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ABSTRACT
In developing countries, most households transport water from distant sources, placing physical
burdens on women and children, who commonly carry water on their heads. A lightweight backpack
was developed to alleviate physical stress from water carriage and provide a safe storage container. In
2015, we conducted a baseline survey among 251 Kenyan households with children <5 years old,
distributed one backpack per household, and made 6 monthly home visits to ask about backpack use.
At baseline, the median reported water collection time was 40 minutes/round trip; 80% of households
reported collecting water daily (median 3 times/day). At follow-up visits, respondents reported backpack
use to carry water ranged from 4% to 20% in the previous day; reported backpack use for water storage
in the previous day ranged from 31% to 67%. Pain from water carriage was reported at 9% of all followup visits. The odds of backpack use in the past day to collect water were lower during rainy season (OR:
0.3, 95% CI: 0.2–0.3) and not associated with reported pain (OR: 1.7, 95% CI: 0.9–3.3). Our study suggests
that participants preferred using the backpacks for storage rather than transport of water. Further
dissemination of the backpacks is not recommended because of modest use for transport.
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A backpack for water carriage which was already distributed to several poor countries has not
been objectively evaluated.
Backpack use for water transport was modest in Kenya.
This study suggests that participants preferred using the backpacks for storage rather than
transport of water.

INTRODUCTION
In developing countries, water is often collected by women

According to the 2014 Kenya Demographic and Health

and children using a variety of methods (Ferguson ;

Survey (KDHS), nearly 60% of households do not have an

Page ; Geere et al. a), walking an average of 6 km,

onsite water source, and residents of 40% of rural households

and hauling an average total of 18 kg of water every day

have to walk more than 30 min to obtain their drinking water,

(World Vision ). Many communities in western Kenya

carrying water most often on the head (KDHS ).

do not have household or community taps available and resi-

With a volume of 20 liter, a typical jerrycan or bucket

dents must leave their household premises to collect water.

used to carry water weighs over 20 kg when ﬁlled. The
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weight of the loads and the repetitive stress placed on the

backpacks as well as an assessment of stored water quality,

spine by carrying water on the head have been shown to

if they are commonly used for storage.

result in back and neck pain and radiographic changes in

With the assistance of HFHI, the Safe Water and AIDS

the spine (Levy ; Jumah & Nyame ; Jäger et al.

Project (SWAP), a Kenyan non-governmental organization,

; Geere et al. b). In addition, open containers or

distributed PackH2O backpacks (hereafter referred to as

buckets can be easily contaminated if dirty hands, cups, or

backpack) to rural households in western Kenya and

other items contact the water. Jerrycans, with a narrow

assessed the utility and acceptability of the backpacks as a

opening, reduce this type of contamination, but are difﬁcult

means of collecting and storing drinking water, and their

to clean because they have a narrow opening.

effectiveness in reducing musculoskeletal pain.

Habitat for Humanity International (HFHI) and Greif
International, an industrial packaging company (Delaware,
OH), have collaborated to develop a lightweight backpack

METHODS

for water collection and storage called ‘PackH2O’ (https://
www.partnersforcare.org/packh2o/). PackH2O is seven

Study sites

times lighter than a typical jerrycan, has a removable plastic
liner that can be cleaned, and employs a spigot to readily dis-

We selected a convenience sample of eight rural villages

pense water stored in the backpack (Figure 1). In a

(Kakiki, Kagoo B, Kamwanda West, Kandhere, Karabuok

preliminary pilot evaluation of the PackH2O, Greif Inter-

North, Karabouk South, Koulu B, Thim) in Kisumu

national reported that the product eased transport and

County, Kenya, where a previous study suggested that the

shortened water collection time over traditional water col-

populations had to travel to collect water from their main

lection and storage tools (PIH ZL ). However, at the

water sources, which included Lake Victoria, rivers, earth-

time of this study, there had been no independent evalu-

pans (manmade ponds), and boreholes, and store the

ations of the PackH2O (Martinsen et al. ). Since 2012,

water in their homes (KDHS ).

over 225,000 backpacks have been distributed around the
world, and as of 2018, almost 50,000 PackH2O backpacks

Sample size calculation

had been deployed throughout Kenya with no published
evaluations (Noland ). This level of investment merits

We calculated the approximate sample size of 200 households

justiﬁcation by evaluations of use and acceptability of the

using the assumption that 50% of the households would use

Figure 1

|

Backpack and a woman carrying backpack as an alternative water transport method in Kisumu in Kenya, 2015.
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the backpack, with a precision of 7% and a conﬁdence level at

