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Purpose

Indoor air pollution monitoring activities were undertaken by EnterpriseWorks-Ghana, with
training and support from the Center for Entrepreneurship in International Health and
Development (CEIHD), for the purpose of documenting the impact of the Gyapa wood stove on
indoor air quality in households in Accra, Ghana compared to traditional cooking stoves.

Methods

Indoor Air Pollution Sampling.   Fine particulate matter and carbon monoxide (CO), the two
most important and most studied pollutants associated with biomass combustion smoke, were
measured in study households both before and after the introduction of the Gyapa wood stove (a
“Before-After” study design, without controls).  Valid PM and CO data (pairs of “Before” and
“After” measurements) were collected for thirty six households.  Baseline indoor air pollution
(IAP) monitoring (the Before sampling) took place from April 1 through May 4, 2005.  Thirty
four of these households used a traditional clay wood stove (mokyia) for cooking, while the other
two used a three-stone open wood fire.  Monitoring after the introduction of the Gyapa wood
stove was performed in the same households from September 19 through October 14, 2005.

The particulate and CO measurement devices were placed on the wall of the kitchen for 24 hours
according to the following criteria:

1. Approximately 100 cm from the edge of the combustion zone (this distance away from
the stove approximates the edge of the active cooking area)

2. At a height of 125 cm above the floor (this height relates to the approximate breathing
height of a standing woman)

3. At least 150 cm away (horizontally) from doors and windows, where possible

All three devices were co-located (placed next to each other) and placed in a relatively safe
location to minimize the risk of interrupting normal household activities or being disturbed or
damaged.  Detailed kitchen sketches were made during the initial visit of the Before sampling, so
that the sampling location could be duplicated in the After monitoring phase.

Fine particulate matter was measured in each of the households using the University of
California-Berkeley Particle Monitor (UCB PM) with a photoelectric detector.  The UCB PM
measured and logged the fine PM concentration every minute (in units of milligrams PM per
cubic meter of air, mg/m3).  The monitor measures particles of aerodynamic diameter less than
approximately 2.5 microns (called PM2.5) (Litton et al., 2004; Edwards et al., 2006).  The
monitors were produced and calibrated in the Indoor Air Pollution Laboratory at the University
of California-Berkeley (UC-Berkeley) prior to their use on the ground in Accra.  The
photoelectric chamber was cleaned with isopropyl alcohol after every five 24-hour uses.

Carbon monoxide was measured in each of the households with the HOBO CO logger (model
#H11-001, Onset Computer Company, Bourne, MA, USA: http://onsetcomp.com/), which
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recorded the CO concentration every minute (in units of parts CO per million parts of air, ppm).
The seven loggers used in this study were purchased new and calibrated at the Indoor Air
Pollution Lab at UC-Berkeley using CO standard gas cylinders of 5 and 60 ppm.  Also, in the
middle of the sampling campaign, before the start of the After sampling, a co-location calibration
check was run, where the six routinely used loggers were compared to the seventh (“gold
standard”) logger which was only used for such co-location calibration checks.

In addition, as a backup, CO was also measured by a CO diffusion tube (model #810-1DL,
Gastec Corporation, Japan; http://www.gastec.co.jp/) in each of the 36 households.  By design,
these tubes yielded one average (or integrated) concentration of CO for the 24 hour monitoring
period, also in recorded in ppm.

The protocols for the three measurement methods used in this study, along with the HOBO CO
Calibration Check Protocol and the Sampling Data Forms, are included in the Appendix.
Updated versions of the three protocols can be found at CEIHD’s website:
http://ceihd.berkeley.edu/heh.IAPprotocols.htm (Indoor Air Pollution Team, 2005).

Post-Monitoring Questionnaire.   At the end of each 24-hour IAP sampling session, a Post-
Monitoring Questionnaire was administered to the main cook of the household.  The
questionnaire contained 47 questions and was designed to document the cooking and other
activities that may have affected the indoor air pollution levels in the kitchen during the
monitoring period.  The Post-Monitoring Questionnaire is included in the Appendix.

Household Selection.  Neighborhoods of Accra heavily dependent on fuel wood for their
household energy needs were targeted for this IAP study.  A Screening Questionnaire was used
by field staff upon their first visit to each household to ensure that the household was suitable for
and amenable to the study.  If the head of the household agreed to be involved in the study, the
field staff administered a Consent Form at that time.  The combined Screening
Questionnaire/Consent Form is included in the Appendix.
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Results

Indoor Air Pollution Concentrations.  Tables 1 and 2 below shows the results of the 24-hour
concentration measurements of PM2.5 and CO in the kitchens of the 36 households while using a
traditional wood stove (Before, Table 1) and after the introduction of the Gyapa wood stove
(After, Table 2).

Table 1.  Results of the 24-hour kitchen concentration measurements of PM2.5 and CO in 36
households using traditional wood stoves (the Before sampling).

