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CHAPTER I
INTRODUCTION

agricultural goods;
their mainly income
rkers are the largest

“'..fl‘u;_‘ e classified according
tle 0 '&h,a"R005). A use of pesticides,
acticides, ok \:“\-“‘\ equired to protect crop
from pests anc 3 : @ £00§).\\efe ard.over 5.6 billion pounds of
pesticide were apg \ i ' Robs 5). Tl pusand tons of pesticides
are imported to Thailalfd iy r tokeeg o1 0P’ '.'\» Because of the pressure of
DAthediarms. Many drugs can be
jre 1'-.,. used, especially in the home
(Issaragrisil et al., 199¥). F4HMEFS"C [ pesticides in the organophosphate
group, as they are highly effee ] (Jiracha as et al., 2004). Many pesticides have
the potential to harm f_;;_ﬁy ; ticides is steadily increasing. Pest
resistance to-Rpestici some developir ad aggressive marketing are
among the Ycafises—for—th: egrowing-use (Hanshi,—2001).7 some residues are
contaminate{ e md affect the health of
humans in the cFep aree et al++2007;2008;2009).
In ThaiH d, chilli is a famous agricultural produ t.IMost of the products,
include chilli, are grown in Northeast of Thailand. Most village households engage

primarily in agric{ftufédas their primary or &endary occupation (Coleman, 1999).
AU INENINE N
lacki ol knew! tofprotect t e f eslicide? exp@slired CRMli-growing
farmﬂare getting risk because of lacking knowledge about pest and control. Most of
them frequently use pesticide with & erdose applicatiog@gDue to pricing of pegfighdes,

RIS REETINET

et. al., 1993).

Hua rau sub-district, Muang district, Ubon Ratchahtani province, is a large area
of agricultural. About 77.27% of family in this area is farmers. This research will try
to use exposure assessment method to study about pesticide exposure (via dermal
route) and estimate risk for chilli-growers in Ubon Ratchathani province



1.2 Research Question

1.2.1. What are the risk factors fr n” hlorpyrifos spraying among chilli-growing

farmers? 1
1.2.2. Are chilli-growin / hlorpyrifos spraying via dermal
contact? a —

1.3 Hypothesis ;T;’J -

e istrict are at risk of

\estinate, oraaophosphate pesticides

II
\

(OPPs) exposure t , AMTESPER] ."-_u €6tives are:
1.4.1 To meas iU '."" @8N ch "g groyingifarmers on the hands
1.4.2  To assess hum#ih ri ciated with elermal’exposure to Chlorpyrifos in

1.5.1. The concentration
esti 51.31.

1.5.2. A risk of dermalexposureroutein.chillisgrowingfarmers+vill be assessed.
1.5.3. Chillgfaw ‘ rom expose to

Chlor Vit . =
" I

AUINENINYINS
QRN IUNRIINYIAY

growing farmers expose, will be




1.6 Brief Description of the Study Area

The study area is Hua-rua sub-district (a large area of chilli-growing), Muang
district, Ubon Ratchathani province, Thailand (Figure 1.1).

AUEAINENINEINT
RN TUNRINYINY



1.7 Conceptual Framework

______________________________

Dermal contact :
(Concentration of Chlorpyri

e ———
'-ﬂ—""__

Personal data

Gender :
Body weig ™'\
Age (years) : 7
Height (Centigeters) A

A7 KW &

t .

Exposure Assessment
Average Daily Dose (ADD)

Risk Characterization
Hazard Quotient (HQ)

y 4
Personal protect eg#fip
- Gloves
- Frequency of
cleaning Gloves

g B
- JI.
ge olf

¥y

Field data
Area cultivated
- Chlorpynfos

Spray mig(GP
- Duration of

wplica
- Tank Condi{m

- Frequency of sp‘aying
Chlerpyrifos =3
A

L] L] L] . E ]
PRd 1 L
2] '

FHyInanIneIng
IRIAINTUANIINYIANY



1.8 Operational Definitions

Dermal contact refers to the chilli-growing farmers who contact with Chlorpyrifos.
The amount of exposure will depe concentratlon of chemical and the dermal

Personal data refers
important factors fo

weight and age which are
ysiological factors are used

Personal protective ' oAl ing farmers use gloves to

Field data ref aifs fsuchasyspiiay thixxandigluratioh of application, which
are investigate frgM chifli-gr Fafier '.,I PoURDYOf exposure depends on
concentration @ chegficallf atic ficqliengy, of@pntact to Chlorpyrifos
(EPA, 1992). ’ : A\

\8ktension of humans, animals
\ ation is a tool to measure the
ed frequency in environment

y Iy = _ 1
Exposure Assessmenimeais a.pjioce to determi 0
or other life exposuf€ tofflazardg ' ,f? conge
exposure. It depends,g
(Robson et al., 2007)

ﬂNEl’)YIEIVI?Wﬂ']ﬂﬁ
ammnmumfmmaﬂ



CHAPTER Il
LITERATURE REVIEW

Ve

Chlorpyrifos.iS-anr-orgaréphospiite ¢ orpyrifos has been used as
pesticides or ingred itide groducts<tazspray..on the farm to control crop
pests. It may als i " sulated form. According to EPA,
tolerances of Ch Bralseommodities, foods, and

2.1 Chlorpyrifos

animal feeds. a % N
In the eny et phiase Otpy rif Sk otgliolatilization, spills, and
the disposal of chlogg¥rifgs waste ""'-: iligation, IsitheNajor way when chlorpyrifos

disperses into eqyfrongfentf’ Generally
bacteria, or oth€f chegffica .r esse fé

eken down by sunlight,

2.1.1 Chemical 3 sigel Pro or u-
| f».fﬁ \

“0,0- dleth - o 8,5, 6 ick ,L 41 idyl | ’-.lL spAbrothioate” is a chemical
name of Chlorpyrifos .' gure e 2.1, "'?]’-ﬂ:' ormy8 a white crystal-like solid with
a strong odor (Table 2°1). 0686t H water, so it is usually mixed with
oily liquids before it is appll '

%)
D picio? T o
ﬂ'LlEl’)VIElVI WeIN9

Figure 2. IgBtructure of Chlor ifos

QW’]Mﬂ?ﬂJﬁmeEI'mEJ




Table 2.1 Physical and Chemical properties of Chlorpyrifos

Characteristic Information Reference

Chemical name 0,0- dlethy.O 3,5 6-trichloro-2-pyridyl) ~ Merck 1989

Synonym(s) Merck 1989

Registered trade name(s Merck 1989

Merck 1989

Chemical formula

Property N b, . Reference

jerck 1989

Brck 1989

EPA 1988
Verschueren 1983
orthing 1987

EPA 1988

Molecular weight

Color

Physical state

Melting point Merck 1989
Boiling point erschueren 1983
Density at 43.5 °C Verschueren 1983
Odor EPA 1988
QOdor threshold:

Water

Air
Solubility:

Bowman 1983
Merck 1989

QQ 1989
—r

cCall et al. 1980

Water at 20 °C
Water at 25 °C

* Organic s@(
Partition coe?* 2
-

Log K,

FO o WIOAITT TTIETHIATTON

Log K. i”
Vapor pressure at*20 °C 1.87x10° mm Hg erschueren 1983
Vapor pressure at 25 1.87x10™° mm Hg Merck 1989
a law constant 1.23x10° atm-m®mol u HSDB 1995 '
blllty limits at 25 °C No data
Conversmn factors (25 °C) 1 ppm= mgr‘m
1 mg/m“=0.070 p|

amamm AN1INY1a Y



2.1.2 Mode of Action and Health Effects

Organophosphate pesticide exposure effected directly to inhibitor of the
cholinesterase enzymes which from sic of neurotransmission. Cholinesterase in
human body has difference types pgnd on the location in issue, substrate

ineste \ OE Sterase, presents beside nervous
tissue and in red bloove=eell=AC itiem=breakdown an acethylcholine,
which is the chemi PO BgTCartransmission of nerve impulses
at different sites.<J human health are due to

tabolism can be leading to
nene a cdover stimulation of the

rapid increasi
nerve function.

The le ‘deperielsfon, degtee ‘afexpOsure. Chronic or Acute
effects are an ass i TOliNESterase inh d exposure behavior. For
instance, whe ibj : WYL and e -"-il':'*-.,l ITké\, chronic exposure, the
correlation with i B 16ly-0k Menekistént \On the other hand, if the
correlation incre , ,”*-’" ahilbition W8 faSier’Sit will be signs of acute
intoxication. The ass i :' en A 1 \ n,le el of poisoning and clinical
symptoms are sho 2)(€: "‘.L.‘_r' QD4). \

Table2.2 Severity and pra ﬂ?"' of acu phoSphate intoxication at different

levels of AChE inhibition.

