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ABSTRACT

Particular matter (PM) crisis is a currently important issue in Thailand. If the PM contaminates with
heavy metals, it will be seriously affected. Therefore, this research aims to determine heavy metal contents in top
soil and roof dust in Bangkok to find factors affecting the contents, and to identify sources of the heavy metals.
The research method was done by assessing five heavy metal contents that have usually been found in dust and
industry, including iron, copper, zinc, lead, and cadmium in samples. They are top soil and roof dust collected in
two years of 2020 and 2021 from four districts in Bangkok, Thonburi zone composing of Bangkhuntien,
Nongkhaem, Bangbon, and Bangkae. There are lots of industries in the study areas. We found that the means of
lead and cadmium contents in soil were 31.80 + 12.22 and 0.85 + 0.36 mg/kg which are less than those of
standard quality of soil (No standard for other heavy metal contents in soil and no standard for all heavy metal
contents in dust in Thailand). Besides, we found factors affecting lead content are types of samples, areas, and
times, but there was no effect on the other heavy metal contents. The mean of lead content in dust was more than
that of lead content in top soil comprising 86.83 + 40.48 and 31.80 + 12.22 mg/kg, respectively with a very high
significance of p-value < 0.0001. The mean of lead content in 2020 was more than that of lead content in 2021
viz. 72.93 + 64.05 and 47.61 + 21.50 mg/kg, respectively with a very high significance of p-value = 0.0012.
Moreover, the mean of lead content among different areas was highly significant with p-value = 0.0003.
Bangkhuntien was the highest in the content of 86.95 + 86.05 mg/kg. However, enrichment factor of zinc of

Nongkheam and Bangkhuntien and that of cadmium of Bangkhuntien were higher than 10.
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wenileainmsegderfouazinyasnssufinen
1113 400 wag 750 un./AN. ANEIRY AalsEAA
ANZATIUMIAANAROUIN IR PUUT 25 (Pollution
control Department, 2015)

Psuauaatleyluauly 4 1vavss

'
A o

nyammuvinasfasuyly 2 Yikdaundedy
0.85 + 0.36 UN./AN. FIA151A 1 FTAIWINNT
91U399U89  Hirunkam (2013)ﬁwuﬂ‘§mmmﬁ’a
1929 0.0400 - 0.1100 ¥n./nn. WieAMTuA DAY
0.0700 10/AN. LZINANIA AR NS Inanaiioy
Tuduveslszma'lne (Zarcinas er al., 2004) ‘ﬁszu
AR 0.0300 UN/AN. AT BINIIA WNATFIUA BN TNAU
il BMIBYDFNOLNBATNITY iagiilemso uuenmile

ISl

' ) { 3
MINMIBgoIFTIAINEATNTINNNANTIY 37 uaz
810 ¥N./AN. AN UAIUTLNIAAULATITNNT
FUAdoUUHIIA PITUN 25 (Pollution  control

Department, 2015)

2. mnadanzniinluguvaam

Ysvranvanludulu 4 1vave

v
A o o

y ~ = a A =
AyunwNKINATAIs U T 2 dniadselinunae
I [ d‘ é =
WU 22,846 + 5,888 WN./AN. AIAITIN 1 FINUA
Y1ANINIUIVBUBY Hirunkam (2013) DU/
<3 ] A A I

iwanlue29 6,099 - 24,129 un./nn. Wienadlu
AURAY 11,528 UN./AN. LATVINNINNIUITEVD
Srithawirat and Latif (2015) NAny1Suaveq

%3 =) 1 = % =X% g’l dy
Tarizniin 5 suau@eInulunmsIveluaseilly
N &' a a o
AUDUNUAIDU0IAITUT DU UUKHANIAZOUY

@ v A ~ = <3
399U099InIaN Y lan WU VSuauman
VINUIUUNANUAZOUNTBIDE TUYII 4,384.2 -
8,376.4 118 4,631.4 - 7,582 UN./NN. AN 89

Y
T faurnnaiadsegiuvesdsuia

I~ 1 [ d' . .