PM2.5 Concentration (mg/m3) CO (ppm)

HH
#

 N
records Mean Min Max

Highest
15-min

Ave

2nd
highest
15-min

Ave

3rd
highest
15-min

Ave
HOBO
Mean

HOBO
Max

Tube
Mean

001 1478 2.01 0.037 77.14 28.81 23.03 17.27 34.7 186.5 28.4

002 1447 1.60 0.039 61.33 22.28 16.65 8.35 45.6 303.7 > 32

003 1426 0.67 0.029 34.66 8.53 8.26 4.39 11.1 62.3 9.5

004 1440 0.64 0.130 27.05 6.60 6.19 6.18 9.5 69.1 5.9

005 1441 0.50 0.019 56.51 15.66 6.94 2.74 9.1 82.8 5.2

006 1452 0.08 0.024 7.18 0.86 0.80 0.54 4.2 56.4 2.2

007 1483 0.25 0.023 12.37 2.73 1.46 1.45 7.9 89.6 3.3

008 1477 0.91 0.020 63.63 20.97 8.07 7.86 13.0 84.7 4.2

009 1468 1.47 0.024 61.30 41.19 24.60 15.73 13.2 107.2 11.6

010 1681 0.51 0.024 72.60 18.58 10.62 5.98 11.7 208.0 4.1

011 1396 0.30 0.022 45.99 5.41 2.53 1.31 6.1 94.0 3.0

012 1462 0.21 0.029 13.51 3.38 2.36 1.80 2.9 26.6 1.9

013 1478 0.29 0.021 18.33 3.93 3.78 2.88 11.6 155.3 7.1

014 1501 0.55 0.023 49.88 14.10 7.93 7.39 8.4 151.4 5.7

015 1509 1.20 0.022 65.02 13.77 11.63 7.20 22.1 161.1 10.5

016 1512 1.30 0.026 76.04 34.19 24.34 23.67 32.9 432.6 > 31

017 1520 0.17 0.019 34.13 3.09 2.64 1.66 5.9 80.3 6.3

018 1509 0.44 0.022 18.89 5.77 4.11 2.88 20.0 170.9 17.8

019 1532 0.48 0.022 28.01 7.55 5.04 2.42 12.8 126.0 8.1

020 1445 0.22 0.020 14.51 3.35 3.26 2.19 4.4 57.4 2.9

021 1402 0.55 0.022 49.27 9.33 8.49 7.65 13.0 149.4 7.4

022 1517 0.16 0.022 17.32 2.96 1.48 1.20 5.7 58.3 3.2

023 1482 0.68 0.030 43.06 12.94 12.50 7.14 9.7 75.9 5.2

024 1524 0.16 0.022 25.10 4.14 3.29 1.26 5.1 99.4 2.1

025 1463 0.33 0.021 30.10 10.48 6.88 4.08 4.9 126.0 3.8

026 1467 0.72 0.023 33.06 10.90 7.54 5.60 9.4 114.5 3.8

027 1448 0.59 0.022 49.98 13.62 6.47 5.68 7.7 67.1 4.8

028 1459 0.93 0.023 45.17 10.21 10.19 8.04 10.8 62.7 8.5

029 1437 1.10 0.022 48.98 19.86 18.11 12.08 5.8 93.5 5.4

030 1450 0.40 0.021 36.19 12.25 3.51 3.35 4.8 49.6 2.5

031 1423 1.47 0.020 73.91 32.17 20.88 17.76 26.2 317.4 12.8

032 1544 1.37 0.050 72.18 16.87 7.02 5.06 28.1 147.5 18.4

033 1566 0.27 0.024 56.26 15.79 1.63 1.35 4.1 114.0 2.4

034 1427 0.34 0.021 45.69 9.02 8.17 4.55 4.7 58.3 3.0

035 1481 0.19 0.023 20.21 2.53 2.19 1.70 7.7 196.3 6.4

036 1484 0.46 0.024 28.61 5.23 3.91 3.87 8.4 56.4 4.2
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Table 2.  Results of the 24-hour kitchen concentration measurements of PM2.5 and CO in the 36
households using the Gyapa wood stove (the After sampling).

PM2.5 Concentration (mg/m3) CO (ppm)

