17 7 .012 294 ¢ .002 | 002 | 323 | 089 | .075
Cu | 426 | .090 | .294 15 ] 189 | 000 | 415 | .000
Zn | 329 | 074 | 002 | 115 043 | 128 | 290 | 014
As | 055 | .000 | .002 | .189 | .043 252 | 041 § 122
Cd | 495 | 134 | 323 | .000 | .128 | 252 495 | .009
Hg | .000 | .055 | .089 | 415 | 290 | 041 | .495 347

Pb t 373 | .077 | 075 | .000 | .014 | .122 | .000 | .347
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9Inm1s 14 Talsunaw spss lunisfinsiesd pca vasffundent Taolde
Missing 7 Timuunuauiin 0 v2'180 1SS U Corcelation Maiix WuNANTURUS
33190 Cr Y Hg Hanuduiudfunniiga 0.992) 50989180 Cd fU Cu (0.993) 1ag Mn
1 As (0.923) ﬁ’aﬁw"afmaaGluLmumjmﬁﬁmmﬁ’wﬁ’uﬁ’ﬁ’uﬁausi’fm?”muﬁa Fe Zn Mn Uag As
Brnilan nuduiusATanuduLESuInie Cd Cuo uay Pb

W15 T Bigenvalues dem1519%1 4.9 wuiehiluann 1 oz 1800se
sonumanan 3 Tase Tasfamsaoiion s et ld 92.011% Tutlasod 114
fi1 Bigenvalues 11101 4.766 81319005 u 882100051514 18 52.956% s 2 a1
Eigenvalues 111114 2395 @ w1soafuwanundsidsuld 26.610% uazTaseft 3 1864
Eigenvalues 1101 1.120 ansneBuisaausisan1d 12.446% wagmnimsmyuuny
Haril¥An Factor loading 1/3euntl sz e s Eigenvalues 8% % of Variance 04110507
1 azanas uavzuninluiased 2 uas 3 Tasfidrmuisoeimeasmudsus 1w damuald
92.011% 1uidn Fanadt 1829 1A Bigenvalues vostlasuft 11918y 2.053 s1u1s0p3U1
anulsilsan'ld 32.810% TaoRlutlasedt 2 uag 3 92'da Eigenvalues ifinasl 2.882

¢§ =y o Q
waE 2.446 samngasiuioa N sdsiuld 32.021% taz 27.181% a1udid

e T =y v
FITHT 4.9 711 Eigenvalues #i'lda1n PCA

Extraction Sums of Squared Rotation Sums of Squared
Initia! Eigenvalues
Loadings Loadings
% of | Cumulative %of | Cumulative % of {Cumulative
Total Total Total
Component Variance % Variance % Variance Yo

1 4.766 | 52.956 52.956 1 4.766| 52.956 52.956 2.953 { 32.810 32.810

2 2,395 | 26.610 79.565 23951 26.610 79.565 28821 32.021 64.831
3 1.120 | 12446 92.011 1320 12,446 92.011 2446 | 27.181 92.011
4 558 6.197 98.209
5 082 06 99.114
6 052 .580 99.695
7 027 299 99.994
3 .000 .005 99.99%

9 0006 .001 160.600
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MINA9IIUIVINAT Factor loading 1115197 4.10 Aeuntsnyuuny
(Component Matrix) sthiuiid wiu Tanzwinynadiaszfenousregaludaseit 1 Tambil
Tuanasar>0.5) uazfivnedmiifiargatudedod 2 18ud cd Hg uas crusiffornsnau
nU (Rotated Component Matrix) 32w 3111130 TAuan Tanzn1ine1na1 Factor loading
sonu ey luii 3 Taso e ldroudregeluudasdost Fadumsuenteaniuzna
minzauves lavswilnudazyiladimsegluifoisla Tnousnooninlddedelus

> vt 1 dsznevludae cd cu iag pb

> lodbf 2 Uszaey'udan Fo zn As Hay Mn

> iledni 3 dsznovlude crune He

TAus1f Factor loading woaluuday component HAINATHIULNY (ile
duwdeany IddsgUd 4.5 c‘ﬁqumﬂﬁ’aﬁu’iimmé’mﬁ'uﬁﬂ;mIamﬁﬁ'ﬂmﬂﬂuﬁé’qmﬁw

1 [ 1
wussemily 3 ngu

157491 4.10 1 Factor loading AGUUAZHAINSHYLLAULLY Varimax

Component Matrix" Rotated Component Matrix”
Component Component
1 2 3 1 2 3
Mn 0.858 Cd 0.992
As 0.844 Cu 0.984
Fe 0.803 Pb 0.873
Pb 0.792 0.556 Fe 0.937
Zn 0.754 0.509 Zn 0.86
Cu 0.675 0.654 As 0.761 -0.505
Cd 0.624 0.715 Mn 0.645 -0.509
Hg -0.578 0.671 Cr 0.967
Cr -0.544 0.671 Hg 0.96
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311 4.5 711 Factor loading ¥oe lanznunnadundinmdannmsmyuuny
(1) Tanzminnndundanildan Factor loading unuslusds 3 Tose
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432  HAMIUATIZH Cluster analysis fum#qlumem

o o 1 o ar 1
PMIATUATIEH Cluster analysis %@QP;IMWEQ‘FH TITIDUTANNT TURa

anuduiiEeInMIAnguAan Cluster analysis YOIRUNEINT Iat Complete Linkage A3UeA4

Tums i 4.11

o1 qs ' @  ar o o i . ] ar
AN 4.11 ﬂ’!'i?l]llfu]ELﬁgﬂ?qllﬁﬂdwuﬁﬂ'lﬂﬂ'ﬁ%ﬂﬂquﬁ”Jﬂ Cluster analysis ala\flﬁ!ﬁﬁﬂ\?ﬂ']

