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UNANEa ‘

msasuudasaranuanysaizeaiadan (Complete blood count : CBC)
FeanuharvazarunsanensalanvinnaunsasranuNhedunsSadiadannle

unanuiliiagUssadiadnmnsdsuulaseas CBC lunguawrhnuiidudaiu
asiwuty TasdumsAnmniBanssanuuumadaans o yanmlanavmils (Cross-
sectional descriptive study) Tagdiasedayandansi ildnnmsasagumwssail
apawiinulugamvnssuiidudauududiniaszens ilsawennessaas iemnis
wWasuulaswas CBC @@ t,t muconic acid (TTMA)luilaasnzfinsrasqe3s High
performance liquid chromatography (HPLC) mnﬁ'mga’luﬂ W.A. 2556-2559 ﬁv'wm
3,409 Haya waMFIEWUD Wowknguana TTMA wuh @y o f3psas 46.0
fN 1.00-499.99 fi$peay 52.7 unguiifanniiga annn s00 fiiieiasas 0.5 Wundu
AfidnAuaAunes Y Weathaniengiganuduiuswuie White blood cell way
Monocyte WY i@ Urine t,t muconic acid Lﬁuﬁuaeiwﬁﬁ’ﬂﬁﬁtymmﬁa (P<0.05)
Taa@ White blood cell Lﬁ&l?‘!}’u 1 cells/mm® W@ Urine t,t muconic acid Lﬁ'n\lﬁu 0.068 Ly
az@) Monocyte [A3%U 1 % Wa Urine t,t muconic acid 1@ 0.039 tvh Hemoglobin,
Hematocrit, MCV, PMN, Lymphocyte, EosinophiluayBasophil laiwuhiianudunusnu
@ Urine t,t muconic acid (P>0.05) MM siuiaULFudNadamsiinauiio
(daazm (WBC) Tagawzaiia Monocyte m3tkhszianagunw (Health surveillance)
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Abstract

Changes of CBC (Complete blood count) may be able to predict before the
detection of leukemia. This cross-sectional descriptive study aims to determine
changes in CBC among workers exposed to benzene. By analyzing secondary data
obtained from the annual health checkup of workers exposed to benzene in Rayong
Province. To find changes in blood integrity (CBC) in relation to t, t muconic acid in
urine analyzed by HPLC. The data were collected in 2013-2016 with all 3,409 results.
It was found that when segmenting from Urine t, t muconic acid, equal 0 has 46%,
1.00-499.99 has 52.7% and > 500 has 0.5%. When analyzed to see the relationship,
it was found that the value of White blood cells and Monocyte increased when Urine
t, t muconic acid increased (P<0.05). White blood cells increased by 1 cell/ mms3.
Urine t,t muconic acid increased by 0.068 and Monocyte increased by 1%. Urine t,t
muconic acid increased 0.039. Hemoglobin, Hematocrit, MCV, PMN, Lymphocyte,
Eosinophil, and Basophil Not found to be associated with Urine t,t muconic acid
(P>0.05). This study show WBC and Monocyte increasing among benzene-exposed
worker in Rayong, Thailand. Health surveillance can detect abnormalities from the
beginning and must use the health examination data to have been analyzed to know

the direction of the changes that have occurred.
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wudu tduasidaeylu TARC
Group 1 ((uasnanzdalunyud)' ldiie
weSaliadanam wulluzsiia Acute myeloid
leukemia (AML) mﬂﬁqﬂ s
yagumw (Health surveillance) Tugfivanu
suRawudy 1wy ninnullesden winou
Ulasiedl :nMa57I2 Biomarker of exposure
Wy Mmsasaemus lavivasuuduludasne
muit ACGIH - BEI atiurast 2018° uuzth
1@un t,t-muconic acid (TTMA) in urine ™
Un@laitiy 500 microgram/g Cr @57a%a4Lan
U (End of shift) asawulaiiaszey benzene
Tueme > 0.5 ppm cMu laun qw%’uaz%’u
Ussmuannsiild Sorbic acid Lﬂumiﬁ'ugﬂ‘”’,
S-phenylmercapturic acid (SPMA) in urine
MUnA NN 25 microgram/g Cr #51a%184
@ (End of shift) a53anulewsi benzene
Tumeaanniiszeu 0.1 ppm — 0.3 ppm
muﬁtﬁmmsgqu? M37533 Biomarker of
effect 141 CBC AML azwuliintdanan
fiUSanauiag (Hyperleukocytosis)* a1nn7
100,000/uL, W3BWUMSANAWBIILEINEDALA
WinRanuILaLNanAan (Pancytopenia)’
wiawuaNNiaUnfizeiinldanailzsiie
Monocyte lagtiinidaanz11uila Monocyte
Anasagil 5% Wil 209 sasAUTIFNRULTY
sznuiindemmrieinanddnisaudasa
wuiaUnfinsaginy Fawuannd 109 - 129
yassnnufiadenrninae (iessnude
\daaemavueaglunamiund) wis Monocyte
NN 800/mm3 (udyanaiiaiyain
LUz (benzene-induced toxicity)®

