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have been banned for decades. Neverthalass, they are shil bemg detectad i envirinmental
existence bl sdme POPs in farmer blosd and crops in Patl Regency, Indonesia, BI6od samples
mmm&imdmmﬂﬂe-molliﬁnd'lilll.hpladﬂﬁrmdﬂdrhwihﬂhw
s, eaddstitan m cocomber, andJDT i shalidts. Heptachior, aldrin, dieldrin. and DOT were
ntralion of 4 48, 3 79, £ 70, 4 81 ng.g . respectvely In conclusion, concentralion of ZPOPs in
mND16 123 9ng.g inbiood. InIndoness, very Ilie himan biomonidrmg data on 1oxic chermical
- main pathways of expsire of farmers 16 POPs were thro0gh conlaminated vegetable intake and

op residle, Farmer exposure, Agnciitinal prodict

pesticide residues of organochlorines-one of POPs group,
namely y-BHC (lindane). aldrin, dieldrin. heptachior. and
endosulfan were also present (Deptan 2007). Another study

West Java indicating the on gding (ise 0f seven POPSs:

ane. heptachldr, aldrin, endosiifan. DDT, dieldrin and
endrin, In the skin pads Osed by farmers while spraying
(MaGlidiniawali and Oginawati 2013). In addition 10 the
cilirent Gise 6f POPs, their presence may also be die 16 pasl
Use. bacalse of their long persistence.

POPs are easy accll nd1 dnly in the anvironment
bt alsd in body tissle and have been detected in hiiman
(Sibramaniam and S6loman 2006, Lee etal 2007. Herrero-
mercadd et al 2011, Wang et al 2013, Dewan et al 2013,
Elbashir et al 2015) and this can resdit in many heaith
prob - Exposire 16 POPs Is one nisk factors for diabetes
(Cox et al 2007, Lee et al 2008 Chonxiang et al 2010),
metabolic syndrome (Lee et al 2081, heart disenses (Ha MH
Jacobs 2007) and obesity (Lee et al 2011, Min et al 2011,
Dinnck et al 2011). Several stidios also stggested it
POPs acted as hormone-disripting compodnds (Mnif et al
 alsd boen f60nd (Sodaryants 2011, De Coster and van Larebeke 2012) Commonly, the

( ot with the restits 6f  main séUrce 6f POP expdsire is from the intake of [66d that
_ je containg POPs, especially vegetablos. Vegetables may
\ate and carbsmate,  conlain POP dle 6 purposive application or from residie
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Accimilated pey the envilinment, and absorbed by ihe
. Ng et al 2015, Flarence et al 2015)
hOman diet
R presence of
POPs 0 T1Ops and hiiman blood is a cricial bidmonitaring

activity for estimaling level expasire 6 POPs and this may
wm‘:m""ﬂ the health risks from POPs expdsire
However. data relatod 1

WChnmtcals in himan samplas
IS Very rare in Indanesia. The parpase of this stdy was 16
describe the prosonce of seven POPs in vegetables that are
Prodiiced and frequently consimed
district, Indonesia and 16 evaloate POP
the farmers,

by fanmers in Pali
levels in the blddd of

T II&TERIALED METHODS

 ThiSSi0dy has been apprived by the Ethical Commitiee
m Pablic Heaith Factity University of (ndonesia Al
Pﬂﬂmmts signed an informed consent before 16ining this
m-mslﬁdywascondﬁmd in Pali Distnct. Central Java,
Indonesia and covered 16ir villages. Nfironsit Bomiay(,
Sakortkin and Snwedari These villages were selecled
purpdsively based on the high level 6f pesticide Gse Sixty
armers were chosen randsmly from a grdp of farmers as
participating in this stiidy. Seven drgandchldrine pesticides
Were monitored. videlicet aldrin, endrin, lndane. dieldrin
heplachldr. endésiifan, and DDT. Blasd samples (5 cc) were
btal! from 60 vegetable farmers and were transferred 16
-heparinized tibes and inedat4 Cincoolbox. To
separale the ser(im, the blo6d were centrfiiged at 1000xg for
15/ min 80d kept af 20'C Gntit extraction. Oat 3f 60 blood
‘samples, 6ne sample was not inclided in the analysis due 16
m. A I6tal of 20 vegetables were inclided In the
analysis. comprising 01 red peppers. chilies green beans
ml.lnls. waler spinach, clicimber, Wmaldes and shallots
MQ commadilies were prodiced and freqiently
- odnsmed by the farmers. Ot 61 60 farmars selocted for
mmmng. 20 farmers wero randomly selected or
m sampling. These vegelable samples were
collected from vegetable fields of those 20 farmers and
‘wmmuy 10 the labgtory, The blbod and vegelable
. samples were analysed m the laboratory of Indonesian

