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Introduction  

Dioxins (Polychlorinated dibenzo-p-dioxins, PCDDs) and furans (polychlorinated dibenzofurans, PCDFs) are 

the most toxic chemical species among the persistent organic pollutants (POPs). Exposure of humans and 

animals to PCDD/Fs at certain levels may lead to negative health effects such as development of cancer, 

reproductive problems, immune alterations, disruption of hormones, etc
1,2

. Due to high lipophilicity and 

resistance to metabolisms, PCDD/Fs are bio-accumulated at high levels in fat tissues of animals. PCDD/Fs enter 

the human body mainly through the consumption of the contaminated animal-based foods. In human body, 

PCDD/Fs are highly concentrated in breast milk which is considered as an important route for excretion and 

primary source of intake for newborns. Sampling breast milk is convenient and noninvasive method therefore it 

is commonly used to assess the human body burden of PCDD/Fs as well as to evaluate risk of the exposure to 

infant and children health
3,4

. For such reason, since 1987 the World Health Organization (WHO) has used human 

breast milk as a matrix for global surveys to assess temporal trend and distribution of PCDD/Fs contamination
5
.  

In Vietnam, number of studies on PCDD/Fs contamination in human breast milk is very few. Kunisue et al. 

(2004) reported the PCDD/Fs and dl-PCBs WHO1998-TEQ (Toxic equivalent quantity) concentration of 13 

pg/g lipid in breast milk of women residing near open dumping sites in Hanoi city
6
. Dwernychuk et al. (2002) 

revealed PCDD/Fs concentration from 2.99 – 21.9 pg/g lipid in breast milks of women living in areas of Aluoi 

Valley, Vietnam, where the United States (US) army sprayed the Agent Orange between 1965-1966
7
.    

Since 2007, the U.S. Congress has agreed a budget to carry out environmental health and remediation activities 

in Da Nang. A portion of this funding has been programmed to support health and social services for people with 

disabilities in the Da Nang area. The remainder has been allocated for environmental remediation at the Da Nang 

AO/Dioxin hot spot
8
. Since 2012, remediation activity using “In-Pile Thermal Desorption” technology for 

removal and destroy of PCDD/Fs in the contaminated soil has been started. It is initially estimated that about 

61,600 m
3
 of the dioxin contaminated materials will be cleaned up and implementation time of 4 years.  

Because the remediation process is rather long, it is very important to monitor possible long-term impacts of 

relevant activities to the environment as well as to the local people. It is also necessary to understand the initial 

background of the human exposure to PCDD/Fs prior to and after completion of the remediation in order to 

provide insights into health risk of the local people. For these purposes, breast milk samples from primiparae 

who had resided in vicinities of Da Nang airbase for at least five years, were determined for PCDD/Fs residues. 

Besides, the daily intake of PCDD/Fs from breast milk was also estimated to assess potential health risk of the 

local infants. 

 

Materials and methods  

Sample collection 

All mothers in lactation period from four wards namely Chinh Gian, An Khe, Khue Trung and Hoa Thuan Tay 

which are located near Da Nang military airbase were called for interview in 2011. Among those, twenty-seven 

breast milk samples were collected from primiparae who had continuously lived over five years in one of the 

four wards. The informed consents were obtained from all the donors. Questionnaires on sociodemographic 
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variables, years of residence, possible exposure through occupational contact and dietary aspects were recorded. 

Data on relevant information of sampling sites are given in Table 1. The participants in the study were 21–42 

years of age, non-smokers and importantly, had lived in the respective areas for at least five years. Duration of 

breast feeding was mostly in the first stage of 0-24 weeks (average: 16 weeks).  About 50-100 ml breast milk 

sample from each primipara was collected in chemically cleaned amber glass container and stored at -20oC until 

analysis. The breast milk samples from the four wards were analyzed separately to assess whether proximity to 

the AO/Dioxin contaminated sites may affect level of PCDD/Fs in mother milk.    

Table 1: Information of breast milk donors living near Da Nang AO/Dioxin hot spot 

 

Chemical analyses 

Chemical analysis of PCDD/Fs was carried out based on the method 1613B (US EPA, 1994) using High 

resolution Gas chromatography coupled with High resolution Mass spectrometer (HRGC/HRMS). Prior to the 

chemical analysis, breast milk was freeze-dried and homogenized to obtain individual milk powder sample. 

Samples extraction was done by pressurized liquid extraction system (PLE, FMS Co Ltd., USA) which combine 

three sample modules of 100 ml extraction cell. The extraction pressure was set to 1700 psi, the practical 

temperature was 120°C, and the number of the static cycle was two for all experiments. Five grams of milk 

powder sample was mixed with anhydrous sodiumsulphate and filled up to the extraction cell. Extractions were 

performed with n-hexane/dichloromethane/ethanol (5/2/1, v/v/v).  The sample extracts were defatted with 

concentrated sulfuric acid and further purified and fractionated continuously on the multi-layer silica columns 

coupled with dual-layer activated carbon purchased from Supelco Co. (Supelco, 2004). Finally, the concentrated 

eluate of the sample was further evaporated with a gentle stream of nitrogen gas and spiked with 20 µL of 

injection standard. The quantifications were based on the isotope dilution mass spectrometry following the 

Method 1613B (US EPA., 1994)
9
. TEQ values were the lower-bound TEQ calculated based on the detected 

congeners and using the toxic equivalent factors (TEFs) issued by WHO in 2005
10

. 

