Ol‘i inal Research Journal Home page.:www.jeb.co.in * E-mail :ed.itor@jeb.co.in
! Journal of Environmental Biology

"™ p-ISSN: 0254-8704
e-ISSN: 2394-0379

CODEN: JEBIDP

DOI : http://doi.org/10.22438/jeb/41/1/MRN-1094 @ \ \
Plagiarism Detector| |/ Nite Smoke

Pesticides contamination of lactating mothers’ milk
in the north-western Himalayan region of India

N.D. Sharma', R.S. Chandel™, I.D. Sharma', P.L. Sharma' and B. Gurung’

'Department of Entomology, YSP University of Horticulture & Forestry, Nauni-173 230, India
*Division of Forecasting and Agricultural Systems Modelling, Indian Agricultural Statistical Research Institute, New Delhi-110 012 India

*Corresponding Author Email : rs_c@rediffmail.com

Paper received: 22.01.2019 Revised received: 22.07.2019 Accepted: 16.10.2019

Abstract

Aim : The study aimed to understand the status of pesticide residues in lactating mother’s milk, identify factors involved in the transfer of pesticide
residues and health risk to infants.

Methodology : A total of 153 lactating mothers were selected from four agro-
climatic zones varying from subtropics to dry temperate high hills for residue
analysis. The extraction and cleanup were performed by QUEChERS method.
Residue were analysed by Shimadzu 2010 GC equipped with a “Ni ECD and
confirmed by Shimadzu QP 2010 Plus GC-MS through selected ion monitoring (SIM)
mode. The EDI was compared with the ADI of Z-DDT (0.02 mg kg body wt d”)
established by FAO/WHO for neonate risk assessment from different pesticides. Extraction-cleanup through QUEChERS,
analysed on GC and confirmed by GC-MS

Sampled 153 lactating mothers
from different agro-climatic zones

A 4

Results : Themean DDT levels in breast milk were 0.240 mg kg™ fat (0.011 mg kg™
milk), 0.171 mg kg™ fat (0.010 mg kg™ milk), 0.026 mg kg” fat (0.001 mg kg™ milk)

and below detectable limit (BDL) in Zones | (subtropical), Il (sub-humid foothills), Ill $

(wet temperate high hills) and IV (dry temperate high hills), respectively. The

residue levels decreased with an increase in parity and increased with the age or Estimated EDI of neonate and compared
weight of the mothers. The £-DDT residues were higher in rural women (0.011 mg with ADI for neonate risk assessment
kg milk) than urban (0.005 mg kg™ milk), housewives (0.009 mg kg" milk) than

working women (0.007 mg kg™ milk) and lacto-vegetarians (0.007 mg kg™ milk) than ¢

omnivorous mothers (0.005 mg kg" milk). The estimated daily exposure of

neonates to £-DDT was considerably lower (0.001 mg kg body weight) than the

DDT level ith i i i
ADI (0.02 mg kg body weight) indicating no appreciable risk to one-month-old evels decreased with increase in parity

and increased with mother’s age or weight

infants.

Interpretation : Mother's rural habitation, demography and primiparous parity *

seem to be the major cause for transfer of pesticide residues. The study also

advocates a constant bio-monitoring of lactating mothers’ milk for pesticide The EDI of DDT did not exceed the ADI,
residues owing to the continuous changes in the pesticide usage pattern. indicating no appreciable risk to infants
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Introduction

Mother’s milk is known to have numerous beneficial
health effects and now is vastly considered as the best food for
the baby (Hornell et al., 2013). It is thought that pesticide
residues accumulated throughout a woman’s lifetime are
mobilized during lactation and excreted in her milk (Ashby et al.,
1999). Schutz et al. (1998) reported that 90 percent of
chlorinated hydrocarbons ingested by a mother are excreted in
her milk. The most vulnerable time of exposure to pesticides
appears to be during the embryonic and fetal periods (Toft et al.,
2010). High correlations of organochlorines exist between
maternal adipose tissue, plasma, cord blood and human milk,
demonstrating both placental and lactation transfer (Eik Anda et
al., 2007). A substantial elimination of organochlorine
compounds from the maternal body occurs during human
feeding (Uemura et al., 2008). For this reason, women who
have fed one or more children will have lower concentrations of
these compounds than women who have not fed. Human milk is
a sensitive matrix for monitoring the concentration of pesticides
in the maternal body. Furthermore, the sampling of milk is non
invasive and s, therefore, greatly accepted by mothers.

