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Abstract: Persistent Organic Pesticides have been banned for decades. Nevertheless, they are still being detected in environmental
matrices. This stlidy aimed td investigate the existence 6f some POPs in farmer blddd and crdps in Pati Regency, Indonesia. Blodd samples
from 59 farmers were monitdred. This stlidy revealed the existence &f lindane residie mostly in chillis, heptachldr and aldrin with the highest
level in shalldts, dieldrin mainly in red peppers, enddsilfan in clicimber, and DDT in shalldts. Heptachldr, aldrin, dieldrin, and DDT were
detected in farmer blddd with average cdncentration 6f 4.48, 3.79, 8.70, 4.81 ng.g™, respectively. In concldsidn, concentration 6f > POPs in
crops ranged from 11.5 t6 802.4 ng.g™ and from ND t6 123.9 ng.g™ in blédd. In Inddnesia, very little hdman bidménitdring data dn toxic chemical
are available. This stlidy sliggested the main pathways &f exposire 6f farmers t6 POPs were throligh contaminated vegetable intake and

directly throligh POPs application.
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Since 2001, the Stdckhdlm Cdnventidn has encdlraged
the world to protect the envirdonment and hiiman health from
persistent drganic pdllitants expdsire. There are many
chemicals have been incliided in this grodp, and sdme of
them are pesticides namely aldrin, chldrdane,
dichldérdédiphenyltrichldrdethane (DDT), dieldrin, endrin,
heptachldr, hexachldrébenzene, mirex, téxaphene,
enddsdlfan, and lindane. These kinds of pesticides have
been prohibited since 1971 and nd exception for agriciltiire
plrpose dle t0 their persistence and resistance 16
biddegradation characteristic (UNEP 2008). Despite the ban,
they were still fdind aréind the world in water, soil, and
sediment (Kafilzadeh et al 2012, Kiranchie-Mensah et al
2012, Yadavetal 2015).

In Inddnesia, althdlgh they have been banned for
agrictltiral plrposes since 1983, many are still in Gse even
tdéday. These inclide aldrin, DDT, endrin and heptachlor.
Their Gse is indicated by the presence 6f pesticide residlies in
the envirdbnment inclide water, sediment, and bidta
(Falahldin and Minawir 2012, Stidaryantd et al 2007). Even
HCB and mirex which were never registered with the
Inddnesian gévernment have alsd been foind (Stdaryantd
et al 2007). This conditidn was consistent with the resdlts 6f
stldies on paddy field irrigation water in Pati, Magelang, and
Brebes districts. Besides organophosphate and carbamate,

pesticide residues of organochlorines-one of POPs group,
namely y-BHC (lindane), aldrin, dieldrin, heptachlor, and
endosulfan were also present (Deptan 2007). Another study
in West Java indicating the on gding (ise 6f seven POPs:
lindane, heptachlor, aldrin, enddsilfan, DDT, dieldrin and
endrin, in the skin pads Gsed by farmers while spraying
(Mailidiniawati and Oginawati 2013). In addition t6 the
clirrent Gse 6f POPs, their presence may alsd be die td past
Use, becalse 0f theirIong persistence.

