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Abstract
In this study, health risk of human exposure to organohalogenated pollutants (OHPs) through milk consumption was determined.
Conventionally produced, unprocessed cow’s milk samples taken from Konya District, in Turkey, and 15 different brand ultra-
high-temperature (UHT) processed cow’s milk samples taken from supermarkets of Turkey were analyzed for organochlorine
pesticides (OCPs, α-, β-, γ-, and δ-HCHs, p,p’-DDE, p,p’-DDD, and p,p’-DDT, heptachlor, heptachlor epoxide, endosulfan I,
endosulfan II, endosulfan sulfate, endrin, endrin aldehyde, endrin ketone, aldrin + dieldrin, methoxychlor), polychlorinated
biphenyls (PCBs, PCB 28, 52, 101, 153, 138, and 180), and polybrominated diphenyl ethers (PBDEs, PBDE 47, 99, 100,
153, and 154 congeners). Estimated daily intake (EDI) values calculated for both adults and children consuming raw or UHT
milk were determined to exceed maximum residue limits (MRLs) set for γ-HCH, ∑Heptachlor, and endrin. EDI values also
exceeded admissible daily intake (ADI) values given for ∑HCH, ∑Heptachlor, ∑Endrin aldrin + dieldrin, and ∑PCBs. p,p’-
DDT/p,p’-DDE ratio was 1 or higher for 66% of the milk samples, which is an indication of sustaining illegal use of DDT. A
health risk is determined for dietary intake of OHPs via consumption of milk.
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Introduction

Despite the prohibition or restriction of their use,
organohalogenated pollutants (OHPs) are still found in envi-
ronmental matrixes as a result of their persistent and lipophilic
nature (Erdoğrul et al. 2004). Most OHPs have very low solu-
bility in water and limited vapor pressure. They are resistant to
microbial degradation due to their high lipophilic properties
(UNEP 2001; Kaushik and Kaushik 2007). Since they can
dissolve in the oil, they can accumulate in the food chain, fatty
tissues, and cells. Most pesticides cause cancer, heart disease,
and Alzheimer’s and Parkinson’s diseases in human
(Dhananjayan and Ravichandran 2018). Some organochlorine
pesticides (OCPs) are classified as endocrine disrupting

chemicals (Nassar et al. 2016). Polychlorinated biphenyls
(PCBs) have been widely used as heat transfer and hydraulic
fluids in electrical transformers and capacitors worldwide for
many years due to their fire resistance and thermal stability
(Janle et al. 2007). Since the 1970s, they have been banned,
and aimed to be completely disposed of by the Stockholm
Convention worldwide. However, due to their physicochemi-
cal properties, it is still possible to determine 7 PCB congeners
(PCB 28, 52, 101, 118, 138, 153, 180) everywhere (Tremolada
et al. 2014; Yeo et al. 2004). PCBs cause immune system
disorders, behavioral changes, and reproduction problems
(Grossman 2013). Polybrominated diphenyl ethers (PBDEs)
have a similar structure to PCBs, exhibit chemical stability,
strong lipophilicity, and persistency in environmental matrixes,
and enter food chain (D’Silva et al. 2004; Schecter et al. 2008).
PBDEs are commercially available in predominantly penta,
octa, and deca formulations. These formulations differ from
each other with 209 PBDE congeners (Lorber 2008). Since
the 1960s, PBDEs have been used as flame retardants for ther-
moplastics used in electrical appliances, televisions, computer
circuit boards, housings, and building materials. PBDEs are
found in home and business furnishings, in foams and uphol-
stery, and in the interior of cars, buses, trucks, and aircraft
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(WHO 1994; Erdoğrul et al. 2004). PBDEs can impair liver
and thyroid function and cause neurotoxicity (Costa and
Giordano 2007). PBDEs are on the persistent organic pollut-
ants list of the Stockholm Convention (UNEP 2010).

Several studies have been conducted demonstrating the
occurrence of OHPs in various foodstuffs, such as aquatic
organisms, chicken, and egg (Sun et al. 2018; Zheng et al.
2015; Domingo 2014). OHPs were also widely analyzed in
human milk samples (Leng et al. 2009; Behrooz et al. 2009;
Meironyte et al. 1999).

Milk and dairy products represent a considerable part of
total human dietary because of their nutritional benefits, low
cost, and availability. Milk is necessary for protein, fat, and
essential minerals especially for babies, schoolchildren, and
old age people (Davies et al. 1986). However, contamination
of routinely consumed foods with persistent micropollutants
might pose a risk on human health. Milk and dairy products
are fatty foods which make them ideal liquids for dissolving
lipophilic micropollutants. Maximum residue limits (MRLs)
were established for OHPs contamination of these foodstuffs
by regulations. Admissible daily intakes (ADIs) were deter-
mined for OCPs and PCBs by international agencies.

