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Hematological effect on residents exposed to benzene in environment

air pollution control Mab Ta Phut area, Rayong province.

Chan Pattama Polyong* B.Sc., M.Sc. Marissa Kongsombutsuk* B.N.S., BP.H. ,M.Sc.
Suppachai Iamkulworaphong* M.D., M.S. Saijit Suksri B.N.S., M.PH.

Suda parneangz‘ongM B.N.S., M A.

Abstract

Mab Ta Phut, Rayong province has been contaminated with benzene in air environment. Benzene is
toxic to blood system. This cross-sectional study had objective was the relationship between metabolite of
benzene (tran,tran-muconic in urine; tt-MA) and complete blood cells (CBC) including hemoglobin,
hematocrit, red blood cells, white blood cells, absolute neutrophil count and platelets respectively. The study
use instruments interview-questionnaire, blood test for CBC, urine test for tt-MA. Data was collected 9,820
participants during February-September 2011. Multiple linear regression were used in data analyze.

The results showed that were mostly female 70.2 % average age 45.73 = 16.59 years. Resided in
Mab Ta Phut sub-districts 26.4 %. They lived average was 16.75 + 11.26 years. Congenital disease 33.1%
mainly disease as hypertension, diabetes and allergies were 142.0, 56.4 and 47.6 per thousand population
respectively. The participants had smoking 8.9 % and alcohol 6.8 %. Normal levels of t,t-MA 88.4 %. The
geometric mean concentrations of t,t-MA were 117.49+2.34 pg/g Cr. Complete blood cells showed an average
hemoglobin was 12.91 = 1.51 g/dL, hematocrit was 39.74 + 4.25%, red cells was 4.65 + 0.68*10° mmz, white
blood cell was 7,350.89 +1,971.79 mm3, absolute neutrophil count was 4,047.83 + 1,524.75 mm’ and platelets
was 280,589.17 + 72,693.90 mm’. The t,t-MA revealed significant correlation with hemoglobin, hematocrit
and white blood cells. Moreover, the CBC type was associated with age, gender, smoking and drinking alcohol.

Guidelines for surveillance. The resident’s air pollution should undergo CBC monitoring annually.
Especially blood test for hemoglobin, hematocrit and white blood cells. It is recommended policy that
government should allocate funds for public health coverage the implementation. This study was baseline for

health surveillance in Mab Ta Phut in air pollution control area.

Key words: Complete blood cells, tran,tran-muconic in urine, Benzene, Mab Ta Phut control area
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3. wamimwaqﬁuﬁ'ﬂmuuﬁu (nsadia Tadnluilaae)

o J [ Y a a 1 1 ] ]
ninmsanpeyiusmsuuduTasasiviaszaunsaia IatnTudaanznua daulvgeglu

o Ay a P 9 ' ) o w ' a
5$ﬂﬂﬂﬂ@ 300 88.4 INUINUNIANUDY IDYAL 9.0 LAZTUINNIUNUN IVYAL 2.2 A1UAIADY ANRAY

GM=GSD 191101 117.4942.34 pg/g  Cr. tilo1sauena ANy uade luwangaunniunaye

@anieE MY 123.03£2.39 Az 104.7142.29 pg/g Cr. MUAIAY (A13197 3)

| o ' { a A °
M5 3 szauLazAIRgVDINIANI latin ludaaizduunauwe



t,t-muconic acid ¥y ﬂtﬁ»i pierY

Nuw foua N founs U founs
nd 2,490 85.1 6,195 89.9 8,685 88.4
ainuEn e 372 12.7 511 7.4 883 9.0
WINNIUAUH 51 1.7 165 24 216 2.2
59 2,928 29.8 6,892 70.2 9,820 100.0
GM+GSD 104.71%2.29 123.03+2.39 117.49+2.34
Median 97.72 120.23 112.20
Inter quartile 61.66-177.83 69.18-213.79 64.56-204.17

GM; Geometric mean, inter quartile MYUA quartile 25-75

4 @ a "W a oW v oA =] vw
NN, 32AUNA FBNINY 0.00-163.85 pg/g Cr. HYUNIND 0.00-246.85 pg/g Cr. igﬂﬂlﬂulﬂmcﬂmﬂﬂ}@ﬂ FrnIny

163.86-499.99 pg/g Cr. WAL 246.86-499.99 pg/g Cr."” sERURUNUN Monaznae > 500 pe/g Cr."”