POPs are easy acclimilated not dnly in the envirbnment
bit alsd in body tisslie and have been detected in himan
adipOse tissle, blodd, Gmbilical cord, and breast milk
(Stibramaniam and S6l6madn 2006, Lee et al 2007, Herrero—
mercado et al 2011, Wang et al 2013, Dewan et al 2013,
Elbashir et al 2015) and this can resdlt in many health
problems. Expdsire t6 POPs is dne risk factdrs for diabetes
(Cox et al 2007, Lee et al 2008, Chiinxiang et al 2010),
metabdlic syndrome (Lee et al 2007), heart diseases (Ha MH
Jacobs 2007) and dbesity (Lee et al 2011, Min et al 2011,
Dirinck et al 2011). Several stlidies als® sliggested that
POPs acted as hormoéne-disriipting compdiinds (Mnif et al
2011, De Coster and van Larebeke 2012). Commonly, the
main sdirce 6f POP exposire is from the intake 6f fodd that
contains POPs, especially vegetables. Vegetables may
contain POP die to6 plrpdsive application or from residlie
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accimdlated in the envirbnment, and absorbed by the
vegetables (Zhang et al 2015, Florence et al 2015).
Vegetables are a siibstantial element in the hiiman diet,
rarely absent from daily mend. Determining the presence 6f
POPs in crops and hiiman blddd is a criicial biomdnitdring
activity for estimating level expdsiire 6f POPs and this may
Gsefll for assessing the health risks from POPs expdsdre.
However, data related td tdxic chemicals in himan samples
is very rare in Inddnesia. The pirpdse of this stlidy was to
describe the presence 6f seven POPs in vegetables that are
prodiiced and freqlently consiimed by farmers in Pati
district, Indonesia and t6 evallate POP levels in the bl6dd 6f
the farmers.

MATERIAL AND METHODS

This stlidy has been approved by the Ethical COmmittee
of the Pdblic Health Facilty University of Inddnesia. All
participants signed an infdrmed consent befdre jdining this
stldy. The stlidy was condicted in Pati District, Central Java,
Inddnesia and covered foir villages: Nglrensiti , Bimiayd,
SUkordkin and Sriwedari. These villages were selected
pirposively based 6n the high level of pesticide Gse. Sixty
farmers were chdsen randdmly from a grodip of farmers as
participating in this stlidy. Seven 6rgandchlorine pesticides
were monitored, videlicet aldrin, endrin, lindane, dieldrin,
heptachlor, endodsilfan, and DDT. BI6dd samples (5 cc) were
Obtained from 60 vegetable farmers and were transferred t6
ndn-heparinized tlibes and maintained at4°C in cddl box. To
separate the serlim, the bld6d were centrifiiged at 1000xg for
15 min and kept at 20°C Gntil extraction. Odt 6f 60 bldod
samples, 6ne sample was nét inclided in the analysis die t6
cOagiilation. A total 6f 20 vegetables were incliided in the
analysis, comprising of red peppers, chilies, green beans,
eggplants, water spinach, cliciimber, tomatdes and shalldts.
These commodities were prodiced and freqlently
conslimed by the farmers. Ot 6f 60 farmers selected for
blddd sampling, 20 farmers were randdmly selected for
vegetable sampling. These vegetable samples were
coOllected from vegetable fields of thdse 20 farmers and
brélght directly t6 the labdratdry. The bldédd and vegetable
samples were analysed in the laboratéry 6f Inddnesian
Agriclltdral Environment Research Institte (IAERI).
Reagents and Materials: POPs standards 6f aldrin (99.3%),
endrin (99.2%), lindane (95.5%), dieldrin (99.5%), heptachlor
(99.5%), endosilfan (99.5%), and DDT (99.2%) were
pirchased from ChemService. N-hexan, methandl and dther
sOlvents were analytical grade and dbtained from Merck. The
POPs analysis empldyed gas chromatdgraphy (Varian Type
450-GC) codpled with electron captlre detectér (GCECD)
and colimn VF 1701 30 mlength x 2.5 mm.