There are studies demonstrating the OHPs contamination
of cow’s milk; 196 cow’s milk samples from the Greek market
were analyzed for DDTand its metabolites. At least one DDT
metabolite or isomer was detected in 97.4% of milk samples,
not exceeding European Union maximum residue limit. In the
study, non-carcinogenic and carcinogenic risk effects were
determined to be maximum for 1 to 3 years old children,
consuming 250 mL milk for age 1 and 400 mL milk for age
3 (Tsakiris et al. 2015). Aslam et al. (2013) reported lindane
contamination exceeding maximum residue limit for 50% of
milk samples taken from Delhi City, India.

In the raw milk samples, ΣPBDEs (PBDE 28, 47, 100, 99,
154, 153, 183) were determined between 0.16 and 0.32 ng/g
lipid wt. in Korea (Kim et al. 2013), 0.203 ng/g lipid wt. in
Swiss (Grümping et al. 2006), and 0.407 ng/g lipid wt. in
Ireland (Paepke et al. 2009). PBDEs concentrations have been
increased in many environmental matrixes, such as foodstuff,
human tissue, sewage sludge, and atmosphere, in the course of
time (Schecter et al. 2010; Wang et al. 2007).

By nearly 17 million ton production, Turkey is among the
top ten countries in the world ranking in the production of
milk (https://www.worldatlas.com/articles/top-cows-milk-
producing-countries-in-the-world.html). Hence, local
products are in the market. Studies on contamination of milk
are focused on human milk contamination in Turkey
(Erdoğrul et al. 2004; Cok et al. 2003). There are a few
studies in the literature about animal milk contamination in
the country. Bulut et al. (2011) determined OCPs in 150 sam-
ples of sheep’s, cow’s, and buffalo’s milk produced in
Afyonkarahisar Province, which is a close city to our sam-
pling site, Konya Province. Total OCPs level for 21 pesticide

types were reported to be 243.81 ng/mL, 151.02 ng/mL, and
133.38 ng/mL for sheep’s, cow’s, and buffalo’s milks, respec-
tively. Kara et al. (1999) examined some OCPs residues in 24
commercial milk samples from the farms in Konya District in
the 1995–1996 period. DDT, BHC, endosulfan compounds,
aldrin, and dieldrin were detected in almost all samples. 87.5%
of the samples were found to be contaminated with one or
more BHC isomers, and 26.1% of the samples were contam-
inated with DDT and its metabolites. There is no study in the
literature about PCBs or PBDEs residues in milk samples in
Turkey.

The present study reports the level of OCPs, PCBs, and
PBDEs contamination of commercially available raw and
UHT cow’s milk samples. The authors aimed to compare the
results with literature and determine OHPs exposure of popu-
lation live in Turkey by dietary intake. EDI values were cal-
culated both for adults and children to evaluate the dimension
of risk.

Material and methods

Cow’s milk samples

Fifteen samples of raw milk and 15 commercial brands of
UHT milk were randomly collected from the market in
Turkey. Analyzed milks were packed in facilities located in
Sakarya, Denizli, Bursa, Izmir, Balikesir, Tokat, Konya, and
Istanbul cities in Turkey. Raw milk samples were obtained
from 13 farms in Konya District, Turkey. A map of the sam-
pling points is given in Fig. 1. One liter of samples was col-
lected from the milk storage tanks and stored in plastic bottles
under 4 °C until analysis.

Standards and chemicals

Investigated compounds including α-, β-, γ-, and δ-HCHs,
p,p’-DDE, p,p’-DDD, and p,p’-DDT, heptachlor, heptachlor
epoxide, endosulfan I, endosulfan II, endosulfan sulfate, en-
drin, endrin aldehyde, endrin ketone, aldrin + dieldrin, and
methoxychlor from OCPs, PCB 28, 52, 101, 153, 138, and
180, and PBDE 47, 99, 100, 153, and 154 congeners, internal
standards; PCB 209 and tetrachloro-m-xylene were purchased
from Accustandard Co (New Haven, CT, USA). All solvents
used were of analytical grade. Acetone, n-hexane, dichloro-
methane, diethyl ether, iso-octane, anhydrous sodium sulfate,
silica gel, and florisil were obtained from Merck Co
(Darmstadt, Germany).

Extraction and clean-up

The extraction and clean-up procedures of OHPs in raw and
UHTcowmilk described by Johansen et al. (1994) and Ozcan
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et al. (2011) were used with minor modifications. Milk sam-
ples were subjected to vortex extraction and column chroma-
tography clean-up following by GC/μ-ECD analysis (EPA
8081 B). Milk samples were homogenized via shaking for
5 min before sample processing. Two milliliters of formic acid
was added to 2 g of milk sample prior to vortex extraction.
Then, 2 × 3 mL n-hexane/dichloromethane (1:1 v:v) was
added to the vortex shaker for 2 min of vortexing. The extract
was cleaned by passing through a 30 cm long, 1 cm inner
diameter column. The column was filled with 1 g of 5%
deactivated silica, 1 g of 5% deactivated fluorosil, and 1 g of
anhydrous sodium sulfate, by putting sodium sulfate at the top
(Method 3620 C). The analytes were eluted with 15 mL n-
hexane followed by 10 mL of dichloromethane. The eluents
were concentrated to 1–2 mL using an evaporator at 40 °C,
335 mbar, and a gentle nitrogen stream. The remaining resi-
dues were dissolved by 1 mL n-hexane before analyses.

