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Abstract. Organochlorine pesticides (OCPs) are highly toxic, persistent organic pollutants (POPs)
with adverse effects to the environment and human health. The main way of human exposure to
the OCP contamination is through food, especially the food products of animal origin. The aims of
this study were to determine the presence and concentration of organochlorine pesticide residues in
milk and dairy products samples collected from Bacau district area and to assess human exposure to
OCPs through the consumption of these products. A total number of 54 samples of milk and dairy
products were analysed for their residual content of hexaclorocyclohexane isomers (HCHs) and
dichlorodiphenyltrichloroethane (DDT) and its analogues. The levels of OCP residues were deter-
mined by gas chromatography — mass spectrometry (GC/MS) method. The results indicated that all
the analysed samples were contaminated with a-HCH, B-HCH and y-HCH, respectively. In all the
analysed samples, DDT and its analogues were non-detectable. The presence of y-HCH (Lindane)
was detected in the range of 0.0042 to 0.2124 (mg kg™' fat) for raw cow milk, of 0.0028 to 0.1408
(mg kg! fat) for pasteurised cow milk and of 0.0042 to 0.2682 (mg kg' fat) for sour cream. It could
be concluded that organochlorine pesticide residues were detected in raw cow milk and dairy prod-
ucts as they were persistent in the environment due to their slow decomposition rate, long half-life
and high stability in the environment. In most cases, the values of detected organochlorine pesticide
residues exceeded the maximum residue levels provided by Romanian and international regulations.
This study represents an important step towards a more comprehensive understanding of the human
health risks associated with OCP exposure via milk and dairy product consumption in Romania.

Keywords: organochlorine pesticide residues, milk, dairy products, food safety.
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AIMS AND BACKGROUND

Milk is considered to be the most balanced food ever found in nature, which
contains most nutrients. It is eaten by people of all ages and nationalities, and
the quantity varies according to the eating habits and to its availability. Milk and
dairy products are an important part of the daily diet of babies, children, elderly
and sick people. These products are also the only source of animal protein in the
diet of many vegetarians, whose number is continuously increasing all over the
world. Milk and the dairy products implicitly can be contaminated with different
chemicals in different stages of its production and storage. This contamination can
be due to the animal food (the feed) as well as to other parts of the diet such as the
water'=, The following types of chemical contaminants can found in milk: pesticide
residues, other persistent organic pollutants (POPs) such as PCBs, PCDDs, PCDFs,
etc., heavy metals, radionuclides, veterinary drugs and antibiotics, aflatoxins and
mycotoxins, nitrites and nitrates, detergents and disinfectants*!!.

Organochlorine pesticides (OCPs) are highly toxic, persistent organic pol-
lutants (POPs) with adverse effects to the environment and human health. These
compounds are considered to have low acute toxicity, but they have high potential of
chronic toxicity compared to other types of pesticides such as the organophosphorus
pesticides’!!. Organochlorine pesticides (OCPs), especially dichloro-diphenyl-
trichloroethane (DDT) and hexachloro-cyclohexane (HCHs), together with the
cyclodienes such as aldrin, dieldrin, chlordane and heptachlor were found in milk
and in dairy products during the last decades and they were mentioned in differ-
ent studies!?>'%. OCPs, considered to be more persistent, were used on large scale
all over the world, especially at the tropics, in order to stimulate the agricultural
production by controlling the pests as well as in health to control the vectors that
cause diseases such as malaria®!'7. OCPs are highly stable under most environmental
conditions, have long persistence and tendency to accumulate in body tissues and
are liposoluble, thus leading to their bioaccumulation through the food chain'2.
The fact that they are liposoluble allows the OCPs to accumulate in the body tis-
sues were they get into a state of balance and bioconcentration; thus the tissues
rich in lipids act as OCP deposits. Due to this fact, the concentrations of OCPs in
the human and animal body decrease very slowly, even after the contamination
sources are eliminated!!!%18,