% AChE Level ofad s-d,fw : Progosis
inhibition | Wpoi

50-60 “Nile i . Convalescense
sl Ima in 1-3 days
el Rl

n spasm

60-90 Méﬂérate Abrupt weakness, visual distt#Bances, Convalescense

excess sallvatwiweatmg vomiting, in 1-3 weeks
ﬂ u E] q VE:H l l yﬂstﬁinolﬂ 5

the wucous membranes

VLN, Ll

lung, coma

Source; Cattani, 2004



2.1.3 Metabolism

For toxicology study in the rat, 84 % of chlorpyrifos is excreted primarily in
urine within 72 hours. The metabolism of chlorpyrifos in this case was extensive and
changed parent compound was found gngurine. The major urinary metabolites were
3,5,6-TCP, as well as glucuronigesd | njugates of TCP.

In human (adul )\ Withi following acute oral exposure

approximately 70% o jﬂgg urine as TCP. The minimum

dermal absorption is“#=es3%:0fsacut gxpo fan pharmacokinetic half-life

for 3,5,6-TCP in @5 rox ately@mg both oral and dermal
(EPA, 2000). - .b\

2.2 Environm
ure. Basically, Risk
ification, Dose-respond,

Risk i
Assessment IS S

Dose-Response
t
- " e ~ ° galth
| people inkiale during.a specific |\ EEE A e T
,ﬁ’ poslres?

| -t

Ll arization | Iu
il Wyhat iz the exdra risk of

health proklems in the
exposed opulation?

ﬂummmwmm

2.2. lql-lazard identification

q RIS s Ingdy

Hazard identification is the process of determining when expose to chemical can cause
of increasing in human health effects. This step always uses some data to support the
healih efiect and chemical. For exampie, statistically controlied clinical studies on
humans provide the best evidence that link between chemical and health effect. But,
there is not a lot of available study in this method. Moreover, epidemiological studies




q

10

involve a statistical evaluation of human populations to examine whether there is an
association between exposure to a stressor and a human health effect. The advantage
of these studies is that they involve humans who are weakness that result from expose

to chemical. If the data of human isynat @vailable, the data from animal studies (rats,
mice, rabbits, monkeys, dogs.se f lied on to draw inference about the
potential hazard to huma /ﬂ jes associated with humans (IRIS,
2008). r\ ’//’7
B >
2.2.2 Dose-Re@nt ((ﬂttanizﬂg
~

This step_u T irst step to estimate the

hat "presenteth,

amount of ch ffe %&H“L angheal =1t attempt to combine
1 -\\.:%.x\ \
o glassifia

ey

Ml he association between

qualitative measu L
b, ifhis stEp* (Robson et al., 2007).

level of expos il !
Dose-response as i S-pote ta sk \le, htihans at exposure levels of
interest. Dose- ‘appliedkions: estimating risk at

@iydifferent decision options,

estimating the ri i an-a is taken,Yprovilling the risk information
needed for benefit-c o5 of differ agisioh O 'ns, comparing risks across
different agents ory gno-settig resear€h Prlbrities. The purpose of the
assessment should consj : r_ﬁ, 3 av ble, which will vary from case

to case (US EPA, 2005). 7 -,
The effect of ChlorPyrHes—and Lpetabolites are classified as; acute
cholinergic syndrome, in € ganophosphate-induced deployed
polyneuroptm an J{;’
Acute cholinergicSyadrome -
Acety _I&iJe accumulation in
cholinergic synﬂe. Hype uromhat leads to autonomic
and central nesg@us system symptoms, effect of this accumlation. There are some
symptoms that are elo ed below (Cattani, 2

004):

J che, g0 i, sblur Y i0SiS, junetivalscongestion,
lac ;ﬁ sed aﬁcﬂwﬂea drﬂaﬂﬁitﬁ% bronchial
secretians, pasi, bracyc , creased sweatingmanorexid, nauseéd, vomiting,
abdormihal cramps, diarrhoea, fatigability, weakness, muscle twitching and
fasciculations, confusions, confusioi slurred speed, aré&flexia, convulsions, cowand

WIRNN.I AN E Qe

frequence and duration, depending on the dose and route of exposure.
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Intermediate syndrome

Following absorption of high doses of organophosphates and treatment for
acute symptoms a reversible muscle necrosis, distinct from delays polyneuropathy,
and as such termed ‘intermediate syngdr 7 has been reported (Cattani, 2004).

% athy (known as Delayed

e r| s s active oxon, which causes
Ipheral and central nervous
ves together with ataxia
Bsgxposure, the upper limbs are
etfogment of symptoms the patient
has usually recov oli W \ algfiermal (Cattani, 2004).

Organophosphate-induce
polyneuropathy)
Metabolism hic
the toxic effect W

system. The clinical»s¥fpt

or lower limb paral

sm

| mice and dogs. In all
animal species, the [ fectis ibiti \'g\ Of “’u_‘:- RBC and brain ChE
i ang Mo/kglday. Following chronic
exposure dogs appea .' n0st sens Spe 1 Ll holinesterase inhibition and
systemic effects, a eight @880s exposed to 3 mg/kg/day
dapti ed tQ%-10 mg/kg/day had decreased
ar effects, adrenal gland effects and
arameters. Mice appear to be the least

exposure to 45-48 mg/kg/day
resulted in [dégre

'dﬁc? of non-neoplastic
lesions (US EPA 200 e ——— 5 j

h )

Reference Dose(RfD)'@ -.
The Rﬂ\;nce Dose (RfD) 1s depended on the asstletion that thresholds of
certain toxic effects. RfD is showed in ?of mg/kg-day and derives for the

It n estimate
ﬁ ﬁ %wn in glit} ﬁ s) that is
I|ke skifofideleteridusie d ime. It can

be d ed from a NOAEL LOAEL or benchmark dose, with uncertainty factors
generally applied to reflect limitaffons of the data usBth So, the estimate VAl of

ARIAIMIWUNRTINGTIREY

Experimental Doses

NOAEL (No observed adverse effect levels) where US EPA defines as the
highest exposure level at which there are no biologically significant increases in the
frequency or severity of adverse effect between the exposed population and its

body weight and decr ]
altered clinical chemistry and
sensitive to chronic oraligse
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appropriate control; some effects may be produced at this level, but they are not
considered adverse or precursors of adverse effects
NOAEL.: 0.03 mg/kg/day

LOAEL (Lowest obserye@ gfeffect Ievels) where US EPA the lowest
exposure level at which th 2 Di |f|cant increases in frequency or

severity of adverse eff t|on and its appropriate control

group.
LOAEL: W . &%
_ 7 1 N

Uncertainty and

The U
for cholinesterase
The factors ar

e of human sensitivity
rom experimental data.

1. Variati ility=ambr ‘ %ef the human population
\

(i.e., inter-indiy

2. Uncertai ' \ \\ umans (i.e., interspecies
uncertainty) 3

3. Uncertaint -“‘-\- in a study with less-than-
lifetime exposure (i€ apola W" 'J.; L hron \1 CRlilonic exposure)

4. Uncertainty } olating fron QAELL Rather than from a NOAEL

5. Uncertainty : ated with extre | whén the database is incomplete.

‘ IeLT. ¥
223 Exposure Assessment{(EPA; 1892

EXPOSUrEASSESSTIEAmSmamPEOCESSml 0l LR O eﬂjsmn of humans,
animals or c‘- (.’hJatlon is a tool to
measure the exposure. 15 R, and sented frequency in
environment (Robson et.al., 2007). Exposure assessmen the determination

(qualltatlve and g@antitative) of the magnitude, frequency, and duration of
rga major
ﬁﬁ:sse Tﬂpﬁﬂse egti Hﬁ[ﬁ;ﬁ copceptual
oMe OR¥sel@ct l8at ailable

data

exposure characterization (US EPA, 2005).
Human body has a hypothétical outer boundadfe8eparating inside and @ufside

ARSI AT N Ea R Y

of the chemical with outer boundary. “Exposure Assessment” is the evaluation of the
contact. It concentrated on the intensity, frequency, and duration of contact, and often
evaluates the rates at which the chemicai crosses the boundary (chemicai intake or
uptake rates), the route by which it crosses the boundary (exposure route; e.g., dermal,
oral, or respiratory), and the resulting amount of the chemical that actually crosses the
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boundary (a dose) and the amount absorbed (internal dose). In risk assessment,
exposure assessment is a part that uses a dose-response relationship.
The chemical enter the body by two steps; contact (means exposure) and

followed by cross the boundary. Duyejytq, crossing the boundary step, there are two
- sythat the chemical moves through an

chemical cross from outside to

}Orbs through the skin or other
._ﬁ

Dermal
Route:

Expesure

Chemical L Effect

-
Figure 2.1Jis Derma exposureﬂjihe definition of each

component desctibe below:

Eﬁﬂwﬁmw&fwmma

Appli? dose is the amount of a (iremical at the skinghat available for ab ion.