Taw Complete Linkage

Agglomeration Schedule

Cluster Combined Stage Cluster First Appears

Stage Cluster | Cluster 2 Coefficients Cluster ! Cluster 2 Next Stage

1 1 8 998 0 8

2 4 7 993 0 4

3 2 6 923 ] 6

4 4 9 .894 2 7

5 3 5 823 0 6

6 2 3 492 3 7

7 2 4 166 6 8

8 | 2 -574 ] OI

M Iums ﬁlﬂﬂémiﬁﬁzﬁﬁﬂiﬂﬂl% Cluster analysis 147 %a3 Furthest neighbor

o 1 o o . o &’; =y
lunisdannuad1ua 10818 UFURNUT Pearson Correlation 110 Taneniings 9 via Iy
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Rescaled Distance Cluster Combine

CASE 0 5 10 15 20 25
Label Num A B et e e it o Frm e +
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Ho WO e o N O
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= o J
TIANTTUATICH Principle component analysis U9 4 PJ U Dustfall T AIHA

@ a o 1 . . ar P
AFTUTUWUT Correlation Matrix UAEA one-tailed Significance AI01519N 4.12

{ a g o 2 as =)
A1519% 4.12 AMUFURUT Comelation Matrix ¥84#14910 Dustfall Tavzmin 9 ¥iia

Cr Mn Fe Cu Zn As Cd Hg Pb
Correlation Cr | 1.000 | .044 | 019 | 346 | 270 | 012 | 619 | -059 | 245
Mn | .044 | 1.000 | 716 | -228 | 295 | 107 | -087 | -220 | 113
Fe | -019 | 716 | 1.000 | -208 | 172 | 167 | -375 | -405 | 273
Cu | 346 | -228 | -208 | 1.000 | 239 | .059 | 570 | 594 | 505
zn | 270 | 295 | 172 | 239 | 1000 | 503 | 350 | 301 | 433
As ] 012 | -107 | 167 | 059 | 503 | 1.000 | .143 | .127 | 156
Cd | .619 | -087 | -375 | 570 | 350 | .143 | 1.000 | .616 | .330
Hg | -059 | -220 | -405 | 594 | 301 | .127 | 616 | 1.000 | -.044
Pb | 245 | 113 | 273 | 505 | 133 | .156 | 330 | -044 | 1.000
Sig. (1- Cr 452 | 479 | 163 | 225 | 487 | .28 | 435 | 248
failed) | o452 010 | 263 | 204 | 384 | 406 | 270 | 377
Fe | 479 | .010 282 | 317 | 322 | 143 | 123 | 223
Cu | 163 | 263 | 282 253 | 436 | 043 | 035 | .068
zn | 225 | 204 | 317 | 253 069 | .161 | 199 | 357
As | 487 | 384 | 322 | 436 | 069 347 | 363 | 33
cd | 028 | 406 | 143 | 043 | .61 | 347 029 | 176
Hg | 435 | 270 | .123 | 035 | .199 | 363 | .029 452
Pb | 248 | 377 | 223 | 068 | 357 | 333 | .176 | 4%
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d‘ 1 9 9 a d’ 1 (% a
A1519% N.1 AANUINTUYDIAUINATY ICP-MS Turine lliJIﬂﬁﬂﬁiJ/ini (ppb)

min
#0814 L‘iill@%)u (2) Cr Mn Fe Cu Zn As Cd Hg Pb
blank 0.000 12.508 38.269 226.921 75.733 31.719 2.401 0.077 2.594 3.505
AumALI 0.2135 141.574 1567.154 | 52032.480 102.205 263.108 15.913 1.015 1.010 153.441
AUKUBILIMIA 0.2082 154.101 654.255 | 37080.040 62.749 119.08 8.982 0.472 1.255 30.352
AuThme 0.1889 144.181 1204.286 | 67070.360 59.285 149.846 19.617 0.677 1.154 50.807
ﬁuwumﬂizvjw 0.1883 128.953 1309.616 | 63116.510 46.215 82.315 16.239 0.415 1.051 35.632
ﬁuqim‘d 0.1850 75.971 299.100 | 21556.220 18.449 41.626 8.187 0.428 0.776 16.198
AUNLY 0.1922 264.083 1223.743 | 90054.670 66.129 126.161 18.070 0.654 0.745 74.109
aulnyes 0.1960 147.264 2560.984 | 98589.210 63.902 132.465 13.995 0.506 0.569 37.119
ﬁuﬂ'mﬂ;um 0.1826 102.108 498.073 | 25338.350 83.996 72.353 9.977 0.613 1.168 23.289
AUVILITY 0.1839 190.474 1905.285 | 49928.900 48.931 88.566 14.481 0.777 1.476 37.716
au'lneaing 0.1818 223.168 1284.091 | 96907.530 50.851 164.915 20.083 0.881 1.191 80.001
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d' 1 Y 9 1 [ 4' ] [ a
#13719N N.2 mmmmmummduwaqmmﬂmﬁm 1CP-MS luviuae lliJIﬂiﬂiiJ/ﬁﬂﬁ (ppb)