Extraction, Clean-up, Analysis

Analysis of POPs in vegetables: The analysis t6 identify
POPs in vegetables was performed (ising gold standard
methdds established by the COmmission 6n Pesticides 6f the
Inddnesian Government (Komisi Pestisida 1997). Vegetable
samples 15 gm each were chdpped intd small pieces,
inserted intd the paper tibe Soxhlet, extracted Gsing 100 ml
methandl 6n a pedestal soxhlet. The extraction ran for 6
hodrs at 80°C and was then concentrated in the rotary
evaporator at a temperatlre 6f 45°C. Pesticide residles
Obtained frdm the evapdration were transferred inté a 150 ml
separating flinnel with the aid 6f 25 ml n-hexane, then
extracted three times with 25 ml acetdnitrile sélvent. The n—-
hexane layer was at the t0p while the acetonitrile layer was
Underneath. The acetdnitrile layer extract was then
concentrated on the rotary evaporator at 45°C. The
concentrated extract then was dissolved in 5ml 6f n-hexane
solvent, pit in a chromatography colimn and ellited with the
ellent mixtiire 6f n-hexane and methandl (9 + 1). The elliate
with insecticide residlies was collected in a 125 ml tibe,
concentrated Gntil almdst dry, then pit intd a test tlbe with
acetone Up t0 a volime of 5 ml. POPs residlies were
determined from this solGtion Gsing a gas chromatdgraph
equipped with an Electron Captire Detectdr (GC-ECD).
Analysis of POPs in blood: BIddd samples analysis were
based 6n methdd sed by Birse (Birse et al 1990). One ml
of serlim was extracted (ising methandl. The extract was
elited thrélgh a florisil colimn and extracted Gsing
dietilether in petrdledm ether. The extract was cdllected in
aflérentin tibe and cdncentrated by means 6f a Bichiird t6
vapor (t6 approximately 0.5 ml). The ellent was dissélved
with 2 ml 6f hexan and injected int6 the GC-ECD fér POP
residlie determination.

RESULTS AND DISCUSSION
POPs in vegetables crops: The gas chromatograph
analysis revealed the existence 6f endosilfan (100%), DDT
(100%), dieldrin (85%), heptachldr (70%), aldrin (65%), and
lindane (55%) in the vegetable samples (Table 1). The mdst
déminant POPs in the vegetables was DDT (462.4 ng.ml™)
concentrated in shalldts. The mean level 6f DDT in five
samples &f shallbts was 323.98 ng.ml™. The concentration of
DDT ranged frdom <16 ng.ml™ t6 462.4 ng.ml” (Table 1). This
was folldwed by heptachldr and lindane). For dieldrin, the
highest cdncentration was 164.6 ng/ml” which was detected
in red peppers with an average concentration 6f 100.7 ng.ml”
'. Endésiilfan was alsd discdvered at the highest level in red
peppers p 16 39.8 ng.ml”. Lindane was f6dnd only in red
peppers, chilis, and tomatdes. In water spinach and
eggplants, enddsdlfan and DDT only present in very 16w
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concentrations. All of the vegetable samples were
contaminated by more than éne POP. Half 6f the samples
contained five kinds 6f POPs while six POPs were in 25% of
the samples (red peppers, green beans, and chillies) (Fig. 1).
However, DDT was in very less amoint in red peppers and
chilis with concentration beldow &f 16 ng. mi™. Only two kinds
of POP were detected in the water spinach and eggplants
samples.

POPs in blood: The analysis 6f the bl6dd samples revealed
the presence of dieldrin, heptachlor, aldrin, DDT, and
enddsiilfan. Ot 6f the seven monitdred POPs, dnly lindane
and endrin were not detected in bl6dd samples. Dieldrin was
the most common cOmpoiind detected in the blddd samples
(44.10%) with concentration levels ranging from <9 t6 49,9
ng.ml™. The concentratidn 6f heptachldr ranged from 7.44 t6
27.60 ng.ml" and was present in 20.70% o6f bl66d samples.
Aldrin was detected in cdncentration from 6.1 t6 107.5 ng.ml”
'. Finally, DDT was in 6.80% of blédd samples in
codncentration 6f47.1 16 103.3 ng.ml” (Table 2). There was nd
overall trend visible when the concentrations were classified
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according t6 the age of the farmers (Fig. 3). The mean
concentration 6f heptachldr was higher in the yolinger farmer
grotp. On the contrary, the average concentration of dieldrin
was higher in the dlder farmer grolip. The statistic analysis,
Gsing Mann-Whitney U indicated that there were no
significant difference in heptachlor and dieldrin
concentrations amdng the age grolps (p-vallie>0.05). When
the farmer samples were grotiped based 6n length 6f work
experience, the highest level &f heptachlor was foind in
farmer whd had wdrked for less than ten years (Fig. 4).
Meanwhile, dieldrin (Fig. 6) was detected at the highest level
in the farmers with 25-30 years 6f wdrking as farmers (49.9
ng.ml™). Overall, there was nd significant difference in POP
concentrations among the foir working period groips. More
than dne POPs cdmpdiinds were detected in the blodd of
sOme farmer. There were 22% of farmer blddd samples
containing twé POPs and 8.5% cdntaining three POPs (Fig.
2).