anluduyaan1 # Karuchit and Hirunkam (2015)

= a = ' <
ﬁﬂE'IVIWU'J'IUJH 13,444 Un./Nn. @EJ'N"lﬁﬂ@]']ll

E4
U

1 = a I a o c;} o 9 '
anndelsumaumanluanuldensstiduioenin
91UI98Y04 Srithawirat and Chimjan (2017) NANEN

v a 1 = QI a o gll
UFnaTangin 5 sHarwAsINUNUITEIUATY
Sy A Y A 4 v
HunanasuFouninmeluiiuazniouon

Y o Y o A
Mulugurunyasnssuludaniaglue Any

1 { Iq
ANRaeLY 35,091 + 7,159 ag 37,064 + 5,955

o w dy A A <
un/nn. Muaay wenant msndsunamanlu

' 1 I o 4 aw o
Auiiamnnilunanuiiuun/nn luauitelunss

28

Y
= [}

1 vz laguu@sanunuludy Ao A0
d' 9 1 A d’d ] =
nldedluiipanaianinisesivsvuiuiuuaz i
{ A o [ 1
Tsenugaamnssulszinnineidesiumaned
v 1 a o '8 a
Toun Tssnundndusilanzuaz 15901UNAR

R A A & o o
muwmumazqﬂﬂim mumﬂmqmﬂuauﬂu 1

' ' 2
A o a

way 3 lu 4 waii13ve 8alanq1iu 1ile
1WSeuMeunan15I09nUIUITBU0d  Khashman
(2004) lagnyimusmalanzminluaunagdu
auulungeamnisuludies Karak Uszmanes uau

T A dy < =
WU ImMstuilouveunanuiniiga tag Samara
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and Voutsa (2005) NAAYIMINTZEUDI larieniin

Tuduainouu 109 Thessaloniki Uszinaniay Tu

grugnsuioslndnuiuagaaIvnNI sy WS
S =] 9

nIzNevoAnaniuazeoIvina Iy FaNaoanaod

. ne Y 2

AUHan1sIve luasall

Usyraunosuaaluduly 4 1vaveq

q

o

Y a A o Aawv A
nyunnurIuAsHas U 1y 2 nMIselinunae

@11 180.29 + 50.50 uR./NA. HIA15199 1 FaTiA
1NANNNNNUIVEVD Hirunkam (2013) NwU3 ey
1 A a d
oAl U%I9 29.99 - 182.37 wn./nn. Hinaau
ANUNDY 96.99 UN./NN. UATVINNIANTIFIUYDI
Wsnameanaluduma s Karuchit and Hirunkam
= = g
(2015) AnAnLIUIY 17.3 un/nn.

Usuaudanegdludulu 4 1vavoa

v
A o v A

o = = a A
nyunnumIuasAesuas lu 2 Yniiteliaunde

=

I @ A X A
Wy 1,702 + 1,473 un./nn. @9015 1990 1 F9lA
11NNI1ANUIVEUDS Hirunkam (2013) NWUU3 ua
@ = ] A a 3 1 =
danzar lur9 3859 - 1,302 un./nn. vseaa uaunae
781.93 UN./AN. HAZUINANANTEFIUVOIUTU I

o 1

danz a1l uraanIN Karuchit and Hirunkam (2015)
=

a

{ ] v 1 a o
anwrwuInlu 44 wn./nn. LLG]‘LT@EJﬂ'JNWU'Ji]EJ

V04 Figueroa et al. (2007) Nanw1U5ualane

niin 10 sila luduraavelseiseuayna 25 ung
< A
11413i94 Sonora NABUHLBUBTZMATNT 1A
2 4 v
FanuaunaslSnadanzd 2,012 un./nn.