4. mamyaTI9ANNAVYsRlvaudaien

nnmsAnpanuanysaiveutaiiealasusnamriaveudaifeanyin Aunis Hemoglobin
WD 12.9121.51 g/dL 11ag Hematocrit A0 39.74+4.25 % wulwmaanemnniunavds Feoglunust
Un@nanua ISuReT U110 Red blood cells AURAUIMIFY 4.6520.68%10° mm’ U311a1 White blood
cells AURFOIITY 7350.8941971.79 mm’ lud 11983 Absolute neutropils count 11a2 Platelet 9z luist
nannniunanednios Auaaes IRy 4047.8341524.75 1Az 280589.17472693.90 mm’ MMEINY
(minﬁ 4)

:l ! { o <3 1 A o
AT NN 4 ﬂ’]l]%ﬂ'lmmaEJﬂ’J']llﬁiJﬁJ”iﬂ‘l"U’lell@laﬂ@ll@]ﬁg%u@%'llluﬂﬁ'lﬂw\lﬁ

Cd <1 a
ﬂ’J’IiJ’fﬂJ‘lJiﬂl‘UENLIJﬂLﬁE)ﬂ ¥18 NN 33U
Hemoglobin Mean + SD 14.04+1.53 12.43+1.23 12.91£1.51

Median 14.10 12.50 12.90
(g/dL)
13.10-15.10 11.80-13.20 12.00-13.80

Inter quartile

A 1 A 4 <3 A 1 A o 1
AT NN 4 ﬂ?iﬁlﬂﬂllﬂaElﬂ'ﬂﬂJﬁiJ‘U”iﬂ‘!sUleﬂJﬂlaﬂﬂllﬂﬁg%uﬂ%WLLUﬂGHIILWﬁ (919)

<
avwauysslveudiafen %y i 52




Hematocrit
(%)
Red blood cells
(* 10° cell/mms)
‘White blood cells
( cell/mms)
Absolute neutropils count
( cell/mms)
Platelet

( cell/mm3)

Mean = SD
Median
Inter quartile
Mean = SD
Median
Inter quartile
Mean + SD
Median
Inter quartile
Mean + SD
Median
Inter quartile
Mean + SD
Median

Inter quartile

42.77+4.42

43.00

40.00-45.90

4.96+0.63

4.93

4.59-5.33

7459.11+2078.15

7200

6100-8500

4009.12+1485.54

3755.40

3024-4698

38.45+3.45

38.80

36.40-40.70

4.52+0.66

4.47

4.18-4.79

7305.01+1923.24

7100

6000-8400

4064.24+1540.88

3843

3078.00-4796.75

39.74+4.25

39.60

37.00-42.20

4.65+0.68

4.59

4.26-4.99

7350.89+1971.79

7100

6000-8400

4047.83%1524.75

3816.12

3061.80-4760.00

266836.43+72329.95 286421.18+72064.66 280589.17+72693.90

259000

219000-307000

281000

237000-331000

274900

231000-324750

5. anuduiutseninnsaiia Iniinlulaaizduanuauyselveudiabon

MnmsAnEIANuduusszuInlTuansaiialatinduauanysalveudeausnaiuysiia

nu UsuiansanilanniaNuay
<3 1
WARoAU) (White blood cells) 281931
d' A= [
1) 01 1WA YH3 LBANDdoa UANUTY

[ ] ¥ { [ v o (%
sreznaIMIodoeg lununlanuduiusiudiua U5 Red blood cells 3)ifadediuey yw

o J

o o = @ I @
ANuANNUSI VYT Usuw White blood cells 4) ﬂﬂﬂﬂ@%}']uﬁ)']q UDNvIDANNINUTY
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1113179 Hemoglobin, Hematocrit 2) T1998@11401¢ INA 143

sruY3uadTuTnatiu (Hemoglobin) 311 103A36 (Hematocrit)

a g’/ L2 = % A 9 1
A (p<0.05) u@ﬂ‘ﬂTﬂuu&ﬂWUﬁTNﬂﬂﬂﬂ@Nﬂllﬂllﬂ

l
=

Y =

)}

@

J v =
NWUDTNUUTUIU

o C4 < A a A ) . v 9 =~
ﬂ')'lllﬁll‘ﬂuim"ll’E)\Hi]ﬂ!ﬁ’f]ﬂ"ll'l')‘]ﬂ!ﬂuiﬁﬁ/\lﬁ (Absolute neutropils count) AL S5) ﬂﬂ%ﬂﬂ'lu’f]ﬂg WA U

v v Jdo < A I
ANVANNUTIVYS NI aaen (Platelet) 9814

Tle

v o

AYNNADA (p<0.05) (113137 5)
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dauls Unstandardized Standardized t sig 95% Confidence
Coefficients Coefficients Interval

