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Abstract A total of 249 cow and 33 goat milk samples
were collected in rural areas of Croatia during the period
2010-2014. Lead concentrations in milk samples were
analyzed by graphite furnace-atomic absorption spec-
troscopy. Mean Pb concentrations in milk ranged from (pg/
kg): cow 10.8-12.2; goat 9.33-60.0. The highest Pb level
of 131 pg/kg in cow milk was measured during 2014.
There were no significant differences in Pb levels between
cow and goat milk and also in goat milk among the anal-
ysed years. However, significant differences were found in
cow milk among years. The highest Pb was determined in
2011 (157 pg/kg in goat milk). The calculated estimated
weekly intakes of Pb concentrations for cow and goat milk
contribute only 1.37 % and 1.84 % to the provisional tol-
erable weekly intake. Therefore, the consumption of milk
from both species should not pose a consumer health risk.

Keywords Lead - Cow milk - Goat milk - Atomic
absorption spectroscopy - Croatia

Milk is one of the basic components required in the human
diet, especially with regard to its protein and mineral
composition. Therefore, it is necessary to monitor toxic
substances and metals in milk that can enter the food chain
as a result of environmental contamination. It is known that
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milk and dairy products may contain different concentra-
tions of toxic metals, due to the geological background and
environment releases from various industrial processes
(Ataro et al. 2008). Toxic metal contamination in milk has
been reported in polluted industrial areas in highly indus-
trialized countries such as Turkey, India, Pakistan or Brazil
(Simsek et al. 2000; Patra et al. 2008; Javed et al. 2009;
Soares et al. 2010). It is known that a chronic lower level
accumulation of toxic metals, such as Cd and Pb, has
adverse affects on human and animal health (Satarug et al.
2003). Continuous absorption of small amounts of Pb in
humans may cause serious health issues in growing chil-
dren, including mental development disorders such as
reading and learning disabilities and deficiencies in con-
centration, hearing degradation, adverse effects on kidney
function, hematopoietic system through restraining the
synthesis of hemoglobin and causes anemia, and the car-
diovascular system (Rahimi 2013). Accordingly, control-
ling Pb levels in milk in accordance with the established
maximum residue levels (MRL) of 20 ng/kg set by the EU
is imperative (EC 2006).

Today in Croatia, industrialization is not on the rise;
instead, a decline in industrial development has been
recorded. Few studies have been conducted on the toxic
metal concentrations in raw cow and goat milk in Croatia
(Sikiri¢ et al. 2003; Bilandzi¢ et al. 2011). Goat milk is still
not widely produced in the European Union and in Croatia.
The total world production of goat milk accounts for about
2.4 % of all milk, of which 58 % is produced in Asia, 24 %
in Africa and 15 % in Europe (Dermit et al. 2014). How-
ever, there is great interest for the production of goat milk
due to the composition and high quality of the product,
particularly for population groups with particular needs,
such as infants and children suffering from hypersensitivity
to cow milk, and the elderly (Kondyli et al. 2007). Previous
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research showed a higher content of macroelements and
vitamins, and also better digestibility, alkalinity, buffering
capacity and certain therapeutic benefits in goat milk than
in cow milk (Cashman 2003; Navarro-Alarcén et al. 2011).

The aim of the present study was to assess differences in
Pb concentrations in raw cow and goat milk in the period
from 2010 to 2014, and to compare the results with the
literature data. Furthermore, the estimated weekly intake
for Pb was calculated and compared with the toxicological
value for the purpose of risk assessment.

Materials and Methods

During the period 2010-2014, a total of 249 cow and 33
goat milk samples (500 mL) were collected at small dairy
farms from rural areas in seven counties in continental
Croatia (Fig. 1): Sisak-Moslavina (SM), Brod-Posavina
(BP), Vukovar-Srijem (VS), Bjelovar-Bilogora (BB),
Pozega-Slavonia (PS), Virovitica-Podravina (VP) and
Osijek-Baranja (OB). Milk samples were collected as part
of the National Residue Monitoring Plan on small farms
(mainly with 3—-15 cows and/or goats) where cows and goat
graze freely in the surrounding pastures or use hay in the
traditional way. During the study period, milk samples
were collected from individual cows and goats between
May and October. Upon collection, all samples were

Fig. 1 Map of continental regions in Croatia where milk samples
were collected (SM Sisak-Moslavina, BP Brodsko-Posavina, VS
Vukovar-Srijem, BB Bjelovar-Bilogora, PS Pozega-Slavonia, VP
Virovitica-Podravina and OB Osijek-Baranya)
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placed into clean, acid-washed polyethylene bottles,
labelled and stored at —18 °C until analysis.

All reagents, HNO;, H,0,, and HCI, were of analytical
reagent grade (Analytical Grade, Kemika, Croatia). Ultra
pure water (18.2 MQ/cm resistivity, Direct-Q® 5 UV,
Millipore, USA) was used for all dilutions. Plastic and
glassware were cleaned by soaking in diluted HNO; (1/9,
v/v) and rinsed with ultra pure water prior to use.