The Wilcoxon-Mann-Whitney was used for assessing whether the contaminant levels between groups were 

significantly different. In this analysis, non-detectable levels were set to zero. The parameters used as 

independent variables are age, body mass index and consumption rate of local animal foods. Parameters with a p 

value less than 0.05 were considered as having significant relationship with contamination level. Calculations 

were performed using the statistical R software package version 3.0.  

 

Results and discussion 

Dioxins and furans in breast milks  

Results of the mass concentration of PCDD/Fs and TEQ values in the breast milk samples are presented in Table 

2. These values were obtained from 27 primiparae from four wards locating in vicinities of AO/Dioxin hot spot. 

Khue Trung ward (Cam Le district) is located in the south of Da Nang airbase, An Khe and Chinh Gian ward 

(Thanh Khe district) in the western and northern, and Hoa Thuan Tay (Hai Chau district) in the eastern side. 

Breast milk samples were collected at week 4-36 after delivery (mean: 16 week, Table 1). The mean lipid 

content of 27 breast milk samples was 4.3% (ranging from 2.1 - 9.3%).  

The results indicated that, on mass basis, the PCDD/Fs mean concentration profile followed: Khue Trung (103 

pg/g lipid) < Hoa Thuan Tay (162 pg/g lipid) < An Khe (175 pg/g lipid) < Chinh Gian (203 pg/g lipid). It is 
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interesting to observe that the PCDD/F concentrations in Khue Trung are significantly lower than those in An 

Khe (p = 0.032) and Chinh Gian (p = 0.021) which are located in the north of the airbase and close to the 

AO/Dioxin contaminated sites. 

The mean PCDD/Fs-TEQ concentrations in milk samples from all these sites were ranged between 8.1 and 26 

pg/g lipid. The profile of TEQ concentration was slightly different compared with those of PCDD/Fs mass 

concentration, showing Khue Trung < Hoa Thuan Tay < Chinh Gian < An Khe. Moreover, we also observed that 

the PCDD/Fs-TEQ concentrations follow similar trend of the PCDD/F mass concentration, showing significantly 

lower TEQ in Khue Trung compared to Hoa Thuan Tay (p = 0.032), Chinh Gian (p = 0.013) and An Khe (p = 

0.0025). There is no significant difference among Chinh Gian, An Khe and Hoa Thuan Tay ward. Perhaps, the 

proximities of Chinh Gian, An Khe and Hoa Thuan Tay ward to the AO/Dioxin contaminated sites in the north 

of the airbase had caused elevated exposure of the mothers living in such communities.    

Table 2: PCDD/Fs in breast milk samples of women living near Da Nang AO/Dioxin hot spot (pg/g lipid) 

 

In geographical comparison, it is important to note that the present study revealed much higher PCDD/Fs 

concentration and TEQ compared to a control cohort in Kim Bang (Ha Nam Province, Northern Vietnam), while 

comparable with those in women living near Da Nang airbase
11

. In the temporal comparison, the mean level of 

PCDD/Fs- WHO2005-TEQ in this study (18 pg/g lipid) was about a haft of those observed in Da Nang city in 

the early 1990s (37 pg/g lipid)
12

. However, because of differences between the two investigated cohorts, the 

observation of lower PCDD/Fs concentration in the present study may be insufficient to assess decreasing trend 

of the dioxin concentration in the human milk in Da Nang. Nevertheless, health concerns regarding to human 

exposure to dioxins in communities presently living near the AO/Dioxin hot spots are still remained.  

Dietary habits are one of important factors which affect the population’s exposure to PCDD/Fs
13,14

. Although the 

information was insufficient for the statistical test of significances, it is interesting to mention that An Khe had 

the highest percentage of the local food consumption and also had the highest TEQ levels found in women. The 

available information regarding consumption of foods originated from areas near the Da Nang airbase, especially 

fish and aquatic animals revealed slight relation with the PCDD/Fs level in the breast milk samples (Table 1).  

Estimation of the infant’s daily intake  

The mean estimated daily intakes of TEQ (EDI-TEQ) for the local breast-fed infants were showed in Table 4. 

The lowest EDI-TEQ  value was found in Khue Trung, Cam Le district (48.0 pg TEQ/kg bw/day) and the 

highest value was in An Khe, Thank Khe district (155.6 pg TEQ/kg bw/day). Range of EDI-TEQ in the present 

study was about 2 - 5 times higher than those in the control cohort of Kim Bang (24.5 pg TEQ/kg bw/day)
11

, 

while was similar to the highest EDI-TEQ found in Wallonia, Belgium (120.08 pg TEQ/kg bw/day) and Czech 

Republic (152.01 pg TEQ/kg bw/day)
12

. The range of EDI-TEQ in the present study was much higher than the 

Tolerable Daily Intake (TDI) of 4 pg TEQ/kg bw/day proposed by The World Health Organization (WHO)
13

. In 
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Vietnam, breast milk usually serves as the main nutrient source for infants during the first state of newborns. 

Therefore, this result indicated the elevated risk of exposure of dioxins and furans not only to the mother living 

in the vicinities of Da Nang AO/Dioxin hotspot but also to their children. 

Table 3: Estimated daily intake of TEQ for local breast-fed infants 

(pg TEQ/kg bw/day) 
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Khue Trung  48.0 29.9 83.8 
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Chinh Gian 114 44.4 229 

Hoa Thuan Tay 107 43.7 325 
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