B Std. Error Beta Lower Upper
Hemoglobin
(Constant) 16.341 0.160 102.383  <0.001* 16.028 16.654
91y -0.010 0.002 -0.102 -6.955 <0.001* -0.013 -0.008
INE -1.519 0.054 -0.456 -28.275 <0.001* -1.624 -1.414
‘qu‘ﬂé 0.261 0.066 0.064 3.944 <0.001* 0.131 0.391
ioane ?If]ﬁ' 0.178 0.049 0.054 3.643 <0.001* 0.082 0.273
3282170101 -0.002 0.001 -0.026 -1.797 0.072 -0.004 0.000
t,t-muconic -0.197 0.057 -0.046 -3.478 0.001* -0.309 -0.086
Hematocrit
(Constant) 48.732 0.455 107.184  <0.001* 47.841 49.623
21y -0.027 0.004 -0.094 -6.291 <0.001* -0.035 -0.019
LNE -4.166 0.153 -0.446 -27.223 <0.001* -4.466 -3.866
uﬁd' 0.560 0.188 0.049 2.970 0.003* 0.190 0.-29
Llﬂﬁﬂﬂﬁﬂﬁ 0.554 0.139 0.060 3.989 <0.001* 0.282 0.826
328217010178 -0.006 0.003 -0.025 -1.711 0.087 -0.012 0.001
t,t-muconic -0.330 0.162 -0.028 -2.043 0.041* -0.647 -0.013
Red blood cells
(Constant) 6.026 0.068 88.491 <0.001* 5.893 6.160
291g -0.009 0.001 -0.226 -13.606 <0.001* -0.010 -0.008
INE -0.501 0.023 -0.394 -21.762 <0.001* -0.546 -0.456
u‘ﬁdl -0.059 0.028 -0.038 -2.082 0.037* 0.115 -0.003
ioane é’lﬁlﬁ' 0.023 0.021 0.018 1.097 0.273 -0.018 0.064
32821701017y -0.002 0.001 -0.063 -3.858 <0.001* -0.003 0.000
t,t-muconic -0.039 0.025 -0.024 -1.598 0.110 -0.088 0.009

13190 5 ANUFILTIZ1HI10 A 81g STozMTEgRIRY MSFUYWT MIANATEIANIDANBEDANIAIN

4 3 A 1
FUYITUVDIULNALD DA (919)



dauly Unstandardized Standardized t sig  95% Confidence Interval
Coefficients Coefficients
B Std. Error Beta Lower Upper

‘White blood cells
(Constant) 8239.207 240.673 34.234 <0.001* 7767.357 8711.057
01¢ -22.473 2.269 -0.168 -9.905 <0.001* -26.922 -18.025
INE -129.390 81.009 -0.030 -1.597 0.110 -288.211 29.430
‘qu‘ﬂé 514.323 99.753 0.097 5.156 <0.001* 318.752 709.894
ioane ?If]ﬁ' -105.328 73.483 -0.024 -1.433 0.152 -249.395 38.738
3282170101 -3.026 1.787 -0.029 -1.693 0.090 -6.529 0.478
t,t-muconic 239.287 85.575 0.043 2.796 0.005* 71.513 407.060
Absolute neutropils count
(Constant) 4453.115 176.062 25.293 <0.001%* 4107.939 4798.291
21y -13.377 1.660 -0.138 -8.059 <0.001* -16.631 -10.123
LA 62.239 59.261 0.020 1.050 0.294 -53.944 178.423
U‘ﬁd' -0.764 1.307 -0.010 -0.585 0.559 -3.327 1.799
190N0 e"J’E]ET 288.766 72.973 0.075 3.957 <0.001* 145.699 431.834
3282170101 -46.374 53.756 -0.015 -0.863 0.388 -151.764 59.017
t,t-muconic 78.335 62.601 0.020 1.251 0.211 -44.397 201.068
Platelet
(Constant) 290322.32  8692.701 33.398 <0.001*  273279.908 307364.731
291g -747.740 81.951 -0.154 -9.124 <0.001* -908.409 -587.072
INE 22824.728  2925.862 0.145 7.801 <0.001*  17088.452  28561.005
u‘ﬁdl 3767.710  3602.845 0.019 1.046 0.296 -3295.822 10831.241
ioane 861’5 -3532.210  2654.101 -0.023 -1.331 0.183 -8735.689 1671.269
32821701017y -95.395 64.542 -0.025 -1.478 0.139 -221.932 31.142
t,t-muconic -5213.583  3091.081 -0.026 -1.687 0.092 -11273.779 846.612
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Tudrueuwusvesmsiuugulasasdrvinszaunsaid Iniin luifaa19z(tt-muconic acid; tt-MA)
1 [ 1 [ @ a y a =] Y 9 1 d Y
Wy drulvgedluszauilnd Sevay 88.4 IMMNAANT08 F08a% 9.0 HAZUINNIUNDN 38T 2.2
1 9 Y
AWERD ANDAeNOINTNIANANIND 117.49+2.34 pg/g CraInmMsANEIATIHNUAITRENNAMIATFIY
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@3 4