Primiparous women have the potential to excrete greater
amounts of pesticide residues in their milk than multiparous
woman, who likely have excreted the majority of their
accumulated residues during previous lactations (Ennaceur et
al., 2007). High concentrations of pesticides in human milk have
been reported in women working in agricultural fields (Kumar et
al., 2006) and living in malaria-affected areas (Bouwman et al.,
2006). The focus of agriculture in the Himalayan region has been
shifting very fast from traditional cereal crops to high-value
monoculture-dominated cash crops, leading to excessive and
indiscriminate use of agrochemicals. This changing agricultural
scenario has increased the mothers’ exposure to different
pesticides in the region. The present study was, therefore, carried
outto determine the pesticide (OCs, OPs and SPs) residue status
in milk of lactating mothers, transfer of pesticide residues from
mother to infant and estimated daily intake (EDI) from different
environments in Himachal Pradesh, India.

Materials and Methods

Study population and sample collection: The delivering
mothers were approached at regional government hospitals
located at Bilaspur, Hamirpur, Mandi, Kangra and Una (Zone I);
Chamba, Nahan and Solan (Zone I1); Kullu and Shimla (Zone IIl)
and Keylong and Rekong Peo (Zone 1V) of Himachal Pradesh.
The sampling locations were all within the four major agro-
climatic zones: the sub-mountainous subtropics of Zone | (365-
914 m above mean sea level), the sub-humid foothills of Zone Il
(914-1523 m amsl), the wet, temperate high hills of Zone Il (1523-
2742 m amsl) and the dry temperate and high hills of Zone IV
(2742-3656 m amsl). Zone | represents the 40 per cent of the total
cultivated area followed by Zones I (37%), Zone Ill (21%) and
Zone IV (2%). The milk samples were obtained within 4 days of

delivery from 153 lactating mothers inhabiting for at least five
years in their respective locations. A sample of 10-15 ml was
collected from each mother thrice a day atan interval of four hours
by manual expression directly into a well-labelled glass vials with
Teflon-lined caps under supervision of a qualified nurse. Three
replicates from each mother were mixed together and a
representative sample was ftransported in an ice box to the
Pesticide Residue Laboratory of YSP University of Horticulture
and Forestry, Nauni, Solan and analyzed immediately.

Ethical clearance: The objectives of the study were explained
clearly to each of the consulted lactating mother and/or her family
attendant. Samples were only collected from mothers who had
completed and signed the consent form (or whose family
attendant did). A questionnaire was used to collect data about the
socio-demographic characteristics of participating lactating
mothers adopted from different studies (Bassil et al., 2018).

Analysis of pesticides: The pesticide standards having 97 to 99
percent purity were purchased from Dr. Ehrenstorfer, Germany
and stock solutions were prepared using pesticide-grade
solvents (99.999% pure).

The extraction and cleanup of samples were performed
according to standard QUEChERS method (Anastassiades et al.,
2003) with slight modifications. A 10 ml of milk sample was putinto
a 50 ml centrifuge tube. Twenty millilitre of acetonitrile (an
extraction solvent), 4 g of anhydrous magnesiumsulfateand 1.5g
of anhydrous sodium chloride was added to it and shaken
vigorously for 1 min in a shaker. The tube was centrifuged at 3000
rpm for 1 min. Six millllitre of acetonitrile extract was transferred
to 15 ml centrifuge tube, avoiding the upper oily layer for
dispersive solid phase extraction (SPE) using 50 mg of PSA, 50
mg of C18 and 750 mg of magnesium sulfate. The extract was
mixed for 20 sec and the tube was centrifuged again at 6000 rpm
for 1 min. A4 ml fraction was transferred to a 30 ml turbo tube and
evaporated to dryness in turbo-evaporator in presence of a
nitrogen currentat45°C. The residues were dissolvedin 2 ml of n-
hexane for gas chromatographic (GC) analysis.