(Syware, Cambridge, MA, USA) and analyses were per-

95%. Assuming a loss to follow-up of 25%, we attempted to

formed using SAS version 9.4 (Cary, NC, USA). The

enroll a sample of approximately 250 households.

associations between reported backpack use for carrying
water (as a dependent variable) and selected character-

Study design and data collection

istics (as independent variables) were examined using
multivariable logistic regression where the unit of analysis

This study utilized an experimental, longitudinal, and

was the household. Analyses were conducted separately

quantitative design. We obtained rosters of 438 total

for reported use in the past month and previous day.

households in 8 villages from village elders. Eligible par-

The characteristics considered in the analysis were

of

reported pain (yes or no), age group (<24, 24–35, and

household or child caretakers 18 years old, with at

>35 years), education (<primary, primary), body mass

least one child <5 years old. In December 2014, enumer-

index (BMI), rainy season (yes for April or May, and

ators visited households until the desired sample size was

no), and walking time from water source to home (10,

reached to collect baseline data, including demographic

11–30, >30 min). BMI was calculated from reported

and socioeconomic characteristics; water sources; water

height and weight by respondents, and then categorized

collection, storage, and treatment practices; and muscu-

into underweight (<18.5 kg/m2), normal weight (18.5 to

loskeletal pain related to water carriage. Stored drinking

<25 kg/m2), and overweight or obese (25 kg/m2) to

water was also tested for the presence of free chlorine

explore whether the size of each participant is a determi-

ticipants

for

the

study

included

female

heads

residuals (FCR) using the N,N diethyl 1–4 phenylenedia-

nant

mine sulfate (DPD) method (Hach Co., Loveland, CO,

clustered data structure (repeated monthly reports <

USA).

Enumerators

using

mobile

of

backpack

use.

Potential

correlations

from

household

coordinates

households < villages) were considered using the General-

Geographic

Positioning

ized Estimating Equation approach. We note that reports

System (GPS) capabilities and GPS coordinates from

of musculoskeletal pain (at the same period as water car-

water sources from a pre-selected random sample of 45

riage) from carrying water were collected during rounds

obtained

devices

with

households to calculate a proxy for distance between

1–5, but round 6 data were missing and excluded in the

home and water source. In January 2015, one backpack

analysis. To examine the impact of this exclusion to the

per household and training about proper backpack use

results, we also conducted a sensitivity analysis including

were provided to each enrolled participant at group infor-

all six rounds of data without the pain variable.

mation sessions in each village. From January to June
2015, monthly follow-up home visits were made over a

Ethical considerations

6-month period by trained enumerators and community
health workers, and the participants were asked about

The Kenya Medical Research Institute Ethical Review Com-

their backpack use and physical pain from water carriage

mittee (protocol number 2788) and CDC Institutional

during the same period, with the pain location categor-

Review Board (protocol number 6583) approved the study

ized into a priori list of body regions (Supplemental

protocol. We obtained written informed consent from all

Table 1). The English survey questionnaire was pre-trans-

participants.

lated to correspond to participants’ native language
(Dholuo) and administered at baseline and follow-up by
enumerators ﬂuent in Dholuo.

RESULTS AND DISCUSSION

Data analysis

Sample characteristics at baseline

Survey instruments were programmed on personal digital

Of 438 households in village rosters (Table 1), 13 were

assistants (PDA) using Visual CE software version 10.0

empty during the baseline home visits, 64 could not be
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Baseline characteristics of participants, Kisumu in Kenya, 2014–2015, N ¼ 251

and households with children <5 years old sampled at baseline, by village,
Kisumu County, Kenya, 2014–2015

Participants, N (%)
or median [IQR]
Households

Households

with

with

children
<5yo in

children
<5yo in

<24

84 (33)

villages

sample

24–35

131 (52)

>35

36 (14)

Age in years, median [IQR]

Village

Total households

N

%

n

%

Kakiki

171

67

39

42

63

Kagoo B

235

89

38

47

53

Kamwanda West

125

52

42

33

63

Kandhere

68

35

51

18

51

Karabuok North

94

45

48

26

58

Karabuok South

128

59

46

35

59

Koulu B

216

56

26

35

63

Thim

94

35

37

15

43

Total

1,131

438

39

251

57

26 [22–32]

Education: primary

159 (63)

BMI, kg/m2
Underweight (<18.5)

46 (18)

Normal weight (18.5 to <25)

162 (65)

Overweight or obese (25þ)

43 (17)

Have electricity in the house

238 (95)

Observed main material for ﬂoor
Thatch

197 (78)

Wood

52 (21)

Other

2 (1)

