
Introduction

As one of the important food types, milk contains all of
the macronutrients – namely protein, lipid, vitamins (A, D,
and B groups), and minerals – that supply nutrition for the

human body [1]. Milk and its products are the main con-
stituents of the daily diet, especially for vulnerable groups
such as infants, school-age children, and old age [2].
However, as an excretion of the mammary gland, it also
contains numerous xenobiotic substances such as pesti-
cides, disinfectants, drugs, metals, and various environ-
mental contaminants, which constitute a technological risk
factor for dairy products and consumer health [3]. 
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Abstract

Considering that pollutants can be transferred to the human body through food consumption, food safe-

ty is of great concern to the consumers. In order to evaluate the health risk of heavy metals to consumers by

milk categories and consumer age groups via the ingestion of milk products, the contents of Pb, Cr, Cd, Cu,

Al, Ni, Zn, and Co in fermented, sterilized, and modified milk samples collected from markets in Nanchang,

China, were measured by ICP-MS, and the potential health risk was assessed by the method of target hazard

quotients (THQ) and hazard index (HI). Results of this study showed that the contents of all studied elements,

excluding Zn, were within the food safety limits. The mean daily exposures were estimated to be safe on com-

parison with the reference dose. However, total metal THQ (TTHQ) and HI values based on maximum expo-

sure were larger than one for a baby age 0-3, which indicated that the long-term high consumption of milk

products would result in high health risk for infants. The results also showed that the contribution of ferment-

ed milk to total THQ was larger than other milk products. Therefore, more attention should be paid to control

the dietary intake of milk products by babies age 0-3, and we should monitor the potential risk caused by the

ingestion of fermented milk.
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Toxic metals in food have become a major public con-
cern worldwide in recent decades due to their toxicity and
bioaccumulation. Milk products have been demonstrated to
be capable of accumulating heavy metals from diets and
surrounding environment [2], which may pose a potential
health threat to humans – especially children – because the
incipient development in the digestive tract produces high
absorption. Heavy metals, including lead (Pb), zinc (Zn),
copper (Cu), and cadmium (Cd), have been detected in milk
products. Mean levels of Pb and Cd in milk products were
reported to be 4.404 and 0.288 μg/g, respectively [4]. 
Tona et al. reported that the samples of milk and its prod-
ucts in Nigeria contained different levels of Pb and Cd [5].
Pilarczyk et al. found that raw milk from an organic farm
was rich in Ca and contained low levels of Cu, but the Pb
concentration was two times higher than permissible EU
standards. Results of these studies indicated that milk and
milk products were possibly contaminated by heavy metals
[6].

It has been believed that the high exposure of these
metals had the confirming negative effects on human
health. For instance, ingestion of Cd-contaminated food
would result in bone fractures, kidney dysfunction, and
even cancer [7]. Pb exposure may lead to memory deteri-
oration, prolonged reaction times, and a reduced ability to
understand [8]. Additionally, copper (Cu) and zinc (Zn),
which are considered essential micronutrients to living
beings, also have non-carcinogenic hazardous effects on
human health when their exposures exceed the tolerable
reference doses [9, 10]. Therefore, to ensure consumer
health it is necessary to determine the residual concentra-
tions of metals in milk and evaluate their corresponding
health risks.

Nanchang, the capital city of Jiangxi Province in south-
ern China, is an important industrial city where heavy metal
is one of the most important environmental issues. There
have been several studies of metal contamination in food in
the city [11, 12], but information concerning the heavy
metal contents in milk and its products and the evaluation
of their health risks is still scarce. Therefore, the major aims
of this study were to determine the levels of Pb, Cr, Cd, Cu,
Al, Ni, Zn, and Co in fermented, sterilized, and modified
milk from Nanchang, and assess their potential health risks
for populations of different age groups using target health
quotients (THQ) and hazard index (HI). The results of this
study provide insights into heavy metal accumulation in
milk and serve as a basis for comparison with other regions.

Materials and Methods

Sampling

A total of 20 samples, including five fermented milk,
nine sterilized milk, and six modified milk, were randomly
selected from local markets of Nanchang in January 2014.
Samples were put in well-labeled, sterile, plastic containers
and kept in a cooler with ice pack and then carried imme-
diately to the laboratory for analysis.