Standard stock solution for Pb of 1000 mg/L was sup-
plied by Perkin Elmer (Waltham, MA, USA). The matrix
modifier used in each atomization for Pb was 0.003 mg
Mg(NOj3), (Perkin Elmer, Waltham, MA, USA). The cal-
ibration curve was prepared at different concentrations and
contained four calibration points.

Samples (2 g) were weighed in a PFA digestion vessel
and 1 mL H,0, (30 %, v/v) and 6 mL HNO; (65 %, v/v)
were added. A high-pressure laboratory microwave oven
(Multiwave 3000, Anton Paar, Ostfildern, Germany) was
employed to perform the acid digestion of samples. The
digestion program was: step 1 power 800 W, ramped
15 min, 800 W for 15 min; step 2 power 0 W for 15 min.
Each digested sample was diluted to a final volume of
25 mL with ultra-pure water.

Detection limits were determined as the concentration
corresponding to three times the standard deviation calcu-
lated for ten blank milk samples. All specimens were run in
batches that included blanks, a standard calibration curve,
two spiked specimens, and one duplicate. The quality of
data was checked by the analysis of the recovery rate using
the certified reference material, skim milk powder (BCR-
151, IRMM, Geel, Belgium).

The analysis of Pb was conducted using graphite fur-
nace-atomic absorption spectroscopy by AAnalyst 600
(Perkin Elmer, Waltham, MA, USA). Argon was used as
the inert gas. Pyrolytically coated graphite tubes with a
platform were used. Measurements (integrated absorbance
peak areas) were carried out using single element hollow
lamps. The instrument settings and optimising temperature
programs of the spectrometer are summarised in Table 1.

The estimated daily intake (EDI) of Pb was calculated
by the equation:

EDI = (C x MS)/BW,

where C is the metal concentration (nug/kg w.w.), MS is the
meal size (kg), and BW is body weight (kg). All con-
sumption limits and risk factors were calculated for adults
assuming a body weight (BW) of 70 kg.

The estimated weekly intake (EWIs, pg/week b.w.) was
calculated by the equation:

EWI = EDI x 7.

The average consumption of milk in Croatia was set as
0.3 L/day per adult (Antoni¢ Degac et al. 2007). The value
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Table 1 Instrument conditions for graphite furnace atomic absorp-
tion spectrometer (GFAAS) for Pb determination in milk samples

Table 2 Lead concentrations in cow and goat milk collected in the
period from 2010 to 2014 in Croatia

Parameter Pb Milk  Years N Mean (pug/kg)  SD Min Max
Wavelength 283.3 nm Cow 2010 69 1L.1% 3.55 7.0 30.0
Argon flow 250 mL/min 2011 25 117%™ 3.26 7.0 19.0
Sample volume 20 uL 2012 45 10.9°* 2.54 891 17.0
Modifier volume 5puL 2013 42 108" 1.62 8.0 181
Heating program temperature °C [ramp time (s), hold time (s)] 2014 68 12.2¢¢ 14.8 5.11 131
Drying 1 110 (1, 30) Total 249 114 8.08 5.11 131
Drying 2 130 (15, 30) Goat 2010 3 9.33 2.08 7.00 11.0
Ashing 900 (10, 20) 2011 3 60.0 84.0 10.0 157
Atomisation 1850 (0, 5) 2012 12 102 0.94 9.00 13.0
Cleaning 2450 (1, 3) 2013 6 108 1.333 100 13.0
2014 8 11.1 1.89 10.0 15.0

Total 33 151 255 7.00 157

of EWI was used to calculate contributions of Pb to the
toxicological value (PTWI, provisional tolerable weekly
intake).

Statistical analyzes were performed using STATA® 13.1
(StataCorp LP®, College Station, TX, USA). The concen-
trations of Pb in milk samples were expressed as the
minimum and maximum, mean =+ standard deviation (SD).

The Shapiro—Wilk W test was applied to determine the
distribution of the data. The test results showed that data
were not normally distributed. The Wilcoxon rank-sum test
was used to test for statistical differences in Pb levels
between: all data (all years) for cow milk and all data for
goat milk, studied years for both types of milk, two types of
milk in same year of observation. Regarding the small
number of goat milk samples during 2010 and 2011, the
results of these 2 years were used only in the comparison
of all data (all years) with all data of cow milk, but not in
tests between examined years. Statistically significant dif-
ferences were expressed at the level of probability of 0.05
and 0.01.

Results and Discussion

The accuracy of Pb analysis was tested by analyzing the
standard reference material. The recovery rate was 97.5 %
(n = 5). The limit of detection (LOD) in milk was 4.0 pg/
kg. The Pb concentrations in cow and goat milk samples
from Croatia are reported in Table 2.

During the period 2010-2014 Pb concentrations were
measured in the range 10.8-12.2 pg/kg in cow milk and
9.33-60.0 pg/kg in goat milk. The highest Pb level of
131 pg/kg in cow milk was measured during 2014.