Observed main material for roof
Thatch

found, 24 did not transport or store water, 22 had no
children <5 years old, and 51 were excluded for
divorced). Of the remaining 264 households that were
eligible for inclusion in the study, 13 refused to
villages for the baseline survey. The median age of
22–32 years), 63% ﬁnished at least primary school, and
78% of respondents had an earthen ﬂoor and 81% had
mud walls. For BMI categorization, 18% were underweight and 17% were overweight or obese. Thirty-six

225 (90)

Other

1 (0)

Dung/mud

202 (81)

Metal/cement/cement/plaster/bricks/blocks/
stones

48 (19)

Other

1 (0)

BMI, kg/m2

respondents was 26 years (interquartile range or IQR:
95% had electricity at home (Table 2). The homes of

Iron sheet/tile/asbestos sheets
Observed main material for wall

other reasons (e.g., died, duplicate entries, separated/

participate, which left a total of 251 enrolled in the 8

25 (10)

Underweight (<18.5)

46 (18)

Normal weight (18.5 to <25)

162 (65)

Overweight or obese (25þ)

43 (17)

Improved drinking water sourcea

91 (36)
b

Improved drinking water container

69 (27)

Treat drinking water?

135 (54)

→ If yes, what do you do to it? select all that
apply

percent of households reported drinking water from an
improved source (borehole, rain catchment, covered

Chlorination

107 (43)

well, or piped water) and 27% used an improved water

Filter or boil

27 (11)

Other

15 (6)

storage container (plastic jerrycan or ceramic ﬁlter).
Approximately half of respondents (54%) reported treat-

Observed container lid

210 (84)

ing their water, and of these, 43% said they used a

Observed latrine

131 (52)

chlorine product. Water treatment was conﬁrmed in 1%

Conﬁrmed chlorination

3 (1)

of households through chlorine residual testing at

a

baseline.
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Drinking water collection and pain reported from carrying water at baseline,
Kisumu, in Kenya, 2014–2015, N ¼ 251

carrying water at baseline

Participants, N (%)
or median [IQR]

At baseline, about one-third (32%) of respondents said they
used plastic jerrycans and the rest used buckets (or bucketlike) containers to collect water, and 99% carried water on

Type of water container to collect and carry
home

their heads (Table 3). The median reported time to collect

Plastic jerrycan

80 (32)

water (per round trip) was 40 min (IQR: 30–60 min).

Buckets

171 (68)

Eighty percent of respondents reported collecting water
every day and, of these, 85% said they collected water at
least three times per day. A majority of respondents
(91%) said they have had pain from carrying water at
some time during their life, with the most frequently
reported locations including chest (46%), head (43%),
and neck (36%). These were also the most commonly
reported locations for pain during the past 2 weeks. The
median distance from home to water source calculated
from GPS coordinate data of 44 households was 415 m
(IQR: 228–688 m) (data not shown).

Backpack use and pain for water carriage at follow-up
Among 251 respondents, we distributed backpacks to a
subset of 239 women in January 2015 (three refused to participate and nine were away at the time of distribution). Among
239 participants, a total of 1,334 follow-up home visits were
made, with a median of 223 monthly visits ranging from
216 to 228 visits. In nearly two-thirds of these visits (62%),
respondents said they collected water with the backpack in
the past month and 13% said they used the backpack for
water collection in the past day (Table 4). The monthly rate
of reported use of the backpack for water collection during
the previous month varied from 37 to 85%, and from 4 to
20% for the previous day (Figure 2). Respondents reported
even storing water in the backpack over the past month
during 83% of home visits, and either today or during the previous day at 64% of visits (Table 4). Water was observed in the
backpack at 48% of home visits, which varied by month from
31 to 67% (Figure 2). Pain from carrying water was reported
at only 9% of all home visits (Table 4). Among backpack
users, reported pain ranged from 6 to 19% in the previous
month and 0 to 19% in the previous day (Figure 3). Among
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How do you carry water to home? Select all
that apply
Head

249 (99)

Hands

11 (4)

Back

1 (0.4)

Time to collect water (round trip), min

40 [30–60]

Time from home to water source

15 [10–25]

Time from water source to home

25 [10–35]

No. of trips to collect water per week
Every day

200 (80)

Other

51 (20)

→ If every day, no. of trips to collect water
per day
<3

31 (15)

3

169 (85)

Any pain from carrying water in lifetime

227 (91)

→ If yes, location of the pain
Head

136 (54)

Neck

90 (36)

Shoulder

17 (7)

Upper back

41 (16)

Lower back

52 (21)

Chest

115 (46)

Ribs

14 (6)

Knee

25 (10)

Any pain from carrying water <2 week

133 (55)

→ If yes, location of the pain
Head

69 (27)

Neck

50 (20)

Shoulder

11 (4)

Upper back

18 (7)

Lower back

32 (13)

Chest

48 (19)

Ribs

15 (6)

Knee

17 (7)
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backpack non-users, reported pain ranged from 1 to 33% in
the past month and 5 to 22% in the past day. Respondents
reported pain most frequently in the shoulder (44%), upper/
lower back (44%) and neck (14%).