Sample Analysis

For determination of metals, milk samples (approxi-
mately 3 g) were treated by a routine dry-ashing method.
Briefly, samples are dried at 200ºC for three h and then
incinerated in a muffle furnace at 510ºC for two h. The sam-
ple ash was dissolved in 2.0 ml concentered HNO3 [12].
Eight elements (Pb, Cr, Cd, Cu, Al, Ni, Zn, and Co) were
determined by ICP-MS (ELAN 6000, Perkin-Elmer-Sciex,
USA) with an internal standard of indium. The most abun-
dant and less interfered isotopes (208Pb, 52Cr, 111Cd, 63Cu, 27Al,
60Ni, 66Zn, 59Co, and 115In) were chosen to determine the con-
centration of studied elements. The coefficient of variation
of replicate analyses was determined for the measurements
to calculate analytical precision. Limits of Detection
(LODs) were defined as three times the standard deviation
of 10 runs of blank measurements as proposed by Huang et
al. [14]. The LOD values of Pb, Cd, Cu, Cr, Co, Ni, Zn, and
Al were 2.0×10-2, 1.0×10-2, 3.0×10-2, 8.0×10-2, 1.0×10-2,
2.0×10-2, 0.2, and 0.32 ug/L, respectively; and their recovery
ratios ranged from 95.0% to 104.5%. In this study, the cor-
relation coefficients (R2) of Pb, Cr, Cd, Cu, Al, Ni, Zn, and
Co were all above 0.99. All of the chemicals used in this
study were of guaranteed grade. De-ionized water was used
throughout the work. All experiments were conducted in
duplicate and mean values were used for further calculation.

Health Risk Assessment

The non-carcinogenic health risks of a single metal via
consumption of dairy products were assessed based on the
THQ, a ratio of determined doses for one pollutant to its
reference dose (RfD), and can be calculated as the follow-
ing equations (1) and (2) [15]:

(1)

(2)

...where EDI is the estimated daily intake of heavy metals
(mg/kg/d) and RfD is the oral reference dose. The RfD
values of Pb, Cr, Cd, Cu, Al, Ni, Zn, and Co are set to be
0.0036 [16], 1.5, 0.001, 0.04, 1.0, 0.02, 0.3, and 0.0003
mg/kg/d [17]. C is the mean concentration of heavy metals
in milk samples (mg/kg) and I is the intake of milk per kg
body weight per day (kg/day·bw(kg)). If the THQ is less
than one, the exposed population is unlikely to experience
obvious adverse effects. The severity of health risks caused
by toxic elements in foodstuffs is enhanced with the
increasing THQ value. 

Considering the discrepancy in body weight and daily
intake of foodstuffs among different people, the health risk
index was calculated according to different age groups. 
The average consumption amount of foodstuffs was wide-
ly used in the previous studies [12, 18]. However, in a given
area, the people who consume the more foodstuffs tend to
be easier at risk. Hence, this study used the average and
maximum values of daily milk ingestion to represent the

EDITHQ
RfD

EDI C I
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dietary exposure of consumers in average and high expo-
sure levels, respectively. According to the report of Yang et
al. [19], the average and maximum values of individual
milk consumption amount are represented in Table 1. 
And it was assumed that each fermented milk, sterilized
milk, and modified milk accounted for one-third of the
daily intake of milk for all age groups. 

Exposure to two or more chemicals may result in additive
and/or interactive effects. TTHQ has been reported to assess
the overall non-carcinogenic effects of multiple heavy metals
in individual foodstuffs [20]. TTHQ can be calculated as:

(3)

...where THQi is the THQ value of element i.
The health index, HI, was used to estimate the total no-

carcinogenic health risk caused by multiple heavy metals
[21]. HI for a specific receptor/pathway combination (e.g.
diet) can be estimated by equation (4):

(4)

...where TTHQi is the TTHQ value of foodstuff i.

Statistical Analysis

The descriptive statistics (mean, standard deviation
(SD), and range) were calculated using Microsoft Office
Excel 2003. The average concentration of each heavy metal
was used for further calculations. The contents of elements
were log-transformed to attain or approach a normal distri-
bution of the data. One-way analysis of variance in combi-
nation with the Duncan method was used to examine the
difference of heavy metal concentrations in three types of
milk products and performed by SPSS16.0. A p-value
<0.05 was considered to indicate a significant difference
between the compared groups. 