min
CRREAN L‘iilliﬁlu (2) Cr Mn Fe Cu Zn As Cd Hg Pb
blank 1 0.000 12.508 38.269 226.921 75.733 31.719 2.401 0.077 2.594 3.505
blank 2 0.000 1.676 2.075 116.972 7.320 62.375 5.503 0.127 5.223 13.752
P'Jumﬁma 0.1849 5908.859 350.784 | 22595.400 203.918 340.368 6.678 1.802 3.153 73.611
Quﬁumﬁamm 0.1845 437.224 2180.482 | 189095.900 240.506 2547.068 25.500 1.774 0.773 252.156
flurhume 0.2074 197.893 1626.813 52578.220 93.233 622.611 16.427 0.830 2.852 67.839
AU UDINIE NI 0.2003 187.969 1438.554 57167.710 64.416 139.194 19.468 0.786 2.403 43.885
Augsuis 0.2039 99.827 1202.312 38259.950 31.704 75.641 18.052 0.501 1.942 30.668
AUy 0.2028 157.291 1726.63 61786.360 638.554 1108.479 18.854 3.660 2.343 234.255
Auiinyeq 0.2014 166.745 1314.948 65266.020 53.872 248.680 16.000 0.845 1.836 54.561
ﬂuﬂHuﬂ;uﬂﬂ 0.1938 106.083 512.414 | 26058.700 31.305 145.006 9.909 0.926 0.754 47.876
ﬂumw’fﬁu 0.1790 365.652 2561.133 | 168750.800 208.488 2718.048 29.168 1.265 1.150 114.403
I?‘Jullﬂﬂﬁ'lﬁ}ﬂ?] 0.1952 181.515 683.387 | 58652.580 140.042 127.268 10.839 1.247 0.929 49.433
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9 ) Yy 9 o
taz 1% Blank 1 JUMIAMUIUTIANMTLIUUDE TanzHiin
A 9 9 [ ~ 4 ] 9 . . . o [ = A a Aaa
2) gurunvaduld ¥a191Ne3 suAIDE19A Y Microwave Digestion 1101315D1/31a0 50 Nadans

az 1% Blank 2 lumsmunaianududuves langmiin

43!



M50 0.3 AANUENTUUDIAU Dustfall 1101AT09 ICP-MS Tuntiae lulasnsu/aas (ppb)

hmin
CRREAN L‘iilliﬁlu (2) Cr Mn Fe Cu Zn As Cd Hg Pb
blank 0.000 1.676 2.075 116.972 7.320 62.375 5.503 0.127 5.223 13.752
v'J,umﬁ‘ma 0.1932 975.893 2240.710 | 35521.860 659.057 4058.693 22.869 9.679 42.005 4870.003
ﬂuwumﬁamm 0.2059 239.640 2447922 | 64209.540 711.818 2668.997 22.608 4.270 25.042 8694.985
Qu’fﬁmmz 0.2101 142.282 2546.047 | 43555.280 229.908 1683.915 23.579 3.218 28.256 2924.139
Quwumﬂizvjn 0.2132 286.526 2019.538 | 31654.080 473.223 2934.186 28.678 6.470 41.524 4369.194
Quqauﬁ 0.2257 166.791 2175.446 | 27646.990 830.541 3943.331 25.663 9.899 123.469 4398.960
I?‘J’Llﬁlﬂﬂ 0.2077 424.778 2353.040 | 34277.750 261.215 2643.821 24.465 9.546 40.639 6724.979
I?!Ll‘].hﬂ"]%@\i 0.2057 172.535 2730.353 | 26687.230 331.446 5414.930 25.401 5.832 47.023 4010.567
@uﬂ'muum 0.2303 230.941 1858.992 | 31684.470 145.440 1988.802 21.545 2.629 19.903 1883.113
@u%sm’fﬁu 0.2023 330.822 4570.948 | 85328.680 263.359 3338.994 20.869 5.415 30.331 4244.609
I?'JullﬂﬂﬁWﬁﬂﬁ 0.2051 265.726 2933.925 | 99094.650 222.032 4502.009 28.944 3.479 27.523 4724.876
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PYUFU Cr Mn Fe Cu Zn As Cd Hg Pb
NAVIDUATA 2.84111 | -1.52480 | -1.31650 | -0.22220 | -0.56903 | -1.63277 | -0.02642 2.84605 | -0.40529
Hue9Imal -0.23258 0.19276 1.64432 | -0.11250 1.48413 0.58189 | -0.02642 | -0.31623 1.11219
‘]j}TLlLfﬂg -0.27509 0.89510 | -0.05399 | -0.14804 0.07163 0.14764 | -0.29060 | -0.31623 | -0.18215
Wu@ﬂﬂi%ﬁﬂ -0.27841 0.66581 0.15513 | -0.28979 | -0.72382 0.89455 | -0.33463 | -0.31623 | -0.52814
Qﬁ'lﬂdﬁ -0.37161 0.22081 | -0.48616 | -0.47124 | -0.83317 0.53847 | -0.64284 | -0.31623 | -0.73937
ne -0.31219 1.12695 0.28150 2.81235 0.91493 0.72085 2.79151 | -0.31623 2.40778
1hnyos -0.30135 0.43978 0.40870 | -0.34881 | -0.53800 0.13028 | -0.24657 | -0.31623 | -0.36454
ﬂ'mﬂqum -0.42148 | -1.39385 | -1.27611 | -0.60246 | -0.75519 | -1.29406 | -0.55478 | -0.31623 | -0.64096
‘ﬂigl,"fl}‘ﬁu -0.26669 0.62267 1.37469 | -0.19566 1.71999 1.11168 | -0.29060 | -0.31623 | -0.02858
hl‘VlfJﬁ']ijlﬂﬁ -0.38171 | -1.24523 | -0.73157 | -0.42166 | -0.77146 | -1.19853 | -0.37866 | -0.31623 | -0.63093
15199 ¥.261 Factor loading o1 Tanzuiinii Idduvdsnmasninihms niyuuny

