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Ratios of B[a]A/(B[a]A + Chry) in the range of 0.2–0.35 infer coal 
combustion (Akyüz and Cabuk, 2010) and higher (0.79) for wood 
burning (Dickhut et al., 2000). Ratios of B[a]A/Chry found in coal balls 
(0.56 ± 0.18) and crop residue (0.11 ± 0.05) were ~2-fold higher than 
those reported Akyüz and Cabuk (2010) for a chamber-based study. 
These values are helpful in differentiating the emissions of fossil fuels 
and solid biomass combustion applied in this study. . 

Moreover, I(cd)P/(I(cd)P + B[ghi]P) ratio was also used to distin
guish the fossil fuel from biomass combustion emissions. This study 
yield ratio >0.5 for coal balls and dung cake and <0.5 for the other three 
fuels. 

It should be noted that these source diagnostic ratios, determined by 
the respective PAH’s concentrations in the emissions plume does not 
necessarily represent the same p-PAH sources in air. These ratios change 
with vapour/particle partitioning of PAH compounds in the atmosphere 
via dispersion and aging (Zhang, et al., 2005). The Measured diagnostic 
ratios of Anth/Phe, BaA/Chry, BbF/BkF, and Flt/Pyr in this study 
showed significant variation compared to those reported for outdoor air 
(Fang et al., 2004; Bourotte et al., 2005; Ravindra et al., 2008). This 
indicates that these diagnostic ratios should be used with caution for 
source identification. 

3.3. Toxicity assessment 

The PAHs are toxic upon chronic human exposure through inhala
tion of combustion fumes that lead to health hazards. The toxicity of the 
solid fuels are assessed based on the individual PAH emission, potential 
inhalation exposure integrated life time cancer risk (ILCR), and non- 
cancer hazard potential. Similar methodology has been used in previ
ous studies to assess human health impact from air toxics (Mukherjee 
et al., 2012, 2014; Srivastava and Som, 2007). 

3.3.1. Exposure assessment 
The potential inhalation exposure (Ei in mg/kg/day for an individual 

PAH species ‘i) for a person engaged in cooking using solid fuel can be 
calculated as follows 

E=Ci × IRa × ED/BWa (1) 

Where Ci is the average concentration of the PAH specie ‘i’ in com
bustion plume in mg/m3; IRa is the inhalation rate for an adult (0.83 m3/ 
h); ED is the exposure duration (2 h/day) and BWa is average body 
weight for Indian adult (60 kg) (ICMR, 2010). 

3.3.2. ILCR and non-cancer Hazard assessment 
The integrated life time cancer risk or ILCR for PAHs species esti

Table 3 
Averaged values of source diagnostic ratios (mean ± standard deviation) of p-PAHs for emissions resulting from burning of coal balls (CB), fuel wood (FW), dung cakes 
(DC), crop residues (CR), mixed fuels: dung cakes + fuel woods (MF) during household cooking practices in eleven locations across the 10 different states of India and 
comparison with those reported for other industrial and domestic combustions.  

sources Study type Anth/ 
(Anth +
Phe) 

Flt/Pyr Flt/(Flt +
Pyr) 

B[a]P/I 
(cd)P 

B[a]P/ 
BghiP 

I(cd)P/B 
[ghi]P 

I(cd)P/(I 
(cd)P + B 
[ghi]P) 

B[a]A/(B[a] 
A + Chry) 

Reference 

Coal balls Real-world 
household 
combustion 

0.36 ±
0.17 

2.63 ±
1.90 

0.68 ±
0.17 

2.47 ±
1.08 

3.40 ±
1.34 

1.37 ±
0.60 

0.57 ± 0.09 0.56 ± 0.18 Present study 

Fossil- & bio- 
fuels  

0.14 ±
0.04 

0.90 ±
0.09 

0.47 ±
0.03 

0.70 ±
0.54 

0.74 ±
0.54 

1.07 ±
0.23 

0.51 ± 0.06 – Rajput et al. (2011) 

Coal 
combustion  

– –  – – – – 0.2–0.35 Akyüz and Cabuk 
(2010) 

Fossil fuel 
combustion  

– – 0.4–0.5 – – – – – De La Torre-Roche 
et al. (2009) 

Coal 
combustion  

– – 1.0–1.4 – – – – – Lee et al. (1995) 

Fuel wood real world 
household 
combustion 

0.43 ±
0.21 

2.22 ±
1.89 

0.65 ±
0.15 

– – 0.48 ±
0.32 

0.31 ± 0.11 – present study 

Wood-fuel Chamber based 0.18 ±
0.03 

0.75 ±
0.12 

0.43 ±
0.04 

– – – – – Bari et al. (2010) 

Grass, wood 
combustion  

– – >0.5 – – – – – De La Torre-Roche 
et al. (2009) 

Wood burning  – –  – – – – 0.79 Dickhut et al. (2000) 

Dung cake real world 
household 
combustion 

0.89 ±
0.10 

5.80 ±
4.56 

0.83 ±
0.10 

3.25 ±
2.88 

4.56 ±
4.44 

1.40 ±
1.27 

0.55 ± 0.15  Present study 

Crop residues real world 
household 
combustion 

0.36 ±
0.09 

3.22 ±
0.95 

0.76 ±
0.05 

– – 0.64 ±
0.30 

0.38 ± 0.09 0.11 ± 0.05 Present study 

Paddy-residue Test chamber study 0.17 ±
0.01 

0.97 ±
0.21 

0.49 ±
0.05 

1.63 ±
0.45 

2.20 ±
0.20 

1.43 ±
0.51 

0.58 ± 0.09 – Hays et al., (2005);  
Jenkins et al., (1996) 

Wheat-residue Test chamber study 0.21 ±
0.01 

1.05 ±
0.08 

0.51 ±
0.02 

1.22 ±
0.66 

1.43 ±
0.37 

1.28 ±
0.39 

0.55 ± 0.08 – Hays et al., (2005);  
Jenkins et al., (1996) 

Wheat-residue Open biomass 
burning 

0.10 ±
0.05 

0.97 ±
0.13 

0.49 ±
0.03 

0.34 ±
0.09 

0.27 ±
0.15 

0.80 ±
0.27 

0.43 ± 0.08 – Rajput et al. (2011) 

Paddy-residue Open biomass 
burning 

0.15 ±
0.03 

0.84 ±
0.04 

0.46 ±
0.01 

0.64 ±
0.16 

0.64 ±
0.21 

0.98 ±
0.13 

0.49 ± 0.03  Rajput et al. (2011) 

MF real world 
household 
combustion 

0.56 ±
0.18 

2.44 ±
1.55 

0.69 ±
0.11 

1.37 ±
0.95 

0.56 ±
0.27 

0.40 ±
0.56 

0.27 ± 0.14 – Present study 

Vehicle 
emission  

– – – – – – – >0.35 Akyüz and Cabuk 
(2010)  

– – – – – – – 0.53 Dickhut et al. (2000)  
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