mwmﬂﬂmmh Inslitfize (1AERI)
'Reagents and Materials: POPs slandards of aldnn (99 3%),
. m!ﬂ 1 2%). lindane (95 5%). dieldrin (39 5%, heptachlor
(99.5%). endosdlian (99.5%). and DDT (39.2%) wers
purchased from ChemService, N-hexan, methandl and other
solvents were analylical grade and 6btained from Marck. The
' .: s analysis employed gas chromatography (Varian Type
o ) codpled with electron caplire detector (GC-ECD)

and calGmn VF 1701 30m fength x 2.5 mm

Extraction, Clean-up, Analysis

Analysis of POPs in vegetables: The analysis 0 Identify
POPs in vegelables was parfdrmed uUsing gdld standard
methods eslablished by the Commission 6n Pesticides of the
Indénesian Gavernment (Komisi Paestisida 1997) Vegetable
samples 15 gm each were chopped intd small pieces,
inserted intd the papar tube Séxhlet, extracted (sing 100 ml
methandl on a pedestal séxhlal. The extraction rarm 6
hours al 80 C and was then concenlrated in the rolary
evaporalor at a temperatira &f 45 C. Pesticide rasidies
oblained from the evaporation were transfersinto a 150 mi
separalting finnel with the aid 6f 25 ml n-hexana then
exlracled three imes with 25 ml acelonitrile solvent. The n-
hexane layer was al the 10p while the acetdnilrile layer was
undemeath. The acetnilnle layer exlract was then
concentrated on the rotary evaporalor at 45 C. The
concenlrated exiract then was dissélved in 5ml of n-hexane
sdfvmmn In a chromatography colimn and elited with the
eliient mixtre 6f n-hexane and methand! (8 + 1), The eliate
with insecticide residlies was collected in a 125 ml lube,
concentrated Ontil aimost dry. then pal into a lest (Ube with
acetona up 16 a voluome of 5§ mi FEAPs residues were
dotermined from this solilion (ising a gas chrématdgraph
eqbipped with an Electron Captire Delectar (GC-ECD).
Analysis of POPs in blood: Blodd samples analysis wore
based on methad Gsed by Birse (Burse et al 1990) One mi
of serim was extracted Osing methandl. The extract was
elited throigh a farisil colimn and extracted using
dietilether in pelrdledm ether The exlracl was collected in
aflérentin tiibe and concentrated by means &f a Bachiirg
vapor (16 approximately 0.5 mi) The elilent was dissdlved
with 2 ml 6f hexan and injected intd the GC-ECD for POP
residie determinalidn

RESULTS AND DISCUSSION
POPs in vegetables crops: The gas chromaldgraph
analysis revesled the existence of endosilfan (100%) DDT
(100%). dieldnin (B5%). heplachlér (70%), aldrin (65%). and
lindane (55%) in the vegelable samples (Table 1) The mas|
dominant POPs n the vegelables was DDT (462 4 ngmi )
concentrated in shalldls. The mean level of DDT in five
samﬁ of shallots was 323,98 ng ml . The concentration of
DOT ranged frém <16 ng.ml ' 16 462 4 ng.m!* (Table 1). This
was [ollowed by heplachlor and lindane) F&r digldrin, the
highast concentralion was 164 #ng/m!’ which was datected
in red peppers with an average concentration of 100.7 ng.ml
" Endosilfan was also discovered at the highest lavel in red
peppars Op 16 398 ngml . Lindane was faind only in red
peppers, chilis, and lomatoes In water spinach and
egoplants, endésOlfan and DDT only prasent in vory low
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atiGns ANl of the vegetable samples were
led by mdre than 6ne POP. Half 4f the samples
five kinds &f POPs while six POPs were in 25% of
(red peppers, green beans, and chillies) (Fig. 1)

