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ABSTRACT

Milk is the source of casein protein, vitamins, calcium and phosphorus and plays vital role in
strengthening the human body tissues. Now a days most food items are contaminated by different
synthetic chemicals including milk. DDT (Dichlorodiphenyl trichloroethane) and HCH
(Hexachlorohexane) come under the organochlorine insecticides group and indiscriminately used in
agriculture and in control of mosquitoes in different health programmes in India. These insecticides
are lipophilic and got accumulated in fatty tissues of organisms and environment. This investigation
was undertaken to evaluate the levels of DDT metabolites and HCH isomers in packaged milk
samples collected from Haridwar, Uttarakhand, India. Total 27 milk samples of different brands viz
Paras, Amul Gold, Ananda, Dairy Best and Mother Dairy were collected and analysed using Gas
Chromatographic Mass Spectrometry. The HCH was not detected in Ananda, Dairy best and Mother
Dairy whereas DDT and its metabolites were found in all the brands. The concentration of HCH
isomers and DDT metabolites were recorded under the standard limits of WHO (World Health
Organization).
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INTRODUCTION

Milk is the rich source of the proteins, vitaminsdeother essential elements. It contains caseiahnisi
only present in milk and source of many amino adiistein is required for the growth and developimen
of human tissues and immunity. The calcium, phoghanagnesium, and potassium are the important
constituents of milk and it also contains vitaminpd well as vitamins A and D. Milk is at the risk o
contamination by a variety of chemicals which pEssin environment after disposal or their appidat
The major chemical contaminants are antibioticsinéectants, nitrites and pesticiﬂie'ﬁhe contamination
of milk with pesticides can adversely affects thewgh and development of humans especially children
up to a significant level.
Organochlorine insecticides are chemically synttesbivith chlorine and carbon. These can be divided
three classes viz dichlorodiphenylethanes (DDT, DBibofol), chlorinated cyclodienes (aldrin, dietgr
heptachlor), hexachlorocyclohexanes (BHC)
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The use of synthesized pesticides started in 1949 thie application of DDT (Dichloro-diphenyl-
trichloroethane) in malaria control and HCH (Hexaeco-hexane) to control locd$t Organochlorine
insecticides were used in high quantities worldweédeecially in tropical countries like India to ¢
malaria and in agricultural to control various gedtiow days, maximum number of food items we
consume are contaminated with different pesticiddse quantification of organochlorines is being
carried out due to its health hazardous and bioaafation in food chains. DDT, HCH, aldrin and
dieldrin were used in agriculture and public heglthgrammes in early 1980s in various countriesstVio
of countries now put a ban on these pesticidestwne of them are still using by the local farmerd a
health department due to its versatile nature agairious pestS. Endosulfan is being widely used in
cotton growing areas, on vegetable farms, and dfeemlantation's DDT and HCH were used in
agriculture and in public health to prevent variqests, weeds, and other pathogens to protect the
humans from various diseases. Approximately 25@f09ear of organochlorines have been used in India
in which DDT contributed 40% of the totaPesticides are developed under strict regulatitimthe aim
of minimal impact on environment and human healthh fmajor concerns were raised when these
components are detected in components of food shhidia is one the largest manufacturer of diffiere
pesticides in Asia and these insecticides are hesed in measurable quantities in agriculture aaith
sector to combat various pests that may affectcalimral production and populatidifSarkaret al.,
2012). DDT and HCH are ubiquitous contaminants tvhiodergoes biomagnifications process in food
chairt®**2 The presence of DDT metabolites and HCH isomexsiious components of environment is
due to long range transport and persistence. DRITHEH were used in public health and agricultunal i
India'®*4*>1%1"18 Dajry milk, Bovine and cow milk contaminated wiADT metabolites and HCH
isomers residues have been investigated by vawousers across the worftf®#22324:25.26.27,28,29,30
Therefore, the present study was undertaken tasfigage the levels of DDT and HCH in packaged milk
samples of different brands sold in Haridwar cifftarakhand, India to access the contaminationilprof
of these pesticides.

