
Fig S1 Maps of Kenya and the coastal counties, showing the sampling areas. (a) Map of Taita Taveta county showing the sampling locations (Taveta rural and Voi urban) and (b) map of Mombasa sampling locations (Mombasa urban and Kilifi rural). (Source: maps were downloaded online (https://d-maps.com/) and were modified by the authors).



Chemicals and reagents
The overall analytical procedure, including calibration, was performed using a certified standard PAH mix
solution obtained from LGC Standards (Manchester, USA) containing 16 priority PAHs plus 2-
methylnaphthalene. The nominal concentration of each compound in the mixture dissolved in methylene
chloride was 2000 ng µL-1 and the names and abbreviations of the PAHs included are given in Table S1. Stock
solutions were prepared in n-hexane and working solutions were prepared by appropriate dilutions of the
stock solutions before use. Pure individual PAH standards were obtained from Sigma Aldrich (Bellefonte,
USA). All solvents were of analytical grade (99% purity) including toluene and n-hexane and were purchased
from Sigma Aldrich (Bellefonte, USA). Deuterated internal standards (IS), namely d8-naphthalene, d10-
acenapthene, d10-phenanthrene, d12-chrysene and d12-perylene were obtained from LGC Standards (Labor
GmbH, Augsburg, Germany). The IS standards used for respective PAH groups are given in Table S1.



GC-MS Procedure
Briefly, sample analysis was performed using a gas chromatograph (GC, Agilent 6890) connected to a mass
spectrometer (MSD, Agilent 5975C) in electron impact ionisation mode. The analytes (1 µL splitless
injection) were separated on a Restek Rxi®-PAH column (60 m long, 0.25 mm internal diameter and 0.10
µm film thickness). Helium gas of high purity (Afrox, Gauteng) was used as the carrier gas in a constant
flow mode of 1 mL min-1. The inlet temperature was at 275 oC and the GC oven temperature was held at
80 oC for 1 min, then ramped at 30 oC min-1 to 180 oC, then subsequently to 320 oC at 2 oC min-1. The
ionization potential was 70 eV, the source temperature was 230 oC and the quadrupole temperature was
150 oC. A mass range of m/z 40-350 was recorded in full scan mode. Compounds were identified based on
comparison of retention times and mass spectra to those of pure individual standards. For better
sensitivity, the selected ion monitoring (SIM) mode was also employed to detect compounds and quantify
the analytes. In order to confirm the validity of the calibration curves, a quality control standard mixture
(1 ng µL-1 of all PAH analytes and IS mixture) was analyzed before and after each sample batch.



Fig S2 Representative GC-MS-SIM chromatograms of a PASE field blank sample spiked with IS mix (black) and PAHs in sample PASE extracts (blue). Alkanes tentatively identified were docosane, octadecane, tricosane and eicosane.
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Main PAH analytes
1. Naphthalene +Naphthalene d8
2. 2-methylnaphthalene
3. Acenaphthylene
4. Acenaphthene d10
5. Acenaphthene
6. Fluorene
7. Phenanthrene d10
8. Phenanthrene
9. Anthracene

Alkanes



Analyte Abbreviation Quantification ion 
m/z

Formula Number of 
rings

R2

Naphthalene d8 IS 136
Naphthalene Nap 128 C10H8 2 0.996
2-methylnaphthalene 2-mNap 142 C11H10 2 0.975
Acenaphthylene Acy 152 C12H8 3 0.954
Acenaphthene d10 IS 164
Acenaphthene Ace 154 C12H10 3 0.989
Fluorene Flu 166 C13H10 3 0.983
Phenanthrene d10 IS 188
Phenanthrene Phen 178 C14H10 3 0.984
Anthracene Ant 178 C14H10 3 0.992
Fluoranthene FluAn 202 C16H10 4 0.989
Pyrene Pyr 202 C16H10 4 0.988
Benzo[a]anthracene BaA 228 C18H12 4 0.999
Chrysene d12 IS 240
Chrysene Chry 228 C18H12 4 0.975
Benzo[a]fluoranthene BaF 252 C20H12 5 0.978
Benzo[k]fluoranthene BkF 252 C20H12 5 0.970
Benzo[a]pyrene BaP 252 C20H12 5 0.985
Perylene d12 IS 264
Indeno[1,2,3-cd]pyrene IcdP 276 C22H12 6 0.938
Dibenz[a,h]anthracene DahA 278 C22H14 6 0.928
Benzo[g,h,i]perylene BghiP 276 C22H12 6 0.912

Table S1. List of PAHs included in the study in order of elution and increasing molar mass. Chemical formulas, number of fused benzene rings and internal standards (IS) used for each group of PAHs are shown. Linear regression (R2) analysis results are included (n=3).



Table S2. Limits of detection (LODs) and limits of quantitation (LOQs) of PAHs based on SIM ions for the PASE method. The LOD was calculated based on a signal to noise (S/N) ratio of 3 and the LOQ on a S/N ratio of 10. 
Analyte LOD (ng) Calculated air sample aLOD (ng m-3) LOQ (ng) Calculated air sample aLOQ (ng m-3)
Nap 0.01 2.09 0.03 6.07
2-mNap 0.01 1.93 0.03 5.60
Acy 0.01 2.30 0.03 6.67
Ace 0.02 4.18 0.06 12.14
Flu 0.02 3.55 0.05 10.32
Phe 0.02 3.98 0.05 11.53
Ant 0.03 5.23 0.08 15.17
FluAn 0.02 3.77 0.05 10.92
Pyr 0.02 4.81 0.07 13.96
BaA 0.06 12.76 0.19 37.01
Chr 0.10 19.67 0.29 57.04
BaF 0.11 21.97 0.32 63.71
BkF 0.13 25.05 0.36 72.64
BaP 0.14 27.20 0.39 78.88
IcdP 0.18 34.94 0.51 101.33
BghiP 0.16 31.38 0.46 91.02
DahA 0.15 30.34 0.44 87.98

aLOD and aLOQ considering the airborne concentration obtained by sampling a volume of 5 L (0.005 m3) and based on column concentrations from 1 µL of injected final extract.