Water collection
Collect water with BP in the past month

753/1,205 (62)

Did you collect with BP yesterday?

160/1,205 (21)

Preferences and challenges with backpacks

How often use BP to collect water
Everyday

58/1,333 (4)

At monthly home visits, 60% of participants reported they liked

Other

1,275/1,333 (96)

the backpacks for water storage, 42% said they were comfortable for carrying water, and 14% stated that their favorite feature

Water storage
Ever store water in BP

1,104/1,334 (83)

of the backpacks was convenience (Table 4). A few challenges

→ Stored water in BP today or yesterday

701/1,103 (64)

were also reported as hindering backpack use, including too
heavy (12%), causes pain (4%), uncomfortable to use (4%),

→ How often use BP to store water
Everyday

354/1,104 (32)

and breakage (1%). During 84% of home visits, respondents

Other

750/1,104 (68)

reported cleaning the inside of backpacks; of these, 17% said

574/1,201 (48)

they cleaned the backpack every time water was collected.

Observed water in BP
Pain from carrying water
Any pain in the past month from carrying
water

101/1,109 (9)

Backpack use for water carriage models
The odds of reported backpack use to carry water in the past

→ If yes, location of pain
Head

8/101 (8)

month were higher in those who had primary school edu-

Neck

14/101 (14)

cation (odds ratio or OR: 1.6, 95% conﬁdence interval or

Shoulder

44/101 (44)

CI: 1.04–2.3) and who were in the underweight BMI category

Upper back

17/101 (17)

compared with normal BMI (OR: 1.7, 95% CI: 1.1–2.9)

Lower back

27/101 (27)

(Table 5). The odds of backpack use to carry water were

Chest

33/101 (33)

lower in the rainy season than in the dry season (OR: 0.3,

Ribs

2/101 (2)

95% CI: 0.2–0.3). There were no signiﬁcant associations

Knee

2/101 (2)

between backpack use and reported pain in the past month,
respondent age group, or time from water source to home.

What do you like most about the BP? Select
all

Similar patterns were observed in the analysis of reported

Good for water storage

796/1,334 (60)

backpack use to carry water in the previous day, with consist-

More comfortable to carry

558/1,334 (42)

ently lower odds of backpack use during the rainy season

Convenient to use

188/1,334 (14)

than the dry season (OR: 0.3, 95% CI: 0.2–0.4). In the sensi-

What do you like least about the BP? Select
all

tivity analysis using all data from all six rounds and

Too heavy

164/1,334 (12)

Causes pain

52/1,334 (4)

Uncomfortable

48/1,334 (4)

It broke

12/1,334 (1)

Maintenance of BP
Do you clean inside of BP?

1,124/1,334 (84)

If yes, how often?
Every time I collect water

186/1,124 (17)

Other

938/1,124 (83)

Downloaded from http://iwaponline.com/washdev/article-pdf/10/4/986/828980/washdev0100986.pdf
by guest

excluding missing pain data from the sixth round, the results
did not change appreciably (Supplemental Table 2).
Discussion
Results of this evaluation suggested that the uptake of backpack for water collection and transport among participants
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during the rainy season, likely because the backpack ﬁt the
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Figure 2

|

Monthly reported backpack use to collect water past month or previous day (left) and to store water today/previous day and observed water in the backpack (BP) (right).

Figure 3

|

Monthly reported pain from carrying water by backpack (BP) use past month (left) and previous day (right).