Results and Discussion

Concentrations of Heavy Metals in Dairy Products

The contents of heavy metals in all analyzed milk sam-
ples and their relevant threshold values of national stan-

dards were summarized in Table 2. One-way analysis of
variance showed that there was no significant difference
between products in terms of metal contents. However,
contents of all studied elements in fermented milk were a
little higher than those in other dairy products, except for
Cd, Al, and Ni, suggesting that contamination of metals
may be derived from the fermentation procedure. Among
all milk samples, Zn concentration was significantly higher
than other elements (p<0.05) and the overall mean contents
of studied metals decreased in the order of Zn > Al > Cu >
Ni > Cr > Pb > Co > Cd. The contents of toxic heavy met-
als (Pb, Cd) in sterilized milk were found to be lowest
among all types of milk samples (0.0062 and 0.0019
mg/kg, respectively). It was observed that Pb, Cr, Cd, Cu,
and Ni in the present study were below the threshold values
of standards (GB/T 2762-2012 and IDF 1979). However,
Zn concentration in three modified-milk samples, three fer-
mented-milk samples, and two sterilized-milk samples
exceeded the Zn maximum limit of IDF 1979. The Cu con-
tents in all samples were lower than the suggested normal
value of 0.1 mg/kg, which was in agreement with the report
by Pilarczyk et al. [6]. Furthermore, the Pb content in the
milk samples was far below its limits in both China (0.05
mg/kg) and the EU (0.02 mg/kg). In general, the results of
this study indicate that people could safely consume milk
products; nevertheless, people should pay more attention to
the trace elements in milk since it is rich in Zn and lacks Cu. 

A comparison of heavy metal contents in this study with
cow milk in other regions from various researchers is
shown in Table 3. It can be seen from the table that the con-
tent of Zn was found to be more than the other metals,
which is in accordance to other studies. Moreover, the con-
tents of Zn, Cu, and Cd in this study were close to their con-
tents in cow’s milk from an organic farm in Lubuskie [6].
The levels of Pb and Cd were much lower in comparison
with values observed in Egypt and Pakistan [4, 22]. 
The average contents of heavy metals in milk obtained from
the contaminated sites proved to be larger than those from a
clean area. The average contents of Zn, Al, Ni, Cu, Cr, and
Co in milk from cows kept in farms located in an industrial-
ized region were found to be 3.163, 0.323, 0.054, 0.09,
0.088, and 0.008 mg/kg, respectively [23], which were
much higher than the values of this study. Another study
conducted in the vicinity of Bagjata Mine revealed that all
the metals analyzed exceeded the limits [2]. There are some
differences in the metals contents between this study and
previous reports, which could be explained by several fac-
tors such as cow breed, local environment, and contaminat-

n

1
i

i
HI TTHQ
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Table 1. Milk consumption data (g/day·bw) by age, gender group [16].

Gender
Age (X) 

≤3 3<X≤14 14<X≤20 20<X≤40 40<X≤60 >60

Male 86.46 (184.46) 5.99 (15.82) 4.42 (10.41) 1.66 (5.03) 1.76 (4.97) 1.44 (4.38)

Female 60.06 (126.4) 12.71 (29.62) 1.94 (5.84) 2.57 (7.49) 2.22 (6.06) 1.95 (6.45)

Mean 73.26 (155.43) 9.35 (22.72) 3.18 (8.13) 2.12 (6.26) 1.99 (5.51) 1.70 (5.42)

Numbers with brackets are maximum milk consumption, the others are the average milk consumption
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ed feed, which could affect the metal levels in milk. In addi-
tion, production equipment, storage, and transport contain-
ers are important supplies of heavy metal contamination.