MATERIALS AND METHODS
All the samples were collected and analyzed folhgnhe reported metholdsThe extraction recovery
was more than 90% for all HCH isomeus f§, v, 6) and DDT metabolites (o,p DDT, p,p DDT, o,p DDE,
p,pDDE, p,pDDD and o,pDDD) in spiked milk samples.

Sample collection and Extraction

A total of 27 milk samples of different brands vitaras (09), Amul Gold (4), Ananda (6), Dairy Bgst

and Mother dairy (03) were collected from the Hamd city of Garhwal region of Uttarakhand state in
India (Fig. 1). All the collected samples were preserved in s&draolution of potassium dichromate
containing 1% amyl alcohol. Three replicates othesample were analysed as per the previously rghort
methods.

25 ml milk from each samples was taken for extoectf DDT and HCH residues with methanol and
sodium oxalate with addition of 10 ml ethyl eth@&he contents were shaken for 5 min and 10 ml
petroleum ether was added and was shaken for arotimin. Petroleum ether extract is separated after
the centrifuge at 1500 rpm and transferred to sejpay funnel containing 250 ml distilled water a2l

ml saturated solution of sodium chloride. The detim ether portion was passed through an anhydrous
sodium sulfate column and dried to obtain fat.

The weighted fat content was dissolved in 10 migbetim ether and transferred to a separating funnel
containing 50 ml of acetonitrile. The solvent whalsed vigorously for 1 min and the layers werevedid

to separate. Acetonitrile layer was transferredeparating funnel containing 50 ml petroleum etrat
shaked for 1 minute after which was again extratkéde with 15 ml petroleum ether. The petroleum
ether extract was then passed through an anhydadiam sulphate column and was evaporated in a
vacuum evaporator.

Cleanup of samples
The extracted samples were processed for the rdrabiapurities by column chromatography with 5 %
deactivated alumina and 1.5 cm of anhydrous sodiutphate. The column was packed tightly and
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washed by 50 ml n-hexane. The extracts of sampége Waded in the column with 100 ml n-hexane:
benzene (1.1 v/v). The solvent was collected arghenated to dryness by vacuum evaporator and stored
till further analysis by GCMS.

Gas Chromatography Mass Spectrometry (GCMS) Analysi

GC MS analysis was performed using a Bruker Gasm@atograph coupled with Mass Detector model
Scion TQ 436 The column used for the analysis welw@h : phenomenex Phase - ZB -5MS (L= 60m x
1, D= 0.25mm x df = 0.25 id). The initial oven teengture was hold at 90°C for 3 min and then in@das
at the rate of 15°C/min up to 150°C and then sebfminutes. It was again increased at the rate©f

up to 280°C and set for 35 minutes. The injectiort pvas in split less mode and temperature was kept
280°C. Ultra pure helium was used as a carrieragasflow rate of 1 ml/min. MS detector was opeaitate
at 70 eV in EIl autoionization mode. The trap terapee, manifold temperature and transfer line
temperature were 190, 40C and 276C, respectively for MS detector.