Component
1 2 3
Cr 0.007 -0.152 0.967
Mn 0.323 0.645 -0.509
Fe 0.067 0.937 -0.261
Cu 0.984 0.132 -0.068
Zn 0.324 0.860 0.043
As 0.157 0.761 -0.505
Cd 0.992 0.103 0.008
Hg 0.003 -0.204 0.960
Pb 0.873 0.421 -0.026
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YUY Factor 1 Factor 2 Factor 3
MAYIAUATA (NKSM) 0.00666 -0.58220 2.73227
HueILIMal (NBS) -0.08790 1.51355 0.24855
e (BKO) -0.19680 0.15301 -0.38280
W‘LJ’ENﬂS%”V]:lI (NKT) -0.42040 0.07978 -0.58740
qauﬁ (SRN) -0.55670 -0.36160 -0.63480
WY (PIM) 2.79933 0.03533 -0.35460
1nveos (PKC) -0.36460 0.03506 -0.43150
iﬁhlﬂgl&‘ﬂﬂ (DKT) -0.34870 -1.40170 -0.37080
A (JKH) -0.53970 1.69662 0.11966
Ineaing (TSK) -0.29120 -1.16790 -0.33850
31971 .4 FoyaTangmiind 18910y Dustfall 7118%1013 Standardized
PYUFU Cr Mn Fe Cu Zn As Cd Hg Pb

NAVIAUATA 2.69089 | -0.20701 | -0.36505 1.25746 0.85760 | -0.04867 1.54420 0.11014 0.28315
HueeImal -0.32205 | -0.13445 0.62271 1.30009 | -0.50626 | -0.55017 | -0.60093 | -0.61338 2.09138
fﬁmms -0.69925 | -0.07732 | -0.18377 | -0.77217 | -1.34607 | -0.32892 | -1.01232 | -0.51046 | -0.91500
‘ﬂumﬂﬁmju -0.18237 | -0.73563 | -0.63765 0.21528 | -0.36854 1.33781 0.10432 | -0.04501 | -0.21747
E;Tiu"ldﬁ -0.65088 | -0.69417 | -0.83784 1.49779 0.26455 | -0.07817 1.08873 2.67088 | -0.32398
TERL 0.36103 | -0.27375 | -0.50997 | -0.62920 | -0.54549 0.05458 1.25035 | -0.04194 1.04498
1ned -0.57414 0.21008 | -0.78233 | -0.31923 1.76450 0.46757 | -0.04261 0.20845 | -0.32334
dm@qu‘nﬂ -0.44639 | -1.08394 | -0.72137 | -1.17547 | -1.23615 | -1.53841 | -1.29149 | -0.86223 | -1.52575
mwﬁ'ﬁu 0.04321 2.52947 1.47090 | -0.59131 0.09488 | -1.06642 | -0.16015 | -0.39986 | -0.16566
Vl‘ﬂﬁlﬁWﬁﬂﬁ -0.22004 0.46672 1.94438 | -0.78322 1.02099 1.75081 | -0.88009 | -0.51660 0.05268
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M1319% 1.5 A1 Factor loading ¥04 Tavzniinf 1@/ U Dustfall 89910 INSHYULAY

Component
2 3
Cd 0.773 -0.384 0.277
Cr 0.758 0.078 -0.039
Cu 0.740 -0.364 0.179
Pb 0.690 0.290 0.037
Fe -0.021 0.908 0.166
Mn 0.083 0.800 0.140
Hg 0.259 -0.653 0.465
Zn 0.258 0.151 0.828
As -0.061 0.035 0.814
151991 .6 A1 Factor Score Y0FY Dustfall 91013 10 YUY
PYUFU Factor 1 Factor 2 Factor 3