Yswraaenaluduly 41909049

] [l
o =S

y ~ A a o
AFUNNNINATHIsUYS Ty 2 UNMIvelaunae
A0 86.83 + 40.48 ¥N./NN. AIA1T19N 1 FI81AN
INNIUIVYDI Hirunkam (2013) ANUL5110u02n2

] a I [ {
11929 408.5 - 2,111 ¥n./nN. W3 oAl ARG 1,127
UN./AN. LAZNUIVGVDY Figueroa et al. (2007) WU
AuRaedIuIUATNI 101.88 WN./NA. LANIANI
AsegIuvefTmansnd Tudundinif Karuchit

. = A =
and Hirunkam (2015) ANEINNUINLY 10 Wn./AN.
TuvagnfSnavaaiouludulu 4 wa

o A w

S ~ A =
oIngunnunIuasdasuys lu 2 Ink13ved

= =<

1 { I~ [
Aunaey 7.02 + 9.05 ¥A./NA. AIN1TN 1 FIg9
172191N91UI8UBY Hirunkam (2013) Anvasua
uaaten U9 0.5400 - 2.4700 UN./NN. HIOAA
1] 1 { [
dluaunde 1.4200 un./nN. HAazUINNNANTEFIU
voasuauaaien Tudunaan1i Karuchit and
. = = 1 1
Hirunkam (2015) A Anu1dly 0.2 un./nn. ua
Toun11u3 98U Figueroa et al. (2007) WU

' = =
AuafedTnauaadion 28.38 un./nn.
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3. dadeuioniinanulSinadanzviin
a 4 [ d' = 1 a
N15IATIZYTdeNe 19 NNanoS w1
v 9 1 a (% 1 ﬁ’ d’
Tangniin 1aun ¥iiaveadindg1a v uaznan
a 4
Taomsns1ziaNuLsUs U (Analysis of variance,
@ aaa @ o @
ANOVA) veaiadeuazilgnseduiusvesilaie
A BLNLIMINABBUII Factorial in CRD tiaz 3 suiien
' A A o o Aa ' o '
ARAENT NNUNVDIT VN UANULANANAUBE
Tedn i‘lJ‘VlNﬁ AR Least significant different (LSD)
WU viaveIRa0e1e laun au nazdu i
Ao Y o ~
390 1Aun 4 1waveangunnuIUATHIEULS 1Az
d' 0o Aw 9 = g‘/ =
naniIve 1aun 3 w.er. 2563 tag 2564 11U Twa

] Y
aodSuravesnznamiiy Taglulinanedsuia

]
A o0 Awv o

o A ' [ o
Tam‘nuﬂﬁu ma%@u"lﬁlm an NodLaN mﬂ:'ﬁ

~ o = ' = A
gazuaaley A9n15199 2 Tasaundes lagllsua

IS a1

azmluduiinuilu 86.83' + 40.48 un./nn. Haila

' a X2 A g b
A luauassuaniu 31.80° + 12.22 un./nn.

v
o w A

pe 19T iad 1A REa (p<0.0001) AILAEDA F = 65.340

o

]
=

v A w & a % TR q o

ANATT NN 2 AU %Uﬂéllﬂflﬂ"lﬂﬂ'l\ﬁ]\uﬂuﬁ“ﬂ“ﬂﬂﬂ
0o w A v A o A ' Aaa ~
?f'lﬂiU‘VI‘JJWﬂ@]@ﬂilﬂmﬁgﬂ'J IHDINNAADA F N

o

d' o @ A
mnnMAIngANszauisdnty 0.001 1iin wie
a q' 9 U ] =~ %
WI581910 p-value N1IOENT1 0.001 TlsnnsuReIny

] I o [ o a v
2619 1509 WadINa1IAAIBNLIUIVEVDQ Hirunkam
4 [ 4 ) [ a I
013) Mwuaraaesnans A luduaailu 1,127
& A 1 A Ax &
yn./nn. Faumunnnluaunianily 6.44 un./n.
nan Téun 39 1 (w.a. 2563) uagdln 2 (w.er.
2564) ﬁwa@iaﬁmﬁaﬂ?mmmﬁa Tagnunaeilsuna

azmluii 2 f 'uﬂu 72.93" + 64.05 UN./NN. 1

=

annnnnili 1 Afauilu 47.61° + 21.50 unnn.
p81aTTed R yBe (p-value = 0.0012) A28A1 F =
16010 waa1519H 2 uada linusreaumsinm
BnaTanzminluuuazdululisosoaum
woua luduvesFunaduvinadn (M 10) Tu