The varidls POPs in the crops and hiiman bldod in the
clrrent stlidy give clear evidence that despite the ban 6f their

Table 1. Persistent érganic polliitants residie level (ng.g™) in vegetables samples

Vegetables (n=20) Lindane Heptachlor Aldrin Dieldrin Enddsiilfan DDT

Shalléts (5) Mean ND 90.38 86.86 65.46 13.34 323.98
Range <32-227.2 74.6-114.4 <45-137.4 <7413.5 168.6462.4

Red peppers (5) Mean 79.38 18.3 24125 100.7 16.8 <16
Range <11-217.7 <32-36.6 ND-96.5 <45-164.6 9.1-39.8

Chilis (1) 134.2 66.6 <56 <45 8.4 <16

Green beans (4) Mean 91.03 17.85 11.225 <45 12.875 116.95
Range <11-216.5 ND-35.7 ND-29.9 10.3414.7 <16-162.5

Water spinach (1) ND ND ND ND <7 <16

Cicilmbers (1) ND <32 <56 <45 17.7 <16

Egg plants (2) Mean ND ND ND ND 8.2 <16
Range <7-8.2

Tématodes (1) 29.1 ND <56 <45 <7 <16

Detection freqliency (%) 55 70 65 85 100 100

ND : N6t Detected

Table 2. POPs blodd level (ng.ml™) 6f farmers

POPs n % =LD' GM? sD’ Min Percentiles Maximdm

25 50 75 90

Heptachlor 58 20.70 11.26 1.48 7.40 7.77 11.10 14.18 23.79 27.60

Aldrin 59 11.90 16.97 3.18 6.10 7.10 9.30 70 107.50

Dieldrin 59 4410 17.50 1.63 9.00 11.65 16.15 26.23 36.28 49.9

DDT 59 6.80 67.60 1.43 47.10 48.93 66.65 97.20 103.30

Lindane 59 0 ND ND ND ND ND ND ND ND

Enddsdilfan 59 0 ND ND ND ND ND ND ND ND

'Level 6f detection’* The valiie is repdrted as gedmetric mean (GM)° Standard deviation



Biomonitoring Persistent Organic Pesticides Residues in Indonesia 861

Table 3. POPs concentration in sdme cdiintries

Colntry  Sample Heptachlor Aldrin Dieldrin DDT Reference
Mean Median Range Mean Median Range Mean Median Range Mean Median Range
Tidnisia  Pregnant - - - - - 0.91 - ND- Ennacedr
women 73.6 and Driss
2010
Tdnisia  men ND ND ND ND 213.1 166.1 - Ben Hassine
et al 2014
Cina, Pregnant 0.10 0.07 - 0.14 0.04 0.14 0.1 - 025 0.11 - Cadetal
Shanghai wdmen 2011
Mexico 9.1 5.6 Waliszewski
etal 2012
Mexico Men 1.74- 294 - ND ND ND Riiz-Starez
4.40 et al 2014
Pakistan Variols - - - 0.92 - 0.19- 0.68 - 0.14- 1.13° - 0.3- Saeed et al
popdlation 0.92 0.68 1.13 2017
Hokkaidé Pregnant - - - <7.10% - <7.10%- 180.10" - 58.10" 0.023° -  56.10*-Kanazawa
wdmen 1.3.10" 0.12 etal 2011
Sidan General - - - - - 5 - ND49 35 - 9174 Abdelbagi et
pdpulation al 2015
India Women - - - - - - - - 1.5 - - Dewanetal
2013
Saéath Women 2.6 - 2.2- - - - - - 0.8 0.4-2.4 Rollin et al
Africa 3.0 2009
“o'p DDT