MAVIAUATA (NKSM) 1.94286 -0.19229 -0.03128
NU3IAIA1 (NBS) 0.94218 0.62466 -0.85845
Py (BKO) -1.06580 -0.09668 -0.82042
NUDINTZNN (NKT) -0.35643 -0.63845 0.47248
’t,:fi‘uﬁ (SRN) 0.31723 -1.73493 0.843497
Wue (PIM) 0.64878 -0.18510 -0.41394
1hn¥e3 (PKC) -0.55012 -0.24230 1.22872
@huﬁqum (DKT) -1.27731 -0.58489 -1.60904
WU (JKH) 0.16732 1.69768 -0.32175
Ineaning (TSK) -0.76871 1.35229 1.51018
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' o 9 [ ] dy
1 Factor Score @1113DAUIA laenuaun1sains 111l
Fo=W,Z, +W,Z, +W.Z +.+W7Z k=123 ..n

i=1,2,3,...,n

Tagf z, = Yoyannudndulangmin® j 11103 Standardized Yo IyusUN k

N
M = 91UIU Factor
W, = fn Factor loading ﬂlﬁlﬂaﬂz‘lfiﬁﬂ‘ﬁj U949 Component ‘17] i
F, = fi1 Factor Score U904 Factor i i ¥@uaufi k
#79819M13A 1WA Factor Score YBIFU Dustfall V04 Factor i 1 VINFUFUNAVIAUAT
F o nonnaunsa = (0.758)(2.69089) + (0.083)(-0.20701) + (-0.021)(-0.36505) + ...+ (0.690)(0.28315)
=(2.03976) + (-0.01718) + (0.00767) +...+ (0.19537)

=1.94286
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0
YUY " =
GHORLY GRMERL
MALIAUATA 14.974170 102.087975
HU0IIMaN 14.917075 102.147180
e 15.003163 102.136421
NUDINTENY 15.008005 102.081072
AEATRE 14.919340 102.017997
WY 15.215894 102.493504
1n¥eq 14.679555 101.397937
ATUYUNA 15.190850 101.758820
LAY 14.522031 102.202723
Ineeaind 14.358804 101.922408
A3 7.2 finadAIRUAI0619F1 Dustfall
0
YUY i "
GHIRLY RN

MALIAUATA 14.974093 102.087935
nuodImal 14.917218 102.147225
e 15.002979 102.137248
NUDINTZNY 15.007767 102.080385
qIuts 14.920216 102.017624
W 15.215840 102.493486
1hnvos 14.679768 101.397197
ATUYUNA 15.190620 101.758970
LIUHY 14.522031 102.202723
Ineenind 14.358778 101.922030
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Abstract

Concentration of 9 heavy metals — Pb, As, Cd, Hg. Cr, Mn, Fe, Cu, and Zn — in soil, roof dust,

and dustfall samples in Nakhon Rarchasima. Thailand, were investigated in this study. Ten
study areas were selected to represent both characteristic and spatial vanability. Two methods
of dust sampling —roof dust and dustfall — were used in this study. The dustfall sampling was
performed according to the D1739-98 (Reapproved 2004) ASTM Standard. All samples were
dried, screened, and digested before the analysis of heavy metals using ICP-MS equipment.
The results show that the prevalent elements of roof dust and dustfall were Fe, Mn, Zn, Cr,
Cu and Pb. The concentration levels are comparable to those of urban dust and soil found in
other cities. Significant differences are found among the concentrations in soil and the two
types of dust. The enrichment factors (EFs) indicate that contamination by human is evident
at various levels in the study area. Nakhon Ratchasima city municipality and Pimai town
municipality have more types and higher level of heavy metal enrichment than other areas.
The heavy metals of concern include Cr, Cu, Zn, and Cd.

Kevword: heavy metals, contamination, roof dust. dustfall, Thailand

1. Introduction
Heavy metals contamination in the urban environment can lead to adverse health effects of
the local population. Possible sources of heavy metals in urban dust are identified in several
rclevant studics, which can be summarized as shown in Table 1. From the literature. Db, Zn,
Cu. and Cd are often related to traffic source. The industrial processes can be the sources of
vartous heavy wetals, meluding Cu, Zu, Cr, N1, and Hg. Elevated levels of these elemenls
compared to the natural levels indicate possible anthropogenic contamination. Such
knowledge is useful for local and governmental agencies responsible for protecting the

environment and public health. This paper examines the concentration of 9 heavy metals — Pb,

As, Cd, Hg, Cr. Mn, Fe, Cu, and Zn — 1n so1l and dust in Nakhon Ratchasima province. Two
methods of dust sampling were used in this study: roof dust and dustfall — the settlable dust.
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Table 1: Possible sources of heavy metal in urban dust.