The analysis was performed on a Shimadzu 2010 gas
chromatograph equipped with a 63Ni electron capture detector
(GC-ECD). One pl of extract was injected in split mode into a DB-
1(30m x 0.25 mm ID, 0.25 um film thickness) capillary column,
using nitrogen carrier gas with a 30 ml min” flow rate. The oven
temperature varied over time: an initial temperature of 170 °C
was held for 5 min, and then the temperature was increased to
220°C at2°C min™ and was kept for 10 min. The temperature was
again increased to 280°C at 4°C min” and was held there for 7
min. The temperature of the detector and injector were kept at
300°C and 280°C, respectively. The GC estimation of pesticide
residues were confirmed by gas chromatography mass
spectrometry (Shimadzu QP 2010 Plus GC-MS) analysis through
selected ion monitoring (SIM) mode. Chromatographic separation
was achieved using a DB-5 capillary column (30m x 0.25 mm id with
the film thickness of 0.25 um). Ultra-pure helium gas was used as a
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carrier gas with split-less injection mode. The injection temperature
was kept at 250°C, while the oven initial temperature of 80°C was
increased to 280°C at the rate of 5°C min”. The MS detector was
operated at 70 €V in El auto-ionization mode.

Recovery studies: To determine the quality of the method, the
recovery study was conducted in triplicate at various fortification
levels. A number of blank and control samples were analyzed
together with the samples to verify the accuracy and precision of
the measurements. Recoveries for organochlorines and
chlorpyrifos were between 91.33 to 120 percent whereas, for
synthetic pyrethroids, recoveries varied from 85.6 to 100 percent.
The limit of quantification (LOQ) was determined by the lowest
calibration level, which ranged from 0.005 t0 0.05 mg kg for OCs,
0.01mgkg for chlorpyrifos and 0.02 to 0.04 mg kg for SPs.

Estimation of daily intake of pesticides (EDI): The estimated
daily intake (EDI) of 2-DDT was calculated by the formula: EDI =
Cmilk 700 g/5, where EDI is the estimated daily intake (mg kg
body weight day”) and Cmilk is the concentration of total DDT (g-
DDT; p, p-DDD + p, p-DDE + p, p-DDT + dicofol) in mg kg™ milk
(Sharma et al., 2014). The variables i.e. average body weight (5
kg neonate™) and average milk consumption (700 ml neonate”
day") were used as suggested by Azeredo et al. (2008). The EDI
was compared with the acceptable daily intake (ADI) of £-DDT
(0.02mg kg™ body weight d") established by FAO/WHO (2008) for
neonate risk assessment from different pesticides.

Statistical analysis: Statistical analysis was performed using
SAS ver. 9.4 to calculate arithmetic means, standard deviations
and minimum and maximum values. Samples with pesticide
residues below 0.01 mg kg' were considered to be below
detection limit (BDL) and were treated as zero in calculations.
Pesticide concentrations were estimated on milk fat basis,
assuming fatlevels of 4.32 percentin human milk (Bergkvist et al.,
2012). Chi-Square test through PROC FREQ in SAS software
was performed to determine the difference in proportion of
contaminated lactating mothers in different zones. Variations in
DDT residues in different cases, like habitation, diet delivery etc.
were tested by Wilcoxon test. Tukey's Honest Significant
Difference (HSD) test was used to differentiate the distribution of
p, p-DDE and p, p-DDT. Age, weight and parity of the mother
influence the residue contamination in milk (Sharma et al., 2014),
hence Pearson’s correlations coefficient between these
parameters and pesticide residue was calculated.

Results and Discussion

The maximum number of mothers (26.80%) in Zones |, Il
and Il and in Zones Il and IIl were found with residues of p, p’-
DDE and p, p-DDT, respectively. Earlier studies have also
screened the presence of pesticide residues in breast milk,
especially organochlorine pesticides (Zhou et al., 2012; Rojas-
Squella et al., 2013; Muller et al., 2017). The single highest
concentration of p, p-DDE (0.064 mg kg milk) occurred in Zonel.
The presence of chlorpyrifos was detected in one sample only

from zone 11 (1.96% of zone Il samples tested); however, this
concentration was within the range of BDL-0.011 mg kg™ milk. The
lactating women from Zone IV showed no sign of pesticide
contamination in their milk (Table 1).