RURAL SAMPLES
TTR-Ambient TTR-H1 TTR-H2A TTR-H2B TTR-H3 KR-Ambient KR-H1 KR-H2A KR-H2B KR-H3

Nap * 25.92 18.24 19.19 3.19 0.12 8.54 10.58 11.01 4.16
2-mNap - 6.15 4.33 5.54 2.20 * 2.21 5.20 5.05 1.73
Acy 0.09 5.10 7.60 4.50 1.61 0.36 3.43 2.83 2.62 1.89
Ace * 2.18 8.36 6.67 1.40 * 1.64 3.66 2.17 1.67
Flu * 4.24 14.73 12.42 2.03 0.39 2.54 3.84 2.75 2.31
Phe - 5.68 5.93 9.26 0.94 0.35 2.41 2.27 2.34 1.22
Ant - 2.31 4.65 7.09 * * 1.68 3.45 2.87 1.44
FluAn - 1.25 5.39 4.61 * - 1.18 1.20 1.14 0.96
Pyr - 1.15 12.49 9.76 * - 1.08 2.69 2.59 0.78
BaA - 0.99 1.04 1.00 - - * - - -
Chr - 0.41 0.51 0.56 - - * * * *
BaF - 0.57 1.12 1.20 - - - * * *
BkF - 0.58 0.54 0.69 - - - * * *
BaP - 0.60 0.27 0.56 - - - * * *
URBAN SAMPLES

TTU-Ambient TTU-H1 TTU-H2A TTU-H2B TTU-H3 MU-Ambient MU-H1 MU-H2A MU-T2B MU-T3
Nap 0.21 * 12.01 13.01 1.71 0.44 * 12.15 12.62 2.29
2-mNap 0.59 * 3.82 3.89 1.08 0.71 - 4.38 3.99 1.41
Acy 0.99 * 2.71 2.56 1.42 1.01 - 4.79 5.60 1.49
Ace * - * * 0.90 0.64 - 2.54 2.24 1.18
Flu - - 3.39 2.93 1.91 0.47 - 2.86 3.14 1.94
Phe * - 2.78 2.62 0.87 * - 2.25 1.63 0.80
Ant * - 2.79 3.34 1.48 * - 3.57 3.47 2.30
FluAn * - 1.91 1.86 0.98 * - 1.32 1.07 0.79
Pyr * - 2.49 2.32 5.59 * - 2.14 1.81 5.16
Chr - - 0.48 0.45 0.46 - - 0.38 0.31 0.31
BaF - - 0.16 0.20 - - - 0.19 0.25 0.12

Table S3. PAH concentrations in µg m-3 in indoor and ambient air from rural and urban areas in coastal Kenya (average of duplicate injections).

“*” indicates that the analyte was detected but was <LOQ“-”means analyte was not detected
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Fig S3 Relative percentage of 2-, 3-, 4- and 5- ring PAHs from each individual household sample



%RSD, n=2Taita TavetaRural Taita TavetaUrban Kilifi Rural Mombasa Urban
Nap 2.5 4.0 1.9 0.9
2-mNap 12.2 0.9 1.4 2.3
Acy 25.6 2.9 3.7 3.7
Ace 11.2 0 25.6 3.2
Flu 8.5 7.4 16.4 2.3
Phe 21.9 2.9 1.5 8.6
Ant 20.8 8.9 9.1 0.7
FluAn 7.8 1.3 2.5 5.3
Pyr 12.3 3.4 1.9 4.3
BaA 1.7 0 0 0
Chr 4.3 2.9 0 5.1
BaF 3.4 11.7 0 5.9
BkF 12.1 0 0 0
BaP 35.1 0 0 0

Table S4 Variation (%RSD) between duplicate trap samples which were taken from each second household.



Fig S4 Typical improved stove in rural Taita Taveta
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Fig S5 Average total gas phase PAHs from different combustion devices
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Fig S6 Relative percentage of 2-, 3-, 4- and 5- ring PAHs from each combustion device
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Fig S7 Typical houses where samples were collected in rural Taita Taveta county showing poor ventilation



Fig S8 Typical houses where samples were collected in more ventilated conditions in (a) Mombasa urban and (b) rural Kilifi
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Fig S9 Toxic equivalence quotient (TEQs) values for individual PAHs in each household



Fig S10 Principal component analysis scores plot (a) and loadings plot (b) for the ambient and indoor samples from 12 selected households. TTR-Taita Taveta Rural, MU-Mombasa Urban, TTU-Taita Taveta Urban, KR-Kilifi Rural, H-Household. The legend shows the sample and household numbers, red ellipsoid shows TTR samples, green ellipsoid shows LPG samples, orange ellipsoid shows ambient samples and blue ellipsoid represents all the other samples.
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Fig S11 Principal component analysis biplot for ambient and indoor samples from 12 selected households.


