






































































































































































USE AND TYPE OF PERSONAL PROTECTIVE GEAR (PPG) AND EXPOSURE SURFACES DURING WASTE 

HANDLING 

As shown in Table 4.2. the overall distribution of use and type of personal protective working gear 

during waste handling was as follows: Wellington boot (61.8%), gloves (57.5%), nose/mouth cover 

(32.1%) and overall apron (72.9%). The proportion of waste handlers with the highest use of 

nose/mouth cover were those who swept and collected waste everyday (26.0%). According to Table 

the exposure surfaces of waste handlers during work was also recorded in the following 

proportions: mouth/nose (41.8%), hands (85.4%) and leg/feet (45.7%). The proportion of waste 

handlers with the highest exposure surfaces for mouth/nose (38.5%), hands (32.6%) and feet (35.9%) 

were those who performed three activities, i.e. swept, collected and disposed waste everyday (Table 

4.2). 
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I ,\IH.E ·L!: n PIC OF PICRSONAL PROTECTIVE GEAR AND EXPOSI RE Sl'Rt'ACESOFWASTE HANDl.ERS PERFORMING IHFHRI 'Ii' 
,\( 11\ IIU:S 

"('X.) 
I :'c of 1'1'(; Txposure 
slirfaCl'~ 

I\(ll' of (llT"ollal 

(ll'Ott'rti'l' workin/,! gear 
Wellington boot 

Gloves 
Mllllthinosl: cover 

Overall apron 
Exposure surfaces 

S 

16(9.3) 
25( 15.5) 
15(17.0) 
19(9.3) 

D 

9(5.2) 
9(6.0) 
5(6.0) 
10(4.9) 

Waste handlin2 acth'ities 
C T SD SC 

9(5.2) 
11(6.8) 
3(3.3) 
12(4.3) 

2(1.2) 
0(0.0) 
3(3.3) 
3(1.5) 

2(1.2) 
2(1.2) 
0(0.0) 
2(1.0) 

51(30.0) 
39(24.2) 
23(26.0) 
62(30.4) 

CD 

27(15.6) 
24( 14.9) 
15(17.0) 
30(14.7) 

SCD 

57(33.0) 
51(32.0) 
26(17.0) 
66(32.4) 

MOllth/flu,e 11(9.4) 8(6.8) 3(3.0) 2(1.1) 3(3.0) 32(27.4) \3(1Ll) 45(38.5) 
Hands 45( IS.8) 14(6.0) 5(2.1) 5(2.1) 6(2.5) 57(24.0) 29(12.1) 78(32.6) 

Leg/feet 23( IS.O) 4(3.1) 6(5.0) 2(2.0) 3(2.3) 33(26.0) 11(9.0) 46(35.9) 

Legend: S repres('nr sweeping. D (diJposal). C (collection), T (Transport), SD (Sweeping and disposal), SC represent sweeping and collection, 
CD (collection and disposal). SDC (sweeping. collection and disposal). nfO/O) represenljrequency and row percenrage, PPG (personal protective 
ge(/r/ 
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ASSOCIATION BETWEEN SOCIO-DEMOGRAPHIC CHARACTERISTICS, PERSONAL PROTECTIVE 

AR, EXPOSURE Sl'RfACES AND TYPE Of WASTE HANDLING ACTIVITIES 

shown in Table 4.3, the type of waste handling activities undertaken by waste handlers was 

;ociated with socio-demographic characteristics including sex (p < 0.0001), number of years 

lrked with waste management organization (p < 0.0001) and monthly salary (p < 0.0001), based on 

: Likelihood ratio Chi-square test. Table 4.3 again shows that the type of waste handling activities 

rrelated with use and type of personal protective working gear such as Wellington boots (p 

1.0001), gloves (p = 0.004) and overall apron (p < 0.0001). The type of waste handling activities 

,ain correlated with surfaces of exposure such as direct exposure of hands (p < 0.001) as well as 

outhlnose (p = 0.0\6), based on the Likelihood ratio Chi-square test (Table 4.3). 
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\( 1/\ 1111 .., \MONG ~ /'UOY I' \'H/<lPAl'iTS 

n(%) Waste handling activities LR P-valuc 
Soci,,-dcmol!ra ph I<' S 0 C r SO sc CO seo 
dlUracll'ri,lin 

Se.\ 
M~k 3(4.4) 12(17.4) 8(12.0) 5(7.3) 2(2.9) 3(4.4) 29(42.0) 7(10,1) 

Femak 48(23.0) 6(2.8) 4(1.9) 0(0.0) 4(1.9) 3(4.4) 29(42.0) 7(10.1) 140.0 <0.000\ 

I;:e ;lIyeIlT.I 
<35 15(17.0) 6(7.0) 4(4.4) J( 1.1) 0(0.0) 26(29.0) 10(11.1) 28(31.1) 