In the present study, the concentration of p, p-DDE in
mothers’ milk was higher than that of p, p’-DDT in all agro-climatic
zones. Due to high solubility and tendency of DDT and its
metabolites to accumulate and reside in fatty tissues under
natural conditions in a living organism, DDT is usually
transformed into its more stable metabolite, DDE. According to
Subramanian and Solomon (2006), the presence of high levels of
DDE in human milk is an indicator of chronic and historical
exposure of the mothers to DDT, which is subsequently
metabolized to DDE and retained in the body (Qu et al., 2010;
Zhou et al., 2011). In the foothills and intermediate hills,
agriculture is the dominant occupation, and pesticides are thus,
frequently and abundantly used to control crop pests.
Furthermore, consumers in the mountains imported various
cereals, fruits, vegetables, milk and milk products from adjoining
states, where contamination levels have been reported to be
higher than in other parts of the county (Sharma et al., 2014). In
dry temperate zone, farmers generally grow traditional crops
such as barley, oats, buckwheat and wheat having less pest
problems. The minimal application of pesticides in this Zone
seems to be the major reason for mothers’ safety from pesticide
contamination. Rai et al. (2012) has reported varied patterns of
pesticides residues in mother's milk at different altitudes in
Uttarkhand State, India.

Chi-Square test inferred statistically non-significant
difference in the proportion of residue contamination in lactating
mothers from Zone | and Zone II. Whereas, the proportion of
contaminated nursing mothers of Zone | differed significantly from
Zone lll,and Zone Il from Zone 1. The Wilcoxon test revealed that
the Z-DDT residues were independent of mothers’ habitation,
demography, primiparous parity and infant's weight. Tukey's HSD
test was applied to check the significant differences in the amount
of p, p-DDE and p, p-DDT between the zones. Zone 1 and Il were
different to Zone Il and IV. The higher pesticide load in milk
samples from Zone | and Zone Il owes to the fact that these zones
occupy more than 3/4" of the total cultivated area under study.

The environment of a mother seemed to affect the
residue concentration in her milk. Mothers residing in agro-
climatic Zones | and Il had higher Z-DDT residues (0.011 and
0.010 mg kg milk, respectively) than did mothers in Zone Il
(0.001 mg kg milk). However, all the insecticides were found to
be below detection limit in cold, dry zone (Zone IV) . The £-DDT
residue levels were found to be higher in women from rural areas
(0.011 mg kg' milk) than urban areas (0.005 mg kg™ milk).
Lactating housewives carried more residues (0.009 mg kg™ milk)
than working women (0.007 mg kg™ milk). Diet was also found to
affect pesticide residues in human mik. X-DDT residue
concentrations were higher in lacto-vegetarians (0.007 mg kg
milk) than in omnivorous mothers (0.005 mg kg™ milk) (Table 2).
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Table 1: Pesticide residues detected in mothers’ milk in different agro-climatic zones

Pesticides Pesticides Zone | (n=53) Zone Il (n=51) Zone lll (n=29) Zone IV (n=20)
reporting status detected Sample  Range’ Sample  Range’ Sample  Range’ Sample  Range’
(%) (%) (%) (%)

Pesticides in use Chlorpyrifos 0 BDL 1 BDL 0 BDL 0 BDL
(1.96) 0.011

a-cypermethrin,

bifenthrin, chlorpyrifos,

deltamethrin dicofol,

fenpropathrin,

fenvalerate fluvelinate,

A- cyhalothrin

Not in use in past p, p-DDE 23 BDL 17 BDL 1 BDL 0 BDL

fifteen years: (43.40) (0.064) (33.33) 0.050 (3.45) 0.022

HCHs, DDTs p, p-DDT 0 BDL 1 BDL 1 BDL 0 BDL
(1.96) 0.018 (3.45) 0.010

—number of samples at each zone; BDL- below detection limit; ‘Range is concentration of pesticides expressed in mg kg™ milk