Hemoglobin 141171 12.91+1.51 g/dL #41188A1 Luo JC et al.”” AFnu1 B luauaunlinsSududadim
' a a @ J @ 1 = . 1w
azane AhonaninouAanDg3 (Semiconductor) 11 1dr A1 Tuad1ui/5uar Hematocrit (M0 39.74+4.25
% ADAAADINUNITANEIUDY Rothman N."” luauiunSuduiaasiuuBunuaA1 Hematocrit 1R8N0
1 1 9 @ (1())d'd oA N Yo ¥ W =~ =\ [
40% u@ liaeandeany Nadar GA."” Anulungui lilasumsdudaasiuudulaeg TSuauminy
44.1 % RN MENMANDYTUI1Y Hemoglobin, Hematocrit lumandjatiooniunaane asandedny
v a A A~ ~ 3 ' A = o A v
wanammstilosnn lumangelimsgydesigmanuidiumadennnmsilsziudon uazdoandos
A1 Luo JC et al.™” AREINUAURAY Hemoglobin TUIMANYUIMIAY 13.46 g/dL. Yo lumameminiy

[ H Y Y
15.75 g/dL. Tuam3u19 Red blood cells AURDENANHIATINIAY 4.65£0.68*10° mm’ AOANADINY

(23)

Luo JC et al.”” W1J Red blood cell tignaunaiazununIu1590uii1egssning 4.61-5.28%10° mm’ uaz

Rothman N."” #n¥IWUAUNINY 4.420.6 *10° mm’ TuaIu¥ia1/511% White blood cells WLANURASININ

(23) =

7,350.89+1,971.79 mm’ 1A&1A8a0U Luo JC et al.”” Anviananuludninanunuaundagminy 7,190 mm’

411N Rothman N."”&@np1'1314A 118U 6,000£1,900 mm’ 91nMIAAEIUT UM Absolute neutropils

A J I 1 { 1w
count tt01¥ Platelet %$W‘1J6lul1/\lﬁﬁﬂluQNWﬂﬂ’NLWﬁﬂ)’WﬂLﬁﬂﬁ}@ﬂ ANUNDYTINNINY 4,047.83+£1524.75 uag

(23) =

Y Y v
280,589.1772,693.90 mm’ AINE1AU N3 Platelets #49ANADINY Luo JC et al.” Anmlugnsududadaim
aza1e Fanu TuwAMAanInY 273,500 mm’ AAIUNAFINIAY 234,000 mm’ FINANTAATIZHANY

o <3 A 3’, dy 3 A A A A o ] o Aa g’/

auysaveadatonluassinulSmaiadoamasnnriianasiained ununinaninue

1INMIANYIANNENRUT 52Tl tt-muconic acid AUANANYTBIVDUADALENAINFIIA

' [ . LA v o Jdo 2 = a . 2 = a
WU 5¥AY  tt-muconic acid Nﬂ’JﬂJZ‘TNW‘LA‘ﬁﬂU‘ﬂﬁJTm3Illiﬂa°uu (Hemoglobln) ‘]Ji?J”Itll%IﬂJﬂ@]iﬂi@]
=Y < a [ 4 =Y

(Hematocrit) U3uaufiaideau1d (White  blood  cell) anu1saanilsienanisanylaaatl DiSua
Hemoglobin #0AAA0NUNITANEIYDI Percira MA & Chang LW.®” Iddnyudanaaslunydanissy

o CY ' < a = J a 4 ' J 1
ﬁ'i]Nﬁﬁ']iﬂ’é]M%Li\‘]'ﬁﬁ'lfl‘lfuﬂiﬂllﬁ\?ﬁ']ilﬂuclfucluﬂijM@%Iill'W]ﬂulaiﬂiﬂ1iﬂﬁ)uWU31ﬁ\1Wﬁﬁﬂﬂ1i

1 v

[ 9 Y 9 [l
1asunlasues  Hemoglobin NeHVuegnulsuavesa1sn1¥Nn191105295211319 0.007-2.3% La

U

9 o =2 a = Ao o = = . 9 (25)
ﬁ’@ﬂﬂﬁﬂﬁﬂ’]Jﬂﬁﬁﬂ]&ﬂiﬂﬂﬂl@ﬂcluﬂu\ﬂuv]ﬁnNﬁ’ﬁ’1ilﬂu°ﬁu1ﬁlﬂﬂin1m Hemoglobin aaUd80 2)

= [ ' { o o [ o o =
Y5u1®  Hematocrit #0AAa090Y Sheng  WX.““nunludddudmuuduiianuduiusnivlsuim

£ 1 %

Hematocrit 4@ 1 e@0AAd09AUNITANEIUDY Rothman N."” AnuiSunalunguidudaming 40+5.6%

v
o v Ao

NRNAIUAMMING 42.0+5.6% liwuanuuana1eny dasineg hinanasnuamisdinyiiimue 0.05

g



1 = < Y1 A A v W = . 9 1 1 =
UAINNITANYIUDY Rothman N. fﬂzmu‘lmmwmaﬂiuﬂuwﬁmmzu Hematocrit H9gNINYUAIUAY B

A ¥ Y A ' 1 < A a 1 1 dy =
waﬂ”lﬂmuuuﬂuum”mwaﬂiz‘ﬂUmmmaaﬂaﬂm 1/?']ﬂﬁ']3J1§ﬂ@]ﬂﬂWNGluﬂaiJﬂulﬁaWU’fﬂ%%‘”iJﬂ’JﬂJ
Wmummwu 3)1J33J1ﬂ1 White blood cells 3J1’ia']ﬂ?iﬁ1ﬂﬂ1'§ﬁﬂ‘bﬂlla m@ﬂuﬂu!tﬁﬂﬁﬂﬂﬂﬂWﬁJﬁN w‘L!