QRSN TINANTIVIETe

Potential dose is the amount of the chemical applied to the skin or the amount of
chemical in the medium applied to skin.
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Internal Dose is the amount of absorbed chemical and interacts with biologically
significant receptors. After absorbed, the chemical can go through metabolism,
storage, excretion, or transport within the body.

handling, mixing, apr Wities. Occupational postapplication
exposure can oceur for gkl | i ting, irrigation and harvesting
' cur following treatment of

reasonably expecte L 3 I ds likely tog@pproximate the worst-case
scenario and estimates Exp re combination more than one
pathway also represen ] R is to estimate a conservative
exposure case that is still withi ‘.:: e-range-0Fpessible exposures. The RME excess risk
estrmates are representatl ﬁ;? J- ~¢ e exposure assumptions (Urban et

., 2009). The is thg~arithmetic average of
concentratl 1. Jtis-contacted over the exposure period.-Howe\er, this concentration
does not ind-k e gma}:ted at any one time.
It is a reasonablel es 0 be=contacted over time. In
most situationsﬁung term contact wi e maximum conceEation IS not assumed as

reasonable. The un rtalnty associated with any estimate of exposure concentration,

the u er confi e |t (s ch as e 95 ent upper ¢ nfrdence limit) on the
arlt ﬂ é;] iability in
me u Ied uc fewll samplesyy the upper

confr ce I|m|t on the average concentratron will be high, and possibly could be
above the maximum detected or mdeled value. In theggigases, the maximum d@fgtted

RS AN qE

in these situations, this approach is regarde as reas le. For some sites, where a
screening level analysis is regarded as sufficient to characterize potential exposures,
calculation of the upper confidence limit on the arithmetic average is not required. In
these cases, the maximum detected or modeled concentration should be used as the
exposure concentration (US EPA, 1989; Siriwong, 2009a)
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Average Daily Dose (ADD) Calculation

The average daily dose (ADD) is used for exposure to chemicals with non-
carcinogenic non-chronic effects expressed as a daily dose on a per-unit-body-weight
basis. ADD is a measurement that ugeg t@ estimate the exposure of non-carcinogenic

contact with chemicals i

estimated by the equatiogiel

eq.1

B non CI Dgenic effects

Application of Body Surface/Afea-Data: ge.and Arms) (EPA, 1997)
A
cliby

estimate the,
.
a ﬁarea 0

arms, mean St
Table2.3 Default \‘lwf surface area (m?) r”nmended by US EPA

I @t be considered to

Je to both hands and
v urface area exposed.
ano wom‘I Ia shows below:

The mean surf

Q)

Source: EPA, 1997

QRREBERURIIRY AR

q written below:

SA = agH*W* eq.2
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where:
SA = surface area in square meters;
H = height in centimeters; and
W = weight in kg.

o, a1, a2 = constant valu

2.2.4 Risk Characten \
N
Risk Characterfstre Mant processthateembines the result of analysis
of effects and e . ..-.-,‘ pd level of risk to human
health, other life, or_the*Cnyifoprpent. (Robsor ‘et:al %200 The risk characterization
also brings togetHer thegséSses Az A eS| and exposure to make
risk estimates for i€ exybsure alysis that follows the
summary is geferal fore /e mical [Y™will identify exposure
scenarios of interggt” in geciSigh “making” Andypreseht riskyanalyses associated with
them. (US EPA##005 N N
Risk Charagl€rizatio sment, summarizes both
qualitative and quéntitafive i tOsommunicate the findings
of risk assessment togihe @SKiMANAGEr B iglon 'wakes (Muller et al., 2005). The
Chlorpyrifos is nong#arcigogen "’-‘T“: Ng criterion, ht is used in non-carcinogen
risk characterization, is gfereng@éos .fi;' idividudl Risk is a comparison between
exposure and RfD. It ifidicates:tire degree suref greater or less than RfD. The
degree is called Hazard Quotient(=)-(Stemmart, 2006; Jaipieam, 2008).

(e

Where:

—l.
ExposurT t from source(mg/kg-d)
RfD = L | ference dose or other non-carcinogenic e ure limit

AUINENINYINS
QRIAINIUNRINIAY
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2.3 Related Article

Aponzo et al. (2002) designed to assess the internal dose experienced and the
risk for nineteen farmers exposed parent compound, chlorpyrifos using

measurement of urinary levalss .' { ichloro-2-pyridinol(TCP), the major
metabolite of chlorpyrifgs, OV I re was used to record personal
oSN N

application informatio ))gf creatinine and was equivalent

to an internal dose O reo 2 els were correlated with the

amount of activW' ition of the tanks and self-
protection. Calculaiee#eer

/cm?on exposed skin.
Brenne y j organopho

hospitals in Israe

sphate,actte poisoning by survey in

tespitals were participated
’ and 33"women. The age range
"‘w; cause of intoxication of
and s H“ i 20.6% of exposures.
Household insecticj %1 ural .pest }' W ~-“\‘-- cause of intoxication in

64% and 36% n [ Importa ‘\ ftoxIedtion was oral, inhalation

! farmyilgrkers in 24 communities and
labor camps in eastefn \W@shifgton «St: xamed the association between
agricultural crop and OP pest netal topcentrations in urine samples of adult
farmworkers and their ., OP idues in house and vehicle dust
samples. .fo hﬂ?ignificantly higher
concentratiops*ofdimet A pestCide metabo eSS REICILme<ant] clevated azinphos-
methyl con _ KBlis#vho did not work in
these crops. Adm urinad lcan;'ﬁrrelations with both the
vehicle and use-dust azinphos-methyl concentratio and child urinary
concentrations wergecorrelated significantly WWdult urinary concentrations and with

ELLNETaNEON.,....

the
pesticigles (OPPs) and evaluated the gssociated health risks to vegetable growers living

in the Bang-Rieng agricultural cOmmunity. Air sa were collected b in
nal rBen placedyi eta
athipgizope. pl e t ri othiwean ns. e

organophosphate pesticides, that is, chlorpyrifos, dicrotofos, and profenofos, were
analyzed from 33 vegetable growers and 17 reference subjects. Results showed that
median concentrations of OPPs In air in farm areas were in the range of 0.022-0.056
mg/m* and air in nonfarm areas in the range of <0.0016-<0.005 mg/m®. The
concentration of the three pesticides in the vegetable growers was significantly higher
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than that of the references during both seasons. The results also indicate that the
vegetable growers may be at risk for acute adverse effects via the inhalation of
chlorpyrifos and dicrotofos during pesticide application, mixing, loading, and

spraying.

Kishi et al. (1995),st N | e een pesticide exposure and signs
and symptoms of toxiciggas a he study concentrated on acute
illness and signs of PeweRing=by bty t|me or within a few hours
after spraying DGW and pesticide handling, dermal
exposure, and th al . dy un iy [ gits and symptoms occurred

significantly more aying TgEiaonspraying seasons. The
number of spr I a\LIsE 78 esticides, and skin and
clothes being we i S0 ‘ ighiffeantly and independently
associated wit and symptoms. e, the neurobehavioral
signs and sympto I

. galth risk and cholinesterase
levels due to chl i ' rsn PRatthalung Province. There

was 31 study subject i amples were collected in the
breathing zone of i farm p Sir r satlle pI8r tubes, containing a glass
fiber filter and two | C prbent W The accuracy, precision and
detection limit of this alsor Blootl samples were collected and
questionnaires were also ad r“.n...:- d=BYSIRLcviewers. The average occupational
chlorpyifos exposure ames ""'E;ff . Afarmers’ 2.+ 0.092 mg/m3. Thirty subjects
(96.8%) hajae pyr oss fhan the TLV-TWA of

0.1 mg/m3 ‘fecommended.by-the- American.Conference.of g @pvernmental Industrial
Hygienists (A2G 5 afid<symptoms, sweating
(80.7%), chestT‘ htness and b rred vision (35.5%). A
high correlatio oeff|CIent was found between chlorpyrlf xposure and levels of

cholinesterase |n r=0.872; p=0.01). T stimated daily intake of chlorpyrifos
t accep

w0 ﬁffsm |

ambert et al. (2005) studle on children of migrant farmworkers. They are at

mcreased risk of exposure to org 0 hosphate pestvﬁs because of "carr
ial (
in argfof ag

lndlcators in this study. Dlmethylthlophosphate (DMTP) the most commonly detected
metabolite, was significantly higher in urine samples from children in each of the three
agricuiturai communities reiative to a reference group of chiidren who iived in an
urban community and whose parents did not work in agriculture. The observed
variability in urinary DAP levels, between communities and over time, could be
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attributed to the types and amounts of organophosphate pesticides used, the timing of
applications and degradation of residues in the environment, work operations and
hygiene practices.