911990 Srithawirat and Sassriruang (2014) f

=

AnpFunaduvinaida (PM 10) Tuiiinendslu

o

A @ v A A ' N <
DIUNDENBDI WHIAN ‘Hilﬂﬁﬂ VIW’]J’H’]E JﬂmPJWU‘Lﬂﬂmﬂ
~ 1 o A A g o 1 [
mmmmummmumﬂmaammmmi}mmﬂu

=) g}.l 1A =2 A a =
610U mzmmaumﬂﬂnmmaumqmﬂusluﬂ n.e.
2557 081153 90.5 - 147.8 UAN./A1L.Y.
&l ci 9 1
NWUN "lﬂllﬂ AN UDIUVY VNUBY VN
= I5) 1 J d' =y o
YUINYU LLaZ VLA wammmaﬂﬂimmmm
1 ~ a < A Aa
AnnaeveIlSuImasNILENAINNUNTAIWY
o A g

HANAINUBE N HBd1AIEY A28A1 F = 11.905 91

o

v
=1

p-value = 0.0003 #401519% 2 Tagaundedsuw
azn luwausyuiioulinigaga Ao 86.95" + 86.05
UN./AN. 5098901AD VOUVAT LD AD 69.23" +
24.52 UN./NN. LATVBIUVALIA A 51.03% +
1 z:' v 9 t:i

32.55 un./nn. AundaslSmnansntosngaluwe
NUBILUN 7D 33.88° + 18.49 UN./NA. AIA15197 2
FING1OAUNAINIIUITEYDY Hirunkam (2013) N
a o Y 9 o a '
WIIEHANUINTUVOIAZNINNAULAZHUTY 10
wunludamdauasnsaunnududseansms

q, A A & S
uilsAuvesnmasdTnuasni lunaaznunlu
a 1 I o w
AuuazAwily 0.74 uag 0.42 adaau

U aaa o @ 4
’d’Juﬁll@Q‘]J;]ﬂiﬂ1ff3JWLl‘ﬁ (interaction)

1 [ g’; 9 1 a (% 1 g cs'
sendnatfadensay laun siavesddndrs wuh
tazal TUUHUNITNAADIDY factorial in CRD
o ] aaa o Y4 aa @
vy liwwdfnserdunuinieataves 3 T

9

@ U 9 a @ ' [
aananlune 4 UsuaTanzvin 1dud tman
nowAg Fanzd tazunaiion §315190 2 uany

o )

ArsnduniuslulSmansiesiied Ay

2

v o

o J ' a o 1
ALLn ‘1] NITUNUTTZNINNFUAVIA DAY
Y

—

iR §2u F = 7.382 (p-value =0.0029) Ugnien
FUUTIErINiaveIiI0eazaRIea1 F =
19.810 (p-value =0.0005) uag U{nso1duwUs
SeWIrIAYeIT DN LATRUT daos1 F =