HH
#

 N
records Mean Min Max

Highest
15-min

Ave

2nd
highest
15-min

Ave

3rd
highest
15-min

Ave
HOBO
Mean

HOBO
Max

Tube
Mean

001 1532 0.37 0.033 28.89 6.23 3.89 3.37 9.5 69.1 6.8

002 1503 0.23 0.037 18.80 5.32 5.30 3.51 3.4 33.4 2.8

003 1477 0.31 0.077 46.62 12.86 1.36 1.19 6.8 225.6 3.7

004 1440 0.10 0.024 5.62 1.74 1.00 0.64 1.8 44.7 1.3

005 1491 0.19 0.021 40.01 8.51 5.34 0.94 3.1 33.4 1.8

006 1485 0.11 0.025 24.91 4.67 1.22 0.33 1.2 57.4 0.9

007 1480 0.73 0.025 39.81 8.40 6.86 5.91 19.9 210 6.4

008 1528 0.38 0.027 45.54 10.34 5.78 4.94 7.7 116.9 5.6

009 1508 0.18 0.024 28.03 4.77 3.38 2.57 2.7 59.3 1.8

010 1485 0.24 0.024 34.72 4.18 3.67 2.18 14.3 497.1 7.7

011 1468 0.33 0.022 38.77 7.00 4.89 3.28 7.1 57.4 9.5

012 1445 0.50 0.025 48.92 11.47 9.25 5.32 7.2 69.1 4.5

013 1461 0.28 0.021 17.89 3.63 2.99 1.99 18.8 210 10.8

014 1468 0.52 0.026 74.15 12.21 10.88 7.72 6.9 167 3.8

015 1446 0.25 0.021 28.94 4.62 3.55 1.56 3.2 68.1 1.9

016 1524 0.07 0.023 30.37 4.21 0.11 0.11 1.2 32.5 1.8

017 1446 0.31 0.025 10.16 3.72 3.33 3.27 19.6 231.4 24.3

018 1476 0.17 0.021 13.21 2.88 2.16 1.52 5.1 67.1 2.9

019 1448 0.34 0.027 36.89 8.55 4.37 3.46 6.3 68.1 4.8

020 1441 0.30 0.050 36.74 8.70 3.49 2.90 3.2 48.6 2.6

021 1435 0.17 0.025 41.16 8.85 2.79 1.02 3.4 35.9 2.2

022 1522 0.19 0.027 19.55 3.71 2.75 1.03 7.1 104.2 3.6

023 1405 0.24 0.024 13.82 2.99 2.17 1.78 7.4 63.7 5.5

024 1516 0.54 0.026 72.91 13.42 12.16 5.65 14.6 497.1 6.3

025 1518 0.71 0.043 58.68 18.71 9.89 7.46 9.3 69.1 5.7

026 1521 0.08 0.029 5.96 2.48 0.65 0.50 3.5 63.7 1.8

027 1445 0.38 0.020 51.11 14.40 6.09 2.29 6.0 155.3 3.8

028 1412 0.18 0.026 20.64 4.88 2.45 1.81 2.5 31 1.4

029 1488 0.13 0.036 11.29 3.19 1.40 1.16 1.1 11.5 0.9

030 898 0.07 0.025 5.96 2.54 0.35 0.15 1.0 28.3 0.4

031 1463 1.29 0.026 57.77 20.33 18.00 12.14 26.0 411.1 20.5

032 1590 0.23 0.041 26.67 5.69 3.83 2.83 12.1 256.8 6.0

033 1587 0.13 0.025 12.04 3.25 1.45 1.11 3.6 45.7 2.3

034 1439 0.24 0.021 17.49 4.12 3.51 2.98 6.5 88.1 4.3

035 1438 0.19 0.023 13.37 2.64 1.98 1.18 4.2 53.5 3.0

036 1445 0.70 0.023 50.43 14.66 11.25 6.47 8.8 62.7 6.4

The UCB PM software calculated the highest, second highest, and third highest 15-minute
average PM concentration during each monitoring period, displayed in Tables 1 and 2.  Each of
these metrics is a consecutive 15-minute period, and none of the three 15-minute periods overlap.

Table 3 shows the means of the PM and HOBO CO data for the 36 households in the Before and
After monitoring, along with the standard deviations.  The percent differences are also shown,
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comparing the After averages to the Before averages (the Before values were used as the
denominator).  The Student’s T-Test was used (paired, 2-tailed) to determine whether or not the
means of those PM and CO concentration statistics were statistically significantly different in the
Before versus After phases.  The results (p-values) of these tests of significance are also shown
in Table 3.  A p-value is the probability (chance) of claiming that there is a significant difference
between the means when there truly is no difference.  Based on standard practice, a p-value of
0.05 (5%) or less indicates that the two means are significantly different.

Table 3. Average Kitchen Concentrations, Percent Changes, and T-Tests for Significance

 
Before,

Average
Before,

Std Dev
After,

Average
After,

Std Dev
Percent
Change

T-Test
(p-value)