Health risks of OCPs. The OCPs have different types and degrees of toxicity.
As their residues can be accumulated in the fat tissues which make up the vital
organs such as the thyroid, the heart, the kidneys, the liver, mammary gland and
the testicles, they can be a major risk for the human health. Many studies showed
their effects on the human health, starting with their effects on the cardiovascular
and the respiratory systems until genotoxicity!'”!>*. These residues can also be
transferred to the fetus through the umbilical cord and to the baby through breast-
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feeding'®?!. Some researches connected the exposure to these pesticides to a high
risk of human cancer and some of these pesticides were found to be carcinogenic
when tested on animals. Many of the OCPs are now recognised as potentially
disturbing on the human endocrine system, even in case of low exposure?>?*, The
International Agency for Research on Cancer (IARC) classified compounds such
as dichlorodiphenyltrichlroethane (DDT), mirex, toxaphene, hexachlorobenzene
(HCB) or hexachlorocyclohexane (HCH) as possibly carcinogenic to humans
(group 2B)*. The mechanism on which the toxicity of OCPs is based involves
inducing enzymatic activity by means of the free radicals which affect the immune
response, the neurologic system, the lipid metabolism and the transport of vitamins
and glucose in the blood. It should also be mentioned the fact that certain OCPs
have mutagenic, teratogenic and carcinogenic effect not only on humans but also
on other biotic communities with different levels of sensitivity!!'?-?7, Numerous
studies indicated the affinity of organo-chlorinated compounds for fats, showing
evidence of increasing contamination through the food chain®>!-13.

The main way of human exposure to the OCP contamination is through food,
especially the food products of animal origin which are rich in fat such as pork,
fish, milk and dairy products due to for many people, these types of food represent
an important part of the daily diet?®*. Previous studies proved that food of animal
origin is responsible for over 90% of the average human intake of chlorinated
organic compounds!!'2,

According to the present regulations, the use of OCPs or of mixtures including
OCPs are no longer allowed in the European Union. Products containing y-HCH
were banned starting with January 1st 2007 and Endosulfan was banned starting
with January 1st 2008. In Romania pesticide residues are strictly regulated by
sanitary veterinary regulations specific for food of animal and vegetal origin, both
from our country and imported, according to the European regulations in this field.
When it comes to milk and dairy products, the maximum residue levels specific
for OCP residues in these products are mentioned?!32,

Pesticides get into the vegetables directly through the phytosanitary treatments
applied, as well as indirectly, being taken from the water and the soil, wherefrom
they contaminate the food of animal origin through the trophic chain. Milk amounts
high quantities of OCPs because mammary gland is one of the ways of eliminating
these toxic compounds from the animal body. Due to the liposolubility of OCPs,
their concentration is higher in sour cream, cheese and especially in butter, the
residue level also depending on the age of the animal®.

Since OCPs have been used over a long period of time in our country, and
since these compounds are very persistent in the environment, they have to be
continuously monitored. In Romania, in Bacau County, there are no data available
on the levels of OCP residues in milk and dairy products coming from the small
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producers or independent producers, which constitute an important part of the diet
of many adults and children.

The aims of this study were to determine the presence and concentration of
organochlorine pesticide residues in milk and dairy products samples collected from
Bacau district area and to assess human exposure to OCPs through the consump-
tion of these products. The experimental research had as objectives to determine
the physicochemical parameters for milk and dairy products samples, to determine
the DDT (dichloro-diphenyl-trichloroethane), HCHs (hexachloro-cyclohexane)
residues in raw cow milk, pasteurised cow milk and dairy product samples as well
as to quantify the levels of OCP residues in milk and dairy products from Bacau
district area and put forward some improvement measures for reducing further
contamination.

EXPERIMENTAL

Sample collection. A total number of 54 samples were collected, 18 of which
were raw cow milk, 18 others were pasteurised cow milk with 1.80% fat content
and 18 were sour cream with 20% fat content. Fresh cow milk, pasteurised milk
and sour cream samples were collected from several farms and dairy producers
located in Bacau County over a period of three months (February, March, April
2014). The samples were collected from three areas in Bacau County: Al — the
area including the villages around Bacau city, A2 — the area including the villages
around Comanesti town, A3 — the area including the villages around Targu Ocna
town, respectively. When selecting these areas, were taken into consideration the
number of animal farmers and the number of small dairy producers, the difference
in feed in these areas and the fact that Comanesti and Targu Ocna areas are close
to on of the greatest OCP producers in Romania up to 1990 — the Chemical plant
located in Onesti.

Standards and reagents. The standards with 98-99% analytical purity for the types
of OCPs analysed were purchased from Sigma-Aldrich. All the reagents used in the
determinations had analytical purity and were purchased from Merck Company.
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Fig. 1. Location of the study area

Physicochemical analysis. All the samples were collected, preserved and analysed
for relevant physicochemical parameters according to internationally accepted
procedures and standard methods! 10151834,

The chemical parameters (fat, protein, total dry matter and lactose content) of
the collected samples were determined by a Fourier transform infrared spectroscopy
(FTIR) method, using the Lactoscope FTIR, Delta Instruments, model 2048 device.