=

UREITUMIANEIAS TasMIANE1Y04 Lan Q et al.” NuANNFURUT Tz NI FURTENTILUE U

.

v
v A o

5LAUTREAIN 1 ppm NUUTNIY White blood cells Laza@@AAADINY Ibrahim SK et al.(”) Anplunguinsu

FUATATIUUFU 81 AU LAY ﬂallﬂ’JTJﬂll 83 AU WUTZAY White blood cells 5UE]\‘]f‘If;iJ Judu wﬁﬁﬂﬁ\‘]ﬂ}ﬂﬂ

o v (0)

nINguAILANEETITedAYNINEDA tazdilinnudeandesnt Qu Q. WusEAY tt-muconic acid 1
ANUFUWUT Y White blood cells ttaziilu 1 1un1uRedin Rothman N."” Adnunlunguiududanusi
N 6.0+1.9%10'mm’ HAntosn1InguAILANIANNINDG6.8£1.7%10° mm’
7 = y Xao Ao o a v o do < A A a
UONINUUMIANYIATINTINUNTTIFBA N UaNuduRUT IS aulameailonsna1usiie
Y 1 A A = v o Jdo a . . Y
18un 1) 919 A guYyWs Auteaneged HANFUHUFAUYTUI1A Hemoglobin 1Az Hematocrit 2) 1998
Y = o i X da v o o .
ATUDIY 1A JUYNT 3282108 1M I IAsog lUNUNLANUFUNUTAULTUIY Red blood cells, White blood
v 9 5 o v . v 9
cells 3) T938A 1401 LOANBIDANANNTUWUTAVUINIA Absolute neutrophil count az4) T3eA1UB1Y
= o o o = a @ J o
e Banuduiusnuyliuia  Platlet Tasauisnonilsieluiateaiverglaniinnuaeanadeeny
v o { { 1 = v @
msany ludainaasswuergiasuniasiinanoSu1m Hemoglobin t1ag Hematocrit™ Tudauilady
AUNAIZTHAAD Red blood cells Fa1nalumaansvziiUSura Red blood cells 4.7-6.1%10° mm’ 410131
ATl sEnnns 4.2-5.4%10° mm’ uazfetoveansguyKsaziinase White blood cells #0AARDINL

(28)

Ibrahim SK et al. ‘VIﬁﬂH”IW‘U’Jﬂ‘L!ﬂﬁiJﬂHVIﬁ‘U‘Uﬁi% ¢N t,t-muconic acid NTﬂﬂ?TﬂﬂNﬂ’J‘UﬂN C]NGlLl‘UT‘Ti

d’ a (%3 (%3
m@mﬂmsmﬂwmzmmuu%uﬂmﬂau“lummﬁmwa“lwQqum@wi'"lmunau"lﬂsumsmumuu”lﬂmﬂ
MSUFuR Ao UNANANIENUAD White blood cells TaluAuUaAINNMIATFURTIINUMAIN TR
A o Z’, = Z’, dyd I Y a A o A A 1 a
U AuMIAnEIATINIuTuvoyaImmsaudumamsnlasuulasvesssuudon luuadiunan
o [ a { [ 1] lgl g I v 1 o
ANUZd WY AND LAZNYANTIUFUMNNTANULANA 1AW 1A 91 D 01Tl w1l 9383 WA Dttmuconic  acid A28
= < & = g}/ dy a Aa . . (=} ] v o =
Tudnilszinunilavesnsane1nIlnsaiin Iniln (tt-muconic acid) liianudunusnulsuu
<3 A < A o 4 < A a a
IN3aLa0n (Platelets) tUaLadALAd (Red blood cells) uazmmﬁnuammmmmamuﬂmﬂa (Absolute
9
neutrophil count) aX1500AUTNAM AN IARH 1) 15110 Platelets 1a0And09nY Lan Q etal.” uae

@

Adam luauaunua Ny Ui waz liaeandeaty Rothman N wuilSinas

(28)

Ibrahim SK et al.