7.590 (p-value = 0.0026) AIAIT19N 2
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m31af 2 wamsInsgialsUsimuazmsnFenifsusumacisnitust
AunagSanadans @imnnn.)
1lade rHavesilode ian NoWAY Fanzd Az unadie
Syt 17,6384919.09  176.22+197.34  221.40+191.82  31.80'+12.22 0.85+0.36
¥iiavoedInd Aunaan 22,846+5,888 180.29:+50.50 1,702+1,473 86.83'+40.48 7.0249.05
Aa0a F 3.641" 0.002" 2.851" 65.340%** 1.658"
p-value 0.0757 0.9670 0.1120 <0.0001 0.2170
i1 22,599+6,214 146.80+73.08  334.40+14520  47.61'+21.50 0.62+0.76
nm P 18,74314,761  212.07+241.00 1,600+2,406 72.93°+64.05 6.60+13.48
Aa0a F 1.206" 0.498" 2.117" 16.010%* 1.527"
p-value 0.2894 0.4910 0.1660 0.0012 0.2360
NUDILLUY 19,073+2,611 119.46+113.47  411.70+532.40  33.88°+18.49  0.418+0.310
ARG 24,564+8,811  31528+269.20  924.50+92359  69.23"+24.52  0.615+0.313
i Veyuiiion 17,246+5,010  134.92+102.61 2,054+3,462 86.95"+86.05 9.94+19.34
A 21,80243,509  148.09+156.31  477.08+£502.00  51.03"+32.55 3.42+4.35
A10A F 1.300" 0.919" 0.761" 11.905%%* 0.849"
p-value 0.3110 0.4560 0.5340 0.0003 0.4880
ylaueII0eN x A0 F 1.084" 1.339" 0.674" 7.382%% 0.887"
it p-value 0.3859 0.2990 0.5810 0.0029 0.4700
yHaueII0eN x  MADA F 0.055" 0.048" 2.153" 19.810%%* 1.403"
nm p-value 0.8183 0.8300 0.1630 0.0005 0.2550
tui x nan A10A F 0.243" 0.629" 0.581" 2.893" 0.862"
p-value 0.8649 0.6080 0.6370 0.0700 0.4820
yHaueII0eN x  MADA F 0.935" 1.148" 0.727" 7.590%* 0.902"
it x na p-value 0.4480 0.3620 0.5520 0.0026 0.4630

o

s

L RRIR T

vuned lilianuuanaanieadd,  wneds uanameatansgauiodidny 0.01, T vuede uanANnNanANIZAY
A

@ o w v o o ' 4 s {
uaaay 0.001, LA AIDNYT a,h uag Llﬁﬂﬂﬁxﬁ5ﬂUﬂ'J'IJJJJ']ﬂﬂ@ﬂﬂ]@\?ﬂ'ﬂﬂ%ﬂﬂ%ﬂlﬁuﬂ Iﬂﬂ ‘ ﬁﬂﬂﬁqﬂ ERAG N VERIRIG) ’ uay

MUAAY

5. MImMIArIAIMsazanAIveslanzrHilnlu
# (EF)

WINins A IRasves EF v0el3ua
Tavizvnin Wi AUnA0 BF vesdanzd Tuarne sy
wazyUReuANg 10 914358904 Mesa-
Figueroa et al. (2007) Joshi et al. (2009) 41 Hirunkam
(2013) 3¢ ¥IAA1EF > 10 Tanzminimulu
Auusnun Idufezinnnfenssufifoadediu

wynd Taofiauiu 15.90 + 11.79 1Az 39.76 + 26.85

AINAINY AIA15199 3 FIAA18AVIIUIVBUD
, 4 v A 4
Hirunkam (2013) W1 EF veadanzalu 10 Wuh
U U ~ 1 1 zé =
YBITINIAUATIIFTUDE 1LY 17.15 - 303.2 &9l
1 1 4" d' a o
au1nn11 10 Tdunlunaiiud nazauiseves
Karuchit and Hirunkam (2015) ANV EF 949
U = 1 1 1 % =\
danzdod 149149 0.75 - 16.14 naasinfsnadans @
Tuaruesuiaziva 9y UNeul Temainaan
a 1 Cdl ]
NINTTUA N VDIUYHIT WA Taln gaamnIsu

=

A199 woniie landeansaNnaeInusITUNA
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1 1w R .
wu u3da'lnd Wudu (Thongsanit et al., 2015)
p1msiie lasudunse levesdenzdlulsum
- y
VININNITYAANIZINABINITNTZNI1811 To
v A Y J =)
vaenausndy eauiu itloaddte aounsa

vy R A Y Ay Yo
@1ﬂ1§ﬂ3@ﬂa1ulu@ ﬂauvlﬁ 3J115U UDINITHUID

MIN 3 mmsazanddved Tarzrinludu (EF)

Y a o A I = % a = v Aa
Az vazimiuaswdudinty Fainna
v P
elu 4-12 92 Tue HaIMsduRa 91 IIMaIle
I a 4 k4 [ o
wadlulndnelu 1-2 Genyolsaiia T9a'ldTu