Determination of lipid content of milk samples

Lipid determination of milk samples was determined accord-
ing to procedure described by Erdoğrul et al. (2004). One
gram of milk sample was extracted with 2 × 3 mL of n-hex-
ane/diethylether (1/1, v/v) solvent mixture for 2 min in a vor-
tex mixer. Then, solvent phases were combined in an empty
flask of known weight. The solvent was completely removed
with a rotary evaporator and nitrogen gas, and the final weight
was measured to determine the oil content.

GC/μ-ECD analysis

Analyses of OCPs, PCBs, and PBDEs were performed with
GC/μ-ECD equipped with HP-5, 5% phenylmethyl siloxane
fused silica capillary column (30-m length, 0.32-mm ID, and
0.25-mm film thickness) (Agilent Technologies, CA, USA).

99.999% pure helium was used as carrier gas. For OCPs anal-
ysis, a split/splitless injector was set at 280 °C in splitless
mode (purge delay 1 min, purge flow 30.1 mL/min).
Detector temperature was adjusted to 320 °C. Column tem-
perature was set at 60 °C, first ramped to 160 °C with
40 °C/min, then ramped to 300 °C with 5 °C/min for 5 min.
The flow rate of carrier gas was 2.5 mL/min. For PCBs anal-
ysis, the split/splitless injector was set at 280 °C in splitless
mode (purge delay 1 min, purge flow 30.1 mL/min). Detector
temperature was adjusted to 335 °C. Column temperature was
set at 70 °C, first ramped to 160 °C with 30 °C/min, then
ramped to 200 °C with 3 °C/min, then ramped to 280 °C with
8 °C/min for 10 min. The flow rate of carrier gas was 1.9 mL/
min. For PBDEs analysis, the split/splitless injector was set at
285 °C in splitless mode (purge delay 1 min, purge flow
30.1 mL/min). Detector temperature was adjusted to 300 °C.
Column temperature was set at 100 °C, first ramped to 250 °C
with 30 °C/min, then ramped to 300 °C with 5 °C/min for
8 min. The flow rate of carrier gas was 2.5 mL/min. All injec-
tions were performed with the Agilent 7683 B Series automat-
ic injector.

Quality assurance

The internal standard method was used for the quantifica-
tion of the compounds. PCB 209 and tetrachloro-m-xy-
lene were used as internal standard and added to all stan-
dard solutions at 0.1 ng/mL. Calibration curves were
drawn using standard solutions of OCPs (0.01–10 ng/
mL), PCBs (0.001–1 ng/mL), and PBDEs (0.001–10 ng/
mL). Linearity of the compounds was higher than 0.997.
Limit of detection (LOD) and limit of quantification
(LOQ) were determined as the concentration correspond-
ing to signal-to-noise ratios of 3 and 10, respectively.
While LOD for OCPs, PCBs, and PBDEs were

Fig. 1 Location of the sampling sites in Turkey for UHT milk samples , and in Konya for raw cow’s milk samples
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determined between 0.003–0.63 ng/g lipid wt., 0.12–
0.34 ng/g lipid wt., and 0.41–0.82 ng/g lipid wt.,

respectively, LOQ for OCPs, PCBs, and PBDEs were
ranged between 0.01–2.11 ng/g lipid wt., 0.41–1.15 ng/g

Table 1 Concentrations of OCPs (∑HCH: α-HCH, β-HCH, γ-HCH, δ-
HCH; ∑DDT: p,p’-DDE, p,p’-DDD, p,p’-DDT; ∑Heptachlor:
heptachlor, heptachlor epoxide; ∑Endosulfan: endosulfan I, endosulfan
II, endosulfan sulfate; ∑Endrin: endrin, endrin aldehyde, endrin ketone;

aldrin + dieldrin; methoxychlor), PCBs (PCB 28, 52, 101, 153, 138, and
180), and PBDEs (PBDE 47, 99, 100, 153, and 154 congeners) (ng/g lipid
wt.) in 15 raw and 15 UHT caw milk samples from the Turkish market

Compounds Raw cow’s milk (n = 15) UHT cow’s milk
(n = 15)