Platelets TunquiDAUAANAUMIND 12744 *10° mm’ WosNIINGUAIUAMNING 166259 *10° mm’ WU

ANUUANANNUBENITod R YN19EDA 2) USu1a Red blood cells liidoananany Ibrahim SK et al.” uaz

Qu Q.

v o w

o Anuludsey mﬂ%uW‘UNﬂ'llNﬂ'ﬂ'ﬁmu“ﬁuWU“IJﬁh1mlhﬂlﬁ@ﬂllﬂﬁu®ﬂﬁﬁﬂﬂ1ﬁ UYaIn ‘V]Nﬂ'Q



uaglidoandneny Rothman N."* Tunqusududaming 4.4£0.6 *10° mm’ NQUAILAUVINY 4.740.6

= ) (% AaAaR Y =<

*10° mm’ Flanuuanannuedslvedingniananwuinezanu lunquilSududa <31 ppm 3)

D]
Yy 9

9

=) 9] 1 o Y [ 1 < a
U318 Absolute neutrophil count 1193 Iiaeandedny Qu Q."”ldnsveduna I udadenviviia

o v o o o o o a (Y Y]
Neutrophil JANUFUNUTAVMITUFUATATIUUTY TAsN13ATIIADINALUVAAAIYANALALTLAL

4 g}/ a 4 a
ayWusvosesuud uludaaenalugues  temuconic acid tazimuil uuos 1ALl n (Sphenyimercapuric)
] <} = ¥ dy Y 3 =K v o d = . . [ =

a8 lsnaumsAnuInTatiuaas liifiudanNuFuR LS ve9LS U1 tt-muconic acid AUYT

4 A a [ A g [y Y| = ~ a 1
ﬂ’sz‘ﬁJyjmﬂJmLa’GWHU@maﬂﬂ ﬂlﬂu@gﬂjglﬂ’lﬁuqﬂ (Target organ) m93ﬁ1jluucﬁumﬂgﬁﬁﬂ@1uﬁa]‘lﬂ

[

4 A Aa = Y 1 P a 1o =3 Y ' a A A
Tﬂﬂﬁlummﬁuyimmmta’a@mwuﬂmummzagiummmwﬂnm LLG]ENW‘U“]Jilﬂmu’E]EJﬂ’JNWH’J YOUN
9

IS 1 ]

= ¥ Ag = Ao o Aa Yy 9 ] = =

ﬁﬂ‘]&l’l‘VNG]Wlﬂuﬂ’]ﬁﬁﬂ‘]&l’lcluﬂu\i'luﬂﬁllWﬁﬁ’liluu‘%uﬂuﬂ’)’luﬁluﬂ]uqqﬂ’)’l UAZAINNITIANHINILNUNE LU
o YR ( < = a 1 S 3 A gl.l ] d Y o A ~ o

WUﬂ’J’]jJﬁiJWH‘ﬁGLuL]J%N'ImHJ@La’0@1@ﬂ%uﬂllg’llclfaaHJ@L'@’0@1/]QWM@]‘WGJJu']ll']Fl]'lﬂlclfaaﬁuﬂ'lluﬂlﬂﬂ')ﬂu@'m

Yo Y ' = A . . I J
lasumansenulusuiaadall nanfe Hemocytoblast %139 Pluripotential stem cells (PPSC) Wusad

(

A 9 433 29) = A a = = ' o
Lamgﬂﬁﬂwuiu Red bone marrow C]NNﬁﬂig‘ﬂﬂ‘mﬂﬂmﬂﬁﬁmu“ﬁuﬂghwﬁﬁﬂﬂﬁﬂﬂﬂﬁ%%ﬂuﬂlﬁ)\i]‘lﬁu

Y
Y

J < A A a 2 9 av A A Y13 a o Y
ﬂizaﬂmwammaa@mwamm Red bone marrowuulﬂ uammnfmuuuaa“lmuﬂmmnﬂhﬂqu

1
= [

@ i ' < @ Aa X I A a a d a
Gl’)@ﬂ?\ﬂlﬂ'lﬂﬁl,?iﬂ]u Lm&ﬂufﬂ’ﬂﬂuiﬂﬂﬂlﬂﬂﬁuiu‘ﬁu‘ﬂﬂaW‘leI3J'l°]Jﬁ'l'V!ﬂLﬂEJ’Jﬂ“Uﬂ?i’)&ﬂi?gﬁwﬁﬁfﬁaﬂﬂ%‘i

@

A A A I Ay Y o a A = 1 Y dyo/ I Y o A %
531]1]“3@@“/‘@7]%3“Ju1/‘|u§]u1ﬁﬂ‘l]ﬂ']ﬁﬁﬂﬁ’lllﬁﬁﬂﬂ’lﬁﬁﬂy’]@]@"lﬂﬂlu@u’]ﬂ@ nanguiludonaianedny

Aa a = A Y a < < A 1 = 1% dy @ [ .