Reference Sources of Heavy Metal in Urban Dust
Traffic-related | Industrial-related | Nature-related Other
Meza-Figuerou et al. Pb. Zn, Cu, Cd CdNiVPb Fe.Co.Ba Cr — power statior, car-
(2007) painting
Yongming et al Ph 7m Cn, Cr Ph, 7m, Mn and Ag Hg and Ag — commercial
(2006) Sb and domestic sources
Lietal (2004) Pb, Zn, Cu. Ni - MnFe Cd Co Cr -
Al
Tokaliogh and Pb CuCdNi CrCo Mn -
Kartal (2006) In
Huang et al_ (2009) ZnCuCdAs NiCr MnFe Pb and Se — Coal
Hyg Muw 5 conbuslion
Lu et al. (2010) PbAsV Co Cu Mn Hg 7Zn CrNi -
Shah and Shaheen Pb Cd N1 Fe and Mn Na Zn K Cr and Co — Solid
(2007) waste incineration

2. Methodology

2.1 Study Area

Nakhon Ratchasima is the second largest provinee in Thailand. situated approximately 250
km. northeast of Bangkok Metropolitan Area. Ten study areas were selected to represent both
characteristic and spatial variability. They comprised of, in descending order by size, 1 city
municipality, 1 town munieipality, 1 subdistriet municipality. and 7 subdistrict administrative
organizations (SAOs). The biggest area is Nakhon Ratchasima city municipality (NRCM),
one of the most populated city in Thailand and the center of the provinece. Its downtown area
has dense population and heavy traffic. surrounded by residential area and industrial estates.
Also known as the “Gateway to the Northeast”, large volume of traffic passes through
NRCM wia major highways. The next populated areas are Pakchong town municipality and
Pimai subdistrict municipality. The former is well-known for its national park and tourist
attractions, the latter is a relatively small city with remarkable historic background.

2.2 Sampling and Analysis

The sampling period was between June — August, 2012. At each location. a soil sample was
collected from areas which are good representative of natural soil. Soil from 3 areas were
taken from the depth of 15 cm. and mixed to make a composite sample of that location. The
sampling method used for roof dust follow common practices found in relevant literature.
The dust deposited on a sclected 2-squarc-meter roof surface arca was swept into a plastic
bag using a plastic brush. Dustfall sampling was performed according to the method of the
American Society for Testing and Materials — D1739-98 (Reapproved 2004) Standard Test
Method for Collection and Measurement of Dustfall (ASTM, 2004). It is a more standardized
method among those utilizing simple apparatus to measure particle deposition. and
fundamentally similar to the “dustfall jar” or “deposit gauge™ methods. The container used to
collect dustfall was made of a 30 em. long PVC pipe. 15 em. in diameter, with one end closed.
Each container was placed on top of a 170 cm. stand with a ring-shaped windshield
surrounding the opening of the container to reduce settling disturbance. After 30 days, the
settled dust accumulated in the container was measured for its weight and then kept for
further analysis. Several dustfall samples were composited at each location to meet the
required amount for the heavy metal analysis.

All three types of samples — soil. roof dust. and dustfall — were oven-dried at 103°C. screened
with 250 micron sereening, and digested in a microwave device using a mixture of nitric and
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fluoric acid. The solutions were then analyzed for 9 heavy metal elements using the
Inductively Coupled Plasma - Mass Spectrometry (ICP-MS) equipment.

2.3 Calculation of Enrichment Factor
The enrichment factor of an element x in roof dust. as well as in dustfall, can be caleulated
using the following equation:

(7o)
(#5)..,

The numerator and the denominator are the mass ratio of x over the reference element in the
dust sample and the soil sample. respectively. The reference element in study is Fe, which is
commonly used in the literature. In general. EF walues greater than 10 are regarded as having
contamination from human activities. A more detailed enrichment classification of EF walues
are given by Yongming et al. (2006) as follow: EF < 2: minimal: EF = 2-5: moderate; EF = 5-
20: significant: EF = 20-40: very high: and EF = >40: extremely high.

EF(x) =

3. Results and Discussion
3.1 Heavy Metal Concentrations
Soil Samples
Eight out of nine heavy metals were detected in the soil samples collected. All Hg
concentrations and most of Cu concentrations were below the detection limits. Fe is the
highest concentration element of the group. followed by Mn, indicating their abundance in
nature soil. When compared to those of Zarcinas et al. (2004) which studied heave metals in
soils and crops in Thailand, it was found that the concentrations in this study are comparable
but generally lower. The median values of 5 elements. As, Cd, Cr. Pb. and Zn. i both studies
are considerably close.
Dust Samples
Deseriptive statistics and dot plots of the heavy metal concentrations analysis are shown in
Table 2 and Figure 1. respectively. Based on the median values, the prevalent elements of
roof dust were Fe>Mn>Zn>Cr>Cu, and those of dustfall were Fe=Pb>Zn>Mn>Cu. When
compared to the concentration of heavy metals of urban dust and soil found in other cities,
hese zesulls appear o be witlun the rauge of values reported m relevanl literalure.
Distribution-wise, Cr has a log-normal shape in both types of dust. Most roof dust
concentrations also distribute log-normally. except Mn, Fe. and As. On the other hand. most
dustfall scamples have near normal distribution, except Cr and Fe.
Comparison of heavy metal concentrations among the three types of samples is shown in
Figure 2. Overall, the concentrations in soil are the smallest. followed by roof dust and
dustfall. Heavy metals i soil are related to dust, since soil particles can be carried up by
wind. The conecentrations in the dust are expected to be at or above those levels in soil, due to
possible addition from emission sources. Interestingly, the concentration values in dustfall
samples are much higher than those in soil and roof dust. namely Cu, Zn, Cd. Hg, and Pb.
The difference found between the two types of dust samples could be due to the
representativeness of each dust type. The roof dust samples come from the dust accumulated
on specific. uncontrolled surfaces during a short period of time — hours or a few days.
Typically. sloped-roof surfaces do not allow large amounts of dust to accumulate. In addition,
during the short period leading the sampling. the deposited dust can also be disturbed by wind
and rain, or tampered by humans or animals. The roof dust samples, therefore, can be
considered as “grab” samples of settlable dust i the environment. The dustfall samples. on
the other hand. come from the dust accumulated in the pre-designed vessels for a relatively
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long period of time — one month. The method allows dust accumulation and prevents the
collected samples from significant disturbance as mentioned in the roof dust case. Hence, the
dustfall samples can be considered as “composite” samples of settlable dust in the
environment. Nevertheless, the dustfall results are under a re-examination for their validity.
In the meantime, only the roof dust results were used to calculate the enrichment factors.