Fruits and vegetables have already been reported as an
important source of pesticide residues to nursing mothers
(Elgueta et al., 2017). Asignificant positive correlation was found
between Z-DDT residues and the age (r=0.99, p<0.05) and
weight (r=0.96, p<0.05) of primiparous mothers. Z-DDT residues
were found to increase with the age and weight of primiparous
mothers. The milk of mothers delivering smaller children was
found to carry more DDT residues (0.007 mg kg™ milk) than that of
average weightinfants (0.004 mg kg™ milk) (Table 2).

Parity may be taken as an important factor in the
prediction of OCs concentration in breast milk, although a better
indicator may be the number and length of previous lactations. A
significant negative correlation was observed between
concentrations of £-DDT and parity in Zones | ®= -0.9467), Zone
I1(r=-0.9894) and Zone Ill (r=-0.7981). In all agro-climatic zones,
pesticide residues decreased with increasing parity. The study
found higher levels of DDT residues in primiparous mothers
(0.010 mg kg' milk) and lower levels of DDT residues in
multiparous women (0.007 mg kg" milk). A lower DDT
contamination rate in colostrum (0.007 mg kg” milk) than in
mature milk (0.004 mg kg" milk) was also observed, which
indicated a correlation between residue concentrations and milk
fat content (Table 2). Higher pesticide residues in the milk of rural
women and housewives can be attributed to differences in factors
such as occupation, food habits, education and other resources
(income status, etc.) between the individuals of each lifestyle.
Most women in rural mountainous areas were housewives who
also engaged in various farm operations and thus were exposed
to pesticides. Similar findings of high concentrations of pesticides
in rural women have been reported by Zeinab et al. (2011).
However, Limon-Miroa et al. (2017) reported higher
concentrations of p,p- DDT and cypermethrin in breast milk of
urban mothers than those residing in agricultural areas in Mexico.
The Z-DDT residues were found to be higher in vegetarians than

in omnivorous women. For Indian vegetarians, whole milk is a
source of animal proteins. The application of pesticides to forage
and cereal crops carry residues to the cattle feed. Due to the
lipophilic properties of OCs, their residues are stored in the fat-
rich tissues of milch animals and are subsequently excreted
through milk fat. Reports of pesticide residues in milk and milk
products have been reported by various authors (Tsiplakou et al.,

Table 2: Extent of pesticide residues in mothers’ milk on the basis of
different factors and lactation

Factor >-DDT residues (mg kg milk)

External factors

Habitation

Rural 0.011+0.012 0.152+0.282
Urban 0.005+0.012 0.100+0.252
Occupation

Housewives 0.009+0.014 0.14040.291
Working 0.007+0.012 0.134+0.276
Diet

Vegetarian 0.007+0.013 0.158+0.295
Omnivorous 0.005+0.011 0.119+0.256
Physiological factors

Infants’ weight

1-3 kg 0.007+0.012 0.165+0.270
3-5kg 0.004+0.013 0.097+0.287
Effect of

lactation Parity

Primiparous 0.010£0.014 0.212+0.323
Multiparous 0.007+0.013 0.140+0.285
Mothers' milk type

Colostrum 0.00740.013 0.152+0.290
Mature milk 0.004+0.010 0.084+0.213

Values are mean £SD

¢ Journal of Environmental Biology, January 2020 4



N.D. Sharma et al. Pesticides contamination in mothers’ milk 27

Table 3: Estimated daily intake (EDI) of >-DDT residues in infants

Infant age (n) Residues Estimated  EDI over ADIs
recorded daily (Fold
(mg kg" milk) intake® increase’)
<10 days (121) 0.0076 0.0011 0.0550
10-20 days (19)  0.0065 0.0010 0.0500
20-30 days (13)  0.0021 0.0003 0.0150

‘Estimated daily intake- residues recorded x milk requirement /body
weight (mg kg™ bodywt day™);”Fold increase- EDI/ADI of DDT

2010;Bulutetal., 2011; Fagnani etal., 2011). The Z-DDT residues
increased with the weight and age of primiparous mothers. The
lipophilic and hydrophobic nature of DDT together with its extreme
persistence in the environment gives it considerable potential to
accumulate in human tissues, particularly fat tissues. Other
studies have reported similar results (Sudaryanto et al., 2006;
Ennaceuretal., 2007).