The content of non-fat dry matter was determined by the difference between the
content of total dry matter and the fat content. The freezing point was determined
by milk cryoscopy method using CryoStar I device. The acidity and density were
determined according to the methods described in the AOAC (Ref. 34).

Organochlorine pesticide residues analysis. The OCP residues in milk and dairy
products were analysed following the analytical procedures described by Avan-
cini'! and Salem!2.

The concentrations of OCP residues in the samples were determined by a Gas
chromatography — mass spectrometry (GC/MS) method using VARIAN model CP-
3800 GC device coupled with VARIAN model 320-MS device®. The pesticides
were identified with retention time and specific ions and were quantified using the
external standard method.

The values of the OCP residues determined in this study were compared with
the maximum residue levels (MRL) provided by the Romanian and international
regulations3!-¥2,

RESULTS AND DISCUSSION

Physicochemical composition. The physicochemical composition of the milk and
dairy product samples analysed is presented in Table 1.
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Table 1. Physicochemical parameters of the milk and dairy product samples collected from three
areas of Bacau County

Sample  Fat® Protein® Total Non-fat Lactose® Density® Acidity® Freezing
ID.n=6 (%) (%)  dry mat- dry Mat- (%)  (g/em3  (°Th)  point?
terk  ter® (%) (°C)
(%)
RCM-A1 346- 3.22- 12.87- 936— 4.82- 1.028- 17.2- -0.520-
3.62 3.54 13.51  9.89 4.98 1.032 175 0.530
RCM-A2 332- 3.18- 12.78- 9.46- 458 1.029- 17.6— -0.512-
3.72 3.48 13.82 10.10 4.86 1.032  18.0 0.524
RCM-A3 344~ 328 1296- 9.52- 428 1.028- 17.1- -0.515-
3.81 3.56 14.12 1031 4.96 1.032 175 0.531
PCM-A1 1.80 325~ 1098 9.12- 434~ 1.030- 17.5- -0.494-
3.42 11.46  9.66 4.62 1.032  18.0 0.510
PCM-A1 1.80 335~ 11.28- 9.48- 459-  1.029- 17.2— -0.484-
3.52 11.86  9.82 4.78 1.033 175 0.505
PCM-A1 1.80 326- 11.02- 9.25- 422—- 1.028- 174- -0.495-
3.48 11.56  9.76 4.54 1.032 17.8 0.512

SC-Al 20.0 232—- 24.69- 55.0-
2.60 25.48 58.0

SC-Al 20.0 227-  24.36- - 50.0—
2.58 25.42 55.0

SC-Al 20.0 2.23- 24.32- — 52.0-
243 25.12 55.0

Sample I.D. — sample identification; » — number of samples/each area; ®— range (the minimum and
maximum values are presented in the table); A1 — Bacau area; A2 — Comanesti area; A3 — Targu Ocna
area; RCM — raw cow milk, PCM — pasteurised cow milk, SC — sour cream; °Th — Thorner degrees:
obtained by titrating 100 ml of milk thinned with 2 parts distilled water, with 0.1 N NaOH, using
phenolphthalein as an indicator. The acidity expressed in Thorner degrees represents the number of
ml of 0.1 N NaOH solution required to neutralise 100 ml of milk.

Assessment of physicochemical parameters. The values for the fat content were
between 3.32 and 3.81% in the raw cow milk samples. This difference in percentage
for the fat content may be due to the difference in feeding, management practices
and breed of the animals. The obtained values for the fat content are around the
standard content required, 3.50% respectively.

The total dry matter content is one of the parameters used to assess milk qual-
ity. The concentration range of the total dry matter is from 12.78 to 14.20%. These
results showed that the values of total dry matter recorded are within the range
required by the standards, between 12.50 and 14.50%, respectively.

The main sugar in cow milk is lactose. The raw cow milk samples contain
lactose in amounts of 4.28—4.98%. The values of lactose content are around the
standard content required, between 4.6 and 4.7%, respectively.
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The freezing point represents one of the parameters used to control milk fal-
sification. The variability limits imposed by the standards for these parameters are
between —0.520 and —0.550°C. The values of freezing point are around the standard
value required, between —0.512 and —0.5310°C, respectively.

Pesticide residues. The results achieved for the OCP residues in the samples ana-
lysed are presented in Tables 2—4.