Lee et al. (2007) stud . rifos exposure was associated with
mortality in lowa and North,@ 18 i ong 55,071 pesticide applicators
by using exposure datasgp i i tained from self-administered
questionnaires. Pois z& to evaluate the exposure—

response relatio:@ﬁhlorp rifos s of death after adjustment
for potential confaum o relative of death from all causes
combined among_appht ' pslightly lower than that for
non-exposed a ere was no evidence of

an exposure—resp. reflect a link between
s that deserves further

Glties (Chlorpyrifos and/or

Methamidophos)fesi , __;__f isteGe fArma in 12 communities of

Nicaragua. Twenty-ej ArMers W participa "‘ in this study. The operation
i ‘ * r bticide. A concentration of
pesticide was collected hand Wip Ding s ‘with'§auze (3 gauzes in each hand).
Duration of applicatiofls wa sr”' )1 median 65 min). This study found
that the total hand residues 1[1+1358.54) pg/observation period. The
highest correlation was_la fr-"i? idue anc g volume (r 0.43, p 0.02). Total
hand residue wa b 0.04), spraying nozzle
forward (r 0% affd insecticide type (r
0.31,p 0.10

ﬂumvmmwmm
QW’]Mﬂ‘iﬂJﬁJﬁﬂﬂmﬂﬂ



CHAPTER Il
RESEARCH METHODOLOGY

3.1 Study Design , \“’//
This study was “apg \ y Th iew Committee for Research

ubjew _ ggz Group, Chulalongkorn

University, Thailan_ wit - ified ode tmberNo..013/2010. AII part|C|pants in

contact directly wi i o )\ 0dsuadsub-district, Muang district,
Ubon Ratchatha : samples Weérecollectéd™from December 200 to

All of partici i Uy W illi ing farmers in Hua-rua sub-
district, Muang distri IS research was concentrated
on farmers who use Chlo_r S Pt pirol pest in chilli farm. Pre-survey
and observation at pesticide-seHifg-store | udy found that Chlorpyrifos
was a We”k Jeover most chilli-
growing far e by using personal
protection e i mixing and loading
pesticide is aroq”l the far r kI'[Ch Some of them also lack
of knowledge sing, mixing, or loading pesticides. Thu his study measured the
concentratlon of Cﬁo‘m‘os that can be absor into farmers’ body by dermal route.

Th
~growi ticipate in
this e samp were” collected fronT after ying pes icide iImmediately.

Hand pe method was applied foriample collection. BAth hands of each subjeﬁ)\/ere

qWﬁﬁﬁfﬁWanmaa

Hua-rau subdistrict, Muang district, Ubon ratchathani Province was previously
selected to be a study area because this area is one of the biggest chilli-growing area in
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Thailand. Chilli-growing farmers in this area mainly grew a lot of ton of chilli in order
to support both in and out country consumers.
Chilli-growing farmers were selected randomly by drawing technique from a

group of chilli-growing farmers in thig agrea; however, they were persons who apply
Chlorpyrifos pesticide to the fi Cthy. Mgst of them was the owner of farm and
they mix and load volum %&(he field by themselves.

3.4 Data Collection % __’..../-;

——— .’_ ——

3.4.1 Questionnaine™
Thirty chilli=

this study, su
questionnaires. |

S

ta, was collected by
gjer role to interview chilli-

growing farmers. can well speak ocal |ang age and familiar with
the farmers in ord i ] \ ;

All of : to 3 parts; General
information, Perso g ata ' field and pesticide using
data (adopt fro . _f ¢ ents v'\\-i' part shows below. More

information is in Ap i , %) \
General information
1. Gender

2. Body weight (kg)
3. Age (years)

4. Height (@ri i

PPE data ‘

e

1. Gloves Om
2. Frequency -' ashing or cleaning gloves

WANENTNYINT

3. Spray mix(Chlorpyrifos ml per L‘yvater)
Y= Q/

AR IUUNINYIA

3.4.2 Wipe Sample

Two moistened Gauze with 40% isopropanal was used to wipe pesticide on
each hand of each farmer. Both hands were collected. Samples of each farmer were
transferred to zip-lock bag and frozen until analysis step. After that, all of samples
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were kept in dry ice and sent to laboratory to analyze concentration of Chlorpyrifos by
Gas Chromatography analysis.

The QUECh Rs rHethag J for analysis of pesticide
' ds for quick, easy, cheap,

effective, ruggew inple, sfast~andsinexpensive method for the
determination of pestigié® \na \:‘*--., 003). It entails extracting the
pesticide residugs#fom 3 \\‘1\ Mith,aCBte@hitrile. Water is removed

from the extrct b ti e%dhd magnesium sulfate and
subsequent cle ' g Phase exigaction (SPE) sorbent.
QUEChERs metho anadiana Js ™ . ent regulatory agencies
(Schenck, 2004 .

ore ‘v,h-f"-\ box at 4°C until the GC-
samp \ %"1 thighresearch developed from
QUEChERSs me od : ‘l”\. chart (Figure 3.1). First, the
gauze pad was weif dm dpproxim JElY 1htolg 50N centrifuge tube, which 5g
NaCl, 10mL Acet 0SO,afid 10 mL De-ionize water were
added. Then, the tu Erifuged miflites at 3,500 U/min, 5°C. A
supernatant was taken 5 m[C gVaporal the volume was less than 0.2 mL.
After that, Acetonitrile P __.«z e \Wa adjust volume to 1 mL, and 0.5¢g
MgSO, and 8489 P y-Second: addedThe tube was shaken
by vortex mix-machine for 1 min. Then, the supernatar @swe through Spring

filter Nylont £ ally ghromatography with
Flame PhotomelFi 4
I ﬂ_],

ﬂummmwmn‘:
ammn‘smum'mmaﬂ
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[0mL Acatlnitrile(HPLC.Grade
20 mLyDe-ionize-watg

e
_'._7 L —
[,

QRIREAIRURIINLIA
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3.5.2 Gas Chromatography (GC) Analysis

In this study, an Agilent 6890N GC with Flame Photometric Detector was use
to analyze concentration of wipe sampples. The capillary column, which uses to

86% methyl polysiloxane (J&W
g&mple quantification. A 2 pL of
tlal temperature of injection

Scientific). External staq
sample was injected "

was 200°C. Th ATt SCOr 0 min, the programmed to
increase at 12°C east 0 210°C, held for 7 min.
It increased to 225° R pperature was 275°C which
increased at 35°€Tmi . ‘x": \ Uj g Was 24 min. The helium gas

was used as a carri

NEre 80,0 m length, 0.25 mm i.d.,
0.25 pm film t A calidratiol ach ext@inal mixed standard. In

T,ﬂ ove 3 '.'-‘_ o\ Mhe average precision of the
matrices was 6.7%: tan geyaation (RSO). it of detection (LOD) and
limit of quantification ( lculs om MiXed external standard which are
responded from 3 an ‘ the .signa reSpectively. The average LOD in
this study was 0.050 ng/mL. _ & was 0.100 ng/mL. The Method limit
detection (MDL) was detepm "-_ d ac approximate (i.e. n-1 degree of
freedom) onesgided ent’s by gthe standard deviation
(SD) whichg from the replicate analyses of spiked-matrices.MDL in this study was
30.95 ppb. Akl ﬂtﬁed Methods Program
(1993) recommiejje : -

i

il
3.6 Data Analy5|s‘ =N

AUYINUNINYINT

ata was analyzed by using SPSS for Window.
Mean median and percentgfie, was descrlbed& general mformatlo

| WAHNF-SUR AT Y

3.6.2 Average Daily Dose(ADD) Calculation

ADD is a measurement that uses to estimate the exposure of non-carcinogenic
effects. ADD is calculated by the route-specific mathematical algorithms that based on
the equation below.


http://en.wikipedia.org/wiki/Relative_standard_deviation
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ADD (mg/kg-day) = DAevent x EV X ED x EF x SA
BW x AT

= Wi

DAevent = se pe eve
EV e ency event:
ED
EF
SA
BW

Where:

H ) eXPHEsS ”'"" isk €8 itk this condition. The non-
cale fated by the rela

Hazard Qflotie --1’:a£*—-

chemical exposaretevel;

Exposure
reference "’!', g/kgldi

RfD

Where:@ s 1 ArusTes i
A

108 YR

or to participation in this st‘Qy

carcinogenic effects g

g

Inv
Uni
form

Vi ittee Research
i G ”ﬁ Chdllalongkorn
I icipants sig a consent

QW’]Mﬂ?ﬂJﬁmeEI'mEJ
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CHAPTER IV
RESULTS