The Z-DDT residues may impair the anthropometric
development of the fetus, reducing the birth weight. A negative
correlation has been found between birth weight and Z-DDT
residue levels. The low-birth-weight infants are more vulnerable
to milk contaminants due to their slow elimination mechanism and
immature metabolism that cannot eliminate pollutants. Dewan et
al. (2013) reported a negative correlation between infant birth
weight and levels of OCs. Lactation is the most significant
mechanism to reduce concentrations of pesticides stored in the
human body and parity predicts pesticides concentrations in
human milk. In this study, DDT residues in human milk of
multiparous mothers were lower than the levels in primiparous
mothers. This is because of the loss of pesticides from the
mother’s body during each period of lactation due to residues
mobilization into the milk. Declining levels of POPs with parity
were also reported by Al-Rahman (2010). A decrease in
contamination was observed as milk progressed from colostrum
to mature milk. This trend suggests a correlation between the
residue concentration and the fat content of the human milk, as
the milk produced immediately after delivering birth carries more
fatthan the milkin later periods (Waliszewski et al., 2009).

The presence of DDT in breast milk indicates that
breastfed neonates risk exposure to these chemicals. However,
this study, found the EDI of Z-DDT for neonates (Table 3) to be
lower than the established ADI value (0.02 mg kg™ b.wt. d"). As the
EDI for various pesticides in mothers’ milk was lower than the ADI,
the infants did not pose any appreciable risk while kept on
continuous feeding by mothers. Recent studies reported that
most of the mothers’ milk samples were free from pesticide
residues; where ever detected were below ADI (Limon-Miroa et
al., 2017; Smadi et al., 2019) and suggested breast feeding to be
a safe practice. Mothers’ age, weight, parity, fat mobilization, diet,
and occupation and age of infants appeared as the major factors
affecting the transfer of pesticide residues into the mothers’ milk,

thus require special consideration in future studies. Regular
changes in pesticide usage pattern advocate a constant bio-
monitoring of lactating mothers’ milk for pesticide residues to
minimize the health risks to infants and thereby to the future
generation.

Acknowledgments

The authors are thankful to the Department of Science
and Technology, Government of India, New Delhi for providing the
financial support in the form of an INSPIRE FELLOWSHIP'.
Thanks are also due to the Director of Health and Family Welfare,
Government of Himachal Pradesh, India for granting permission
to visit various hospitals and the donor mothers for providing milk
samples to carry out the study.

References

Al-Rahman, S.H.: Persistent organochlorine in human breast milk from
Al-Sharika Governorate, Egypt. Egypt. Acad. J. Biolog. Sci., 2, 21-
30(2010).

Anastassiades, M., S.J. Lehotay, D. Stajnbaher and F.J. Schenck: Fast
and easy multiresidue method employing acetonitrile
extraction/partitioning and dispersive solid-phase extraction for
the determination of pesticide residues in produce. J. AOAC Inter.,
86,412-431(2003).

Ashby J., H. Tinwell and J. Haseman: Lack of effects for low dose levels of
bisphenol A and diethylstilbestrol on the prostate gland of CF1 mice
exposedin utero. Regul. Toxicol. Pharmacol., 30, 156166 (1999).

Azeredo,A., J.P.M. Torres, M.F. Fonseca, J.L. Britto, W.R. Bastos, C.E.A.
Silva, G. Cavalcanti, R.O. Meire, P.N. Sarcinelli, L. Claudio, S.
Markowitz and O. Malm: DDT and its metabolites in breast milk
from the Madeira river basin in the Amazon, Brazil. Chemosphere,
73, 246-255 (2008).

Bassil, M., F. Daou, H. Hassan, O. Yamani, J. Abi, Z. Attieh and J. Elaridi:
Lead, cadmium and arsenic in human milk and their socio-
demographic and lifestyle determinants in Lebanon.
Chemosphere, 191, 911-921(2018).