- belbwa 16 ng. ml'. Only two kinds

f dioldrin, heptachiér, aldrin. DDT. and
~ (it of the seven monitored POPs, anly hindane

endnr wore ndtdetected in blood samples, Dieldrin was
he mdst comman compolind detected in the biddd samplos

p-wm concentralion levels ranging from <8 10 49.9
‘ml' The concentration &f heptachldr ranged from 7.44 16
=.-.l- 60 ng ml and was present in 20 70% 6f blodd samples.
Aldrin was detected in concentration from 6.116 107.5 ng.ml
~_ Finally, DDT was in 680% of biodd sampies In
concentration 647 116 103.3 ng.mi ' (Table 2). There was no
dverall trend visible when the concentrations were classified

DT was in very less améint in red peppers and

- Table 1. Persistent drganic pollitants residoe level {ng g ) in vegetables samples
Heplachior Aldrin '

Ema Hermawati, Budi Hmswhﬁafm and Anwar Mallong!

according 10 the age of the farmers (Fig 3). The mean
) 1ion of heptachl6r was higher in the ybanger farmer
grd0p. E the contrary, the average concentration of dieldrin
was higher In the oider farmer gro0p. The E;:G analyss.
{sing Mann-Whitney U indicated that there were no
significant difference in he plachlor and dieldrin
concentrations améng the age mﬁc@-mom.os}. When
the farmer samples were gradped based on length of work
expenence, the highest level 6f heptachior was found in
farmar who had worked for less than ten years (Fig. 4)
Meanwhile, dieldrin (Fig. 6) was detected at lhe highest level
In the farmers wiggl5-30 years 61 working as farmers (499
ng ml ') Overall, mwwmm n POP
concentrations among the fodr working period groops. Mare
than dne POPs compaiinds wore detected in the bload of
some farmer There were 22% of farmer blood samples
containing twd POPs and 8 5% containing three POPs (Fig
2).

The varibiis POPs in the crops and homan blood in the
cirrent stidy give clear evidenca that despite the ban of their

_ Vegelables (n=20) Lindana Dieldrin Endosollan Dot
. Shasors (5) Mean ND 9038 86 86 6546 1304 323,98
_ Range <32-2212 7461144 45-137.4 <7135 1668 6624
~ Rod peppers (5) Mean 79.38 183 24.125 100.7 16.8 <16
Range  <11-2177 <32-36 6 ND-96 & <45-164.6 91398
Chilis (1) 1342 666 <56 <48 84 <16
Green beans (4) Maan 9103 17.85 11225 <45 12.875 116.95
Range  <11-2165 ND-35.7 ND-29.9 103447 <161625
Waler spinach (1) ND ND ND ND <1 <16
Ciiciimbers (1) ND <42 <56 <45 17.7 <16
Eqgg panis (2) Mean ND ND ND ND 82 <16
Range <7-8.2
Tomatoes (1) 29.1 ND <56 <45 <7 <16
Delection freqiency (%) £5 70 66 85 100 100
ND Mot Delocted
Table 2. POPs blood level (ng mi ) Of farmers
POPS n % LD GM 8 Mn _ Pecendes  Maomm
\ 25 50 75 90
58 20.70 1126 148 7 40 11 110 B 2379 27.60
§0 180 1697 710 9.30 10 107 50
58 1166 16.15 2623 3628 490
4603 6665 a7.20 101.30
ND ND ND ND ND
ND ND ND ND ND

A s e e .
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'_l'_ﬂhh 3. POPs chncentratin in sémae cadntries