Assessment of OCPs contamination. Hexachlorocyclohexane (HCH) is used
against sucking and biting pests. As smoke, it is used for controlling the pests in
grain deposits while as dust it is used to control various soil pests such as flea,
beetles and flies. It is well known that hexachlorocyclohexane is a mixture of eight
isomers, the one with the strongest insecticide properties being the y isomer. Five
out of these eight isomers are found in the fresh products (a, B, v, 9, €) (Ref. 13).

The presence of y-HCH (LIndane) was detected in 100% of the analysed
samples in the range of 0.0042 to 0.2124 (mg kg! fat) for raw cow milk, of 0.0028
to 0.1408 (mg kg fat) for pasteurized cow milk and of 0.0042 to 0.2682 (mg kg™
fat) for sour cream.

The levels of y-HCH residues in raw cow milk samples were higher than those
reported by Radzyminska et al.* in milk samples in Poland (< 0.001-0.060 mg
kg fat) and higher than those reported by Shaker and Esharkawy? in raw buffalo
milk samples in Egypt (0.180-0.192 mg kg™! fat). The large scale use and the great
resistance of lindane to biological and chemical degradation in aerobic conditions
can be one of the reasons for its presence in all the samples analysed. The presence
of lindane above its maximum residue level in about 78, 50 and 66% of the RCM,
PCM, SC samples is a cause of serious concern.

The B-isomer of HCH is the most persistent among the HCH isomers in the
environment. Due to the fact that this isomer has longer half life in fatty com-
ponents, it is eliminated from the human body more slowly than lindane. The
obtained results showed that the concentrations of f-HCH were in the range of
0.0018 to 0.0255 (mg kg! fat) for raw cow milk, of 0.0017 to 0.0152 (mg kg' fat)
for pasteurised cow milk and of 0.0016 to 0.0325 (mg kg fat) for sour cream. In
about 72, 38 and 55% of the RCM, PCM and SC samples, the presence of B-HCH
above its maximum residue level was noticed.
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All the samples contained a-HCH residues but their concentration was lower,
it was detected in the analysed samples in the range of 0.0024 to 0.0242 (mg kg
fat) for raw cow milk, of 0.0017 to 0.0142 (mg kg! fat) for pasteurised cow milk
and 0 0.0022 to 0.0189 (mg kg fat) for sour cream. The levels of a-HCH residues
in pasteurised cow milk samples were lower than those reported by Alawi and
Al-Hawadi*® in milk with 1.9% fat content samples in Jordan (0.060 mg kg™' fat)
and higher than those reported by Avancini and Silva!! in pasteurised cow milk
samples in Brazil (0.45-2.34 ng g! fat).

Considering the fact that this isomer is more volatile and less persistent than
the other isomers of the HCH, its lower concentrations are justified. The a-HCH
above its maximum residue level is present in about 44, 33 and 39% of the RCM,
PCM and SC samples.

Dichlorodiphenyltrichloroethane (DDT) is a potent non-systemic insecticide.
In all the analysed samples, DDT and its analogues were non-detectable. The reason
for the absence of DDT and its analogues in all the samples analysed can be the
fact that their use has been banned in agriculture since 1993.

The results achieved for the OCPs tested can have several motivations. On
one hand, the use of OCPs for protecting plants has been drastically reduced after
1991-1993, when the HCH and DDT were banned. However, the y-HCH isomer
(lindane) was still used until 2007, but the number of products in which it was
allowed was reduced, only several products based on y-HCH being used until that
year — two insecticides and ten insectofungicides (when the y-HCH was used in
mixture with other perticides). On the other hand, the fact that lindavet, a veteri-
nary product containing y-HCH, allows the transcutaneous transmission of this
product into the animal body led to its banning from veterinary use in our country.

CONCLUSIONS

It could be concluded that organochlorine pesticide residues were detected in raw
cow milk and dairy products as they were persistent in the environment due to their
slow decomposition rate, long half-life and high stability in the environment. In
most cases, the values of detected organochlorine pesticide residues exceeded the
maximum residue levels provided by Romanian and international regulations. In
case of the analysed samples, there was a difference of organochlorine pesticide
residue content due to the producers, the geographical area and due to the agri-
cultural crops existing in these areas. The study carried out allows to establish the
possible contamination sources with OCPs and the measures that are needed in order
to avoid contamination. The results of this study demonstrate that it is necessary
to establish pesticide residue monitoring programs in milk and dairy products as
well as in cattle feed and in the storage conditions, in order to improve food safety
and decrease exposure risks for consumers. Considering the increase in milk and
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dairy products consumption from independent producers and small factories and
the potential risk associated with the estimated exposure, appropriate management
strategies should become a priority in the near future due to the accumulation of
OCPs in the food chain and the consequent exposure of the population through the
food consumption. Based on this study, it is concluded that further measures, such
as education of farmers, control of the sale of pesticides and improvement of the
organic agriculture and implementation of integrated pest management methods,
are necessary for the reduction of pesticide residues in foods and the prevention
of exposure to pesticides. This study represents an important step towards a more
comprehensive understanding of the human health risks associated with OCP ex-
posure via milk and dairy product consumption in Romania and in Bacau region.