Estimated Daily Intake of Metals and Their
Respective Human Health Risks

Although the contents of heavy metals in milk products
were below the threshold values of standards, it cannot be
concluded that there was no risk for human health. The rea-
son is that the exposure of milk consumers to heavy metals
and associated health risk is determined not only by pollu-
tant concentrations in milk products, but also by milk con-
sumption rates. So it is necessary to carry out health risk

assessments according to the daily intake of metals. 
The average and maximum EDI values of heavy metals for
each age group via the consumption of milk products were
calculated and shown in Table 4. The trends of EDI values
for metals in fermented milk, sterilized milk, and modified
milk were in the order of Zn > Al > Cu > Ni > Pb > Cr >
Co > Cd, Zn > Al > Ni > Cu > Cr > Pb > Co > Cd and Zn
> Al > Cu > Ni > Cr > Pb > Cd > Co, respectively, with
intake of each metal being larger for 0-3 age group than that
for other groups. This could be explained by the fact that
milk products were the main food and nutrient source for
infants. Hence, more attention should be paid to health risks
caused by toxic metals for infants. As shown in Table 4, fer-
mented milk was the most important source of Pb, Cu, Zn,

Table 2. Contents of metals (mg/kg) in different types of milk.

Metals
Fermented milk (n=5) Sterilized milk (n=9) Modified milk (n=6) Threshold 

valuesMean±SD Range Mean±SD Range Mean±SD Range

Pb 0.0089±0.0048 0.0043-0.0143 0.0062±0.0022 0.0036-0.0098 0.0068±0.0022 0.0040-0.0096 0.05a

Cr 0.0087±0.0018 0.0069-0.0113 0.0106±0.0033 0.0067-0.0185 0.0085±0.001 0.0064-0.0091 0.3a

Cd 0.0034±0.0008 0.0024-0.0043 0.0019±0.0011 0.0008-0.0044 0.0041±0.0047 0.001-0.0129 0.026b

Cu 0.0621±0.0239 0.0305-0.0872 0.0439±0.015 0.0269-0.0780 0.0499±0.0106 0.0347-0.0621 0.10b

Al 0.1279±0.0938 0.0407-0.2609 0.1728±0.0920 0.0563-0.3473 0.2033±0.1593 0.0738-0.4397 NA

Ni 0.0403±0.0290 0.0088-0.0849 0.0552±0.0813 0.0201-0.2713 0.0423±0.0122 0.0339-0.0655 1.0a

Zn 3.7055±2.3731 1.2865-7.2950 2.8936±0.4594 2.4512-3.6495 3.2456±0.7045 2.2978-4.2457 3.28b

Co 0.0043±0.0025 0.0014-0.0079 0.0038±0.0007 0.003-0.0048 0.0039±0.0012 0.0029-0.0061 NA

aMaximum allowable levels of contaminants of food (GB/T 2762-2012), (SAC 2012) [13].
bRecorded limits of International Dairy Federation (IDF 1979) [24].
NA – Not available

Samples Location Zn Al Ni Cu Cr Pb Co Cd Reference

Cow milk
Bagjata mining

area
4.77 - 0.48 0.56 - ND - - [2]

Cow milk
Lubuskie 

(organic farm)
3.277 - - 0.045 - 0.041 - 0.004 [6]

Pasteurized
milk

Arak city 
(market)

- 0.135 - - - 0.013 - 0.004 [25]

Cow milk
Egypt 

(animal farms)
2.828 - 0.002 0.131 0.026 0.040 0.002 0.068 [26]

Pasteurized
milk

Italy 
(animal farms)

4.631 0.2 - 0.052 - 0.005 - 0 [27]

Commercially
milk

Munbai city 
(market)

3.177 - - 0.043 - 0.002 - 0.7×10-4 [28]

Cow milk
Silesia 

(industrialized area)
3.163 0.323 0.054 0.09 0.088 - 0.008 - [23]

Fermented milk
Jiangxi, China

(market)

3.706 0.128 0.040 0.062 0.009 0.009 0.004 0.003

This studySterilized milk 2.894 0.173 0.055 0.044 0.011 0.006 0.004 0.002

Modified milk 3.246 0.203 0.042 0.05 0.009 0.007 0.004 0.004

Table 3. Comparisons of metal contents (mg/L) in milk products with other studies.
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Table 4. Estimated daily intake (EDI) (mg/kg bw/d) of metals in milk products.