35 and above 36(\9.0) \2(6.3) 8(4.2) 4(2.1) 6(3.2) 43(22.6) 26(14.0) 55(29.0) 0.5 0.474 
lIi;:/I<'.I/ £dllCtllioll Level 

NOIlI' 25(22.0) 7(6.1) 3(2.6) 1(1.0) 3(2.6) 26(22.6) 14(12.2) 36(31.3) 
Primary II( 14.1) 4(5.1) 4(5.\) 0(0.0) 0(0.0) 28(35.9) 10(12.8) 21(26.9) 

JHS 7(23.3) 3(10.0) 1(3.3) 0(0.0) 1(3.3) 5(17.0) 4(13.3) 9(30.0) 27.3 0.501 
MSLC 6(14.0) 3(6.8) 3(6.8) 3(6.8) 2(5.0) 8(18.2) 5(11.4) \4(31.8) 

Secondary 2(15.3) \(8.0) 1{8.0) 1(8.0) 0(0.0) 2(15.4) 3(23.1) 3(23.1) 
Yo. oj l'eIlT.\ "'OTJ..e" 

- I year 16(10.0) 7(4.3) 9(6.0) 1(0.6) 2(1.2) 54(33.3) 22(14.0) 51(31.5) 
1-2 years 17(53\) 3(9.4) 0(0.0) 1(3.1) 0(0.0) 2(6.3) 1(3.1) 8(25.0) 
3-4 years 17(22.\) 7(9.1) 3(3.9) 2(2.6) 4(5.2) 11(14.3) 12(16.0) 21(27.3) 57.4 <0.0001 

5 or more years 1(11.1) 1(11.1) 0(0.0) 1(11.1) 0(0.0) 2(22.2) 1(11.1) 3(33.3) 
Currell/llolI/hi., SII/llry 

Less than ¢80.0 14(33.0) 7(16.3) 0(0.0) 1(2.3) 3(7.0) 5(11.6) 2(5.0) 11(26.0) 
¢80-c 150 37( 15.6) 11(4.6) 12(5.1) 4(2.0) 3(1.3) 64(27.0) 34(14.4) 72(30.4) 27.0 <0.0001 

T~'Pl' of personal 
pmlcCliH' working gear 

Wellington boot 16(9.3) 9(5.2) 9(5.2) 2(1.2) 2(1.2) 51(30.0) 27(15.6) 57(33.0) 33.3 <0.0001 
Gloves 25(15.5) 9(6.0) 11(6.8) 0(0.0) 2(1.2) 39(24.2) 24(14.9) 51(32.0) 20.7 0.004 

IVlouth'nose cover 15(17.0) 5(6.0) 3(3.3) 3(3.3) 0(0.0) 23(26.0) 15(17.0) 26(17.0) 8.4 0.297 
Overall apron 19(9.3) 10(4.9) 12(4.3) 3(1.5) 2(1.0) 62(30.4) 30(14.7) 66(32.4) 59.1 <0.0001 

Exposure of body parts 
Mouth/nose 11(9.4) 8(6.8) 3(3.0) 2(1.7) 3(3.0) 32(27.4) 13(11.1) 45(38.5) 17.3 0.016 

Hands 45(18.8) \4(6.0) 5(2.1) 5(2.1) 6(2.5) 57(24.0) 29(12.1) 78(32.6) 24.0 <0.001 
Le~teel 23(18.0) 4(3.1) 6(5.0) 2(2.0) 3(2.3) 33(26.0} II (9.0) 46(35.9) 11.2 0.129 

Legend: S represent sweeping, D (disposal). C (collection), T (Transport). SD (Sweeping and disposal). SC represent sweeping and collection, 
CD (cul/t!clioll and disposal), SDC (sweeping, collection and disposal), n("/o) represent frequency and row percentage 
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4.5 BIVARIATE A'\ALlSIS OF SOCIO-DB10GRAPHlC FACTORS ASSOCIATED WITH SELF-REPORTED 

HEALTH Ol'TCOMES 

Self-reported health problems were idenfied among waste handlers in the following proportions: 

fever (37.1%), diarrhoea (11.4%), headache (38.6%), skin disease (5.4%), cough (8.9%) and bodily 

pains (56.4%). Table 4.4 depicts a bivariate analysis to test for the association between socio­

demographic characteristics of waste handlers and self-reported health outcomes. The likelihood 

ratio Chi-square test with the corresponding p-values indicate that the duration of work i.e. number 

of years worked and number of hours spent per day on waste handling activities were both associated 

with fever and bodily pain (p < 0.05), whilst current monthly salary was correlated with headache 

and bodily pains (p < 0.0001). 