WyInervesa1siuusuine Ininauzisudaaeav1d uan1sany1Asaleeluinun19¢ Transient
Y [

pancytopenia NA12APAYTFIA Hemoglobin, White blood ~cell ttaz Platelet Nen111n@ luynnameny

A

2 3 o . .
¥ uormsrvealsa acute Lympphoblastic leukemia””

unagliausuus

Uszauiimsfududamsvudunndunadeuedluszudiniunust awdmuzihves
dninlinnmsdsznouedniazdunadou NIENINEITITUGY uARaRTEAY t,t-muconic acid 3
anuduiusnulSnauiadeanatswiialdin Hemoglobin, Hematocrit 112 White blood cells #0AAAD4

[

o a A J v v @ v o 1 3 J 1
AuMateMsAnEazraniyIne dadniimssududaluszaud uaduiluszeznaiunuizainane
< A 9 ax Y v Aaa Iy ~ T o A = o = A Y]
diadea la A5tlesnunanganisdSuaaiunassuialaelininsmsasiviaasuuguludunadon
v " @ v A =) A v A } Y [ Sld' Yo
PYIUATIAAUALADINO HANABIHAWT 1IN taz TuuuInamaEhsg1En 1a5uransgnuals
= a =) <3 A 1 v A < A g’z a [ U 9 a
unsasdannlTuaniianonsdeaeiiied Tasmniziiaaoand 3 sUAAING1 ToIdUDUUZIF
ulenneszaugartisaumaigalstaassulsznalumsaniiufanssuduasisugalinsounqu
d' Y [ Lg d' a
ez Tugaiun luanruguuai B U e

ONATONDY



10.

11.

12.

Kirkeleit J, Riise T, Bratveit M, Moen BE. Increased risk of acute myelogenous leukemia and multiple
myeloma in a historical cohort of upstream petroleum workers exposed to crude oil. Cancer Causes
Control 2008; 19: 13-23.

Sangrajang S. Toxicological review of benzene: Cancer aspect. Thai Cancer Journal 2008; 28: 93-100.
43091 NAIAI39R. msarhinseumsdsziiudunadenszAuansmeans (Strategic environment
framework) g3 uElp9gAa1MNTIMFITA (Eco industrial town) ﬂﬁﬁﬁﬂmﬁuﬁmmmﬂ 2.
ITYDN. g{uffmwmﬂuﬁmmwwaﬁ}mmi{f@mi?"fm’mé’amgazmam?raé”umw. i]W'lailﬂiﬂI
UHIINGIAY. 2554,

o nug waess. nffoufeumsiuduiaasuudunaznaniznuaegunmvesngudisznou
91BWIUaUY Tuunuuana 3191IAszeed. NIT1IANNIa0ANILAZFUNIN 2557; 6: 51-64.
Anv¥e L%GNQﬁﬂﬁWQﬁ. MITUTUNA TSV UTULASHANTENUADTUNINYDIY T FUDINUANY
Fanadou TuaAIuANLANEUIUMINA J9KIATLED9. NIAIIIFINTEIFTITUYY 2556; 22(5):
802-16.

NsUAILANNANY. FamsasvTaasiwudy. [eonlail]. fuiloud 15 unaAw 2557 unasdoya:
URL: http://agnis.pcd.go.th/VOCold/VOCs_moving_Maptaput.htm.
UszmeAnmznIsumIdunadeuiana aud 32 Goq ﬁwwuﬂiﬁ'ﬁ’aaﬁwmﬁmamumwﬂ dua
el daiiunse st sunerfleaszees Saniaszoeaiamua duamuih sunediay
Wann Saitaszeesniiua uazduathusa sunethunie siniaszeesnaiua sawmaid

3 a J { a
mmmﬂuumwmﬂumemmawy. Lﬁllﬁ 126 ADUNIAY 64 3. 2552 ; 99.

Interational Agency for Research on Cancer (IARC). Benzene. [Online 2014 January 17]. Available

from: http://monographs.iarc.fr/ENG/Monographs/vol100F/mono100F-24.pdf.

Lan Q, Znang L, Li G, Vermeulen R, Weinberg SR, Dosemeci M, et al. Hematotoxicity in workers
exposed to low levels of benzene. Science 2004; 306 (5702): 1774-6.

Nadar GA. Hematopietic effects of benzene inhalation assessed by long-term bone marrow culture.
Environmental Health Perspectives 1996; 104: 1277-82.

Wi Isssuziay. glemsthsy Smansznuaeguamainansdunidszmedieluussens.
AMAIVINBNEAT YUY AUZUNNEANEAT WIS oTe T TandaTes T, 2553,
aoniuAtoszuumssagy. msdisaguawilszyivu Ine [ooular]. fuiiloTud 18 unsaw

2557. Lmﬁiﬂﬁlgllmslja: URL: http://www.hsri.or.th/network/89.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

dinlsannmsdszneuodnuas Aunaden nIENINATIIULY. iwﬂmagﬂwamﬁﬁﬂmmmﬁ'ﬂ
vosmnswm T lasivesmsunduludszanyuna T ludszmeine. 2551.