4.1 General Information \’f

nd 9 women) who get involved

in this study. All of_II| grgwin reswfio lived in the area of study.
Both male and leew faced ! earcher. The questionnaires
included both genes oL ;ﬁl ht, weight and pesticide

using data, such as Q=L water) and average times

The pr i and woma “-_, in ed in this study were
74.2% and 25.7% ‘result ‘.&_; x agexef male and female in the
study was in t - 50" Vear: ar "-.:- Mweighl was 51-60 kilograms.
i i -11 o6 ( I4) years and 44.29 (+11.08)

nce be \'\, mamland women and average

9 Ce timeters, rank between 161

[
O

and 170 centimeterg® Thgfaverage eight®@f gnen 42 centimeters and women
were 155.22 centime Abodit 80% of | ipantS @id not use glove as protective
equipment during spr bf chMli-growing farmers, who used
gloves during farm period, d L gloves again. The result showed that
most of them had neve f":;:?; d their glow hicluded farmers who did not use
glove during farm S S ge £79.4%). In this study,
most  chilli-grOWiRG=fatMELS (050 iXE Oy EaS ) ~AN appropriate tank
condition; heweve pasthe tank. The farmers
mixed Chlorpy bs with re ated praduct) 21-30 ml per 20L
of water. The average volume was 30.49 mL. Chllll grawing farmers (85.7% of

part|C|pants) sprayad sticide once per wee ile some of them sprayed pesticide

i oximately
Wﬁpra H%H%t H&&l\iﬁ%uraﬂon of
a wa rm in this
area

grow either longer (about months) or shorter (about 3 months) because the
crop is depended on a kind of chilli} uch as red, green#@Mblack chilli.

’1 ikl b e EREE
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TABLE 4.1 General information of chilli-growing farmers Hua-rau sub-district,
Muang district, Ubon Ratchathani province, Thailand

General Information Chilli-growing Farmers Total
' Female

% N %

Gender 25.7 35 100
Age (years)

<30 - 4 11.4
31-40 5.7 7 20.0
41 -50 14.3 15 42.9
51 -60 5.7 7 20.0
>61 - 2 5.7

Body Weight (kil '

<50 11.4 11 314
51-60 11.4 13 37.7
61-70 2.9 7 20.0
>71 - 4 11.4
Height (censiﬂeters

<150 5 14.3
151 - 160 % . 13 37.1
161-170 £) NG 16 45.7

——

> 171 J||.|J il - 1 29

FAUTINYNINGINT =

mif;mmmuﬁﬁwiﬁm}

Once a month - - - . - -
Never 19 55.9 8 23.5 27 79.4
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General Information Chilli-growing Farmers Total
Male Female
N % N % N %

Formulated product

e W s

31-40 3 8.6
>41

Tank Conditi

Good 23 65.7
Average 12 34.3
Leaking - -
Frequency of

Spraying

For a week

One time / two week 4 114
One time / week 30 85.7
Two time / vye)ek 1 2.9
For a year k

3 months / y@a#L £, 3 8.6
4 months / yea’rjﬂ - m' - -
5 months / yea 22 62.9 7 20.0 29 82.8
6 months / year ‘ﬂ s ﬁ 2 5.7 3 8.6

“AugINeNIneInT
RIAN TN INY 1Y



29

4.2 Personal Monitoring (Hand Wiping Samples)

In the area of study, Hua-rau sub-district, Muang district, Ubon Ratchathani
province, Thailand, chilli-growing s usually did not wear personal protective
equipment, especially gloves. dMiXing If ing and spraying pesticide on the farm

igel 4Wiping samples in this study was
- /\/ rs’ both hands were wiped and
. samp g&

became an important factQi.
it in dry ice and sent to a

tration.

Chlop

re collected in the field
aphy equipment were

Suththis analysis was 18 — 19

a imum of chlopyrifos
Vel ues shown in table4.4. The
iNi-gtewiNghfarmers’ hands is 6.95
(x18.24) mg/kg. . ~1‘L.,1n""-,_; of chlorpyrifos
concentration wi j | 98. / pektively. Whe reasonable maximum
exposure (RME) at 9 f as €S : }* prote tion and prevention of high
dermal exposure fa " fference | & (28" 50" and 75™) were also

min approxi
concentrations (

icentration on chilli-growing farmers’

hands (mg/kg) in Hua- :'fr ict, Ubon Ratchathani province,

Thailand Q

[ 95t Max

Chlorpyrifos LI| !
(mg/kg) '

47 M.BZ 55.57  98.59

AUBIRERI WS
ARIAINTU NN Y

I 3¢ 35 40 mir

F—————>p5545- Pmafenofos

w
s
=3
.
o
o
=]
no |
G
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Figure 4.2 Chlorpyrifos concentration (mg/kg) by chilli-growing farmer in Hua-rua
sub-district, Muang district, Ubon Ratchathani province, Thailand

120 \\‘ ///110 '_i.ui‘o-C‘oncentlanon(mcl\c)
98.59
100 | \

80 | ;—;'ﬂ

a0

40 -

Figure 4.3 The & ; chilli-growing farmers in
Hua-rua sub-district #Mua ": Ratcf atl i PE@yince, Thailand
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4.3 Hand Surface Area

Due to Average daily dose calculation in Exposure Assessment step, hand
surface area is one factor in the ADR aquation (eg.1 in the chapter I1). Hand Surface

area of subjective in this stm\ Z)}he following equation.

0

__

Where: -
SA

H

w

do, a1, a2

The ap, a; @gNd a : ation are be g ‘an, thegllS EPA’s defaults values

b

which are show#in thgftae i SOIRD. 4T T 9
Hand surfage’ argé ¢ jective 6 Utly, Sihclude average height and
average weight, yi€re siowilfin Table!'45: \ \
. [ ! . W 4!
X YA\

TABLE 4.3 Averagfhar

surfage'area
district, Muang district, :

lli-gro "'\1 mers in Hua-rua sub-
pce, Thailand

Sex Average a a Hand

height (c surface
[ area (m?
Male 16342 5827  0.0257 0573 : 218 0.088
(n=26) & oh -
Female 155122 .412T 0.0274 0.075
(n=9) 'U'

Qs

‘le‘v i f ; thi tion were
AUEIRENEREANT
1632 and” 55722  centimeters. a ights weré 59727 kg fo n and 51.00 kg
for w

en. After calculation, the rﬁults showed that the average hand surface area of

AR TA
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4.4 Exposure Estimation

4.4.1 Dermal (hands) Contact Exposure

Where
ADD - . ‘ (mg/k
Cs = ion of Pesticiai (mg/kg)
SA - AWK

DAevent
EV
ED
EF
BW
AT

Adopt from: US EPA 00 74 Fatadant:

- 3 Lgwr = "3
The values of eachs f, ;n,r;@z'

AUEAINENINEINT
RN TUNRINYINY



TABLE 4.4 Value of each factors in ADD equation for both m
Ratchathani province

a&“w?y}:ulanon in Hua-rua sub-district, Muang district, Ubon

Cs(mean) Cs (95" SA? S - EF BW AT
percentile) / =
(mg/Kg)  (mg/Kg) (cm?) / (days/year) (kg) (days)
Male 6.95 55.57 8.8 x 10° #M56 19.54 58.19 16,198.70
Female 6.95 55.57 7.5 x 10? 18.89 51.00 16,060.00
Male & 6.95 55.57 8.2 x 10? 19.22 54.60 16,129.35
Female

4 SA values from direct calculation (table 4.5)
® DAevent value from Griffin et. al.,1999

ﬂ'UEl’JﬂEIVIiWEI'Iﬂﬁ
QW']Mﬂ‘iﬂJNW]’mEJ’]ﬂEJ
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The average daily dose (ADD) of Chlorpyrifos dermal (both hands) contact for
female and male were estimated separately (showed in table 4.7). The ADD at 95"
percentile was calculated in order to protect chilli-growing farmers who expose higher
dose than others. The concentration hlorpyrifos, which the farmers expose, are
higher range between minimunmant table 4.4)

Male
ADDpean = 6.95 ma/kg x 102.kg 456 10" /h IP8Ryvears x 19.54 days/year x 8.8 x 10° cm?
- 3 19 4.38ve oar g
=2.57 x 10° malk
ADDgsy, = 54 days/year x 8.8 x 10? cm?
Female \
ADDpean = 6. 8.89 days/year x 7.5 x 10* cm?
= 2.41 x 10° mg/kg-da |
y (A .,
ADDgs, = 55.57 mag/kg x 10¥ kg/mg'xX*45 x 44.00 years x 18.89 days/year x 7.5 x 10°.cm*

365 days/year
= 1.93 x 10® mg/kg-da

Male & Fe "!_--.r £

ADDpeen = 6.9 #22] days/year x 8.2 x 102 cm?

=
2.51x 10ﬁ' o/kg-day

i

ADDgst, 55.57 mg/kg x 10 kq/mq X 456 x 10° mg/cm?/h. x 1 h/day x 44.19 years x 19.22 days/year x 8.2 x 10> cm?