LOQ MRLs Number of samples exceeding the
MRLs

Statistical analysis

Mean* Range Mean* Range Raw cow’s milk UHT cow’s milk p values

α-HCH 1.71 0.13–4.08 6.24 1.5–13.33 0.87 4 1 7 0.0009

β-HCH 43.35 8.29–108.7 48.27 < dl–83.33 2.71 3 15 10 0.2626

γ-HCH 16.68 1.34–33.33 21.97 8.33–50 1.04 1 15 15 0.2146

δ-HCH 2.41 < dl–4.02 7.68 2.94–13.33 2.11 nr <0.0001

∑HCH 63.6 11.23–127.19 68.07 23.33–141.66 nr

p,p-DDE 3.29 0.33–13.59 3.98 1.56–7.35 1.26 nr 0.4510

p,p-DDD 2.50 < dl–13.59 2.8 1.32–6.67 0.01 nr 0.6728

p,p-DDT 6.80 < dl–54.35 4.71 1.47–10 0.01 nr 0.5697

∑DDT 12.22 1.99–81.53 11.49 6.67–20.01 40 1 0

Heptachlor 3.33 < dl–6.79 4.97 1.13–16.67 3.10 nr 0.1248

Heptachlor epoxide 8.62 < dl–13.59 8.01 2.94–32.26 0.96 nr 0.9808

∑Heptachlor 11.71 < dl–20.38 12.98 4.36–33.87 4 14 15

Endosulfan I 1.76 0.42–6.79 6.51 1.61–16.67 1.0 nr 0.0018

Endosulfan II 2.27 0.7–9.51 2.78 1.29–6.67 1.56 nr 0.5398

Endosulfan sulfate 12.28 < dl–42.02 7.68 1.47–14.71 0.01 nr 0.1751

∑Endosulfan 15.49 1.83–44.82 16.97 7.2–36.67 50 0 0

Endrin 17.32 1.27–145 15.92 1.61–33.33 0.01 0.8 15 15 0.8737

Endrin aldehyde 3.61 < dl–13.59 7.27 2.94–13.33 1.85 nr 0.0135

Endrin ketone 7.73 1.16–27.17 7.6 0.83–16.67 0.01 nr 0.9579

∑Endrin 28.42 4.48–155.15 30.79 8.06–63.33 nr

Aldrin 3.23 0.26–8.4 5.02 0.97–10 0.96 nr 0.1043

Dieldrin 4.51 0.56–13.29 8.45 1.67–20 0.87 nr 0.0238

Aldrin + dieldrin 7.74 1.96–16.61 13.47 3.97–26.67 6 8 13

Methoxychlor 3.83 < dl–13.59 1.92 < dl–4.41 1.70 10 2 0 0.0611

∑OCP 141.98 26.79–348.66 154.76 96.67–200 nr

PCB 28 6.39 1.29–11.63 22.29 5–50 0.52 nr 0.0017

PCB 52 10.11 3.32–16.03 16.30 3.23–33.33 0.58 nr 0.0461

PCB 101 1.49 0.42–4.02 6.51 1.61–16.67 0.41 nr 0.0005

PCB 153 2.44 0.99–5.39 2.50 1.47–6.67 1.15 nr 0.9340

PCB 138 3.76 1.66–7.16 6.41 2.94–20 0.96 nr 0.076

PCB 180 1.28 < dl–4.04 2.19 < dl–11.76 0.40 nr 0.7857

∑PCB 24.41 10.59–35.91 55.76 21.63–101.32 nr

PBDE 47 2.14 < dl–2.87 11.20 < dl–20 2.42 nr 0.4477

PBDE 100 0.86 < dl–1.35 4.81 < dl–6.67 1.36 nr 0.4783

PBDE 99 2.43 < dl–5.52 1.11 < dl–1.33 2.42 nr 0.00371

PBDE 154 3.54 < dl–9.67 1.15 < dl–1.67 1.36 nr 0.0009

PBDE 153 3.58 < dl–9.46 5.74 < dl–10 2.72 nr 0.1530

∑PBDE 9.51 < dl–20.22 6.99 < dl–20 nr

*< dl values were not counted for mean calculation; < dl, below detection limit; nr, not regulated;HCH, hexachlorocyclohexanes; DDT, dikloro difenil
trikloroethan; PCB, polychlorinated biphenyl; PBDE, polybrominated diphenyl ethers. Non detected data assumed to be half the method limit of
detection for calculation of p values

Environ Sci Pollut Res (2019) 26:12788–12797 12791

https://en.wikipedia.org/wiki/Polychlorinated_biphenyl


lipid wt., and 1.36–2.72 ng/g lipid wt., respectively.
Recovery experiments to determine the accuracy and pre-
cision of the used method were performed by spiking
10 ng/mL OCPs, PCBs, and PBDEs into blank samples.
The mean recovery values were ranged from 70 to 109%
for OCPs, 80 to 96% for PCBs, and 80 to 96% for
PBDEs. The precision of the compounds as indicated by
the RSD values was determined below 10 for all
compounds.

Statistical analysis and estimation of daily intake

Concentrations of pollutants in milk samples are summarized
using arithmetic means with minimum and maximum values.
Contamination significance of raw and UHT cow’s milk was
evaluated using t test, in Microsoft Excel with Analyse-it pro-
gram (p values at 5% significance level). Non detected data
assumed to be half the method limit of detection for calcula-
tion of p value. A significant difference among raw and UHT
cow’s milk samples was defined for p < 0.05.

Estimated daily intakes (EDI) were calculated with Eq. 1.
While Cmilk is the maximum pollutant concentration in the
milk sample (μg/g lipid wt.), Clipid is the percentage of lipid
in the milk. For the risk assessment, the average adult body
weight was taken as 73 kg and the child body weight as
32.7 kg (Jan et al. 2010). Health risk can be determined by
the ratio of EDI to admissible daily intake (ADI) that is re-
ferred to target hazardous quotient (THQ). THQ is calculated
using Eq. 2. The sum of THQ values gives a mixture of total
OHPs constituents of milk samples, named as hazard index
(HI) calculated using Eq. 3. THQ and HI values less than one
point mean that people are unlikely having toxic effects (Yu
et al. 2016).