RESULTS AND DISCUSSION
Milk is an important source of nutrition for humapstem. It is a food that has an important posiiion
the human diet. The contamination of milk by pédds could pose a threat to human health. Therdfore
should be free from any type of contamination asldue levels must be under recommended limits in
order to minimize the harm to human he#itih total of 27 packaged milk samples of differenarmis
were collected from Haridwar and analysed for HGbhiers and DDT metabolites. All the samples were
found contaminated with residues of these insetd&i The result of sample analysed are presented in
Table 1 Out of all brands, HCH isomers were only detedtedParas and Amul Gold whereas DDT
metabolites were found in all the brands. Among Hi€bMmers alpha, beta HCH were detected in the
milk samples of Paras and Amul Gold and gamma HCi$ wnly reported in Paras whereas HCH
isomers were not detected in the milk samples afylest, Mother dairy and Ananda. Milk samples of
all brands were found contaminated with DDT andnikstabolites. In DDT metabolites o,p DDE was
absent in the samples of all brands except AmutiGalpha HCH was found more as compared to all the
isomers of HCH with mean concentration of 0.083 pplParas brand followed by 0.067 ppb in Amul
Gold. Total HCH was also found maximum in Paras@spared to Amul Gold. Total DDT was found
maximum in the samples of Paras brand with meanesdration of 14.50 ppb followed by 8.51 ppb in
Amul Gold, 8.05 ppb in Ananda, 7.14 ppb in DairysBand 4.21 ppb in Mother Dairy. Among DDT
metabolites p,p DDE contributed with high levelsalhthe samples followed by p,p DDD, o,p DDT, p,p
DDT, o,p DDD and o,p DDE. The similar pattern of H@&Gomers and DDT metabolites were reported in
whole milk samples of Uttar Pradesh and Madhyad%i&d In the present study, some changing patterns
of HCH isomers and DDT metabolites have been olkserhe HCH isomers were found absent in most
of the samples whereas o,p DDE was detected ordpénsample. The changing pattern of various HCH
isomers and DDT metabolites in whole milk samplesenalso reportéd
The Maximum Residue Level of total HCH and total DBhould be 0.05 mg/kg for whole milk b&Sis
The contamination profile level of HCH isomers ab®T metabolites in packaged milk samples of
present study was found within the prescribed lianitl lower than reported concentration by different
workers from India and abro#d>?3?2° The tendency of contamination is showing the jlgasut of
DDT and HCH from the study area. The results ofsen¢ study are compared with the other
investigations in the past from across the worl@able 2.
Though the application of HCH is ban in all fielddaDDT can only be used in public health by heath
department in places where required, but residuesietected in food contents due to their persisten
nature in environment. These residues got accustllat plants, and weed which are taken up by
herbivores and get accumulated in the fatty tissafethe animal, hence still detected in the milk of
animals and consumers of milk are at the risk #s¢hcompounds without knowing anythihgrhe
residue of the DDT and HCH persists for a long $inrethe environment and its components, however
lesser use of these chemicals can eliminate them &l the components of environm®&ntn the present
investigation, it could be established that HCHnrisos and DDT metabolites in the study area has no
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potent risk for public health, however the monitgriof these compounds in other components is

necessary to evaluate the exposure level of tHemmicals in population. This trend is also reflegtihe
reduction and responsible use of these chemicakent years.

Fig. 1: Study sites
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Table 1 : Mean£SE concentration (ppb) of HCH isomes and DDT metabolites in different brands of

packaged milk of Haridwar, Uttarakhand

Brand | No.of «-HCH  -HCH | y-HCH [6-HCH[ ?-HCH  o,p DDT p.pDDT [ 0.pDDE | p,p DDE p.p DDD o.p DDD 2 DDT
samples
analysed
(n)
Faras 0.083£0,01  0.09£0.00 [0.057+0.038| ND [0.2320.09 3.80+1.12 | 061020 ND 595+1.77 | 390120  0.18£009 |14.5043.12
(ND-0.75) (ND - 0.76) (ND - 0.26) (ND 0.81) (NDS.35) (ND -2.71) (ND 227.77) (ND-8.38) (ND - 0.67) (ND-30.12)
Amul Gold| 4 4670 0,05 0132002 ND ND |0.20:0.03 0712023 | 0.6940.041 | 030£0.12 | 573177 | 105043 0324001 | 8514295
(ND -0.27) (ND - 0.52) (ND -0.79) ND-2582) (ND -2.75) (ND - 1.18) (ND -20.01) (ND- 2.81) (ND - 0.13) (ND-29.36)
Ananda 6 ND ND ND ND ND 2704120 | 027 £ 0.021 ND 2,16+ 080 | 290+ 130 0.034 = 0.001 [8.05+ 2.15
(ND 46.75) (ND -1.61) (ND -5.89) (ND- 6.92) (ND - 0.20) (ND- 19.75)
Dairybest) 5 ND ND ND ND ND 0.68:006 | 0531004 ND 3096072 | 272:110  0.11£008 | 7.14%1.16
IND -340) (ND -2.49) (0.76 - 5.26) (ND-5.07) (ND - 0.54) (ND-10.23)
Mother 3 2
dairy ND ND ND ND ND 133067 | 0474003 ND 1094028 | 130+0.78  0.04=0.001 | 421+134
(ND -366) (ND-L11) (ND -1.60) (ND- 3.65) (ND-0.13) (1.12-8.80)
() - values given in paren thesis are the range;
ND - Not detected
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Table: 2 Comparison of present study with contamingion reported from other places