54.6 kg x 44. 19year X Wys/year

ﬂ 4.5 Average Eally dose 0 study populatlon ﬂua rua sub-district, Muang

dlstrlc Ubon Ratchathani provmcw

ADD gt o5th percentile 2.05x 10 1.93x 108 2.00 x 10

From table 4.7, men’s average daily dose (ADD) in this area was 2.57 x 107
mg/kg/day which is higher than women ADD (2.41 x 10 mg/kg/day) (figure 4.3).
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However, the ADD for all participants in this study was 2.51 x 10”° mg/kg/day. The
reasonable maximum exposure (RME) at 95 percentile also estimated in this
calculation. ADD for men and women were 2.05 x 10® and 1.93 x 10, respectively.
The results also showed that men ingth |s area also expose to Chlorpyrifos more than
women (figure 4.4). The A hem at RME level was 2.00 x 10°®

mg/kg/day.
Figure 4.4 Average dﬁg/kg /day) agé@ " percentile level by
chilli-growing far ssub-district 1 ct, Ubon Ratchathani

province, Thaila

4.5 Non-Carci o ."'
if il

Hazard quotignt (HQ) in this study was calculated by the following equation

Wmch Comme”d rS EPAé:ﬁ{I 5 uﬂ;]; n 5

Where
HQ >1 adverse non-carcinogenic effect concern
HQ <1 acceptable level (no concern)

In this study, ADDs in previous step were used in term of “exposure”.
Chlorpyrifos dermal RfD equals to 0.0015 mg/kg/day (Jaipieam, 2008). Hazard
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Quotients of the study population were calculated and showed in table 4.8. HQ at
Reasonable maximum exposure (RME) 95" percentile was estimated in order to cover
all chilli-growing farmer population.

TABLE 4.6 Hazard Quotient (HQ, Jbapulation
HQ : \YE ;; emale Male & Female
HQmean B 107 1.67 x 10°

x 107

HQosth percentile (29X 107 1.33x 107

*Dermal RfD vale@ffom Jai

Hazard Quotieg . H snfor male and 1.61 x 107 for
women. HQ has g#®uni yosure, tely |, “RiD%have the same unit and
they are divided. Fqp HC vas x 10°°. However, the
results of HQ shoyed ili ; IS\ MVtDi “aea were not getting from

dermal exposus€thr i becauseiH( eSywerBllower than 1, which is
an acceptable level Lo

The RM Rercen ,,J;i’f { \ e MO (Male = 1.37 x 107,
Female = 1.29 x 107 ale ’:ff..m- e K BQ at RME level was higher
that mean level (fi ). hﬁ:,;,_' LD valuastalsOlower than acceptable level
(equal to 1). It indicatellf that €htHt=grow: mersyll this area of study did not get
risk from dermal ‘_..‘__,..-H.;,- A i pyrifos, although we considered at
RME level. However, ther is Majol gxposure which the farmers might be

getting risk t_hat is inha

A

y it by chilli-growing
farmer in H athami*brovince, Thailand

M m

l
ﬂummlmwmm
ammn‘mummmaﬂ

Figure 4. 5 - 4 T - e I 1 B o Vo e e Y



CHAPTER V

DISCUSSIONS
5.1 Questionnaire Inforr% ’////
Chilli- growm ua r ' rc , Muang district, Ubon
Ratchathani prov:w . s study had average age 44
years old and th / arssalfl- The average age of rice

farmers in Thailand
and the averag
range of age, be

ars (Kongtip et al., 2009)
*Fhailand also in the same
gt al., 2009). The results
_ niddle age group. The
majority of chilli- i alelasisam ‘\ farmers (Kongtip et
al.,2009; Jaipi ) mer olice H’\ triofited 1% of the overall
application of pesti .*_ 002). -g¥OWving farmers mixed loaded
and sprayed chlog@yri 2lves. i (2082) also reported that 4%
of pesticide applicat i 26% personally mixed the
pesticide less than ed pesticides.

Most chilli- -growing J-", B[S ea Us@d good tank condition, hand
spraying, which obse ) gh the tank condition was good, but
it had a little spill and leak fromethe=contaifEEs: 1 he use of hand spraying was the most

common crop pesticide .3 --1.-3 -u ﬁ gl Bmeci et al., 2002). Aponso et al.

(2002) showéd th ' i g‘ép ay tanks and they
exposed c..----‘='1-—=—-7"=—m'—‘ personal protective

equipment; contact to pesticide
through their h ere r er/chemlcally resistant
gloves (Doseme et al.,2002). As well as, Blanco et al (20 ) found that none of the

workers wore gIo ,_work practices such ag b|0ck|ng a Ieakage with bare hands,

rep e o 5 e amlnatlon
of ﬁ use % % ex sure levels
(St trated that

|nd|v al equment was variety use. Gloves were mostly worn followed by a

spraying suit and breathing protecti®n. The half-day shifworked by the large filalrity
% ﬁ

SANDNINANIINUIRE

2002). The concentration of the pesticide in the spray mixture, physical and chemical
properties of the pesticide such as evaporation and skin penetration, and the time of
residence of the pesticide from its deposition to the moment of sampiing may piay a
role (Arago'n et al., 2006). Farmers are also exposed to pesticides while mixing,
loading pesticide as well as while cleaning the equipment and disposing of empty
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containers. Other activities associated with exposure are sowing pesticide-preserved
seeds, weeding and harvesting previously sprayed crops (Slhzdn, 2001). The
applicator observed not to wear gloves during both the application and mixing
operations, had the highest estimated,exp@sure. Ninety percent of his exposure was on
his hands (Karr et al., 1992). |

5.2 Personal MonitoriggH

A hand ano‘analysirprueeﬁ was developed for the
measurement of ' 1995). The 31 wiping
samples were colleg iIIi-growing farmers were
individually wi due “'w - Chlorpyrifos on chilli-
growing farmers’ Cu al. (2005) studied on the

Chlorpyrifos e : fa Brs and non-farmers, it

found that the co : s’ Detwe ‘:\ 1N 9 0 g/cmz. In chilli-growing
farmers study degfange o r. 0 \l 98,50 mg/kg) greater than
previous study of Jeipigam (Mg Eb Joied N0 "~. e fable growers in Southern
Thailand and fougl thaf regidue -,*'YEF‘:'&’T' rifos 0 ‘= 1d N\ as 0.070 mg/both hands.

Karr et al. (1992) | ' Si> \ h organophosphate pesticide
applicators. He foun#l thalfthe o%, L derm x ure for ranged from 19 to
1235 pg. Another study sugeeésted p chlefpyrifos surface concentrations
varied across the body#Surfage.s ,.f,‘ as. weeRl 0.5 ng/cm? and 143.0 ng/cm?

(Jagt et al., 2004). Another ma ..'_..........- e to Chlorpyrifos was studies by many
researchers. The average, ....r"' ‘1?:1'4- 1 ﬁ" psures of rice farmers were 0.062

+ 0.092 mg'm’ )22 to ongjip, et al., 2009). The
chlorpyrifo ahalation —exposure —concentrations —did—not* .execed Recommended

Exposure Lib (i &a,l’ 2009).

-

—‘

About quallty constant, samples in this study ! Qﬁalyses by the standard
Iaboratory L|m|t idetectlon (LOD) in this study was 0.050 ng/mL. Curwm et al.

sample /c A I|m|t of
4l aa T
con e ra nskefliet Detection

Limi DL) was 30.95 ppb. The relatlve standard deviation and recovery of this
analysis was 6.7% and 93% res tlvely Accordinge the Scientific Ass@idition

o TSI IRl A TR

Peer Verified Methods Program, 1993).
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5.3 Hand Surface Area

Hand surface areas of population in this study were calculated directly by the
equation 1 which was recommended by US EPA (1997) (chapter Il). Male and female
hand surface areas were calculateg r e he study found that hand surface area
for male and female were 0.Q83%n & f espectively.

ation. of. hat Sgwas similar to the EPA default
values for both malezand® re some different of values

substituted in the equatian a height, thus the values of
area did not the samegthesdefalli-values

‘t—

Table5.1 Defaulie®alue A fdoe/areh \\\\ US EPA

Surface Area (mj ”’E.\\\\W Women
Arms (includes uppegfar \ 228 0.210
Hands 0.075
Sources: US EPA,199%

In this stlidy, Mothghand ?; farmers usedias &, pa of body where usually
contacted with pestigide j#iu e spaying an X 'P&riod. During pouring and
loading by hand, p€sticiges m ac : the®body parts of the sprayers
(Mekonnen et al., 2002) SkinFts-the-most g orfgdn while spraying the pesticide
on fields (Slhzdn, 2001). : K act with pesticides was on the hands
and face. About 30% of fa ﬂi’}:"jm g l" fitis, and more than two thirds had
plgmentatlo nd i ) 1996). The applicators of
organophosphate pesticide, the majority of obse elwds to either the head
or hands ( - cjntamlnated and the

eighting the size of

back had the™hig (
exposed body pafs accordi (Aregor]‘g‘hI , 2006) Stokes et al.
old sensitivity for the