Wathaduvzduiadansiuginis
Snenfululdenuazdrumnnidedia dems
thaunzduiadanmldsteznannuvaeil
SeiimsanuITeiiamiamemsalarnihna
HenzSudindan s lvmstlasiuuazsnmniou
ﬁmsmmmsaﬁwwamsmé"ﬂuuﬂmﬂ'wmwauysni
yaadindeaianuhanaszamnsonennsalain
whanmswasuasmmnimesay q feu
msaanunthedunsSaliadanan msih
HAMIATIAE a0 dudaULTuINYIANS
Jezianarzansannenaumsiialsale

A5MSsANE

FULUUM SIS TNUUUMANAZIN
(Cross-sectional descriptive study) 111338
il Taguasadifianinamsnasuntasns
MmaNNaNysnluaiiaEea (Complete blood
count : CBC) lunguauvhanuiidudadiuans
wudy swdsauiluna CBC dudsmuilu
@ Urine t,t muconic acid3@91¢%lae Linear
regression 35 Forward LR uazdezvlos
Generalized Estimating Equation (GEE)
Foyaiildsuiunamsasiagummisz o
asedeanaudin.a. 2556-2559 uIuTaVAA
4 U Wudoyan@ani (Secondary data) iildsu
NNHNENUIBITZEBN ENUNNIYDDYAYINAILTIIN
mslilddayarasnnznssumslanenasze e
Wafia3esssnmside RYH 36/2560 Bayafila
Suidlumsaniamavasdjiamsuaslsaneuna
55899 HKIUANAIFIUNTTUTBIAUNINY B
Ufians (Laboratory Accreditation : LA)
wazaNAIPIUAIUAUAM MM SUWNEN sz N
de1saigy (MOPH Standard) @ Urine t,t
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muconic acid #53302875 High performance
liquid chromatography (HPLC) Faflueh
wouelavzasiuuduludaansidigelu
yuztuiveljiamsainsaasiala wazen
CBC #vmsienzimenudunus losan
Lawwﬁagaﬁﬁﬁy’qmimmm CBC waz Urine
t,t muconic acid muﬁyﬁa 2 @ ANaMINTIA
VaviaQ 3,409 030

#1399 1 waesayan

WMaNISANT

NNITNR 1 ﬁagaﬁgwm 3,409 AU ({lu
ADUAUDUNAWDN D8 89.6 ﬂ'uaﬁ'waqmq
WU 38.37(8.27) U ai'mauwmﬂzi”aga(?iy'mwi
U 2556 991 2559 AwulnaiAeany lag
1.18 eNEIAU

Jdadru 1 1.17 @

lagdayatl 2556 HNWIUTRENGR Ta8az 21.9

. 1.18 ¢

Vv = o o d‘ vV
LLa&ﬂlﬂHa‘ﬂ 2559 HNNIUINNNFA IBYAT 26.3

ﬁagaﬁ'ﬂﬂ mnudaya (%)

LN

A8 3,054 (89.6)

YN 355 (10.4)
a1g (1) mean+SD 38.4+8.3
Yihmsiiudays

2556 746 (21.9)

2557 893 (26.2)

2558 875 (25.7)

2559 895 (26.3)
(n = 3,409)

PN 2 lButianguanen Urine t,t
muconic acid MUNT 1.0 lg/g creatinine
H3p8ar 46 A1 1.0-499.9 ug/g creatinine
fifos0r 52.7 (unquiliuniige wazen
NNNMVIBLYINNY 500 pg/g creatinine HLWEN
fowar 0.5 unguiifianAudniunassu
(ACGIH 2018 @ t,t muconic acid in urine
tunaadnay laithu 500 pug/g creatinine)®