Country References >-HCH (mg/kg) >-DDT (mg/kg)
China Zhang (1998 0.07
Mexico Waliszewsket al. (1996} 0.098 0.095
India (Delhi) Mukherjee and Gopal (198%) 0.071 0.057
Slovakia Prachaet al. (1995§° 0.015 0.150
India (Haridwar) | Dua et al. (1997) 0.027 0.021
India (all) Agnihotri (19995 ND-5.12 0.413
India (Lucknow) | Nigam and Siddiqui (2001) ND-25.6
India (South) Surendranathal. (2002§? 0.01-0.71 0.015
China Zhanget al. (200353 ND-0.8
India (North) Kathpakt al. (2004}* 0.001-0.209 0.046
India (UP & MP) | Nag and Raikwar (2047) 0.162 0.001-0.649
Present Study
(Packaged milk) ND — 0.0008 ND — 0.029
CONCLUSION

In the present investigation the level of contaridma of HCH isomers and DDT metabolites were
recorded. HCH was not detected in maximum sampleseas DDT was present in most of the samples
but the concentration level was within given limitWHO. This trend may be due to the responsibke u
of DDT by the authorities and general populatiod afso indicates the phasing out of these chemicals
from the region in animal milk samples but stileta is a requirement of further investigation oae th
residue levels in other components of environmfatthe sake of human health.

Acknowledgement
Authors are very thankful toniversity Grant Commission for the BSR researdlofeship vides UGC
Reference NO. F. 7- 70/2007(BSR) to provide fellojwsandDepartment of Zoology and Environmental
Science, Gurukul Kangri University, Haridwar toefsupport for the research work.

REFERENCES

1. Heeschen, W., and Harding F., Contaminants; In Bdidk Quality, publication Champman & Hall
UK. (1995).

2. Hayes, J.W., Introduction. In: Hayes, W.J. & La®sR. (Eds.)Handbook of Pesticide Toxicology,
General Principles,. Publ: Academic Press, Incpp 1-37, (1991).

3. Gupta, P.K., Pesticide exposure —Indian sc&ngicol., 198: 83—-90, (2004).

4. NAMS and T/NASTEC,Technology of Application of Pesticides, Daya Publishing House, New
Delhi, pp.109-125, (2005).

5. John, P.J., Bakore, N., Bhatnagar P., Assessmamrgahochlorine pesticide residue levels in dairy
milk and buffalo milk from Jaipur City, Rajasthdndia. Environ Int., 26: 231-236 (2001).

6. Amoah, P., Drechsel, P., Abaidoo, R.C., & Ntow, W. Pesticide and pathogen contamination of
vegetables in Ghana’s urban markétshives of Environmental Contamination and Toxicology, 50:
1-6 (2006).

7. Ntow, W.J., Gijzen, H.J.P., Kelderman, DrechselF&mer Perceptions and Pesticide use practices
in vegetable production in Ghana. Soc. Chiemus. Pest Manag. <ci., 62: 356-365, (2006).

8. Mathur, S.C., Pesticides industry in IndPesticide information., 19: 7-15 (1993).

9. Sarkar, S.K., Satpathy, K.K., Jonathan, M.P., Biwhidrya, A., Alam, A., Chatterjee, M.,
Bhattacharya, B.D., Biswas, S.N., Persistent oauilutants (POPs) in sediments and biota in
coastal environments of Indignvironmental Chemistry for a Sustainable world: 1: Nanotechnology
and Health Risk, DOI 10.1007/978-94-007-2442-6 (2012).

Copyright © October, 2015; IJPAB 125



Negi, R.K. and Rani, S. Int. J. Pure App. Biosci. 3 (5): 121-127 (2015) ISSN: 2320 — 7051

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Tolosa, |., Bayona, J.M., Albaiges, J., Spatial daadhporal distribution fluxes and Bridget of
organochlorinated compounds in northwest MediteaansedimentsEnviron Sci Technol., 29:
2519-2527 (1995).