(1995) found a™Significant increase in mean vibration thr
dominant and non«‘f)mnt hand suggests prsz organophosphate exposure among

pes pli functions.
uri ayftd r eleh |f nly ffound ongtlhe hands of

|cultural chlldren (Fenske et al. 2 02). The highest concentrations of
Chlorpyrlfos were found at the wrigffand hands (Jagt et 2004)

amommmumfmma 4

In this study, the average daily dose (ADD) of chilli-growing farmers via
dermal exposure in Hua-rau sub-district, Muang district, Ubon Ratchathani province
was 2.51 x 10 mg/kg/day. Jaipieam (2009) found that ADD of dermal exposure to
chlorpyrifos in vegetable growers in Thailand was 3.23 x 10™ mg/kg/day. Rigas et al.
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(2001) studied on children exposure to chlorpyrifos using urinary biomarker
measurements and found that the average dose of chlorpyrifos predicted by the model
was 1.61 mg/kg per event. Average background dose rate for these children that
reported exposure events was 0.0062 mgika/h, or 0.15 mg/kg/day. In the other study
showed the dermal absorgtia Jchi pyrifos was 3.61 x 10-4 nmol
chlorpyrifos/cm?/sec (Zartg at\a hed doses for the dermal exposure

route were 10 ng/kg/da & re to Pesticides by all relevant

pathways (Figueroa™etal ey exposures for chlorpyrifos
(inhalation, dietw ] MoTeay to 12,821.0 ng/day, with a
mean daily agg D 1,890,044 old, 2002). Albers et al.

(2007) found that i v ridinol, \\ lRysifos metabolite, excretion
among expose i yrifos exposure averaging
about 576 to 627 3 ificant relations between
dermal chlorp i TCF \ ! 1 fOrs of 10 investigated body
regions. Exposur: means of pacsiat theswrist, hands, and ankles

1 her'ADD than women. In

O
Thailand, most ; \.o @hfor earn income to their
family. Therefore, t eXpos A0ro-che i' in the field than women.
Krieger et al. Jthat) farthe Whoa y living in the spraying
insecticide area expos '-"j-ﬁ,----?fi g than¥nother. In contrast, the study
showed that male childfen r‘."'.:{‘tf ‘; er er than female children (Krieger et
al., 2001). - —
LR IN T
5.5 Non-Carcipog
o £)
The HaZal el\iog this study was not
greater than 1.07(HQ = easoniable maximum exposure
(RME) at 95" ercentile also showed the low HQ than acce[ﬁle level (male = 1.37 x

10, female = 1.29¢ > and male & female z 1.33 x 107). It is indicated that chilli-
grovd ISuilyt i t isk rnake r ough their both
han rﬁﬂf ex ﬁtﬁ% indic ﬁﬁﬁtﬁor children
experighci verseé heal ct¥frém "expasu hlofpyrif@s thfough both

nondi@ary and dietary sources is ipsignificant (Gibson et al., 1998). The study of

olfer exposure to chlorpyrifos vi@ dermal and incidlefital ingestion pathwa¥is®also
QRNAS R SRS
erm r cheniga ilarle to tijat @p chior is €S e
q be a great deal more hazardous. Therefore, choosing a pesticide that is less toxic can
reduce the hazards associated with pesticide exposure (Cisar et al., 2001).
On the other hand, exposure to chiorpyrifos via orai route was found that

hazard quotients were higher than acceptable level (HQ > 1). For example, Essumang
et al. (2008) found that the risk assessment showed cancer risk for adults and children
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due to the presence of endosulfan and chlopyrifos through oral route. The hazard index

for chlorpyrifos was greater than 1.0, which is a sign of contamination by chlorpyrifos.

Inhalation exposure was major possible route be assessed which should to

access risk for chilli-growing farmer this area. During the chlorpyrifos spray

- ai over a 28 day periods (Ramaprasad et

ute exposures to chlorpyrifos via

2005) Inhalation of indoor air

ed e aggregate exposure to the
ver nhold, 2002).

Risk ma : luating, selecting, and
implementing actiong#o r is human heal osystems. The overall
goal of risk ma i JUCe™er toyRreyentyri hich related to social,

cultural, ethic i in "o improve community's

4 1 fie result shows that chilli-
growing farmer i may[9en E )t 6hlorpYkifos exposure. However,
there are some evid showed. thatPnofu [ationtim, this area of study still had
some effect from il '. €9’ disab \ afd mortality. Therefore, the
other routes of expos ch-as inhal and 'Qfgl, should be consider as an
important routes. To halation and oral) is recommended
for the future study. Moreovg e s icide should be concerned.

As a risk managersii-ti :1_3 udy, At l.that personal care and personal
manner of '&, i re other factors that
were identiffeds nes (o affect dermai expos is highly probably
that the corrég us sure™han insufficient use of
gloves (Marqua[ t al., 2008 g‘p

Inhalatier® exposure is the main route of exposure esticide which should
have a great cor‘f Weinhold, 2002). i appropriated personal protective

004) also
mmwa ?’eﬂ 25
ideS*(Marin e poSuré to"PesticideS can b&reduced by
weari PPE(

NICO| et al., 2008) ?e preventlon |ncludes the knowledge of exposed

exposure control practlces may need to be negotlated through the cultural and practlce
norms of their community as well as the particular constraints of their own farming
operation (Nicol et al., 2008).
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Moreover, risk communication which is the process of informing people about
potential hazards to their person, property, or community should apply to the
community. The purpose of risk communication is to help residents of affected

decisions about how risk sk . communication tools are written,
verbal, or visual statenTegis i t risk. They should put a risks,
include advice abou ~reduct] oﬁ‘ rage a dialogue between the

sender and receive Tnessage. ]
where the partic, the pro
and able to solve what&Vveg€ommunicatio
risk manager shotild eg C 8ba
, inform the publigg@®outspecificrisks ind\ alleviate them, encourage
personal risk=feductigh gleaSufes, Jimprove _ of public values and
concerns, increasegifutugl tgfistfand eret ete 80 (Rgxauthorities and the public
and resolve conpfifcts affd cghtgbyer o5 (US AL 200 7¢

M

the participants are free
(US EPA, 2007b). The

atesthe publi , and risk management

AUINENINYINS
ARIAN TN INGIAE
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CHAPTER VI
CONCLUSIONS AND RECOMMRNDATIONS

6.1 Conclusions

residue through derna ‘
sub-district, Muang-distgi | iland. The results can be

concluded as followin
1. The paghs ale. Most of them were
men; their age was and height of participants
were in the ran ( entime
2. Most chi igh farmersinthe, arealo "study did not use gloves as
d W Y

ix cendition of their pesticide
e crop duration in this
o'sprayed Chlorpyifos once a

was 21-30 mL per

area was around a

3. Due to areas, ¢ plalio \ plue of hand areas in this

population were close t : ault values. Malg,anc female hand surface areas
of this population wergf@.08 :-E:j_f.,aﬁ‘ 5T pYAdirect calculation.

4. The Average daily*deseADDYFOEERIM-growing farmer in the area of study

9 N0 N\, A'E]'{ H 1 .
was equal t;) 2.51 x 10 Mg g/ ﬁ%ﬂ‘ pwing fagners average d..auly_ dose
(2.57 x 10~ mg/kg/de S higher than 0 T&kg/day). It indicated
that men may-expose to Chlorpyrifos more than women. <)
4" —
5. Hi rjater than 1.0 at both

e .Sﬁows that chilli-growing
to exposu@o Chlorpyrifos through
dermal (hands).

6. Risk maﬁ@nt step was suggest@tiso the area of study to concern other

rou X@o | i -| , C ended to
evalliate riskybgcalise gfierd¥ alie [Sothe BStudieglish hat fafmeér Goulell expose to

pestiq during spraying period.

tpibyti i ‘ -y >
WIANTER RN 0
assessime chillf-growing rs-in -rau stb-dfstriCt, g diStriCt,"U

Ratchathani province, Thailand. This is the prior study of dermal exposure assessment
which conducts in this area of study. Some of specific parameters of chilli-growing
farmers, such as duration of spraying period, tank condition and duration of a crop,
found in this study can be used to evaluate risk in other routes. Risk characterization
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was estimated to realize the situation in this area. Risk management and risk
communication should provide for this community. Moreover, in this research also
gave some suggestions of risk management to conduct for this area in the future.

district, Muang district, Ubon
this area are at risk, so

1 utes of exposure and other
1echiCiegisuch as Paraquot).

braying\iesticide period. The chilli-
ihwrahactiviiies, such as mixing and
Mcefiabout other activities.