Table 2: Summary statistics of heavy metal concentrations in dust samples.

Concentration (mg/'kg)
Element Type - = sD. Cov.
Mean Median Reference®
Roof Dust 113.50 347 240.66 212
Cr 11 263 =
Dustfall 78.56 61.08 64.50 0.82
Roof Dust 262.44 310.13 14440 0.55
Ma Dustfall 620.96 586.65 i 20094 0.32
Roof Dust 13,058.89 13444 34 7.622.07 0.58
F -
: Dustfall 1152847 8.693.18 6.480.57 0.56
Roof Dust 3051 17.33 4724 1.55
. 26 _ 143
o Dustiall 06.99 f1.04 2614 5101 0.59
Roof Dust 12463 43.00 145.68 117
7
Za Dustfall 781.93 41.67 112-1.883 29421 0.38
Roof Dust 246 286 115 0.47
As Dusifall 4.52 448 ) 0.08 0.15
Roof Dust 0.24 0.17 023 0.96
Cd . 1-7
Dustfall 142 1.35 0.08 048
Roof Dust 0.08 0.08
Hg Dustfall 8.80 7.36 . 651 0.74
Roof Dust 1595 9.81 ) 1595 1.00
o Dustfall 1,126.62 1.036.46 36544 470.70 0.42

"Leung et at. (2003), Thomton (1991), Varrica et

Meza-Figueroa et al. (2007).
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Figure 1: Dot plots of heavy metal concentrations (mg/kg) in roof dust and dustfall

samples.
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Figure 2: Median values (mg/kg) of heavy metal concentrations in three types of

samples.

3.2 Enrichment Factors

Enrichment factors were calculated for 7 elements in roof dust samples (Table 3). Fe does not
have EF walues because it is the reference element. The Hg concentrations in soil samples
were below detection limits so it was not possible to caleulate EF. Nevertheless, the fact that
it existed in roof dust samples implies human origin of this element. Overall. relatively high
EFs values are found for Cu and Zn. The two elements also have high spatial variation of EF
values. Most other heavy metals — Mn, Cd, Pb. and Cr — show moderate to significant
enrichment in certain locations. For Cr, an extremely high enrichment value 1s found at one
location, while the others have minimal enrichment. The element with very small EF values
in all locations is As.

From the location standpoint. NRCM and Pimai have more types and higher level of heavy
metal enrichment than other areas. NRCM is most likely to have Cr and Cu in dust which are
originated from human activities, Similarly, Cu. Zn. and Cd in Pimai’s dust could also come
from anthropogenic sources. It should be noted that all locations have at least one element
which is at moderate enrichment level or above. Based on the literature, Cu and Zn are
related to both traffic and industrial sources. Their traffic-related sources could be gasoline,
oil lubricants, tire wear, mechanical abrasion of vehicles, e.g. brass alloy. brake linings, oil
leak sumps. eylinder head gaskets (Meza-Figuerou et al.. 2007: Yongming et al., 2006). Their
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mndustrial-related sources could be galvanization of steel sheets or manufacturing of electric
devices. On the other hand, the literature suggests that Mn is the element that 1s commonly
linked to natural soil origin, which corresponds to the small EF values found in this study.

Table 3: Enrichment Factors of heavy metals in roof dust samples.

Municipality Enrichment Factor®

/SAD Cr Mn Cu Zn As Cd Pb
NECM 10583 047 1121 3.09 0.00329 4.19 1.08
Nongbuasala 0.50 0.68 175 5.62 0.00162 0.80 1.81
Bankor 1.90 178 6.55 6.04 0.00143 1.48 146
Nongkratoom 1.76 125 3.78 1.67 0.00090 2.3 1.04
Suranaree 0.86 2.57 0.83 0.75 0.00057 0.55 0.75
Pimai 090 2.12 5416 16.14 0.00130 9.55 435
Pakchong 1.85 0.79 4.06 2.79 0.00140 2.79 1.83
Dankoontod 1.01 1.00 - 271 0.00156 1.62 118
Jorakehin 050 040 241 13,03 0.00075 0.54 096
Thaisamakee 1.33 0.86 6.63 1.19 0.00109 242 0.29