The pooling of all Pb results into two groups showed no
significant difference between cow and goat milk. Also,
there were no significant differences between cow and goat
milk during 2012, 2013 and 2014. Comparison of the Pb

Statistically significant differences between years for cow milk:
2010-2012: *p <0.01; 2011-2013: °p <0.05; 2011-2014:
¢ p < 0.05; 2012-2013: 9 p < 0.01; 2012-2014: € p < 0.01

concentrations in cow milk between the studied years
showed significant differences between: 2010 and 2012
(p < 0.01), 2011 and 2013 (p < 0.05), 2011 and 2014
(p < 0.05), 2012 and 2013 (p < 0.01), 2012 and 2014
(p < 0.01). However, there were no significant differences
of the Pb concentrations for goat milk between the studied
years.

Mean Pb concentration determined in 2011 in goat milk
was 60.0 pg/kg, while the maximum concentration was
157 ng/kg (Table 2). Regarding goat milk, there are few
literature data for toxic metal concentrations. In compar-
ison to the present results, lower Pb levels of 7.37 pg/L
were recently reported in Iran (Rahimi 2013). However,
very high Pb concentrations of 42.69 mg/L were found in
industrial areas in Pakistan (Javed et al. 2009). The influ-
ence of Pb contamination in the environment is demon-
strated by the high Pb levels in the blood of goats in Spain
grazing near highways or mining areas, which were 2.2-4.5
higher than in animals grazing in rural regions (Garcia-
Fernandez et al. 2003).

In previous studies regarding Pb concentrations in cow
milk in Croatia, higher Pb concentrations than those in this
study were measured in the range of 23.06-70.56 pg/kg
(Sikiri¢ et al. 2003). Also, mean Pb concentrations deter-
mined in the northern and southern regions of Croatia were
much higher, 58.7 and 36.2 pg/L (Bilandzi¢ et al. 2011). In
35.5 % samples from northern and 28.3 % samples from
southern regions, levels exceeded the MRL value of 20 pg/
kg. However, in the present study, only one sample each of
cow and goat milk had concentrations exceeding the MRL
value. These results are due to the significant decline in
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Table 3 Estimation of daily and weekly intakes (EDIs, EWI) of Pb
based on the total mean concentrations in cow and goat milk and
contribution to toxicological PTWI value

Milk  EDI (ng/day b.w.)  EWI (ug/week b.w.)  Contribution
to PTWI (%)

Cow  0.049 0.34 1.37

Goat  0.065 0.46 1.84

PTWI: Pb 25 ug/kg b.w. (FAO/WHO 1993)

industrialization in Croatia. It can be assumed that low Pb
concentrations in milk are certainly due to the fact that
grazing pastures are located in rural areas and away from
the main road routes.

The concentrations found in the present study were
similar to levels found in cow milk from Italy in the range
of 0.1-9.92 ng/kg (Licata et al. 2004), from Iran in the
range of 7.9-9.88 ng/L (Tajkarimi et al. 2008; Rahimi
2013), or to levels from 8.00 to 19.7 pg/kg in South Africa
(Ataro et al. 2008), and up to 14.4 pg/kg in Brazil (Nardi
et al. 2009). However, lower Pb levels in cow milk were
measured in Romania (0.04-0.16 pg/kg; Birghila et al.
2008), France (6 pg/kg; Arnich et al. 2012) and Spain (5.23
and 0.516 pg/L; Sola-Larranaga and Navarro-Blasco 2009;
Rey-Crespo et al. 2013).

It has been suggested that Pb may be present in milk due
to accumulation along roads and motorways, various
industrial activities, contaminated water irrigation systems,
use of pesticides and climatic factors (Licata et al. 2004;
Tajkarimi et al. 2008). Very high Pb concentrations were
reported in cow milk collected from polluted industrial and
busy traffic areas in Turkey (0.049 and 0.032 mg/kg;
Simsek et al. 2000), or industrial plants and smelters in
India (0.65-0.85 mg/L; Patra et al. 2008), Pakistan (21.78
and 15.96 mg/L; Javed et al. 2009) and Brazil (0.23 mg/L;
Soares et al. 2010). In a recent study in Serbia, high Pb
levels were found in the range 54.3-91 pg/kg (Suturovié
et al. 2014).

In the present study, the estimated daily and weekly
intake (EDI, EWI) was calculated and compared with the
toxicological value for the purpose of a risk assessment of
Pb concentrations in milk. World Health Organization
(WHO) and Food and Agriculture Organization (FAO)
have established a provisional tolerable weekly intake
(PTWI) level for the purpose of estimating the potential
risk to human health derived from the ingestion and
accumulation of major toxic elements on a weekly basis.
The PTWI for Pb is set at 25 pg/kg b.w. (FAO/WHO
1993). Table 3 presents the calculated EWI values for the
total mean Pb values for cow and goat milk and their
contribution to the PTWI value. Contributions of Pb con-
centrations for cow and goat milk were similar and were
<2 %. Therefore, the consumption of milk from both
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species does not seem to pose a risk to the normal con-
sumer with regard to Pb levels.

In conclusion, this study supports the findings that the
absence or reduction of industrial plants and the use of
pastures distant from main motorways and roads greatly
reduces environmental contamination with Pb, which is
reflected in low concentrations found in food or milk.
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