Simonich, S.L., and Hites, R.A., Global distributtiof persistent organochlorine compourfasence,
269:1851-1854 (1995).

Ntow, W.J., Pesticide residue in the Volta Laked @servoirsRes. Manage., 10: 243-248 (2005).
Kumar, A., Dayal, P., Shukla, G., Singh, G., Josdpk., DDT and HCH residue load in mother’s
breast milk: a survey of lactating mother’s fronmoge villages in Agra regiorEnviron Int., 32:
248-51 (2006).

Pandit, G.G., Mohan, Rao, A.M., Jha, S.K., Krishoarthy, T.M., Kale, S.P., Raghu, K., Monitoring
of organochlorine pesticide residues in the India@rine environmeniChemosphere., 44: 301-305
(2001).

Devi, N.L., Qi, S., Chakraborty, P., Zhang, G., #adl.C., Passive air sampling of organochlorine
pesticides in a north-eastern state of India, Mamipof Environ Sci., 23(5): 808-815 (2011).

Devi, N.L., Chakraborty, P., Qi, S., Zhang, G.,e8&d organochlorine pesticides (OCPs) in surface
soils from three major states from the northeasgart of India.Environ Monit Assess., DOI
10.1007/s10661-012-3055-5 (2013).

Abdullah, A.R., Bajet, C.M., Matin, M.A., Nhan, D.DSulaiman, A.H., Ecotoxicology of
pesticides in the tropical paddy field ecosystBnviron. Toxicol. Chem., 16: 5970 (1997).

Rai, Swapnil, Dua, V.K., Chopra, A.K., Bio-monitog of Persistent Organochlorines in Human
Milk and Blood Samples from Sub-Himalayan Regiornafia. Bull Environ Contam Toxicol., 89(3):
592-597 (2012).

Kapoor, S.K., Chawla, R.P., Kalra, R.L., Contamimabf bovine milk with DDT and HCH residues
in relation to their usage in malaria control pargme.J Environ i Health B., 15(5): 545-57
(1980).

Waliszewski, S.M., Pardio, V.T., Waliszewski, K.NChantiri, J.N., Aguirre, A.A., Rivera, R.M., J.,
Infanzhn, Organochlorine pesticide residues in eomilk and butter in Mexico. Th&cience of the
Total Environment, 208: 127-132 (1997).

Battu, R.S., Singh, P.P., Joia, B.S., Kalra, RQontamination of bovine (buffalo, Bubalus bubalis
(L.)) milk from indoor use of DDT and HCH in malarcontrol programmescience of the Total
Environ., 15:86(3): 281-7 (1989).

Dua, V.K., Pant, C.S., Sharma, V.P., HCH and DDsidees in human and bovine milk at Hardwar,
India. Indian J Malariol., 34(3): 126-131 (1997).

Battu, R.S., Singh, B., Kang, B.K., Contaminatiddiguid milk and butter with pesticide residues in
Ludhiana.Ecotoxicol Environ Safety., 59: 324-331 (2004)

Kumar, A., Dayal, P., Singh, G., Prasad, F.M., &eJth, P. E., Persistent organochlorine pesticide
residues in milk and butter in Agra City, India:case studyBull Environ Cont Toxicol., 75: 175—
179 (2005).

Heck, M. C., Sifuentes dos Santos, J., Bogusz duBip Costabeber, I., & Emanuelli, T. Estimation
of children exposure to organochlorine compoundsutih milk in Rio Grande do Sul, Brazitood
Chemistry, 102: 288—294 (2007).

Sharma, H.R., Kaushik, A., Kaushik, C.P., Pestigigiidues in bovine milk from a predominantly
agricultural state of Haryana, Indinviron Monit Assess., 129(1-3):349-57 (2007).

Nag, S.K., and Raikwar, K., Mukesh, Organochloriesticide Residues in Bovine MillBull
Environ Contam Toxicol., 80: 5-9 (2008).