Bergkvist, C., M. Aune, I. Nilsson, T.M. Sandanger, J.D. Hamadani, F.
Tofail, J. Oyvind-Odland, . Kabir and M. Vahter: Occurrence and
levels of organochlorine compounds in human breast milk in
Bangladesh. Chemosphere, 88, 784-790 (2012).

Bouwman, H., B. Sereda and H.M. Meinhardt: Simultaneous presence of
DDT and pyrethroid residues in human breast milk from a malaria
endemic area in South Africa. Environ. Pollut., 144, 902-917
(2006).

Bulut, S., L. Akkaya, V. Gok and M. Konuk: Organochlorine pesticide
residues in cow’s, buffalo’s and sheep’s milk form Afyonkarahisar
region, Turkey. Environ. Monit. Assess.,181,555-562 (2011).

Dewan, P, V. Jain, P. Gupta and B.D. Banerjee: Organochlorine
pesticide residues in maternal blood, cord blood, placenta and
breast milk and their relation to birth size. Chemosphere, 90, 1704-
1710(2013).

EikAnda, E., E. Nieboer,A.A. Dudarev, .M. Sandanger and J.O. Odland:
Intra and intercompartmental associations between levels of
organochlorines in maternal plasma, cord plasma and breast milk,
and lead and cadmium in whole blood, for indigenous peoples of
Chukotka. Russia. J. Environ. Monit., 9, 884-893 (2007).

Elgueta, S., S, Moyano, P. Sepulveda, C. Quirozand A. Correa: Pesticide
residues in leafy vegetables and human health risk assessmentin
North Central agricultural areas of Chile. Food Addit. Contam. Part

& Journal of Environmental Biology, January 2020



28 N.D. Sharma et al.: Pesticides contamination in mothers’ milk

B, 10, 105-112(2017).

Ennaceur, S., N. Gandoura and M.R. Driss: Organochlorine pesticide
residues in human milk of mothers living in Northern Tunisia. Bull.
Environ. Contam. Toxicol., 78, 325-329 (2007).

Fagnani, R., V. Beloti, A.P.P. Battaglini, K.S. Dunga and R. Tamanini:
Organophosphorus and carbamates residues in milk and feedstuff
supplied to dairy cattle. Pesq. Vet. Bras., 31,598-602 (2011).

FAO/WHO: Food Standards Programme, Codex Alimentarus
Commission, Report of the Fortieth Session of the Codex
Committee on Pesticide Residues. Hangzhou, China (2008).

Homnell, A., H. Lagstrom, B. Lande and I. Thorsdottir: Breastfeeding,
introduction of other foods and effects on health: A systematic
literature review for the 5th Nordic Nutrition Recommendations.
Food Nutr. Res., 57 (2013). doi:10.3402/fnr.v57i0.20823

Kumar,A.,A. Baroth, I. Soni, P. Bhatnagar and P.J. John: Organochlorine
Pesticide residues in milk and blood of women from Anupgarh,
Rajasthan, India. Environ. Monit. Assess., 116, 1-7 (2006).

Limon-Miroa A.T., M.L. Aldana-Madrid, G. Alvarez-Hernandez, L.E.
Antunez-Roman, G. Rodriguez-Olibarria and M.E.V. Juillerat:
Breast milk intake and mother to infant pesticide transfer
measured by deuterium oxide dilution in agricultural and urban
areas of Mexico. Chemosphere, 181, 682-689 (2017).

Muller, M.H.B., A. Polder, O.B. Brynildsrud, M. Karimi, E. Lie and W.B.
Manyilizu: Organochlorine pesticides (OCPs) and polychlorinated
biphenyls (PCBs) in human breast milk and associated health risks
to nursing infants in Northern Tanzania. Environ. Res., 154, 425-
434(2017).

Qu, W., R.P.S. Suri, X. Bi, G. Sheng and J. Fu: Exposure of young
mothers and newborns to organochlorine pesticides (OCPs) in
Guangzhou, China. Sci. Total Environ., 408, 3133-3138 (2010).