Cointry  Sample H
) hidr )
< _{:‘“ D1 gt DO L T Dieidrin poT Reforence
— ean Median Range Mean Medun Range Mean " AR e
. - .. \ g Mean Madan Ra Mean Medan Hange
Tonisia  Prognent s i SR i i e . e
554 (1<} | ND- Ennacedr
736 and Drss
g 2010
A  men
ND ND ND ND 2131 1861 -  Ben Hassine
el al 2014
Cimna, Pregnamt 010 007
Bt wormen 014 Q.04 - 014 o1 025 ON - gél;l"l:li al
Mexi
o0 81 56 Waliszewski
of af 2012
Mexizd Men 1.74- 204 ND ND ND Ring Suarez
440 el ol 2014
Pakstan  Vandus - - - 092 - 018- 0 68 - D14- 1.3 03- Saeedelnl
popilaton 0az 0 6A 113 2017
Hakkaidd Pregnant - - - <710 <7.10"- 180.10° 58.10° 0.023 56.10 ~Kanazawa
wimen 1310 012 etal201i
Sliaan General - - - - - -] - ND=18 35 - 0174 Abdelbag &l
popllation al 2015
Iy Women - = - - - - - 1.5 - = Dewan el
2013
Sodth women 5 - 22- - - - = = = 0.8 0.4-24 Rollin el al
Alnca 10 2000
_,:TDET____ T TR R ¢ L Weames e WDET

Gse. these chemicals are stil applied in agricdlldre. The
clrrent (se &f POP is alsd indicated by the fact that éverall
POPs concentratibns were higher in yodlnger farmers with
shorter peniod 6f work experiance. In addiion, the POPs may
come from pas! residues Envirdnmental elements. incliding
the soil. walter, and sedimenl m this region have had also
been contaminaled (Hadi et al 2009, Ardwinata and
Norsyamsi 2012, SOryond et al 2015) The sbil residOes may
have been absorbed by the plants They conliniodsly
céntaminated the vegetables. Plants have the ability 10 fake
iip POP residdes in contaminated s6il and accumulata them,
depending on the characlenslics af tha s6il and the plants
This accOmil may happen throlgh variois pathways
(DBnnarimma el al 2009, Y0 et al 2013, Zhang el al 2015)
Thae fammer's blodd cild contain theso cOmpoinds from
contaminated vegetables as well as rom their contact with
POPs diring application. The resilts indicalos thal these
persistent and dangerols chemicals are Ubiqitdas and

threalen hOman health.
This stidy was s0ppdrted the prior fosearch n crops
e .:Aﬁm;mmmﬂwuﬂﬂw'”

IndGnesia (Shoildl et al 2013) which indicatod the oxistanco

{hat the 6w concentration restlled from intensive Usage In
the past time. Companng wilh similar stidies elsewhere,
DoT resiuﬂenlhe Anidn and beans in cdrrent finding (323 98
and 11695 ng.g") s significantly higher than in China
which fétnd it <0.01 ng.g {Owagﬁcgfnom ln contrast, tha
mean lovel o D pepper(<0.16ng.g’) was ldwer thanin
that silidy (4 04 ngg'). In the alher slidy which analyzed
DDTre«  oinfive vegetable ois, the mean amodnt 6f DDT
residie ranged frm 40 16 895 ng g (Balld el al 1980) For
Bmatd, eggplants and waler spinach, the DDT residie was
confermable 16 the cases from India (Kimar and Mikhenee
2012. Pathak et al 2016) and Ghana (Bampah et al 2012).
Likewise. aldrin residie concentralion in pepper has na
significant different with thése places which ware ardund 20
ng.g . For dieldrin. the residie level cﬂam}nr(‘im 7nq0)
was Iwice greater than in Ghana (58 ng.g ). Lindana mean
e of tomatd (24 ng.g') was higher than in Togo (0002
ng.g ) (Kolani el al 2018) w heptachlér concentratibn in
the case in Togh was <0.001 ng.g . shghtly higher than in this
case which was ndl detected. 1l is rather diffictll 16 make
comparisons with other stiidies becausa of differences in the
types Of analysed vegetables