NN 2 wansns1aa CBC fen
mé’aagﬂumm‘z/fﬂna léwn HB, HCT, WBC,
Platelet count, MCV, PMN, LYM, EOS ua¢
BASO Tag MONO fleninaauwhiiu 6.74+2.019%
(@Un@ 1 - 6 %) genInamUnG Platelet
Smear ¥lainanzaudasagaz 97.8 RBC
Morphology {WuuuuUnd Normochromia,
Normocytosis mn*?'iqm%’aﬂaz 85.2
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M3 2 waedayanamInsIalaans t,t muconic aciduazianramanuanysolvauiiadon
(Complete blood counts)

Innutaya (%)

Urine t,t muconic acid (ug/g creatinine)

<1.0 1,596 (46.8)
1.0-499.9 1,797 (52.7)
>500.0 16 (0.5)

CBC:Complete blood counts

HB:Hemoglobin mean+SD 14.4£1.3
HCT:Hematocrit mean+SD 43.6+3.6
WBC:White blood cell mean+SD 6,950.6+1,649.4
Platelet count mean+SD 252,404.8+55,950.9

Platelet smear

Adequate 3,334 (97.8)
Increased 39 (1.1)
Decreased 28 (0.8)
Plt. Clump 8 (0.2)
MCV:Mean corpuscular volume mean+SD 85.0+8.2
PMN:Polymorphonuclear leukocytes 53.6+8.8
mean+SD

LYM:Lymphocytes mean+SD 35.6+8.3
EOS:Eosinophils mean+SD 3.4+2.6
BASO:Basophils mean+SD 0.6+0.4
MONO:Monocytes mean+SD 6.7+2.0

RBC Morphology

Normochromia,Normocytosis 2,905 (85.2)
Hypochromia,Microcyte, 489 (14.3)
Target cell,Ovalocyte, NRBC,

Band form

Macrocyte 15 (0.4)

(n = 3,409)
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PNNANTIA 3 UEAIRANITIATIEV g
Linear regression 35 Forward LR la Model
W logit(p) = 8.022 + 0.003(WBC) +
1.547(Monocyte) Wu) White blood cell uaz
Monocyte HaNuFNNUSAUNaNISAIA Urine
t,t muconic acid agheiiiadAymaaaaiszeu
0.05 a5walgdh @ White blood cell tiinau

1 cells/mm?® w8 Urine t,t muconic acid
WNFY 0.068 141 WAz Monocyte Rt
1% W8 Urine t,t muconic acid Lﬁ'uﬁu
0.039 1 ilafeuiuainiaanit 1 wihe Tag
@ HB, HCT, MCV, PMN, LYM, EOS uaz
BASO liwunienuduwusiua Urine t,t
muconic acid NNHTT

Py ' s & A a P v
B3NN 3 LANAMANNFNYIUYDUNALADA (complete blood counts) FUANN ) NUKNAADAD t,t

muconic acid Iuddane NIeeilag Linear regression

#HauaIMI AT Coefficient OR p-value
(B) (95% CI)

WBC:White blood cell 0.003 0.068 0.000
(0.002, 0.005)

Monocyte 1.547 0.039 0.024
(0.199, 2.894)

Constant 8.022

(n=3,409)

NN 4 Liesnndayadienuduiug
A (Correlated responses)’ 3NINIATIEH
@18 Generalized Estimating Equation
(GEE) ‘[ﬂﬂﬁ’ﬂﬂ”agamﬂﬁmﬁmﬁu Ailua
msamaceud 3 Jauld Tesldsndudas
(3T TTanuaIIL 756 AU 1L 2,765 Faxa
wililahdayaanienedaeiailinuiiien

Taunnarenuseeiiteaaumeada (P=0.05)
Silidenlaailusiunenamsive
Nnnnsland 1 dlathainieney Lag
28961 Urine t,t muconic acid waaal¥ifiun
dayalifianudunusiu @anmaienzidays
8 GEE Tudu Structure wuu Independent
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a U s < =~ a 1 A e v 1
AN 4 ULFINAIPNINTNYIUABILNALGDN (complete blood counts) BUANN I NUKNAADAT t,t
muconic acid lutaann: Mieerilas Generalized Estimating Equation (GEE)

aHavaINnas Coefficient OR p-value
(B) (95% CI)
HB:Hemoglobin 3.053 21.174 0.530

(-6.464, 12.569)

HCT:Hematocrit -1.190 0.304 0.463
(-4.366, 1.986)

WBC:White blood cell 0.002 1.002 0.093
(-0.000, 0.004)