EDI ¼ Consumed Milk gð Þ � Cmilk � Clipid

� �
=Body weight kgð Þ ð1Þ

THQ ¼ EDI

ADI
ð2Þ

HI ¼ ∑i
k¼1THQn ð3Þ

Results and discussion

Lipid content of milk samples

The minimum lipid content is 3.0 g/100 mL, the maximum
lipid content is 3.87 g/100 mL, and the average lipid content is
3.51 g/100 mL for raw cow’s milk samples. For UHT cow’s
milk samples, the minimum lipid content is 1.5 g/100 mL, the
maximum lipid content is 3.40 g/100 mL, and the average
lipid content is 2.71 g/100 mL.

Concentrations of OCPs, PCBs, and PBDEs in milk
samples

Concentrations of OCPs, PCBs, and PBDEs quantified in raw
and UHT cow’s milk samples are given in Table 1. In the raw
milk samples, the minimum, the maximum, and the mean total
OCPs concentrations were 26.79 ng/g lipid wt., 348.66 ng/g
lipid wt., and 141.98 ng/g lipid wt., respectively. While δ-
HCH, heptachlor, and p,p’-DDT compounds were quantified
in 87% of the samples, heptachlor epoxide, p,p-DDD, endrin
aldehyde, and endosulfan sulfate compounds were quantified
in 93% of the samples. The rest of the pesticides were found in
all rawmilk samples. In the UHTmilk samples, the minimum,
the maximum, and the mean total OCPs concentrations were
96.67 ng/g lipid wt., 200 ng/g lipid wt., and 154.76 ng/g lipid
wt., respectively. While β-HCH was quantified in 67% of the
samples, methoxychlor was found in 53% of the samples. The
rest of the pesticides were found in all UHT milk samples.

Contamination route of cow’s milk with OHPs is mainly
comes from contaminated animal feed. Air, soil, and water
matrixes are other contamination routes of cow’s milk with
OHPs. Environmental pollutants enter the animals’ food chain
by dust inhalation, contaminated water consumption, etc.
(Gremmels 2012). OHPs are reported in urban air of Konya
City by the authors of this study (Ozcan and Aydin 2009). Air
is an important route for contamination of other environmental
matrixes. Besides, OHPs are also found in human milk sam-
ples in Konya City, which reveals spread out of these environ-
mental pollutants (Ozcan et al. 2011).

The origin of the milk is also an important subject to eval-
uate contamination route. While raw milk samples were col-
lected from Konya District, UHT milk samples were collected
from the market, selling packed milks collected and processed
in different facilities located in several cities. Similar contam-
ination levels for these two groups reveal a widespread of
environmental contaminants.

Commercial DDT is a mixture of several isomers. The p,p’-
DDT isomer is found in 77% of commercial DDT. p,p’-DDD
and p,p’-DDE are the most important metabolites resulting
from the environmental degradation of DDT (Santos et al.
2015). Half-life of DDT in the soil is 2–15 years while it goes
up to 150 years in aquatic environment (Agency for Toxic
Substances and Disease Registry 1994; HSDB 2017). p,p’-
DDT/p,p’-DDE ratio is an indicator of application time for
DDT. p,p’-DDT/p,p’-DDE ratio was found in the range of
1.00–4.99 in raw cow milk samples, and in the range of
0.50–3.50 in UHT milk samples. In case p,p’-DDT/p,p’-
DDE ratio is below 1, it indicates previous use; above 1 ratio
is an indication of current use (Ozcan and Aydin 2009). Sixty-
six percent of the milk samples has the p,p’-DDT/p,p’-DDE
ratio of 1 or higher, which is an indication of recent use. Bulut
et al. (2011) also reported p,p’-DDT in higher concentrations
(min-max, 13.19–28.92 ng/mL) when compared with p,p’-
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DDD (min-max, 0.36–2.68 ng/mL) or p,p’-DDE (not deter-
mined), which reveals a new application in Afyon City near to
Konya City. DDT was banned in Turkey in 1985. The pre-
dominant detection of the p,p’-DDT isomer in milk samples is
due to the fact that it is persistent and lipophilic, besides it is an
indication of an illegal use.

Some of the investigated OCPs are in the list of prohibited
pesticides in Turkish Food Codex, Maximum Residue Limits
(MRLs) Regulation (Annex-3 Part-1 2016). A number of sam-
ples exceeding the MRLs are given in Table 1. Contamination
significance of raw and UHT cow’s milk was evaluated by

comparing means of two groups. p values are given in
Table 1. Among analyzed parameters, α-HCH (p = 0.0009,
f = 17.5), δ-HCH (p ≤ 0.0001, f = 29.61), endosulfan I (p =
0.0018, f = 14.75), dieldrin (p = 0.0238, f = 6.43), endrin alde-
hyde (p = 0.0135, f = 7.98), PBDE 99 (p = 0.0037, f = 9.94),
PBDE 154 (p = 0.0009, f = 17.5), PCB 28 (p = 0.0017, f =
14.96), PCB 52 (p = 0.0461, f = 4.79), and PCB 101 (p =
0.0005, f = 20.72) had significant difference (p < 0.05). UHT
cow’s milk samples were determined to have higher contami-
nation of these OHPs except PBDE 99 and PBDE 154. When
the sum of the OHP groups was compared for raw and UHT

Table 2 OCPs concentrations in milk samples given in literature (ng/g lipid wt.)