When the POPs concentration n this study was

of aidrn, dieldrin, DDTs. hex yckhoxane (HCH).
heptachior, hexachiérobenz: @ (HCB) wera datocted in (he compored with recommended maximam residue limits
{66 st even ho0ghinIow concentralion, It was soggesiod  (MRLS) established by WHO/FAQIWHO and FAO 2016),
ST et Segd _
ST ik
i 3 1 . "y ’ : =
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majbrity of the samples were below the MRLs Similarly, with
the MRLS set by Indénesian Government Gnder Inddnesian
Nasidnal Standard Namber 7313:2008 (BSN 2008) and
Indénesian Minister of Agricultire Regilation (Kementan
2015), There w.. Snly dne sample &f shallots contaminated
by aldrin (114.4 ng g ) which was higher than the MRLs (100
ng.9). Fonhermare, dieldrin concentration in the
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mple of shallot (137.4 ng.g ) and In 6ne red pepper (164 6
ng.g ') was also higher than the MRLs. AlthoGgh mast of the
nples conlained POPs level lower than the MRLs, many of
'm were greater than Acceplable Daily Intake (ADI) valiie
O and FAO 2015). ADI for lindane, heptachior,
4 deﬁsmtan DDT, aldrin and dieldnn are 0-0 005, 00001,
Q_DDB 0.01, and 0.0001 mg/kg bw, respectively This clrrant
it ~ resiilt 6n blood analysis are in agreement with the previois
- slidy that féind POPs residiies in the majonty of bidod
- samples of farmers frém Gther regidns in Inddnesia; Ciancir-
’Wasl Java. The maximim concenlratién &f lindane, DDT,
.encmﬁlfan hepl hidr, endnn, aldrn, and dieldrin in thal
stody were 56.20ng.ml 56ngml S54ngml ,288ngml’.
281 ng.ml , 222 ngml 184 ngml respectively
~ (Wispriyond ot al 2015),
s E Cémparing with the similar stidies {rom others codnines,
: 6f DDT in bldéd t stidy were greater
than that in women in Shanghai (Cad el al B 1). Hokkaido
(Kanazawa et al 2011) and India {Dewan et al 2013), bOt
significantly Kwer than thal in pedple frdm Sodth H+"aa (Park
et al 2010), Mexich (Waliszewski el @l 2012). Hong Kong
{Wang et al 2013), Tonisia (Ben Hassme et al 2014) and
Sidan (Abdelbag et al Zﬂiﬁ'muamn of heptachior in
the carrent study was higher than that in the bléod 6f pedple
from Mexico (Riiz-Starez etal 2014) and women frém Solith
Africa {Rollin el al 2009). Farthermore. aldrin concentration of
bldod was mdre than that in the stdy reporad in Pakistan

e L

Ly (Saeed et al 2017). Lindane was notd  led in this stiidy blt
e it was 160nd in Bangladesh (Zamir ot al 2009) Hokkaido
i (Kanazawa etal 2011) and Sidan (Abdelbagi et al 2015).

%, To assess lhe infldence of age, lhe samples were
B categorisad into 160r age g d compared by Kriiskal-
Wallis tesl. The finding was not consistent wath the previdis
slidies that fénd the sig | relauonship between age
a and the POPs concentration in bidéd of pedple from India
~ (Mishra em,mmmm el al 2011), and
~ Hongkang 3). The disagreement was catsod
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the environmental malrices 6f the previbos stidy it indicates
thal the main pathways 6f POPs exposire |s the
consimption of contaminated vegetables as well as POPs
application dlring mixing and spraying, From the interview
with the farmers. it was dblained inférmation that there were
no active ingredients 6f POPs in the pesticides they dsed,
Thiis, despite the ban of POPs, they are distribited iflegally

CONCLUSIONS

)y |t was revealed that concentration 6f ZPOPs in crops
ranged from 11510 802 4 ng.g" Highesl concentration was
uaﬂad in shalldts, and the IGwast wa er spinach.
Céncentralién 6l POPs in blood 6f farmers ranged frém ND 16
1239 ng.g' Age and working peridd were not correlate with
POPs concentration. Albeil the sample in this stidy was
limiled, the data provide adeqiiale evidence for contribution
on POPs moniténng program.
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