"EF <2: minimal: EF = 2-5: moderate (bolded): EF = 5-20: significant (bolded & underlined):

EF = 20-40: wery high: and EF = >40: extremely high (bolded & double underlined)
(Yongming ct al., 2006)

4. Conclusion

The findings of heavy metal concentrations in Nakhon Ratchasima are comparable to the
corresponding study. It was found that the prevalent elements of dust were Fe, Mn. Zn. Cr,
Cu and Pb. with concentration levels within the range reported for urban dust and soil in
relevant studies. The roof dust and dustfall samples show significant difference in
concentration values. Most roof dust concentrations have log-normal. while several dustfall
samples have near normal distribution. Human contamination, as indicated by the EF values,
can be found at various levels in the study area. Two big municipalities. NRCM and Pimai.
have more types and higher levels of heavy metal enrichment than other areas. The heavy
metals of concern include Cr, Cu, Zn, and Cd. which could be from traffic-related and
industrial-related sources. Mn, As, and Pb appear to have little anthropogenic influence.

5. References

American Society for Testing and Materials (2004). D1739-98 (Reapproved 2004) Standard
Test Method for Collection and Measurement of Dustfall.

Huang, S., Jun, T.. Liu, H., Hua. M., Liao, Q.. Feng, J.. Weng. Z. and Huang. G. (2009).
Multivariate analysis of trace element concentrations in atmospheric deposition in the
Yangtze River Delta. East China. Atmospheric Environment. 43: 5781-5790,

Leung, N.G., Lung Sang, C., Kin Che. L.. and Wing Kan, C., (2003). Heavy metal contents
and magnetic properties of playground dust in Hong Kong. Environmental Monitoring
and Assessment, 89, 221-232.

Li. X, Lee, S. L. Wong, S. C.. Shi, W. and Thorntone, I (2004). The study of metal
contamination in urban soils of Hong Kong using a GIS-based approach. Environmental
Pollution, 129: 113-124.

Lu, X., Wang, L., Li. L. Y.. Lei, K., Huang, L. and Kang, D. (2010). Multivariate statistical
analysis of heavy metals in street dust of Baoji. NW China. Journal of Hazardous
Materials, 173: 744-749.

Meza-Figueroa, D.. O-Villanueva, M. D. L. and De la Parra, M. L. (2007). Heavy metal
distribution in dust from elementary schools in Hermosillo, Sonora, Mexico.
Atmospheric Dnvironment. 41: 276288,

618




151

Shah, M. H. and Shaheen. N. (2007). Staristical analysis of atmospheric trace metals and
particulate fractions in Islamabad, Pakistan. Journal of Hazardous Materials, 147: 759—
767

Tokalioglu S. and Karal S. (2006). Multivariate analysis of the data and speciation of heavy
metals in strest dust samples from the Organized Industrial District in Kayseri (Turkey).
Atmospheric Environment, 40: 2797-2805.

Varrica. D., Dongarra, G.. Sabatino, G.. and Monna. F. (2003). Inorganic geochemistry of
roadway dust from the metropolitan area of Palermo, Italy. Environmental Geology 44,
222-130.

Yongming, H., Peixuan, D.. Junji, C. and Posmentier, E. S. (2006). Multivariate analysis of
heavy metal contamination in urbzn dusts of Xi'an, Central China. Science of the Total
Environment, 355: 176— 186.

Zarcinas. B. A., Pongsakul. P., McLaughlin, M. J. and Cozens G. (2004). Heavy metals in
soils and crops in Southeast Asia. 2. Thailand. Environmental Geochemistry and Health,
26: 359-371.

619




Aa o

o a 4 { a { o v <
UIGTANAY UIYAT Lﬂﬂlﬁ@ ‘Llﬁ 4 NHAINIYU W.A. 2528 ‘ﬁ"l]\‘]‘i’iflﬂ"]fflﬂﬂ RIFR)
Y

U

(2 [ v a

[ @ a @ 0o Y
ﬂ1§§ﬂ'}:l153@U3Jﬁ831ﬂa18ﬂ1ﬂ1§\1§8uG]ff.lfq]ll ﬂ?] UNQ WHIABYNU Lla$ﬁ1ljﬂﬂ1§§ﬂﬂ1jgﬂﬂ

Y

Pyarianssumanstiuda (aanssudanadon) 31nur1ine1doma luladgsuis

tandaunsssdun lull we. 2551 wazldidrdnuise luseaudSyanimnssumans
ymtiadia a1v133mnssudanaden a aoumsanuminedumaluladgsus
Tagluvazdnu lasunulumsiisenndninauaagnisumsounana (2v.)
Tuszudredisiinisaner I&meuns unA1UN19391n151309 “Heavy  Metal
Contamination in Soil, Roof Dust, and Dustfall in Nakhon Ratchasima, Thailand” STRRLY
FUUUIFIMITLAVUIUIBIA Proceedings of The 2nd Asian Conference on Civil, Material and

Environmental ~Sciences (ACCMES 2013) §2W2197U# 7-9 WOAINIGU W.A. 2556

o iieeTowih Uszmaditu