PM: Average (mg/m3) 0.65 0.49 0.32 0.24 -52% 0.0006

PM:  Minimum (mg/m3) 0.027 0.019 0.028 0.011 +3.3% 0.80

PM Maximum (mg/m3) 42.0 20.5 31.3 18.4 -26% 0.021

PM: Highest 15-min ave 12.5 9.75 7.22 4.79 -42% 0.0053

PM: 2nd Highest 15-min ave 8.24 6.74 4.54 3.89 -45% 0.0065

PM: 3rd Highest 15-min ave 5.95 5.35 2.95 2.58 -50% 0.0031

CO:  Mean, HOBO (ppm) 12.3 9.9 7.4 6.1 -40% 0.013

CO:  Maximum, HOBO (ppm) 124.8 84.6 120.7 125.1 -3.3% 0.86

CO:  Mean, Tubes (ppm) 6.8 5.6 5.0 5.0 -27% 0.18

The average of the set of 36 24-hour average kitchen PM2.5 concentrations went down from 0.65
mg/m3 in the Before (or traditional wood stove) phase to 0.32 ug/m3 in the After phase, while the
households were using the Gyapa wood stove.  This 52% reduction in PM2.5 levels was a
statistically significant (the p-value of the T-Test was 0.0006).  There was no difference in the
average minimum PM2.5 concentrations, because background conditions were similar enough in
the Before and After periods, as expected (p=0.80).  The average maximum PM2.5 concentrations
dropped by 26% (significant, p=0.02) in the After sampling, relative to the Before phase.  The
highest, second highest, and third highest 15-minute average PM2.5 concentrations were also
significantly lower after introduction of the Gyapa wood stove, by 42%, 45%, and 50%,
respectively.

Similarly, the average 24-hour kitchen CO concentrations measured by the primary method, the
HOBO CO logger, dropped from 12.3 ppm in the Before phase to 7.4 ppm in the After phase, a
statistically significant reduction of 40% (p=0.01).  The average of the maximum CO
concentrations was not significantly different (124.8 versus 120.7 ppm).  The secondary and less
accurate CO monitoring method, the CO dosimeter tubes, showed that the average CO
concentrations were 27% lower in the After phase, though this result was not statistically
significant (p=0.18).

Post-Monitoring Questionnaire Results.   The important findings of the Post-Monitoring
Questionnaire are described below.  The survey was administered to the main cook at the end of
monitoring session.  Thirty four of the 36 households used a traditional mokyia (clay) wood
stove for cooking during the Before sampling phase, while two households used a traditional
three-stone wood fire.  All 36 households used the Gyapa wood stove during the After sampling
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phase.  The amount of money the households reported spending on fuel wood for cooking
dropped from 2500 cedis to 1700 cedis, a significant, 32% reduction (p=0.02).  There was no
significant difference in the average reported number of people cooked for, although it was lower
(8.3 Before versus 7.5 After, p=0.54).  Similarly, there was no difference in the reported number
of hours the stove was lit for cooking (4.4 versus 4.1 hours, p=0.47).  The average reported
number of hours of kerosene use in lamps decreased from 1.1 hours to 0.5 hours, which was just
significant (p=0.046).  The number of households reporting rain or light rain at some point
during the 24-hour sampling period increased from 3 to 8.  These reported differences in
kerosene lamp usage time and rain are not large enough to account for much, if any, of the
differences in the kitchen IAP concentrations.  Finally, there were no reported cigarettes smoked
and no incense or mosquito coils burned in any of the kitchens; nor was any relevant garbage
burning or any other nearby air pollution source reported during both phases of monitoring.
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Discussion

Comparison of the kitchen concentrations to international standards.   The World Health
Organization (WHO) sets air pollution guidelines to offer guidance in reducing health impacts of
air pollution (both indoor and outdoor) based on current scientific evidence.  The WHO recently
set new Air Quality Guidelines (AQG) for PM2.5, ozone, nitrogen dioxide, and sulfur dioxide,
along with interim targets which are intended as incremental steps in a progressive reduction of
air pollution in more polluted areas (WHO, 2005).  The guideline for carbon monoxide was set in
2000 (WHO, 2000).

The results of the IAP monitoring in the 36 households are compared to the World Health
Organization’s AQG and interim target-1 (WHO, 2005) in Table 4 below.   Note that the CO
concentrations reported above in parts per million (ppm) were converted to mg/m3 to match the
units used by WHO (by multiplying by the gram molecular weight of CO, 28, and dividing by
the conversion factor of 24.45).

Table 4. Comparison of kitchen concentrations to WHO guidelines.

Before
[traditional stove]
(24-hr ave)

After
[Gyapa wood stove]
(24-hr ave)

WHO interim
target-1

WHO Air Quality
Guideline

PM2.5 650 ug/m3 320 ug/m3 75 ug/m3

(24-hr mean)1
25 ug/m3

(24-hr ave)1

CO 14.1 mg/m3 8.5 mg/m3 NA 10 mg/m3

(8-hr ave)2

1 WHO, 2005.
2 WHO, 2000.

The average PM concentration in the kitchens was greatly reduced after the households began
using the Gyapa wood stove (from 650 to 320 ug/m3), a very significant improvement in indoor
air quality.  The households moved much closer to the WHO interim target-1 of 75 ug/m3 for
PM2.5 (and the Air Quality Guideline of 25 ug/m3) in the After phase.  The average CO kitchen
concentration in the traditional stove case was 14.1 ug/m3, above the WHO Air Quality
Guideline of 10 mg/m3, but dropped below the guideline to 8.5 mg/m3 in the Gyapa stove case,
another significant improvement.