Acknowledgements. The authors thank to the National Sanitary Veterinary and Food Safety Authority
in Romania, Bacau Agency for their collaboration and for the help in carrying out the experimental
data. We thank Mrs. Ph. D. Iuliana Sion for her support throughout this study.

REFERENCES

1. M.A.ABOU DONIA, A.A. ABOU-ARAB, A. ENB, M. H. EI-SENAITY, N. S. ABD-RABOU:
Chemical Composition of Raw Milk and the Accumulation of Pesticide Residues in Milk Prod-
ucts. Global Veterinaria, 4 (1), 6 (2010).

2. R.S.BATTU, B. SINGH, B. K. KANG: Contamination of Liquid Milk and Butter with Pesticide
Residues in the Ludhiana District of Punjab State, India. Ecotox Environ Saf, 59 (3), 324 (2004).

3. M. FONTCUBERTA, J. F ARQUES, J. R. VILLAALBI, M. MARTINEZ, F. CENTRICH, E.
SERRAHIMA, L. PINEDA, J. DURAN, C. CASAS: Chlorinated Organic Pesticides in Marketed
Food: Barcelona, 2001-2006. Sci Total Environ, 389, 52 (2008).

4. M.RADZYMINSKA, S. S. SMOCZYNSKI1, M. KOPEC: Persistent Organochlorine Pesticide,
Lead, Cadmium, Nitrate (V) and Nitrate (III) in Polish Milk and Dairy Products. Polish J Environ
Stud, 17 (1), 95 (2008).

5. E. SHAKER, E. ELSHARKAWY: Organochlorine and Organophosphorus Pesticide Residues
in Raw Buffalo Milk from Agroindustrial areas in Assiut, Egypt. J Dairy Vet Anim Res, 39 (1),
433 (2015).

6. N. CARAGEA, C. ROIBU: Studies Regarding Milk Contaminants Influence on the Human
Health. J Environ Prot Ecol, 9 (1), 105 (2008).

7. R. HASALLIU, E. MAMOCI: Influence of Starter Culture on the Growth of Staphylococcus
aureus during the Ripening of an Artisanal Cheese Made in Albania. J Environ Prot Ecol, 16
(2), 594 (2015).

8. . N.NASR,A.A. SALLAM, A. A. ABD EL-KHAIR: Monitoring of Certain Pesticide Residues
and Some Heavy Metals in Fresh Cow’s Milk at Gharbia Governorate, Egypt. J Appl Sci, 7
(20), 3038 (2007).

9. F. VOSNIAKOS, A. MOUMTZIS, A. KESIDOU, S. GANIATSOS, A. BIZOPOULOS,
P. KARAKOLTSIDIS: Transfer of I-131 and Cs-137 from Milk to Cheese and Other Products.
Austr J Dairy Techn, 44 (1), 44 (1989).

10. S. GHIDINI, E. ZANARDI, A. BATTAGLIA, A. PINOTTIM, G. VARISCO, G. CAMPANIHI,
R. CHIZZOLINI: Presence of Chemical Contaminants in Milk and Meat from Traditional and
Biological Production Methods. Annal Fac Med Vet, 22, 87 (2002).

1239



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

R. M. AVANCINI, I. S. SILVA, A. C. ROSA, P DEN. SARCINELLI, S. A. de MESQUITA:
Organochlorine Compounds in Bovine Milk from the State of Mato Grosso do Sul — Brazil.
Chemosphere, 90 (9), 2408 (2013).

S. NIDA’M, A. RAFAT, E. HUSSEIN: Organochlorine Pesticide Residues in Dairy Products in
Jordan. Chemosphere, 77 (5), 673 (2009)

M. ASLAM, S. RAIS, M. ALAM: Quantification of Organochlorine Pesticide Residues in the
Buffalo Milk Samples of Delhi City, India. J Environ Prot, 4, 964 (2013).