Platelet count 5.760E-5 1.000 0.056
(-1.468E-6, 0.000)

MCV:Mean corpuscular 0.134 1.143 0.595
volume (-0.360, 0.627)
PMN:Polymorphonuclear -1.611 0.200 0.192
leukocytes (-4.028, 0.806)
LYM:Lymphocytes -1.691 0.184 0.176

(-4.141, 0.759)

EOS:Eosinophils -1.894 0.151 0.142
(-4.420, 0.633)

BASO:Basophils -0.448 0.639 0.912
(-8.365, 7.470)

MONO:Monocytes -0.043 0.957 0.974
(-2.705, 2.618)

Constant 165.820

(n=2,765)
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T,T MUCONIC ACID

1.0

0.5

[ Coefficient
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R eer—eeeer—————
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T
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Lag Number
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AN 1 udeea Lag 299a1 Urine t,t muconic acid

anUsaua
madnnluadsiilddaidanndudad
fdhfumsasaguawlszianlsaiwenung
5299 6aUE T W.A. 2556-2559 NINNA
3,409 7aya IATILVNNA CBC way Urine
t,t muconic acid #283511980@ Linear
regression MNUANSANINUI (Hoduid
wuduivtudiwaliifiodenun (WBC)
Togwizaiin Monocyte Hsnnuiiiadiy uaz
laiwuanuduwusnuaiuiu Hemoglobin,
Hematocrit, Platelet count, Mean corpus-
cular volume, Neutrophil, Lymphocyte,

Eosinophil uas Basophil Taatfunmsauao

NNYayandsNil (Secondary data) 2aentinanu
Fhnuduiauugy Faeneennnidseay
wu mddeanihhiuivnuiv Taglumiise
Wuhiinsmaswes Hemoglobin, Hematocrit
waz Lymphocytes uazudseiduidany
ﬁminﬁ'uﬁuwm Neutrophil uanmnﬁmuﬁ'ﬂ
Ty the Shell Benzene Medical Surveillance
Program (BMSP) ¥ 2004° fiwuireia
auysaimaudiaidealiuandafudaieuiy
nguAIuAN (Non-exposed)

A1 CBC lug@dudaiuudunwuiinng
Wasuwdasuanenafuldinn wudendumany
mswasuulaswes @ CBC faumsiiawzida
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apesEULLARATINUNINSLNTY WiaanaewDs
AMWNALAasauliadaaues MwNives
YDUNALFDN2I AIVBURNAFDAINFUAGN
wazndaidan TaglumAdeiwuhisnnude
@aammmavuauaiadannnaile Monocyte
Wiaay femasaniy 6.74+2.01% egand
e Und (AUnd 1 - 6 %) B1avBNle
fafiuualiiuuee Benzene-induced toxicity
msiimsdaamuedl CBC daly Faflumaiih
521NN (Health surveillance) 13
msasagumwlsznoutladedss emng
NIENTNMAUANANN UIUDITNINTIVFUMN
YBIGNINUALEINANITATIAUANTNNIUATI
WY W.A.2547"° HrgliasTranuanuiiaund
Gaud iGN uanmﬂﬁmiﬁwﬁagamsmm
guanwitlduniensiilinnuisiiamans
Wasuulasiitiedu” wasfamunansznuda
guamwluszazen agelsions mafauzs
Wadann haldnavanwaesive (Mul-
tifactorial) MSFNHFUUTUD ULNeITTs
eanilahiu

dannenuivg Wumsihdayandeni
nmmsienzd mldldldmuauiudsniu
(Confounding factor) 13y ayuanlaild
fimsfudamuuduluiinn wazlinnudayaiiu
Wy szaznan lumsMOuaNREULEY angnu
nmsldgunsaiilasiudiuyana lsauszanan
mafuissmumafifidunan Sorbic acid
wasmaguywi snnsguuuuanddeiiiiums
FNLFINITUUILUUMAGALIN LW Tng n
AuAN (Control group) Femsilasuula
WunzSudadaaldnannuy snadangluuy
ndeuuuiamuluinemih (Cohort study)

LA NN ZENULALEUIUFNGYBINITLAG
mstlasuudas CBC laannaiu
= =
neanIINUsENA
Ya v [ v A vo
{Iverevaunszaauluategs Nlasu
anunniislumslidayaiuagedan wenwa
WAL WNNNNYIIUYDINGHNUDIFINIBATIY
Tsawenunassees
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