Gse, these chemicals are still applied in agriciltire. The
clirrent Gse 6f POP is also indicated by the fact that dverall
POPs concentrations were higher in yolnger farmers with
shorter peridd 6f work experience. In addition, the POPs may
come from past residiies. Envirdnmental elements, incliiding
the soil, water, and sediment in this regidon have had also
been contaminated (Hadi et al 2009, Ardiwinata and
Nirsyamsi 2012, Siirydno et al 2015). The sail residlies may
have been abstrbed by the plants. They continlGolsly
contaminated the vegetables. Plants have the ability t6 take
Gp POP residiies in contaminated s&il and acclimdlate them,
depending 6n the characteristics of the sdil and the plants.
This accimilatidn may happen thrdtgh varidls pathways
(Dénnariimma et al 2009, YU et al 2013, Zhang et al 2015).
The farmer's blddd codild contain these compdiinds from
contaminated vegetables as well as from their contact with
POPs diring application. The resiilts indicates that these
persistent and dangerdis chemicals are Ubiqitdls and
threaten hiiman health.

This stldy was siipported the pridr research 6n crops
cOllected from the traditional market in three big cities in
Inddnesia (Shoifil et al 2013) which indicated the existence
of aldrin, dieldrin, DDTs, hexachldrocyclohexane (HCH),
heptachlor, hexachlérobenzene (HCB) were detected in the
food stdiff even thdlgh in 16w cdncentration. It was sliggested

that the 16w concentration resilted from intensive Gsage in
the past time. Comparing with similar stlidies elsewhere,
DDT residie in the 6nidn and beans in clrrent finding (323.98
and 116.95 ng.g”) was significantly higher than in China
which fotind it <0.01 ng.g™ (Owags et al 2009). In contrast, the
mean level 6f DDTin pepper (<0.16 ng.g”) was I6wer than in
that stiidy (4.04 ng.g™). In the Sther stiidy which analyzed
DDT residie in five vegetable 6ils, the mean amdiint 6f DDT
residlie ranged from 40 t6 895 ng.g™ (Battii et al 1980). For
tomatd, eggplants and water spinach, the DDT residlie was
confoérmable t6 the cases from India (KGmar and Mikherjee
2012, Pathak et al 2016) and Ghana (Bempah et al 2012).
Likewise, aldrin residiie concentratidon in pepper has nd
significant different with thOse places which were ardind 20
ng.g”. For dieldrin, the residie level 6f pepper (100.7 ng.g”)
was twice greater than in Ghana (58 ng.g”). Lindane mean
level of tdmatd (24 ng.g”) was higher than in Tdgd (0.002
ng.g”) (Kolani et al 2016). The heptachlér cdncentratidn in
the case in Togd was <0.001 ng.g™, slightly higher than in this
case, which was not detected. It is rather difficilt t6 make
comparisdns with éther stiidies becadise 6f differences in the
types 6f analysed vegetables.