Study
area

∑HCH ∑DDT ∑Heptachlor ∑Endosulfan ∑Endrin Aldrin Dieldrin Methoxychlor Reference

Ugandaa 26 52 na na na 9 7 na Kampire et al. 2011

Ugandab 11–68 2–168 na na na na 2–413 na Ejobi et al. 1994

Spainc 2–756 2–538 13–536 na na 0.3 1–170 na Martinez et al. 1997

Egyptd 12–46 51–366 82–112 na 10–16 30–72 na na Abou Donia et al. 2010

Mexicoe 78–257 18–110 na na na na na na Pardio et al. 2003

Indiaf,k 162 172.4 na 49.2 na na na na Nag and Raikwar 2008

Ghanag < dl 13.95 na 0.6 na 0.22 1.32 na Darko andAcquaah 2008

Brazilh 0.45–2.34 0.58–16.72 1.22–6.02 0.28–12.2 3.91 0.1–1.86 0.98–14.73 < dl Avancini et al. 2013

Chinai 8–520 25–1270 na na na 12–87 na na Zhong et al. 2003

Turkeyj 11.23–141.66 1.99–81.53 < dl–33.87 1.83–44.82 4.48–155.15 0.26–10 0.56–20 < dl–13.59 This study

na, not analyzed; < dl, below detection limit
a∑HCH (γ-HCH); ∑DDT (opDDT, ppDDT, ppDDE)
b∑HCH (α-, β-, γ-HCH); ∑DDT (ppDDE, opDDD, opDDT, ppDDT)
c∑HCH (α-, β-, γ-, δ-HCH); ∑DDT (ppDDE, opDDD, opDDT, ppDDT, ppDDE); ∑Heptachlor (heptachlor, heptachlor epoxide)
d∑HCH (γ-HCH); ∑DDT (ppDDT, opDDT, ppDDE, opDDE, ppDDD opDDD); ∑Heptachlor (heptachlor, heptachlor epoxide); ∑Endrin (endrin)
e∑HCH (α-, β-, γ-HCH); ∑DDT (ppDDT, opDDT, ppDDE, ppDDD)
f∑HCH (α-, β-, γ-, δ-HCH); ∑DDT (ppDDT, opDDT, ppDDE, opDDE, ppDDD opDDD); ∑Endosulfan (α endosulfan, β endosulfan, ebdosulfan
sulfate)
g∑HCH (γ-HCH); ∑DDT (ppDDT, ppDDE); ∑Endosulfan (endosulfan)
h∑HCH (α-, β-HCH); ∑DDT (ppDDT, opDDT, ppDDE, opDDE, ppDDD, opDDD); ∑Heptachlor (heptachlor, heptachlor epoxy A, heptachlor epoxy
B); ∑Endosulfan (endosulfan I, endosulfan II); ∑Endrin (endrin)
i∑HCH (α-, β-, γ-, δ-HCH); ∑DDT (ppDDT, ppDDE, ppDDD)
j∑HCH (α-, β-, γ-, δ-HCH); ∑DDT (p,p’-DDE, p,p’-DDD, p,p’-DDT); ∑Heptachlor (heptachlor, heptachlor epoxide); ∑Endosulfan (endosulfan I,
endosulfan II, endosulfan sulfate); ∑Endrin (endrin, endrin aldehyde, endrin ketone)
k ng/g wet weight

Table 3 PCBs concentrations in milk samples given in literature (ng/g lipid wt.)

Study area PCB 28 PCB 52 PCB 101 PCB 153 PCB 138 PCB 180 Reference

France 0.332 0.140 0.225 3.52 1.89 1.19 Costera et al. 2006

Kazakhistan 0.802 2.608 1.315 0.796 0.518 0.213 Konuspayeva et al. 2011

Italy 1.01–1.02 1.02–1.11 1.16–1.33 1.86–3.26 1.58–2.24 1.09–1.62 Lorenzi et al. 2016