Extrapolation of the kitchen concentrations: health implications.  The science of quantifying
the human health effects of exposure to air pollution is extremely complex, but has advanced
much over the past several decades.  The best data for doing so come from large epidemiological
studies of outdoor air pollution and health conducted over the past two decades spanning five
continents.  Such studies typically measure the effects of air pollution in terms of PM and have
provided evidence of associations between PM and the following adverse health outcomes:
mortality, hospital admissions for cardiovascular and respiratory disease, urgent care visits,
asthma attacks, acute bronchitis, respiratory symptoms, and restrictions in activity (Ostro, 2004).
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Bart Ostro’s 2004 World Health Organization publication also provided relative risk functions
for four health outcomes.  Table 5 below is reproduced from that report (Ostro, 2004) and shows
the four outcomes and the associated exposure metric (PM2.5 or PM10), the functions (equations)
themselves including the suggested coefficient and the 95% confidence interval for that
coefficient, and the subgroup to whom the outcome applies.  The relative risk function allows
one to quantify the risk of the outcome when people are exposed at one ambient (outdoor) PM
concentration to the risk when they are exposed at another ambient PM concentration.  This ratio
of risks posed at the two different PM scenarios is called relative risk.

Table 5. Health outcomes and risk functions for air pollution exposure (reproduced from Ostro,
2004)

Outcome and exposure
metric

Source Relative risk function Suggested 
coefficient (95% CI)

Subgroup

All-cause mortality and
short term exposure to
PM10

Meta-analysis
and expert
judgment

RR = exp[ (X-Xo)] 0.0008
(0.0006, 0.0010)

All ages

Respiratory mortality and
short term exposure to
PM10

Meta-analysis RR = exp[ (X-Xo)] 0.00166
(0.00034, 0.0030)

Age <5
years

Cardiopulmonary
mortality and long-tern
exposure to PM2.5

Pope et al.
(2002);
R Burnetta

RR = [(X+1)/(Xo+1)]
 0.015515

(0.0562, 0.2541)
Age >30
years

Lung cancer and long-
term exposure to PM2.5

Pope et al.
(2002);
R Burnetta

RR = [(X+1)/(Xo+1)]
 0.23218

(0.08563, 0.37873)
Age >30
years

a Personal communication to the author of the original table (Ostro, 2004)

Though standard practice is to use these four relative risk functions for burden of disease
calculations for populations exposed to outdoor air pollution, they can be applied, with much
uncertainty, to individuals exposed to differing amounts of PM from either outdoor or indoor air.
Here, the four relative risk functions were used to estimate the changes in health risk that result
from the changes in kitchen PM2.5 concentrations due to the introduction of the Gyapa wood
stove.  There were three major problems and sources of error in attempting this quantification of
health risks.

The first is the problem of estimating the PM2.5 exposure concentration of the household
members, given only the kitchen concentrations.  Personal monitoring was not performed in this
study, no time-activity information was collected, nor did the household members spend their
entire days in the kitchen where the monitoring occurred.

The second major problem is that the household members in this study were exposed, while in
the kitchen, to air pollution (PM2.5) concentrations that exceeded the outdoor concentrations
involved in the epidemiological studies upon which the relative risk functions are based.  The
shape of the concentration-response functions are not known at the high exposure concentrations
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involved in this study.  Also, whether there is a threshold concentration, a concentration above
which the risk no longer increases, for any of these health outcomes is still unknown.

The third and least troublesome problem in attempting to quantify the health risks associated
with the changes in IAP seen in this study of the Gyapa stove is that the first two risk functions
are based on PM10 concentrations, not PM2.5 (PM10 stands for particles of aerodynamic diameter
less than 10 microns).  Fresh wood burning emissions are almost entirely made up of particles
less than 1.0 micron (Smith, 1987).  Hence, this problem was addressed by assuming the PM10

concentration in the kitchens to equal the PM2.5 measurements made.  This is a conservative
assumption in that the PM10 concentration can only be greater that of PM2.5.

To attempt to work around the first problem, data was pulled from studies that measured both
kitchen and exposure concentrations for household members.  A recent IAP monitoring study in
Mexico that included kitchen concentration measurement methods similar to those used here (i.e.
the same instruments and same placement criteria were used), but also measured the 24-hour
personal PM exposure concentration, found that the ratio of the personal PM2.5 exposure
concentration of the main cook of the household to kitchen PM2.5 concentration (the
cook/kitchen ratio) to be 0.21 to 0.26 (Johnson et al., 2005).  Bruce et al., 2004 showed
child/kitchen concentration ratios ranging from 0.42 to 0.79 in rural Guatemala, which seemed to
increase with increasing level (quality) of the kitchens.  That same trend was seen in a CEIHD
study in Nicaragua (CEIHD, 2003) which found cook/kitchen concentration ratios of 0.56 and
0.73 for two groups using open fires and 0.79 and 0.92 for the same two groups when they
upgraded to an improved stove with a chimney (the EcoStove).  These three studies show the
obvious, that the range in the ratio of personal exposure to kitchen concentrations is very large
and dependent on the individual situation.  Hence, attempting to assign such a ratio to a new
situation, such as that in Accra, is not particularly accurate and introduces much uncertainty.
Nonetheless, a personal/kitchen concentration ratio of 0.50 was used here as the “best” estimate.
A “high” personal exposure case of 0.8 and a “low” exposure case of 0.25 were also considered.