When the POPs cdncentratidon in this stidy was
compared with recommended maximim residie limits
(MRLs) established by WHO/FAO(WHO and FAO 2016),
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majority 6f the samples were beldw the MRLs. Similarly, with
the MRLS set by Indénesian Government tinder Indonesian
Nasional Standard Nimber 7313:2008 (BSN 2008) and
Indénesian Minister 6f Agriciltire Regdlatidon (Kementan
2015). There was Only 6ne sample &f shalldts contaminated
by aldrin (114.4 ng.g™) which was higher than the MRLs (100
ng.g"). Farthermdre, dieldrin concentration in the same
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sample &f shall6t (137.4 ng.g™) and in dne red pepper (164.6
ng.g”) was alsé higher than the MRLs. Althdtigh mdst 6f the
samples contained POPs level Idwer than the MRLs, many of
them were greater than Acceptable Daily Intake (ADI) valiie
(WHO and FAO 2015). ADI for lindane, heptachidr,
enddsiilfan, DDT, aldrin and dieldrin are 0-0.005, 0.0001,
0.006, 0.01, and 0.0001 mg/kg bw, respectively. This clrrent
res(lt dn blddd analysis are in agreement with the previdiis
stldy that foind POPs residles in the majority of bloédd
samples of farmers frdm other regions in Indonesia; Cianclr-
West Java. The maximim concentration of lindane, DDT,
enddsdlfan, heptachlor, endrin, aldrin, and dieldrin in that
stlidy were 56.20 ng.ml”, 56 ng.ml”, 35.4 ng.ml", 28.8 ng.ml",
28.1 ng.ml”, 22.2 ng.ml",19.4 ng.ml™ respectively
(Wispriyono etal 2015).

Comparing with the similar stiidies from 6thers colintries,
concentrations 6f DDT in blodd of clirrent stlidy were greater
than that in woémen in Shanghai (Cad et al 2011), Hokkaido
(Kanazawa et al 2011) and India (Dewan et al 2013), bat
significantly Idwer than thatin pedple from Sodth Korea (Park
et al 2010), Mexico (Waliszewski et al 2012), Hong Kdng
(Wang et al 2013), Tinisia (Ben Hassine et al 2014) and
Sidan (Abdelbagi et al 2015).Concentration 6f heptachldr in
the clirrent stidy was higher than that in the bl6od 6f pedple
from Mexico (Rliz-StGarez et al. 2014) and women from Sddith
Africa (Rdllin et al 2009). Frthermore, aldrin concentration of
bl6dd was mdre than that in the stlidy repdrted in Pakistan
(Saeed et al 2017). Lindane was noét detected in this stlidy bt
it was folind in Bangladesh (Zamir et al 2009), Hokkaido
(Kanazawa etal 2011) and Siidan (Abdelbagi etal 2015).

To assess the inflience o6f age, the samples were
categoOrised intd folr age grolp and coOmpared by Kriiskal—-
Wallis test. The finding was not consistent with the previdis
stldies that folind the significant relationship between age
and the POPs cdncentration in blddd 6f pedple from India
(Mishra et al 2011), Japan (Kanazawa et al 2011), and
Hongkong (Wang et al 2013). The disagreement was calised
by the tendency of increasing concentrations 6f POPs with
age in the previdis stlidies, meanwhile the cdncentration 6f
some POPs in the clirrent stldy was higher in the ydiinger
age. This strongly sliggested that the existence 6f POPs in
the bldod 6f Inddnesian pedple was generated by the clirrent
Gse 6f POPs while in thdse colintries, it was more contribited
by the former Gse. This idea is slipported by the fact that the
POPs cdncentration was higher in the shorter working
peridd. There is no stilidy that dbserved the effect 6f working
peridd t0 the concentration 6f POPs folnd. Hence, nd
comparisdn abdit this variable.

From the Gbservation 6f POPs existence in crop and
farmer blddd in this stlidy and the existence 6f the POPs in
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the envirbnmental matrices Of the previdis stldy, it indicates
that the main pathways of POPs exposiire is the
conslimption 6f contaminated vegetables as well as POPs
application diring mixing and spraying. From the interview
with the farmers, it was Obtained infdrmation that there were
nd active ingredients 6f POPs in the pesticides they Gsed.
Ths, despite the ban 6f POPs, they are distribited illegally.

CONCLUSIONS

It was revealed that concentration 6f >, POPs in crops
ranged from 11.5 t6 802.4 ng.g”. Highest concentration was
detected in shalldts, and the Idwest was in water spinach.
Concentration 6f POPs in blodd 6f farmers ranged from ND t6
123.9 ng.g™. Age and working peridd were nét correlate with
POPs concentration. Albeit the sample in this stlidy was
limited, the data provide adeqate evidence for contribition
on POPs monitoring program.
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