Belgium na na na 0.6–10.9 0.6–12.5 0.5–6.0 Petro et al. 2010

Turkey 1.29–50 3.23–33.33 0.42–16.67 0.99–6.67 1.66–20 < dl–11.76 This study

na, not analyzed; < dl, below detection limit
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cow’s milk samples, contamination levels are close to each
other for ∑HCH (raw cow’s milk = 63.6 ng/g lipid wt., UHT
cow’s milk = 68.07 ng/g lipid wt.), ∑DDT (raw cow’s milk =
12.22 ng/g lipid wt., UHT cow’s milk = 11.49 ng/g lipid wt.),
∑Heptachlor (raw cow’s milk = 11.71 ng/g lipid wt., UHT
cow’s milk = 12.98 ng/g lipid wt.), ∑Endosulfan (raw cow’s
milk = 15.49 ng/g lipid wt., UHTcow’s milk = 16.97 ng/g lipid
wt.), ∑Endrin (raw cow’s milk = 28.42 ng/g lipid wt., UHT
cow’s milk = 30.79 ng/g lipid wt.), and ∑OCP (raw cow’s
milk = 141.98 ng/g lipid wt., UHT cow’s milk = 154.76 ng/g
lipid wt.). However, ∑PCB is nearly two times higher for (raw
cow’s milk = 24.41 ng/g lipid wt., UHTcow’s milk = 55.76 ng/
g lipid wt.). Since sampling groups are different for raw and
UHTcow’s milk in our study, it is not possible to make a direct
conclusion about the effect of UHT process on analyzed OHPs.
While some studies in the literature reveal a very little or no
effect of heat treatment on OHPs content of UHT milk
(Molochnikov et al. 1970), some others put forth a degradation
effect of UHT process on OHPs (Heck et al. 2007).

While only one raw milk sample determined to exceed
MRL given for ∑DDT, nearly all of the samples exceeded

the MRLs given for γ-HCH,∑Heptachlor, and endrin. In sim-
ilar literature studies, held in different parts of the world, quan-
titative amounts of OCPs were recorded in milk samples
(Table 2). Our results are comparable with these studies, but
quite high amount of∑DDTwere recorded in China (1270 ng/
g lipid wt.) and in Spain (538 ng/g lipid wt.) (Zhong et al.
2003; Martinez et al. 1997). When compared with our study,
∑Heptachlor was determined in higher concentration, in the
range of 13–536 ng/g lipid in Spain by Martinez et al. (1997).

In the raw milk samples, the minimum, the maximum, and
the mean total PCBs concentrations were 10.59 ng/g lipid wt.,
35.91 ng/g lipid wt., and 24.41 ng/g lipid wt., respectively. In
the UHT milk samples, the minimum, the maximum, and the
mean total PCBs concentrations were 21.63 ng/g lipid wt.,
101.33 ng/g lipid wt., and 55.76 ng/g lipid wt., respectively.
UHT milk samples were determined to contain nearly two
times higher concentration of PCB congeners. PCB 52 and
PCB 28were dominant congeners for both raw and UHTmilk
samples. The use of PCBs was restricted to closed systems
after 1993 and it was banned in 1996 in Turkey (Cok et al.
2003). Electronic waste recycling activities play a major role

Table 4 PBDEs concentrations in milk samples given in literature (ng/g lipid wt.)

Study area PBDE 47 PBDE 100 PBDE 99 PBDE 154 PBDE 153 Reference

Korea 0.08–0.161 0.009–0.020 0.046–0.102 0.006–0.011 0.010–0.024 Kim et al. 2013

USAa < dl–0.105 0.00023–0.0273 0.0016–0.097 0.00022–0.0083 < dl–0.029 Schecter et al. 2006

Italya 0.0946 0.0128 0.062 0.0035 0.0071 Martellini et al. 2016

Belgiuma < 0.005 < 0.005 < 0.005 < 0.005 < 0.005 Poma et al. 2016

Turkey < dl–20 < dl–6.67 < dl–5.52 < dl–9.67 < dl–10 This study

a ng/g wet weight; < dl, below detection limit

Table 5 Estimated Daily Intake (EDI), target hazardous quotient (THQ), and hazard index (HI) values for adult and children consuming raw and UHT
milk in comparison with admissible daily intake (ADI) values (μg/kg body wt.)

Compounds ADI EDI for adult EDI for children THQ for adult THQ for children

Raw cow’s
milk

UHT cow’s
milk

Raw cow’s
milk

UHT cow’s
milk

Raw cow’s
milk

UHT cow’s
milk

Raw cow’s
milk

UHT cow’s
milk

OCPs ∑HCH 0.3a 4.78 4.47 12.44 11.64 16 15 41.46 38.8

∑DDT 10b 2.59 0.67 6.75 1.75 0.26 0.06 0.67 0.17

∑Heptachlor 0.5c 0.65 1.37 1.69 3.56 1.3 2.74 3.38 7.12

∑Endosulfan 6b 1.86 1.06 4.83 2.77 0.3 0.17 0.80 0.46

∑Endrin 0.2b 2.16 1.77 5.63 4.61 10.8 8.85 28.15 23.05

Aldrin + dieldrin 0.1b 0.69 0.84 1.80 2.18 6.9 8.4 18 21.8

Methoxychlor 100b 0.43 0.12 1.13 0.32 0.004 0.001 0.01 0.003

PCBs ∑PCBs 1a 1.14 2.83 2.97 7.37 1.14 2.83 2.97 7.37

PBDEs ∑PBDEs na 0.64 0.56 1.68 1.46 na na na na

HI 36.7 38 95.44 98.77

na, not available; EDI, estimated daily intake; ADI, admissible daily intake; THQ, target hazardous quotient; HI, hazard index