Multiplying the “Before” (traditional) kitchen PM2.5 concentration average of 650 ug/m3 by the
best estimate of 0.50 for the personal/kitchen concentration ratio yielded a personal exposure
concentration estimate of 320 ug/m3.  Similarly, the “After” (Gyapa) kitchen PM2.5 average of
320 ug/m3 led to an estimate of personal exposure concentration of 160 ug/m3.  These two
exposure concentrations were plugged into the risk functions in Table 4 to estimate the relative
risks of going from the lower concentration scenario (Gyapa stove) to the higher concentration
scenario (traditional).  The same was done for the low personal exposure case (personal/kitchen
= 0.25) and the high personal exposure case (=0.80).  The resulting relative risk estimations are
shown in the three columns on the left side of the table.

The right three columns of Table 4 show the estimated percent decrease in risk of each of the
selected outcomes due to using the Gyapa wood stove versus using the traditional wood stove.
The risk decrease fraction is equal to 1 – (1/RR).  According to Table 4, the best estimate relative
risk of all-cause mortality was 1.14 for the traditional (Before) versus the Gyapa wood (After)
exposure cases of this study, which translated to an estimated 13% decrease in risk when going
from the traditional to the Gyapa wood stove.  Use of the Gyapa wood stove also had an
estimated protective effect of a 13% reduced risk of respiratory mortality in children age <5
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years (best estimate), a 11% lower risk of cardiopulmonary mortality in adults >30 years (for all
three exposure cases), and a 15% reduced risk of lung cancer (all three cases) compared to use of
the traditional wood stove.  Note that the estimated relative risks differ only slightly between the
three exposure categories for cardiopulmonary mortality and lung cancer, because those two risk
functions are much less sensitive to differences in exposure concentrations.

Table 6.  Estimated relative risks (Gyapa wood stove vs. traditional stove) and percent decrease
in risks for using the Gyapa wood stove (showing best estimate, low, and high exposure
categories)

Relative Risk (RR)
(traditional vs. Gyapa wood stove)

Percent decrease in risk (Gyapa
wood stove vs. traditional stove)

Outcome

low best high low best high
All-cause
mortality

1.07 1.14 1.24 7% 13% 19%

Respiratory
mortality

1.15 1.32 1.57 13% 24% 36%

Cardiopulmonary
mortality

1.12 1.12 1.12 11% 11% 11%

Lung cancer 1.18 1.18 1.18 15% 15% 15%

The estimations shown in Table 4 must be considered preliminary and extremely uncertain as
they are based on many assumptions.  Personal exposure measurements would improve these
estimations.  Further, data from on-going studies of indoor air pollution and health around the
world should help reveal the exposure-response relationships necessary to more accurately make
these estimations of relative risks and percent risk reductions.
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Conclusions

The use of the Gyapa wood stove in place of traditional wood stoves in 36 households in Accra
resulted in significant reductions in kitchen indoor air pollution concentrations.  Twenty-four-
hour PM2.5 levels inside the kitchens were reduced by 52% (from 650 to 320 ug/m3) while CO
levels dropped by 40%.  PM2.5 levels were still higher than the WHO Air Quality Guideline (25
ug/m3, 24-hr mean) and interim target-1 (75 ug/m3, 24-hr mean), as expected for all unvented
solid fuel stoves.  When households used the traditional wood stove, the average 24-hour CO
concentration in the kitchen was 14.1 mg/m3, above the WHO guideline of 10 mg/m3.  The
average CO concentration in those same kitchens dropped to 8.5 mg/m3 after the households had
switched to the use of the Gyapa wood stove.  These results were obtained using well
documented and accepted methodologies, and EnterpriseWorks can feel comfortable that
publicizing them would not likely elicit significant challenge from the scientific community.

The health implications of these improvements in indoor air quality are difficult to quantify, as
this study did not collect any information on the participants’ personal exposure or health status.
Furthermore, the tools to make such quantifications are not yet robust in the literature.  Some
preliminary methods to estimate the health benefits of the reduction in kitchen PM2.5

concentrations were applied here.  These methods, while subject to many assumptions and
limitations, led to the following best estimates for the use of the Gyapa wood stove versus the
use of the traditional stove: a 13% decrease in the risk of all-cause mortality, a 24% decrease in
the risk of respiratory mortality in children under 5, an 11% lower risk of cardiopulmonary
mortality in adults >30 years, and a 15% reduced risk of lung cancer.  Although the methodology
used to obtain these results relied partly on methods that have been published and promoted by
the WHO, it is highly experimental and based on several assumptions that are still widely
debated in the scientific community.  Therefore, EnterpriseWorks should be prepared to respond
to challenges from scientists and health policy makers when making these results public.  In
CEIHD’s view, these results are still valuable, as long as they are presented together with the
assumption upon which they are based, as a preliminary indication that remains to be proven
through further research.
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Appendix









 

 

 



 

 

 

 

 

 

 

 











 
• 
• 
• 
• 
• 

 
• 


• 


• 














 



• 


• 













































































































































































• 


• 
• 
• 














































































 















 

• 
o 
o 
o 

 
 


• 
o 
o 






 






 


 


 











 
 
 
 
 

1.0  Statement of Purpose

This protocol describes procedures for launching, collecting, downloading, saving, and
backing up data for the HOBO carbon monoxide (CO) data logging monitor.