M. A. DALVIE, J. E. MYERS, M. L. THOMPSON, T. G. ROBINS, S. DYER, J. RIEBOW,
J. MOLEKWA, M. JEEBHAY, R. MILLAR, P. KRUGER: The Long-term Effects of DDT Ex-
posure on Semen, Fertility, and Sexual Function of Malaria Vector control Workers in Limpopo
Province. Environ Res, 96 (1), 1 (2004).

E. KAMPIRE, B. T. KIREMIRE, S. A. NYANZI, M. KISHIMBA: Organochlorine Pesticide in
Fresh and Pasteurized Cow’s Milk from Kampala Markets. Chemosphere, 84 (7), 923 (2011).
E. TSIPLAKOU, C. J. ANAGNOSTOPOULOS, K. LIAPIS, S. A. HAROUTOUNIAN,
G. ZERVAS: Pesticides Residues in Milks and Feedstuff of Farm Animals Drawn from Greece.
Chemosphere, 80 (5), 504 (2010).

M. C. HECK, J. SIFUENTES dos SANTOS, S. BOGUSZ JUNIOR, I. COSTABEBER, T. EMA-
NUELLI: Estimation of Children Exposure to Organochlorine Compounds through Milk in Rio
Grande do Sul, Brazil. Food Chem, 102, 288 (2007).

A. ABBALLE, T. J. BALLARD, E. DELLATTE, A. di DOMENICO, F. FERRI, A. R. FUL-
GENZI, G. GRISANTI, N. IACOVELLA, A. M. INGELIDO, R. MALISCH, R. MINIERO,
M. G. PORPORA, G. ZIEMACKI, E. DE FELIP: Persistent Environmental Contaminants in
Human Milk: Concentrations and Time Trends in Italy. Chemosphere, 73, S220 (2008)

P. W. STEWART, J. REIHMAN, E. I. LONKY, T. J. DARVILL, J. PAGANO: Cognitive De-
velopment in Preschool Chidren Prenatally Exposed to PCBs and MeHg. Neurotoxicol Teratol,
25 (1), 11 (2003).

H.J.I. VREUGDENHIL, F. M. E. SLIJPER, P. G. H. MULDER, N. WEISGLAS-KUPERUS:
Effects of Perinatal Exposure to PCBs and Dioxins on Play Behavior in Dutch Children at School
Age. Environ Health Perspect, 110, A593 (2002).

K. HOOPPER, T. MCDONALD: The PBDEs: an Emerging Environmental Challenge and An-
other Reason for Breast Milk Monitoring Programs. Environ Health Perspect, 108, 387 (2000).
N. WEISGLAS-KUPERUS, S. PATANDIN, G. A. BERBERS, T. C. SAS, P. G. MULDER, P. J.
SAUER, H. HOOIJKAAS: Immunologic Effects of Background Exposure to Polychlorinated
Biphenyls and Dioxins in Dutch Preschool Children. Environ Health Perspect, 108, 1203 (2000).
T. A. McDONALD: A Perspective on the Potential Health Risks of PBDEs. Chemosphere, 46
(5), 745 (2002).

International Agency for Research on Cancer (IARC): Overall Evaluations of Carcinogenicity
to Humans. (2006). http://www.monographs.iarc.fr/ENG/Classification/ crthallcas.php.
J.S.dos SANTOS, T. G. SCHWANZ, A. NIEDERAUER COELHO, M. C. HECK-MARQUES,
M. MARRONI MEXIA, T. EMANUELLI, I. COSTABEBER: Estimated Daily Intake of Or-
ganochlorine Pesticides from Dairy Products in Brazil. Food Control, 53 (7), 23 (2015).

D. M. GUVENIUS, A. ARONSSON, G. EKMAN-ORDEBRG, A. BERGMAN, K. NOREN:
Human Prenatal and Postnatal Exposure to Polybrominated Diphenyl Ethers, Polychlorinated
Biphenyls, Polychlorobiphenylols, and Pentachlorophenol. Environ Health Perspect, 111 (9),
1235 (2003).

M. GASULL, M. BOSCH de BASEA, E. PUIGDOMENECH, J. PUMAREGA, M. PORTA:
Empirical Analyses of the Influence of Diet on Human Concentrations of Persistent Organic
Pollutants: a Systematic Review of All Studies Conducted in Spain. Environ Int, 37, 1226 (2011).

1240


https://www.researchgate.net/publication/309920151