Age group
(X)

EDI of heavy metals

Pb Cr Cd Cu Al Ni Zn Co

Fermented milk

≤3
2.18×10-4 2.13×10-4 8.31×10-5 1.52×10-3 3.12×10-3 9.84×10-4 0.090 1.04×10-4

(4.61×10-4) (4.53×10-4) (1.76×10-4) (3.22×10-3) (6.63×10-3) (2.09×10-3) (0.192) (2.21×10-4)

3<X≤14
2.78×10-5 2.73×10-5 1.06×10-5 1.94×10-4 3.99×10-4 1.26×10-4 0.012 1.33×10-5

(6.74×10-5) (6.61×10-5) (2.58×10-5) (4.70×10-4) (9.68×10-4) (3.05×10-4) (0.028) (3.22×10-5)

14<X≤20
9.44×10-6 9.26×10-6 3.61×10-6 6.59×10-5 1.36×10-4 4.27×10-5 3.93×10-3 4.51×10-6

(2.41×10-5) 2.37×10-5) (9.23×10-6) (1.68×10-4) (3.47×10-4) (1.09×10-4) (0.010) (1.15×10-5)

20<X≤40
6.32×10-6 6.20×10-6 2.42×10-6 4.41×10-5 9.08×10-5 2.86×10-5 2.63×10-3 3.02×10-6

(1.86×10-5) (1.83×10-5) (7.12×10-6) (1.30×10-4) (2.67×10-4) (8.42×10-5) (7.74×10-3) (8.90×10-6)

40<X≤60
5.97×10-6 5.85×10-6 2.28×10-6 4.16×10-5 8.57×10-5 2.70×10-5 2.48×10-3 2.85×10-6

(1.64×10-5) (1.61×10-5) (6.26×10-6) (1.14×10-4) (2.35×10-4) (7.42×10-5) (6.82×10-3) (7.83×10-6)

>60
5.08×10-6 4.98×10-6 1.94×10-6 3.54×10-5 7.29×10-5 2.30×10-5 2.11×10-3 2.43×10-6

(1.61×10-5) (1.58×10-5) (6.16×10-6) (1.12×10-4) (2.31×10-4) (7.30×10-5) (6.71×10-3) (7.71×10-6)

Sterilized milk

≤3
1.52×10-4 2.6×10-4 4.57×10-5 1.07×10-3 4.22×10-3 1.35×10-3 0.071 9.16×10-5

(3.22×10-4) (5.52×10-4) (9.70×10-5) (2.27×10-3) (8.95×10-3) (2.86×10-3) (0.150) (1.94×10-4)

3<X≤14
1.94×10-5 3.32×10-5 5.84×10-6 1.37×10-4 5.39×10-4 1.72×10-4 9.02×10-3 1.17×10-5

(4.70×10-5) (8.06×10-5) (1.42×10-5) (3.32×10-4) (1.31×10-3) (4.18×10-4) (0.022) (2.84×10-5)

14<X≤20
6.59×10-6 1.13×10-5 1.98×10-6 4.65×10-5 1.83×10-4 5.85×10-5 3.07×10-3 3.98×10-6

(1.68×10-5) (2.88×10-5) (5.07×10-6) (1.19×10-4) (4.68×10-4) (1.50×10-4) (7.84×10-3) (1.02×10-5)

20<X≤40
4.41×10-6 7.56×10-6 1.33×10-6 3.11×10-5 1.22×10-4 3.91×10-5 2.05×10-3 2.66×10-6

(1.30×10-5) (2.22×10-5) (3.91×10-6) (9.17×10-5) (3.61×10-4) (1.15×10-4) (6.05×10-3) (7.84×10-6)

40<X≤60
4.16×10-6 7.13×10-6 1.25×10-6 2.94×10-5 1.16×10-4 3.70×10-5 1.94×10-3 2.51×10-6

(1.14×10-5) (1.96×10-5) (3.44×10-6) (8.07×10-5) (3.18×10-4) (1.02×10-4) (5.32×10-3) (6.90×10-6)

>60
3.54×10-6 6.07×10-6 1.07×10-6 2.50×10-5 9.85×10-5 3.15×10-5 1.65×10-3 2.14×10-6

(1.12×10-5) (1.93×10-5) (3.39×10-6) (7.94×10-5) (3.13×10-4) (9.99×10-5) (5.24×10-3) (6.79×10-6)

Modified milk

≤3
1.67×10-4 2.08×10-4 1.00×10-4 1.22×10-3 4.96×10-3 1.03×10-3 0.079 9.50×10-5

(3.54×10-4) (4.41×10-4) (2.13×10-4) (2.59×10-3) (0.011) (2.19×10-3) (0.168) (2.02×10-4)

