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INTRODUCTION 

 Maternal breast milk, which is a complete food for the infant’s growth, development, and health, con-

tains fats and lipids making it susceptible to accumulation of lipophilic compounds like polycyclic aro-

matic hydrocarbons (PAHs) *1+. 

 PAHs are contained in crude oil, refined petroleum products, and coal but are also emitted from com-

bustion of organic matter, waste, and fossil fuels. 

 Combustion of solid fuels for household activities (e.g., firewood or charcoal during cooking) generally 

releases more PAHs and other combustion products into such homes than in households using electric-

ity or cleaner fuels. 

 This is especially true for sub-Saharan Africa and other developing countries in Latin America and Asia, 

leading to exposure of particularly women and girls to PAHs. 

 The objectives of this study are: (i) To quantify the levels and composition profiles of 13 PAHs in breast 

milk of mothers residing in the capital city of Uganda and a rural area.  (ii) To estimate possible health 

risk to infants who are breastfed with this milk. (iii) To determine the association and/or influence of 

household fuel type and cooking method used on the body burden of PAHs in nursing mothers in Ugan-

da.   

 

MATERIALS AND METHODS 

Ethical consideration, study areas and population 

 Study protocol was reviewed and approved by Ethics and Research Committees of Uganda National 

Council of Science and Technology (approval number HS 2263). 

 The study was carried out in two settings in Uganda, Kampala city, and Nakaseke district (Fig. 1) with 

differing levels of urbanization and socio-economic status.  

 Sixty breast milk samples were collected from healthy and non-smoking mothers who had lived in the-

se areas for at least five years.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analytical procedures on the samples 

 Samples were extracted following a method described by Pulkrabova et al. *2+. 

 Cleanup of extracts was done using a multi-layer silica gel column.  

 Sample eluates were analyzed for PAHs using a GC-MS/MS. 

 The lipid content of each breast milk sample was gravimetrically determined as reported by Matovu 

et al. *1+.  

PAHs health risks to nursing infants 

Health risks due to PAHs in breastmilk posed to the nursing infants were estimated using hazard quo-

tients (HQ) for the first three months *3+, and incremental cancer risk (ICR) calculations for non-cancer 

and cancer-related outcomes in the first two years of infant life . 

HQ was estimated using equation 1.  

     (Eq. 1) 

Where, EDI is the estimated daily intake dose (ng/kg/day) per PAH, and RfD is the oral reference dose. 

EDIs were calculated according to equation 2.  

     (Eq. 2) 

Where, Ci is the average milk concentration of the PAH (ng/mL), F is the percent lipid content in the 

milk samples (%), and IR is the milk ingestion rate by the infant (700 g milk/day), and BW is infant 

body weight at birth (5 kg). 

Carcinogenic risk assessment was conducted using the BaP toxic equivalent concentrations (∑TEQBaP) 

approach. TEQBaP was calculated as shown in equation 3.  

TEQBaP = ∑ (Ci × TEFi)     (Eq. 3) 

Incremental cancer risk (ICR) was calculated as reported by Li et al. *4+. 

      (Eq. 4) 

Where, ED is the exposure duration, AT is the average life span and CSF is the oral carcinogenic slope 

factor for BaP (7.3 per mg/kg/day). 

Influence of household fuel type and cooking method used on the body burden of PAHs 

 A two-way analysis of variance (ANOVA) followed by Tukey’s post hoc test were used to evaluate re-

lationship between fuel type and cooking practices used on maternal body burdens of PAHs.  

 Spearman’s rank-order correlation coefficients were used to evaluate the bivariate associations be-

tween lipid content (%) and ∑PAHs (ng/mL milk) in the breast milk samples of donor mothers.  

 A multinomial logistic regression (MLR) model was used to evaluate the relationship between the 

multiple independent variables and household practices (fuel type and cooking methods). 

 

RESULTS AND DISCUSSION 

Lipid content and occurrence of PAHs in breast milk samples  

 The lipid content in breast milk samples ranged from 1.05 to 11.9 % with mean of 6.65 ± 3.20 % for 

donor mothers from Kampala city, while those from Nakaseke district ranged from 1.09 to 11.4 % 

with mean of 7.59 ± 3.08 %.  

 The ∑13PAHs in samples from Kampala ranged from 3.44 to 696 ng/g lw while those from Nakaseke ranged from 

0.84 to 87.9 ng/g lw (Fig. 2). 

 Levels were higher in samples from urban setting compared to rural setting. 

 PAHs with 2-3 rings were more abundant in the samples than PAHs with 4-6 rings.  

 

 

 

 

 

 

 

 

 

 

Infant’s health risk assessment 

 On average, the HQs for the PAHs ranged from 1.65 × 10-4 for for Ant to 1.33 × 10-2 for BaP in Nakaseke. For Kam-

pala, the HQs ranged from 1.97 × 10-3 for Ant to 4.19 × 10-2 for Nap.   

 Since all the HQs were far below the safe threshold value of 1, the non-carcinogenic health risk to infants feeding 

on the PAH-contaminated breast milk is low  *3+. 

 Across all age groups in our study locations, incremental carcinogenic risk were all between 10–6 to 10–4 , indi-

cating that the cancer risk to  infants due to the ingestion of PAHs in breast milk was tolerable *4+. 

Influence of cooking methods and fuel types on PAHs levels in breast milk 

 At least 33% of the variance in the levels of ∑13PAHs in the breast milk samples was attributable to the fuel type 

and cooking methods used.  

 Nursing mothers who used charcoal for cooking accumulated higher levels of ∑13PAHs in their breast milk sam-

ples compared to those who used firewood.  

 Levels of ∑13PAHs in breast milk of mothers increased depending on the cooking methods used in the order; boil-

ing< grilling< deep-frying.  

 

Conclusions 

 Influence of cooking methods on PAH levels of breast milk has been investigated. 

 Firewood and charcoal were the widely used fuels for cooking by the donor mothers. 

 PAHs in breast milk samples of urban mothers were higher than in rural mothers. 

 Incremental cancer risk estimates suggest tolerable health risks to infants. 

Contribution to the UN Sustainable development goals 

This study is geared towards SDG 3 (i.e. Ensure healthy lives and promote well-being for all at all ages). 
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Fig. 2: Five number summary plots of total PAHs (ng/g lw) in breast milk 
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