Rai, S., VK. Dua and AK. Chopra: Bio-monitoring of persistent
organochlorines in human milk and blood samples from sub-
himalayan region of India. Bull. Environ. Contam. Toxicol., 89, 592-
597 (2012).

Rojas-Squella, X., L. Santos, W. Baumann, D. Landaeta, A. Jaimes, J.C.
Correa, O.L. Sarmiento and J.P. Ramos-Bonilla: Presence of
organochlorine pesticides in breast milk samples from Colombian
women. Chemosphere, 91,733-739 (2013).

Schutz, D., C.G. Moy and F.K. Kaferstein: Persistence of
organochlorines in breast milk of women in Victoria, Australia.
Chem. Toxicol., 33,49-56 (1998).

Sharma, A., J.P.S. Gill, J.S. Bedi and P.A. Pooni: Monitoring of pesticide
residues in human breast milk from Punjab, India and its

correlation with health associated parameters. Bull. Environ.
Contam. Toxicol., 93,465-471(2014).

Smadi, N., A. Jammoul and N.E. Darra: Assessment of antibiotic and
pesticides residues in breast milk of syrian refugee lactating
mothers. Toxics, 7,39-52 (2019).

Subramaniam, K. and R.D. Solomon: Organochlorine pesticides BHC
and DDE in human blood in and around Madurai, India. Indian J.
Clinic. Biochem., 21, 169-172(2006).

Sudaryanto, A., T. Kunisue, N. Kajiwara, H. Iwata, TA. Adibroto, P.
Hartono and S. Tanabe: Specific accumulation of organochlorines
in human breast milk from Indonesia: Levels, distribution,
accumulation kinetics and infant health risk. Environ. Pollut., 139,
107-117 (2006).

Toft, G., AM. Thulstrup, B.A. Jonsson, H.S. Pedersen, J.K. Ludwicki, V.
Zvezday and J.P. Bonde: Fetal loss and maternal serum levels of
2,244 55 hexachlorbiphenyl (CB-153) and 1,1-dichloro-2,2-
bis (p-chlorophenyl)ethylene (p,p’-DDE) exposure: a cohort study
in Greenland and two European populations. Environ. Hith., 9, 22
(2010).

Tsiplakou, E., C.J. Anagnostopoulos, K. Liapis, S.A. Haroutounian and
G. Zervas: Pesticides residues in milk and feedstuff of farm
animals drawn from Greece. Chemosphere, 80,504-512 (2010).

Uemura, H., K. Arisawa, M. Hiyoshi, H. Satoh, Y. Sumiyoshi, K.
Morinaga, K. Kodama, T. Suzuki and M. Nagai: PCDDs/PCDFs
and dioxin-like PCBs: Recent body burden levels and their
determinants among general inhabitants in Japan. Chemosphere,
73,30-37(2008).

Waliszewski, S.M., G.M. Santiesteban, R. Pietrini, S.G. Arroyo, O.A.
Munoz, M.H. Mercado and O. Carvajal: Breast milk excretion
kinetic of -HCH, p,p’-DDE and p,p-DDT. Bull. Environ. Contam.
Toxicol., 83,869-873(2009).

Zeinab, H.M., G. Al-Targi, G. Abou El Ela Refaat and A.Y. El-Dressi:
Organochlorine pesticide residues in human breast milk in EI-
Gabal Al-Akhdar, Libya. International Conference on Life Science
and Technology, Singapore. Vol. 3, 146-149 (2011).

Zhou, J., X.Zeng, K. Zheng, X.Zhu, L.Ma, Q.Xu, X.Zhang, Y.Yu, G.
ShengandJ. Fu: Musks and organochlorine pesticides in breast milk
from Shanghai, China: Levels, temporal trends and exposure
assessment. Ecotoxicol. Environ. Saf., 84,325-333(2012).

Zhou, PP, Y.N. Wu, S.A.N.Yin, J.G. Li, Y.F. Zhao and L. Zhang: National
survey of the levels of persistent organochlorine pesticides in the
breast milk of mothers in China. Environ. Pollut., 159, 524-531
(2011).

¢ Journal of Environmental Biology, January 2020