3<X≤14
2.13×10-5 2.65×10-5 1.28×10-5 1.56×10-4 6.34×10-4 1.32×10-4 0.010 1.21×10-5

(5.17×10-5) (6.44×10-5) (3.11×10-5) (3.78×10-4) (1.54×10-3) (3.20×10-4) (0.025) (2.95×10-5)

14<X≤20
7.24×10-6 9.01×10-6 4.36×10-6 5.29×10-5 2.15×10-4 4.48×10-5 3.44×10-3 4.13×10-6

(1.85×10-5) (2.30×10-5) (1.11×10-5) (1.35×10-4) (5.51×10-4) (1.15×10-4) (8.80×10-3) (1.05×10-5)

20<X≤40
4.85×10-6 6.04×10-6 2.92×10-6 3.54×10-5 1.44×10-4 3.00×10-5 2.30×10-3 2.74×10-6

(1.43×10-5) (1.78×10-5) (8.59×10-6) (1.04×10-4) (4.25×10-4) (8.84×10-5) (6.78×10-3) (8.13×10-6)

40<X≤60
4.58×10-6 5.70×10-6 2.75×10-6 3.34×10-5 1.36×10-4 2.83×10-5 2.17×10-3 2.61×10-6

(1.26×10-5) (1.56×10-5) (7.56×10-6) (9.18×10-5) (3.74×10-4) (7.78×10-5) (5.97×10-3) (7.16×10-6)

>60
3.90×10-5 4.85×10-5 2.34×10-6 2.84×10-5 1.16×10-4 2.41×10-5 1.85×10-3 2.22×10-6

(1.24×10-5) (1.54×10-5) (7.44×10-6) (9.03×10-5) (3.68×10-4) (7.65×10-5) (5.87×10-3) (7.04×10-6)

Numbers with brackets are EDI values calculated on the basis of maximum milk consumption; the others are based on mean milk con-
sumption.
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Table 5. THQ and TTHQ values of metals for all age groups due to milk consumption.

Age (X)
THQ

TTHQ
Pb Cr Cd Cu Al Ni Zn Co

Fermented milk

≤3
0.060 1.42×10-4 0.083 0.038 3.12×10-3 0.049 0.302 0.347 0.882

(0.128) (3.02×10-4) (0.176) (0.080) (6.63×10-3) (0.104) (0.640) (0.735) (1.872)

3<X≤14
7.72×10-3 1.82×10-5 0.011 4.85×10-3 3.99×10-4 6.29×10-3 0.039 0.044 0.113

(0.019) (4.41×10-5) (0.026) (0.012) (9.68×10-4) (0.015) (0.094) (0.107) (0.273)

14<X≤20
2.62×10-3 6.17×10-6 3.61×10-3 1.65×10-3 1.36×10-4 2.14×10-3 0.013 0.015 0.038

(6.71×10-3) (1.58×10-5) (9.23×10-3) (4.21×10-3) (3.47×10-4) (5.46×10-3) (0.033) (0.038) (0.098)

20<X≤40
1.76×10-3 4.13×10-6 2.42×10-3 1.10×10-3 9.08×10-5 1.43×10-3 8.77×10-3 0.010 0.026

(5.17×10-3) (1.22×10-5) (7.12×10-3) (3.25×10-3) (2.67×10-4) (4.21×10-3) (0.026) (0.030) (0.076)

40<X≤60
1.66×10-3 0.39×10-5 2.28×10-3 1.04×10-3 8.57×10-5 1.35×10-3 8.28×10-3 9.51×10-3 0.024

(4.55×10-3) (1.07×10-5) (6.26×10-3) (2.86×10-3) (2.35×10-4) (3.71×10-3) (0.023) (0.026) (0.066)

>60
1.41×10-3 3.32×10-6 1.94×10-3 8.85×10-4 7.29×10-5 1.15×10-3 7.04×10-3 8.09×10-3 0.021

(4.48×10-3) (1.05×10-5) (6.16×10-3) (2.81×10-3) (2.31×10-4) (3.65×10-3) (0.022) (0.026) (0.065)