1.1  Equipment requirements
• HOBO CO monitor
• 1 x CABLE-PC-3.5 (Logger to PC COM port cable)
• CD-ROM disks

1.2  System requirements for computer:
• Boxcar Pro software manufacturer recommends Pentium 90 or higher and 24

MB of RAM
• Windows 95/98/NT4 or later (minimum 486/66Mhz processor with at least 16

MB of RAM is required).
• The system requires at least 1 free COM port using a 9-pin connector for serial

communications (or adapter for 25 pin)
• CD-ROM drive with write ability
• Install all software on desktop



2.0  Preparation of HOBO CO logger prior to placement in the field location
(the logger must be launched from a computer prior to placement in the field):

2.1  Connect the serial cable to the COM 1 serial port of the computer

2.2  Open Boxcar Pro software (double click on the icon on the desktop)

2.3  Connect the other end of the serial cable (the male “stereo” end) to the CO logger

2.4  Select “Launch” from the logger menu

2.5  Check the battery status

2.6  Select ‘Enable/disable channels’. Check the box next to ‘Channel 1 (0-125 ppm)’
and ‘Channel 2.’  Select ‘Apply.’

2.7  In the ‘Interval Duration’ menu, select ‘1 minute.’

2.8  Type in the label for sampling location (HOBO CO ID#_House ID#_Date)

2.9  Select the box with delayed start. In the boxes on the right, insert the date of
sampling and the time that all monitors will be started.
(*Note: preferably at the top of the hour and with 00 seconds)

2.10  DO NOT select the box to ‘wrap’ the data (leave this box unselected)

2.11  Select ‘Start’

2.12  Select ‘Continue’ from screen with enable channel reminder

2.13  Click ‘OK’ for old data to be erased from logger

2.14  Detach the cable from the logger and then press ‘OK.’  Note that the logger will
now begin to log CO levels at the programmed time.

2.15  Check that the logger is switched ‘ON’ by looking at the LED light on the front face
of the unit for several seconds.  When the logger is switched ‘ON,’ the light will flash
faintly every two seconds. When off, the logger LED will not flash.



3.0 Placement of CO logger in the field location

3.1  Approximately 100cm from the outside perimeter of the stove

3.2  Height: approximately 125cm above the floor

3.3  At least 150 cm from doors and windows, where possible



4.0 Downloading data

4.1  Connect the 9-pin plug of the cable (CABLE-PC-3.5) to the COM 1 serial port on the
computer

4.2  Open Boxcar Pro software

4.3  Plug the cable (CABLE-PC-3.5) ‘stereo’ plug into the logger

4.4  Select ‘Logger’ from the top menu of the Boxcar Pro software. When the drop
down menu appears, select ‘Readout.’

4.5  A window will appear displaying ‘connecting’ and then ‘HOBO found’.  Another
window will then appear saying ‘offload.’ Wait for data to download to desktop.

4.6  Unplug the logger at the prompt and select ‘OK’.

4.7  A window will appear displaying ‘save as’.

4.7.1  At the top, select the data directory on the computer corresponding to new
data for the CO logger (e.g. select the data directory ‘HOBO CO – New
Data’)

4.7.2  Check that the filename reads ‘HOBO CO #_House ID#_Date’

4.7.3  Select ‘save’

4.8  The Boxcar Pro software will then display a graph of the data downloaded.

4.8.1  Check the sample period on the graph (make sure the final time is correct)

4.8.2  Check that the data does not ‘Flat-line’ across the graph. If the data does
flat-line (e.g. display one constant value), check the cable connection in the
logger to ensure that all 3 soldered connections are intact. If one of these
connectors is not intact, the solder needs to be replaced,

*note that the data may still be retrieved from the logger once the soldered
connection has been repaired - follow the steps above (beginning with 4.1)

4.8.3  Check that the data does not appear abnormal in any other way.

4.9  Check the box on sample sheet labeled ‘CO Time series plot check’



5.0 Backup of data files

5.1  At the end of each week of logger usage, the new data files should be saved to a
CD-ROM, which will have a defined ID#.