American Conference of Governmental Industail Hygienists (ACGIH). TLVs and BEIs. 2013. P 108.
aomiuitedszansuazdny winineaouiiaa. doyalszrng ludszmeIne we. 2557,
[eau"laﬂ’]. ﬁ’mﬁ'ei’u*ﬁ 15 UNIIAY 2557. Lmziqsﬁ’ay,a: URL: http://www.ipsr.mahidol.ac.th/ipsrth/
population_thai.html.

Rothman N, Li LG, Dosemeci M, Bechtold EW, Marti GE, Wang YZ. Hematotoxocity among Chinese
workers heavily exposed to benzene. Am J Ind Med 1996; 29: 236-46.

1 a 9 9 1 X v o 1 o vy A
ﬂqMﬂ'liﬂi]@]'lusll’E]iJ“ﬁelﬂ’JﬁﬁﬂmﬂWW.Qﬂ?ﬂiﬂﬂﬂ@@i?ﬂ’)ﬂﬂigﬂﬂﬂi100,000 ﬂu.[aau”lau]. AUIND
JUN 15 UNTIAY 2557. Lmalﬁélsljﬂyla: http://bps.ops.moph.go.th/Healthinformation/index.htm.

Fustinoni S, Consonni D, Campo L, Buratti, Colombi A, Pesatori C A et al. Monitoring low benzene
exposure : Comparative evaluation of urinary biomarkers, Influence of cigarette smoking and genetic
polymorphisms. Cancer Epidemiol Biomarkers Prev 2005; 14-9.

Wil ety uatl Ao nazsy neadign. mifﬁ’ﬂmm’5’10Se‘wNqmmwﬁamnﬂwzi’ﬁmuu
FuluiiuiisanTaszoes. Audianninmieiseuniouazdunaden faniaszees. naunlugu
T‘iﬂ NIETNTWAFITUFV. 2556.

Qu Q, Shore R, Li G, Jin X, Cohen B, Melikian AA. Hematological changes among Chinese workers
with a broad range of benzene exposures. Am J Ind Med 2002; 42(4). 275-85.

Jeyaratanam J & Chia KS.Occupational health in national development. World scientific Singapore. 1994
ouniy mAnzin. o1euTaazalaoady, Ruinsai 4. azunng : Tedoualag, 2553,

Luo JC, Hsieh LL, Chang MJW, Hsu KH. Decreased white blood cell counts in semiconductor
manufacturing workers in Taiwan.Occup Environ Med 2002; 59: 44-49.

Pereira MA & Chang LW. Binding of chemical carcinogen and mutagens to rat hemoglobin. Chemico-
Biological Interactions 1981; 33: 301-5.

Ray MR, Roychoudhury S, Mukherjee S, Lahiri T. Occupational benzene exposure form vehicular
sources in India and its effect on hematology, lymphocyte subsets and platelet p-seclectin expression.
Toxicology and Industrial health 2007; 23: 167-75.

Sheng WX, Nan L, Jun WG, lan SP, Ping YB, Hui GX. Effect of short-term benzene exposure on

peripheral blood and chmosomal damage among workers. Journal of environment & Occupational



27.

28.

29.

30.

medicine 2010.

v W o o o d 9 [ [ v oA v Y Y A
NAUUNU VITSWD ANBU IWSIHY LS TN 5(511!1/1TJ‘VHJ‘V]?N.Nﬁﬂlﬂ\‘]ﬂﬁ]ﬂﬂﬂ'll!fﬂt’gll,agﬂﬁﬁlﬁlaﬂﬂ
J a J A a a a (% s &
ﬁ@ﬁiﬁ3'0ﬂWWﬂ'ﬁWﬁﬁL!a%ﬂ'ﬂaﬁﬁ’JﬂfﬂﬂlfNL!ﬂ%.ﬂ']ﬁﬂi%“lﬂwnxnslf']ﬂﬁuﬁ'n“lﬂfﬂﬁﬂlﬂ‘]&lﬁiﬁ']ﬁﬂi A
11 50. 7R 31 UATIAV-2UAIHUT 2555. 9-16.

Ibrahim KS, Amer MN, El-dossuky EA, Emara AM, EI-Samei A, El-Fattah AM, et al. Hematological
effects of benzene exposure with emphasis on muconic acid as biomarker in exposed workers. Toxicol
Ind Health 2012; Abstract.

v oA A a o A a S '

NTUT NUUA. [ADALIASHAANUNITNIADA. 315ﬁ15lﬂﬂuﬂﬂ15ll7‘lﬂfJL‘]fENGlﬂiJ 2551. 41(2). 53-61.

v a a a ' < 0
DIV DEACTE DATINA H%ﬂizgﬁ uazﬂmuaun LINE99. N1I¢ Transient pancytopenia wWuemsives

15A acute lympphoblastic leukemia. 113813 lafinIneaznsmaniusmg latin 2548; 15(4): 259-64.