Tun$ wiolsaldns lany (Siamchemi, 2017)

J o o Al
mmsazandIvedlanzrinlugu

1 i p — T -
wian NoWAN a3nsa TN HAAINEN
NUBAYY 1 1.00 1.35 7.56 1.53 1.16
2 1.00 15.99 24.24 3.30 3.53
Ande 1.00 8.67+10.35 15.90+11.79 2.41+1.26 2.35+1.68
VNVOU 1 1.00 0.50 0.59 1.05 0.60
2 1.00 0.12 2.46 1.09 0.68
Ande 1.00 0.3140.26 1.53+1.32 1.07+0.03 0.639+0.05
v uiiey 1 1.00 0.66 1.797 2.17 1.06
2 1.00 1.90 39.76 5.75 156.00
Ande 1.00 1.28+0.88 39.76+26.85 3.96+2.54 78.54+109.60
TRNIE 1 1.00 1.51 228 1.06 5.30
2 1.00 8.29 7.67 2.63 10.91
Ande 1.00 4.90+4.80 4.97+3.82 1.85+1.11 8.10+3.97
ﬂ'wm‘ém@ﬂmm 1.00 3.79+3.80 10.79+9.05 2324122 22.41+37.56

MUBIe * AIonEIHUIMNeIIR NI azaudved Tanzminluduininnai 10

Y v
$ONNT §INUI AURDY EF voduaaii g
= = U A
YouvAL R uien Iawnnnat 10 linn fie 78.54
+109.6 19915199 2 FInA 97 UNUIVBVD Hirunkam
4 - 4 o e
(2013) 1NV EF voauaaieonly 5 WHNveda991Ia
UATTIFFINNAWNNNTT 10 Faog 1Ug9 14.89 - 53.95
waaafFnannamonluwauayumneul Tome
a a 1 Al 1
AAINNINTTUANY VoY BITmae Taun s
A a ] ] < < 9

NADURIVAI TaNTAY 1FU 1Han tHannal uag

a

Y ] v
nosuad Wudu a2l lunuaaeisiianiay

v
AA

[} < o o a a XY

Yzl & Wludni ldwaradnatiaiidogdn
Wigagalu MIndavaoaisowas a13neati
4 @ 1a o
INTOUNFINADY NTTUIUMTUNSTANUNNUW

1 k4
RAAMNISNIDOUALALIAS DD U AT TR

o w o W o & o

asmdauuas uazansmianueu Kuiludinszdu
a aan <3 9

Tinalnsemmanall Wad & wazuni gaawngsu

[ A o Id o ti’
NTOENINLALNMSIARUNY wazitlualwtleou

a I'4
Tuilewiiagloswomna (Foundation of project of
Thai encyclopedia for youth, 2015) WHRIUNGY
= 9 '
nnmsmiglaga louaadiond 1y lusenme oams
= A Y Y o [}
inufeemsndielsa ldnialuguazeinisves
Tsa'ldaiuTane Taun 91ms 1o uiuwmiion el
] Y o A 1
Tiazadn 19 vundu Uraiiseaiuitanis 11n
3 %

91MIFULTIVINVUDIINUA Mz UoadniTULaL

1 Yo = I
SIGISTRPTATR! ﬂ1§Ulﬂiﬂllﬂﬂlllﬂulﬂueigﬂgna'lu'lu

1A A o !

1M INBNAUNGA A aummm“lm Tagmnie

a

1 1 Y d' a a = = 1
ﬂa"l@]mu@m Tsatnanniisuaaleuisonin Isa
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a =) A a a 1 j‘ [
Nyupalioy vise 1509 1a 0 1o a@Iu01MT5059
wihaenizen Uanszgn atelen auuazla
I a I ' <3
Wulsalareoe vaziluarsnenise (Division of
occupational and environmental disease, 2014)
[l < Aa v 1 =
9819150013 Tuauddenuil uaaiiew
U == 1 L= ﬁi
Hazd@INEd@UA1 EF 110071 10 ua@aedd lemahn
g’/ = U = 1 g’/ = 1 Lﬂ'
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