Table 5

|

The odds ratios (OR) of reported backpack use in past month or previous day to carry water, Kisumu in Kenya, 2014–2015

Past month OR (95% CI)

P-value

Previous day OR (95% CI)

P-value

1.7 (0.9, 3.3)

0.117

0.9 (0.5, 1.7)

0.740

<24

Ref

–

Ref

–

24–35

0.8 (0.5, 1.3)

0.438

0.7 (0.4, 1.1)

0.083

>35

1.1 (0.6, 1.9)

0.826

1.0 (0.5, 1.9)

0.910

<Primary

Ref

–

Ref

–

Primary

1.6 (1.04, 2.3)

0.030

1.5 (0.9, 2.3)

0.112

Normal weight

Ref

–

Ref

–

Underweight

1.7 (1.1, 2.9)

0.030

1.3 (0.7, 2.3)

0.407

Overweight or obese

1.1 (0.6, 2.0)

0.658

1.1 (0.6, 2.0)

0.765

No

Ref

–

Ref

–

Yes

0.3 (0.2, 0.3)

< 0.001

0.3 (0.2, 0.4)

< 0.001

10

Ref

–

Ref

–

11–30

1.0 (0.6, 1.6)

0.929

1.0 (0.6, 1.8)

0.945

>30

1.0 (0.6, 1.7)

0.933

1.0 (0.5, 1.8)

0.903

Pain from carrying water past month
Age group, years

Education level attained

BMI, kg/m2

Rainy season*

Time from water source to home, min

*April or May.
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local water storage strategy of ﬁlling as many containers as

poverty, low educational levels, and ingrained habits were

possible when it rains. The ﬁnding of low use for water trans-

a barrier for rural residents to adapt to new health interven-

port was consistent with a recent evaluation of the same

tions (Schilling et al. ). Behavior change interventions

backpack conducted in rural Haiti which showed the overall

that employ social norms can help overcome barriers to

modest acceptance of backpack with decreasing use over a 6-

change and sustain new behaviors (Yamin et al. ), par-

month period (Martinsen et al. ).

ticularly if the new behaviors have advantages that
facilitate diffusion of innovative practices or technologies

Water transport

into populations (Rogers ).

Devising a container for carrying water on the back reﬂects

Water storage

an interest that has been raised in recent years (WHO ,
). Despite the apparent musculoskeletal stress of water

Although the results of this study did not clearly answer the

carriage and scientiﬁc evidence of chronic health problems

question of the acceptability of the backpack for water car-

from this practice (Levy ; Jumah & Nyame ; Jäger

riage in western Kenya, many study participants appeared

et al. ; Geere et al. b), no large-scale epidemiologi-

to have little motivation to use the backpack for water trans-

cal studies were found which had used a scientiﬁcally

port during the rainy season because they preferred its use

appropriate study design to analyze the association

for rainwater collection. The highest level of reported use

between water carrying and objective indicators of effects

of the backpacks for water storage in the previous day

on physical health (Evans et al. ). A few studies have

occurred during the rainy season. Participants indicated

compared several types of containers that reduce physical

that, by providing an additional water storage container

pain, but no designs have been widely disseminated

with the added advantages of a wide opening for rain cap-

(Geere et al. b; Martinsen et al. ). In a study con-

ture and easy cleaning, as well as a spigot for water

ducted on Xhosa women of South Africa, the participants

removal, the backpack serves the household need for

reported they can carry greater loads on the back than on

water storage.

the head and said that back-loading was generally more

The unexpected preference for storage over transport of

comfortable (Lloyd et al. ). Conversely, several studies

water raised several questions regarding the utility of the

have reported that back-loading led to more areas of pain

backpack. Acceptable water containers are accessible in

and discomfort than head-loading using buckets and jerry-

western Kenya and have been tested for their ability to main-

cans (Noland ; Martinsen et al. ). Although fewer

tain water quality (Ogutu et al. ; Murphy et al. ).

women had complaints (heavy, difﬁcult to use straps,

Unless the backpacks offered advantages in storage over

pain, difﬁculty cleaning) than positive comments (storage,

effective, less expensive alternatives, it would be difﬁcult

comfort, convenience) about the backpack in this study,

to justify using scarce resources to make them widely avail-

the duration of data collection may have been insufﬁcient,

able if they were not commonly used for their original

the distance to water sources not far enough (<500 m on

purpose of water transport.

average), and the use of backpacks too limited to meaning-

Evaluating the relative hygienic advantages and dura-

fully evaluate acute and chronic pain associated with

bility of the plastic liner would be important because of its

backpack use. Furthermore, because the backpacks were

role in maintaining water quality (Mellor et al. ). During

neither ﬁtted to the women nor ergonomically designed,

this study, a majority of participants did report during home

it is possible that musculoskeletal problems could have

visits that they cleaned the inside of the backpacks (84%)

developed over time (Geere et al. ). An additional

and, at the end of the study, nearly all participants (93%)

possibility is that the use of the head for carrying water

reported cleaning the plastic liners. Whether these hygienic

was an ingrained habit that served as a barrier to changing

practices were accompanied by treatment of water from

this longstanding practice. This possible explanation is con-

potentially contaminated sources would be an important

sistent with a study by Schilling et al. that found that

evaluation question.
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