Sterilized milk

≤3
0.042 1.73×10-4 0.046 0.027 4.22×10-3 0.067 0.236 0.305 0.727

(0.089) (3.68×10-4) (0.097) (0.057) (8.95×10-3) (0.143) (0.50) (0.648) (1.543)

3<X≤14
5.38×10-3 2.21×10-5 5.84×10-3 3.42×10-3 5.39×10-4 8.60×10-3 0.030 0.039 0.093

(0.013) (5.37×10-5) (0.014) (8.30×10-3) (1.31×10-3) (0.021) (0.073) (0.095) (0.225)

14<X≤20
1.83×10-3 7.52×10-6 1.98×10-3 1.16×10-3 1.83×10-4 2.92×10-3 0.010 0.013 0.032

(4.68×10-3) (1.92×10-5) (5.07×10-3) (2.97×10-3) (4.68×10-4) (7.48×10-3) (0.026) (0.034) (0.081)

20<X≤40
1.23×10-3 5.04×10-6 1.33×10-3 7.79×10-4 1.23×10-4 1.96×10-3 6.85×10-3 8.88×10-3 0.021

(3.61×10-3) (1.48×10-5) (3.91×10-3) (2.29×10-3) (3.61×10-4) (5.77×10-3) (0.020) (0.026) (0.062)

40<X≤60
1.16×10-3 4.75×10-6 1.25×10-3 7.35×10-4 1.16×10-4 1.85×10-3 6.46×10-3 8.38×10-3 0.020

(3.18×10-3) (1.31×10-3) (3.44×10-3) (2.02×10-3) (3.18×10-4) (5.08×10-3) (0.018) (0.023) (0.055)

>60
9.84×10-4 4.05×10-6 1.07×10-3 6.25×10-4 9.85×10-5 1.57×10-3 5.50×10-3 7.13×10-3 0.017

(3.12×10-3) (1.28×10-3) (3.39×10-3) (1.99×10-3) (3.13×10-4) (4.99×10-3) (0.017) (0.023) (0.054)

Modified milk

≤3
0.046 1.38×10-4 0.100 0.030 4.96×10-3 0.052 0.264 0.317 0.815

(0.098) (2.94×10-4) (0.213) (0.065) (0.011) (0.110) (0.561) (0.672) (1.729)

3<X≤14
5.92×10-3 1.77×10-5 0.013 3.89×10-3 6.34×10-4 6.60×10-3 0.034 0.040 0.104

(0.014) (4.29×10-5) (0.031) (9.44×10-3) (1.54×10-3) (0.016) (0.082) (0.098) (0.253)

14<X≤20
2.01×10-3 6.01×10-6 4.36×10-3 1.32×10-3 2.15×10-4 2.24×10-3 0.011 0.014 0.035

(5.14×10-3) (1.54×10-5) (0.011) (3.38×10-3) (5.51×10-4) (5.73×10-3) (0.029) (0.035) (0.090)

20<X≤40
1.35×10-3 4.02×10-6 2.92×10-3 8.86×10-4 1.44×10-4 1.50×10-3 7.68×10-3 9.21×10-3 0.024

(3.97×10-3) (1.18×10-5) (8.59×10-3) (2.61×10-3) (4.25×10-4) (4.42×10-3) (0.023) (0.027) (0.070)

40<X≤60
1.27×10-3 3.80×10-6 2.75×10-3 8.36×10-4 1.36×10-4 1.42×10-3 7.25×10-3 8.69×10-3 0.022

(3.49×10-3) (1.04×10-5) (7.56×10-3) (2.30×10-3) (3,74×10-4) (3.89×10-3) (0.020) (0.024) (0.061)

>60
1.08×10-3 3.23×10-6 2.34×10-3 7.11×10-4 1.16×10-4 1.21×10-3 6.17×10-3 7.39×10-3 0.019

(3.44×10-3) (1.03×10-5) (7.44×10-3) (2.26×10-3) (3.68×10-4) (3.83×10-3) (0.02) (0.023) (0.060)

Numbers with brackets are calculated on the basis of maximum milk exposure; the others are based on average milk exposure.



and Co for all age groups, followed by modified milk, and
then sterilized milk. The largest contributor of studied ele-
ments to daily intake is Zn, which accounted for more than
90% of total heavy metals intake.