5.2  Once the new data files have been saved to CD-ROM, they should be moved to the
‘HOBO CO - Archived Data’ directory.



Standard Operating Procedure:

HOBO CO Logger Calibration Check Protocol











***
NOTE:  This protocol should be used only when standard CO gas cylinders are not available.  If
standard CO gas cylinders are available, the HOBO CO loggers should be formally calibrated
with those standards.
***

1.0.  Materials Required
• Field HOBO CO loggers: those loggers used routinely in homes throughout the IAP study

• Gold Standard HOBO CO logger: the one logger that stays in the office, is not used for
routine sampling, and is used only for calibration checks

2.0.  Frequency
• A calibration check should be performed after approximately every six 24-hour uses of the

Field HOBO CO loggers

3.0.  Procedure

3.1.  Launch each logger to collect data once every minute (including all Field loggers and the
Gold Standard logger).  Be sure to enable Channels 1 and 2.

3.2.  Place each of the Field loggers and the Gold Standard logger in a house that burns wood
in an open fire stove without a chimney.  The loggers should remain in the house during one
cooking event, for a total time of about 1.5 hours.  Note the time that the last logger was
placed on the wall.

3.2.1.  Place each logger next to each other in a row, all at the same height, spaced about 2
cm apart.



3.2.2.  Place the Gold Standard logger in the center position of the row of loggers.

3.2.3.  Locate the loggers in the house according the instrument placement protocol
(Installing IAP Instruments in a Home):

 Approximately 100 cm from the outside perimeter of the stove
 Height: approximately 145 cm above the floor (Note: previous versions of

this protocol suggested 125 cm above the floor)
 At least 150 cm from doors and windows, where possible

3.3.  After the cooking event (after ~1.5 hours), retrieve all of the loggers from the house,
noting the time the first logger was removed from the wall.

3.4.  Download the data saved in each logger using the BoxCar Pro software.  Inside of
BoxCar Pro, create an Excel file of the data for each logger (File/Export/Microsoft Excel
Spreadsheet…).

3.5.  In each of the Excel files that were just created, copy the column of CO concentration
data (Channel 1) for each of the Field loggers and paste it into the spreadsheet for the Gold
Standard logger, being careful to match up the sampling times.  Note: if any of the
concentration values for any logger exceeded 125 ppm, use Channel 2 data for all of the
loggers, instead of Channel 1 data.

3.5.1.  Delete the data corresponding to the times before the last logger was placed on
the wall in the house.  Similarly, delete the data corresponding to the times after the
first logger was removed from the wall of the house.  This creates a set of data
corresponding to the times that all of the loggers were placed in the house.

3.5.1.  Create a XY (scatter) chart of the all of the concentration data for the first Field
logger (the y values) versus all of the concentration data for the Gold Standard logger
(the x values), again making sure that the sample times were aligned properly.  Make
one chart for each of the Field loggers, again using the Field logger data as the y
values and the Gold Standard data as the x values.

3.5.2.  For each chart, add a trendline by selecting Chart/Add Trendline from the main
menu tab.  Choose the trendline type to be linear.  From the ‘Options’ tab in the Add
Trendline box, check the boxes for ‘Display equation on chart’ and ‘Display R-
squared value on chart.’

3.5.3. Record the trendline equation and the r2 value for each of the charts (one
equation and one r2 for each of the Field loggers).









 
 
 
 
 


 


 




 
• 
• 
• 


 

 




 

 






 



 

 








 


 

 





 


 

 


 

 


















 


 


 






 


                                                
1 For a successful sample, all 1DL Gastec tubes should be from the same lot (mention this on the phone when ordering).
The calibration curve is constructed by measuring (in mm) from the base to each ppm-hr marking.  The mm measures are
plotted against the ppm-hr values in Excel.  Field measurements in mm can be converted to ppm-hr by using this
calibration curve.




















  




































































  

   














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



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











 

 

 

 

 

 

 

 

 

 

 

 









 

 

 

 

 

 

 

 

 

 

 

 

NOTE: If the household did not use the appropriate stove for this section of the study, make sure
this questionnaire and data sheets are marked accordingly and that data managers are notified.















 

 

 

 



 

 

 

 

 

 

 

 























 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

 


































 

 

 

 

 

 

 

 

 





   
  

  

  

  

  



 

 

 

 

 

 

 

 

 

 

 

 

 















 

 

 








































 

 

 

 

 

 



 

 

 

 

 

 



 

 



 

 



 

 

















 

 

 

 

 

 







 





 

 



 

 





EnterpriseWorks Ghana/CEIHD/UC BerkeleyApril 2005IAP Screening Questionnaire






















  

  No     Yes

 
 No     Yes

  

 
 

 
 No     Yes

 
 No     Yes
 rash burning
 
 
 restaurant or chop bar
  



EnterpriseWorks Ghana/CEIHD/UC BerkeleyApril 2005IAP Screening Questionnaire





8. Is wood your primary fuel for cooking and boiling water? No     Yes

9. What is your primary stove type for cooking and boiling water?
 
 
 
 
 

10. Cooking pattern and availability: how many hours of cooking do you typically do on each
day of the week, and mark times that the cook is unavailable for questionnaires?

   
 

 

 


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














































































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








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