Godfred, Darko, Samuel, Osafo, Acquaah, Levels rgiamochlorine pesticides residues in dairy
products in Kumasi, Ghan@hemosphere. 71: 294—-298 (2008).

Nida, M., Salem, R. A., Hussein, E., Organochlofiresticide residues in dairy products in Jordan.
Chemosphere., 77: 673—678 (2009).

Bulut, S., Akkaya, L., Gok Veli.,, Konuk Muhsin, @anochlorine pesticide (OCP) residues in cow'’s,
buffalo’s, and sheep’s milk from Afyonkarahisar imeg Turkey.Environ Monit Assess., 181: 555—
562 (2011).

Copyright © October, 2015; IJPAB 126



Negi, R.K. and Rani, S. Int. J. Pure App. Biosci. 3 (5): 121-127 (2015) ISSN: 2320 — 7051

31.

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Ciscato, C.H.P., Gebara, A.B., Spinosai, H.S.,ifidstresidues in cow milk consumed in Sao Paulo
City (Brazil). Journal of Environmental Science and Health Part B., 37(4): 323-330 (2002).

Kaushik, C.P., Sharma, H.R., Gulati, D., Kaushik, @hanging patterns of organochlorine pesticide
residues in raw bovine milk from Haryana, Indtaviron Monit Assess., 182(1-4):467 — 75, (2011).
Agnihotri, N.P., Pesticide safety evaluation anchitoring. All India Coordinated Research Project

on Pesticide Residues, Indian Agricultural Research Institute, New Deltii999).

. Waliszewski, S. M., Pardico, V. T., Waliszewski, K., Chantiri, J. N., Infanz @ on, R. M., and

Rivera, J., Detection of some organochlorine p&& in cow's milk. Food Additives and
Contaminants., 12: 231-235 (1996).

Pardio, V.T., Waliszewski, K.N., Landin, L.A., Bata, R.G., Organochlorine pesticide residues in
cow's milk from a tropical region of Mexicd;00d Additives and Contaminants, 20(3): 259-269
(2003).

WHO, Public health impact of pesticides used in agriculture. WHO in Collaboration with the UNEP.
Geneva: World Health Organization. (1990).

UNEP, Sub-Saharan Africa, Regionally Based AssestioiPersistent Toxic Substances, United
Nations Environment Programme, Chemicals (UNEP Gtes), Geneva, Switzerland, pp. 118.
(2002).

Zhang, Y., Levels of organochlorine pesticide rae&lin food of ChinaPestic Sci Mgmt., 6:20—22
(1995).

Mukherjee, |., Gopal, M., Organochlorine pesticidsidues in dairy milk in and around Delhi.
JAOAC Int., 76: 283—286 (1993).

Prachar, V., Veningerova, M., Uhank, J., Pribela, Persistent organochlorine compounds in cow’'s
milk and butterFresenius Environ Bull., 4: 413-417 (1995).

Nigam, U., Siddiqui, M.K., Organochlorine inseatiei residues in dairy milk sample samples
collected in Lucknow, IndiaBull Environ Contam Toxicol., 66: 678-682, (2001).

Surendranath, B., Usha, M.A., Unnikrishnan, V., @rgchlorine pesticide residue contents of human
milk and dairy milk.Indian J Nutr Diet., 37: 188—194 (2002).

Zhang, W., Xu, D., Chai, Z., Mao, X. 2001 Surveyosfianochlorine pesticide in retail milk from
Beijing, P.R. ChinaFood Addit Contam., 20: 254—-258 (2003).

Kathpal, T.S., Kumari, B., Singh, S., Singh, J. ttekidue analysis of bovine milk and human milk
in cotton growing belt of Haryana. In: Dureja Px&sa DB, Kumar J, Gopal M, Singh SB, Tanwar
RS (eds)Pesticide environment and food security, Society of Pesticide Science India, New Delhi, pp
140-148 (2004).

Nag, S.K., Mahanta, S.K., Raikwar, M.K., BhadorBK., Residues in milk and production
performance of goats following the intake of a jmisé (endosulfan)Small Rumin Res., 67: 235-242
(2007).

Copyright © October, 2015; IJPAB 127