Sources of ADI: a Van Oostdam et al. 2005; b European Food Safety 2010; c JMPR 2017
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in the release of PCBs into the environment (Gioia et al.
2014). Predominantly, detected congeners were PCB 28,
PCB 18, and PCB 138 in breast milk samples taken nearby
an electronic waste disposal site in Gana (Asamoah et al.
2018). Low-chlorine congeners, such as PCB 28, may be
more easily exposed to respiration due to natural volatile
structures than high-chlorine congeners. In this study, PCB
28 was identified as the predominant congener in milk sam-
ples. Our findings put forth that milk samples taken for this
study contain higher amount of PCBs, for nearly all conge-
ners, when compared with the literature (Table 3). PCB 28,
PCB 52, PCB 101, PCB 138, and PCB 180 congeners were
found in higher concentrations in this study when compared
findings of the studies in France (Costera et al. 2006),
Kazakhistan (Konuspayeva et al. 2011), Italy (Lorenzi et al.
2016), and Belgium (Petro et al. 2010). PCB 153 was deter-
mined in higher concentration range in Belgium (0.6–10.9 ng/
g lipid wt.) when compared with findings of our study (0.99–
6.67 ng/g lipid wt.).

In the raw milk samples, the minimum, the maximum, and
the mean total PBDEs concentrations were < dl, 20.22 ng/g
lipid wt., and 9.51 ng/g lipid wt., respectively. PBDE 153 and
PBDE 154 congeners were predominantly detected in these
samples. In the UHT milk samples, the minimum, the maxi-
mum, and the mean total PBDEs were < dl, 20.0 ng/g lipid
wt., and 6.99 ng/g lipid wt., respectively. PBDE 47 was dom-
inant congener for UHT milk samples.

PBDE 47 dominantly quantified in UHT milk samples and
PBDE 153 and PBDE 154 congeners dominantly quantified
in raw milk samples are commonly produced congeners in the
widely used penta-BDE commercial mixture (Zhang et al.
2017; Lorber 2008). Guo et al. (2016) and Siddique et al.
(2012) dominantly found PBDE 47 congener in mother’s milk
samples. Geyer et al. (2004) reported that the half-lives of the
PBDE 47, PBDE 153, and PBDE 154 congeners in the human
body were 1.8 years, 6.5 years, and 3.3 years, respectively.
These congeners, found in dairy products, are consumed by
adults and children, and stay in the human body for a long
time. Our findings put forth that milk samples taken for this
study contain higher amount of PBDEs, when compared with
the literature (Table 4). Maximum PBDEs concentrations
were found in higher values in this study when compared
findings of the studies in Korea (Kim et al. 2013), USA
(Schecter et al. 2006), Italy (Martellini et al. 2016), and
Belgium (Poma et al. 2016).

Risk assessment

We assessed exposure to investigated pollutants through the
diet. The amounts of daily consumptions for adults and chil-
dren were taken from Hacettepe University Food and
Nutrition Guide which is specific to Turkey (2004). The rec-
ommended amount of milk in this guide is 200 mL per day.

For adults, the recommended daily portion is 3 per day (3 ×
200 mL = 600 mL) while it is 3.5 portions per day for children
(3.5 × 200 mL = 700 mL). Calculated EDI, THQ, and HI
values are given in Table 5. While EDI values calculated for
∑Heptachlor, aldrin + dieldrin, and PCBs were higher for
UHT milk samples, EDI values calculated for the rest of the
compounds were higher for raw milk samples. According to
our findings, none of the calculated EDI values exceeded ADI
set for ∑DDT, ∑Endosulfan, or methoxychlor by European
Food Safety (2010). However, all of the EDI values exceeded
ADI set for ∑HCH, ∑Heptachlor, ∑Endrin aldrin + dieldrin,
and ∑PCBs. THQ and HI values exceeding one are indica-
tions of health risk. Since children consume higher portion of
milk and have lower body weight, EDI, THQ, and HI values
are higher for them. Consumption of contaminated milk poses
higher risk for children when compared with results.

Conclusions

The present study shows that both unprocessed raw milk and
UHTmilk samples in the market contain quantitative amounts
of OHPs. UHT cow’s milk samples were determined to have
significantly higher contamination of α-HCH, δ-HCH, endo-
sulfan I, dieldrin, endrin aldehyde, PCB 28, and PCB 101.
Even only one sample exceeded MRL set by DDT, dominant
detection of p,p’-DDT isomer is an indication of continuing
illegal use. Nearly all of the samples exceeded the MRLs
given in Turkish regulations for γ-HCH, ∑Heptachlor, and
endrin. EDI values calculated for adults and children consum-
ing raw or UHT milk exceeded ADI set for ∑HCH,
∑Heptachlor, ∑Endrin aldrin + dieldrin, and ∑PCBs. The
presence of these pollutants, especially in the dairy products
consumed by vulnerable human groups, brings health risk
problems. The use of PCBs and PBDEs is restricted or
prohibited under the Stockholm Convention, signed also by
Turkey. Continuing detection of these pollutant groups is a
result of their persistent nature in different compartments of
environment. There is a necessity to define contamination
route of milk and take precautions by following these toxic
compounds.
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