THQ has been recognized as a useful parameter for eval-
uating health risks associated with the consumption of metal-
contaminated food crops [29]. As shown in Table 5, for both
the average and maximum consumption of milk products, no
THQ value over 1 was observed for all age groups, which
indicated that people would not experience a significant
health risk if the assessment was conducted on the basis of
individual heavy metals from dairy products. It was noticed
that for young children under 3 years of age, the maximum
values of THQ for Zn and Co were closer to one, implying
that Co and Zn were of concern for kids in terms of non-can-
cer risk. The observation that health risk was found to
decrease with the increase of age may result from differences
in milk consumption. In addition, the health risk level of Cd
was higher than that of Pb, which was in agreement with a
previous report [30]. Results of this study indicated that Co
was the major contributor to total THQ from milk in each
age group, accounting for 39% of fermented milk, 42% of
sterilized milk, and 38% of modified milk, followed by Zn,
which accounted for 34%, 32%, and 32% for fermented,
sterilized, and modified milk products, respectively. 

Risk assessments of individual metals via milk inges-
tion were found to be within safe limits (THQ<1); whereas
exposure to multiple heavy metals could result in additive
effects. Therefore, the TTHQ values (sum of individual
metal THQ) were calculated in this study. As shown in
Table 5, for average exposure, the data of TTHQ for all age
groups were less than one, which indicated that there was
no potential health risk to general people by consumption of
individual milk products. However, the TTHQ based on the
maximum exposure level had values greater than one for
the 0-3 age group, suggesting that these people – especial-
ly those consuming more milk products over a long period
of time – may experience some adverse health effects. 
The TTHQ for each age group decreased in the order of fer-
mented milk > modified milk > sterilized milk. Their cor-
responding contributions to total THQs were 36.39%,
33.60%, and 29.99% for infants age 0-3, implying that fer-
mented milk was the major source contributing to potential
health risk. 

The above evaluation was based on the ingestion of
individual foodstuffs. Taking the three milk products into
consideration, HI was used to estimate the total health risk
caused by multiple foodstuffs. The average HI calculated

on the basis of average consumption rates for differently
aged people were 2.424, 0.310, 0.105, 0.070, 0.067, and
0.057 for groups of age≤3, 3<age≤14, 14< age≤ 20, 20<age
≤40, 40<age≤ 60, and age>60, respectively (Table 6). It is
noticed that the HI value of the maximum exposures for the
0-3 age group were high and up to 5.144. The data of HI
suggests that kids under 3 years old are already experienc-
ing adverse health effects on the basis of their current intake
rate. Although HI value for teenagers (3-14 years) was
within the safe level (HI<1), the potential health risk for
teenagers is relatively high on comparison with that for
adults in terms of HIs. Similar results have been reported by
earlier studies [19, 31]. Consequently, it will be of great
importance for children to control the dietary intake rate of
milk products, especially kids under 3 year old. 

Conclusion

Contents of metals in milk products (fermented, steril-
ized, and modified milk) in Nanchang, China, were mea-
sured in the present study. The overall mean concentrations
of metals were in the order: Zn > Al > Cu > Ni > Cr > Pb >
Co > Cd, and the contents of Zn were significantly higher
than other elements. It was observed that metals in milk
products were all below the safety concentration limits,
with the exception of Zn in fermented milk. The mean THQ
values and TTHQ values for all age groups were below 1.
However, the TTHQ based on the maximum exposure level
had values greater than one for kids under 3 years old. 
The HI values for kids of 0-3 age group were larger than
one, suggesting that there was a potential health risk for
these children. The estimation of health risks also indicated
that Co was the largest contributor to TTHQ (followed by
Zn), and fermented milk was the major source of health risk
in the three milk products. The results demonstrated that the
consumption of fermented, sterilized, or modified milk on
average will not result in a significant health risk for gener-
al people, but it is suggested that teenagers avoid drinking
too much milk and milk products in the region, especially
for ages 0-3 age. 
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HI
Age (X) 

≤3 3<X≤14 14<X≤20 20<X≤40 40<X≤60 >60

Mean exposure 2.424 0.310 0.105 0.070 0.067 0.057

Maximum exposure 5.144 0.752 0.269 0.207 0.183 0.180

Table 6. HI for all age groups via ingestion of three milk products.
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