4. Childre i people who susGeptifile iMthe area of study should

be included for fur tugly. "Théy-eanbe f. re ."\ yoSUlle group form pesticides and
\

agrochemicals.

AUINENINYINS
ARIAN TN INGIAE
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APPENDIX A
(Questionnaire: English version)

Chlorpyrlf“pryye Questionnaire

Part I: General Inf%

1. Name
2. Address
3. Gender

4. Body weight
5. Age
6. Height

TN
/ /]
L." ‘rf;r!
Part I1: Personal Pr, ec D :k.r,ﬁ
6.Gloves O USe ,' ﬁ’f‘ ,
O Use}

O Not Use;

7. Wash orieiwlo :
Part I11: Fisldar |
8. Area cultivatﬁ'ﬁl [ 'I.

t Dama
e

9. Chlorpyrlfos*u‘ged

. Wﬂ:ﬁﬁ@mmm

O Good
O Average ‘

RN IUNAINYIAY

times/day

times/week

times/month
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APPENDIX B
(Questionnaire: Thai version)
4 smuaaum R

Yoyanl

1. %0

2. Moy

3. WAl

4.9 mun

5.91¢

6.87UgA

Yoy 3a Personal Prote

6.049410

X4

7.M5FNA1NTD

9.4/51n ﬂa'e')"lmw@q‘vﬂ

11. iw%aﬂumsmwu %ﬂmm}mq
9 14. Tu 1 @oulimanany GEE

15. 1u 1 ddamiimsnanu GER

- /
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APPENDIX C

TABLE 1-C Default values of parameters for calculating Hand Surface Areas (m?)

Body Part S.E.
Head
Female 0.00578
Male 02
Trunk
Female 0.00567
Male 0.0118
Upper Extremities
emale 0.00833
Male 0.0101
Arms
Female 0.00996
Male 77
Upper Arms
m 0.0387
Forearms
Male 0.0207
Hands
Female - 00172
Male ; 0.0$187
Lower Extremities® 0.802 0.00633
egs 0.780 0.0130
Thighs 0739 0.0149
Lower legs 0.727 0.0149
Feet 0.651 0.0147
= ogA =a, WO HEY . | \
W = Weight inkilograms@id = - =nti 7 il JR%= Coefficient of determination;
SA = Surface Area; SE y
®  One observation for a fe Iy ¢ .
¢ Although two separate g@gre 3 Windieated by the 3 ¥ one for consistency with individual
components of lower extremitie e
Source: U.S. EPA, 1985,

Source : US EPA, 199

ﬂNEl’JVIEWIiWEI'Iﬂﬁ
QW’]ﬂ\‘lﬂiﬂiﬂJW}’m&I’]ﬂﬁl
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APPENDIX D

TABLE 1-D Chlorpyrifos concentrations on dermal contact (mg/ both hands) of
chilli-growing farmers in Hua-rau istrict, Muang district, Ubon Ratchathani
province, Thailand

22 2 97

ﬂuﬂqﬂﬂwﬁgﬂwnﬁ
R INTINGAY

*LOQ = 0.1
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APPENDIX E
THE CHROMATOGRAM OF CHLORPYRIFOS RESIDUES

150 pA ]
2500

‘
6 - Dichlorvos |

2000

1500 -

34.454 - Triazophos

1000

5004

4 F— 41.818 - Azinphos-ethyl

e
e ———— 38.339 - EPN

Bk 40.276 - Phosalone

ogfafn "; phosf pesticide'standard 2 uL using
80.0 nflengthl 0.25 Wi il Hiigkness)

i

Figure 1-E The Clfomgtc
02

!
prp os at exp. RT: 18.520
A!
wrelation: 0.99599
Residual Std. Dev.: 23.24385
a: y = mx
;- 3453.48887
s ntlz‘kq}

-t

I.
‘im 2-E The calibration @ufe of Chlorpyrifos

AUEINENINGINT
QRN IUNRIINYIAY
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APPENDIX F
QUALITY CONTROL

TABLE 1-F Limit of detectipg¥
detection limit (MDL) of Organg

Chlorpyrifos ﬂ’

Limit of Detectio OD)fan6

antitation (LOQ), and method
hlorpyrifos)

RSD Recovery
% %
6.7 93

The limit détecti@n DD).isthe o ration level that can be
determined to kgfStatigfica iffer pm a blak "-"'*- fidence). The LOD is
determined to be in jife rghic Wr ("? ¢ alio Is greater than 5. Limits
of detection are mg#ttri : od nalyze sp romatography, results in
peak with height at Mas f: \k tl 1 pas€' line noise level is the
detection limit. Themi S : '*;- ’po is | above which quantitative
results may be obtaingl with degree f confidence. The LOQ is
mathematically definegFas gquat 6710 {r- andafd deviation of the results for a

g 1imit of detection. It is the minimum
LOD and LOQ can be calculated

series of replicates used to det
injected amount that give ::;:

by the equatiﬁbe fe

I ‘
LOQ = 10 Signal (Equatlon 2)
Noise

he met od detectlon ]lmlt IS t!e minimum concentratlon of a suistance that

can be measured and reported Wltt'%% confldence the analyze concent

nﬂ
contalnlng analyze of interest at a concentration three to five times the estimated

MDL.

MDL = to,g5(n-1) x SD (Equation F3)
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Assessment of method precision

Relative Standard Deviation (RSD) or coefficient of variation (CV) used to
yles. The % RSD was calculated from the
| i

estimate the precision for multiple ysa
equation below. _ N //
%RS \T ’//;(ECIUation F4)
e e

The preci <dependS=ensdhe type of analysis. The
precision in environ e Sample matrix, the concentration
of analyte and ary ‘he #9204 and more than 20%

(Siriwong, 2006).

TABLE 2-F Analys# , _' 7ersus’ pre deviation, RSD)
recommended Y B AT N \

%Analyte alyteRatio %RSD
b e
100

0.0001 ﬂl M
0.00001 107 100 ppb 15

gl A aNITNYINS
RIAN TN INY 1Y
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Assessment of method accuracy

To access the method of accuracy is calculate by percent of recovery from
analysis of reference materials, or laQogatpry control samples. The percent recovery is
calculated by equation below. |

% Reco

Where; :

M = i argéetapnaly/te™ g-spiked sample
M, = " jonbfia the, unspiked sample
T, = arget a the spiked sample

TABLE 3-F Analyte gbvery-atd iffrent ‘ rat s by AOAC
i ;

%0Active

% Mean
Ingredient Recovery
100

R — \ J 98-102
10 ; L %-102
' - = -97-103

m -
L 95-105

0.1 _HI 107 0.1%
0.01 10 “ o pm 90-107
oooo1 10” ¢ 100 ppb 80-110

q W ooo;om ios 1ﬂ[p? = 6i 1I5 EJ



62

CURRICULUM VITAE

Name : Ms.Nutta Taneepanichskul
Date of Birth
Place of Birth 7
Educational Achievemen jef nvironmental Science)

v Bangkok, Thailand
bon Monoxide in

ﬂUEJ’JVIEIVIﬁWEI'Iﬂﬁ
ﬂW’]ﬂV‘IﬂiﬂJﬂm’]’mmﬂﬂ



	Cover (English)
	Cover (Thai)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Chapter I Introduction
	1.1 Background and Significance of the Problem
	1.2 Research  Question
	1.3 Hypothesis
	1.4 Purpose  of  the Study
	1.5 Benefit of the Study
	1.6 Brief Description of the Study Area
	1.7 Conceptual  Framework
	1.8 Operational  Definitions

	Chapter II Literature Review
	2.1 Chlorpyrifos
	2.2 Environmental Health  Risk Assessment
	2.3 Related  Article

	Chapter III  Research Methodology
	3.1 Study  Design
	3.2 Study Population
	3.3 Sampling Method
	3.4 Data  Collection
	3.5 Concentration  Analysis
	3.6 Data Analysis
	3.7 Ethic consideration

	Chapter IV  Results
	4.1 General  Information
	4.2 Personal Monitoring (Hand Wiping Samples)
	4.3 Hand  Surface Area
	4.4 Exposure Estimation
	4.5 Non- Carcinogenic Hazard Quotient

	Chapter V  Discussions
	5.1 Questionnaire Information
	5.2 Personal Monitoring (Hand Wiping Samples)
	5.3 Hand Surface Area
	5.4 Exposure Estimation
	5.5 Non-Carcinogenic Hazard Quotient(HQ)
	5.6 Human Health Risk Management

	Chapter VI  Conclusions and recommrndations
	6.1 Conclusions
	6.2 Contribution of this study

	References
	Appendix
	Vita