T \OLE 4.4: SO{ 10-/)1 \IOGRAPHIC ('UARACTERISTICS O~· W.\S J E HANDLERS AND SPECIFIC SELF-REPORTED HEAI.HI 01, I'(O\H.S 
So('io- F~,er Diarrhoea Headache Skin disease Cough Bodily 

dt'lIIograrloic (!ains 

characteristics n(%) p- n(%) p-value n(%) p-value n(%) p-value n(~o) p- n(%) p-value 
value value 

St'\ 
Male 25(36.2) 7(10.1) 22(32.0) 4(5.8) 4(5.8) 44(64.0) 

Female 79(37.-1) 0.857 25(12.0) 0.696 86(41.0) 0.185 11(5.2) 0.853 21(10.0) 0.273 114(54.0) 0.154 
'\gl' ill ~ car.~ 

1.,-35 35(38.9) 13(14.4) 28(31.1 ) 7(8.0) 8(9.0) 45(50.0) 
35 and above 69(36.3) 0.678 19(10.0) 0.283 80(42.1) 0.075 8(4.2) 0.229 17(9.0) 0.987 113(59.5) 0.\36 

Highesl 
Educalion Level 

None 41(35.7) 14(12.2) 49(42.6) 5(4.4) 9(7.8) 74(64.4) 
Primal) 30(38.5) 12(15.4) 28(35.9) 4(5_1) 7(9.0) 41(53.0) 

JHS 11(36.7) 2(7.0) 9(30.0) 3(10.0) 3(10.0) 13{43.3) 
MSLC 20(45.5) 2(5.0) 17(38.6) 3(6.8) 4(9.1) 25(56.8) 

"ccoIJJar) 2( 15.4) 0.348 2( 15.4) 0.317 5(38.5) 0.739 0(0.0) 0.577 2(15.4) 0.941 5(38.5) 0.125 
Current Month I) 
Salary 

Less than ¢80.0 16(37.2) 5(116) 10(23.3) 2(5.0) 4(9.3) 18(42.0) 
~80-~150 88(37.1 ) 0.992 27(11.4) 0.964 98(41.4) <0.000 13(5.5) 0.820 21(9.0) 0.926 140(59.1) <0.0001 

I 
No. ofYear~ 
worked 

< I year 51(31.5) 21(13.0) 60(37.0) 7(4.32) 15(9.3) 104(64.2) 
1-2 years 19(59.4) 4(12.5) 14(44.0) 0(0.0) 3{9.4) 14{44.0) 
3-4 years 28(36.4) 6(8.0) 30(39.0) 6(8.0) 5{6.5) 36(47.0) 

5 or more years 6(67.0) <0.001 1(11.1) 0.678 4(44.4) 0.884 2{22.2) 0.054 2(22.2) 0.555 4(44.4) <0.0001 

Number of 
hours worked 

<I 2(40.0) I (20.0) 2(40.0) 0(0.0) 0(0.0) 5(100.0) 
1-2 20(62.5) 0.018 3(9.4) 0.813 14{43.4) 0.929 1(3.1) 0_746 0.470 2(6.3) 10(31.2) <0.001 
3-4 75(34.4) 24(11.0) 83(38.1) 12(5.5) 19(8.7) 131( 60.1) 

>4 7(28.0) 4(16.0) 9(36.0) 2(8.0) 4(16.0) 12(48.0) 

P-value I'slimU/l'sjrom Lilcelihood Ratio Test 
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4.6 ASSOCl\TlON BETWEEN WASTE HANDLING ACTlVlTI ES AND PERCEIVED CAUSES OF HEALTH 

PROBLEMS 

Approximately 91.0% of the waste handlers were of the view that wearing dirty personal 

protective working gear would not make them sick and more than half (54%) indicated that 

eating with contaminated hands has nothing to do with sickness. That notwithstanding, 61.7% 

indicated that physical contact with waste material and odour from waste materials could 

make them sick. Type of waste handling activities was associated with perceived cause of 

health problems such as smelVodour of waste material, contact of waste material with 

surfaces of exposure and eating with contaminated/dirty hands (p < 0.05), but not wearing of 

personal protective working gear (p 0.315) as shown in Table 4.5. 
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J ABU 4.5: W 4STE HANDLING ACTIVITIES AND PERCEIVED CAUSES OF HEALTH PROBLEMS 

Pcrecind causes of health problems n(%) 
\\ lisle Ilandling 
·\eli, ilil'~ Smell/odour p- Contact with p- Eating with p- Wearing p-

value exposed hod~ value contaminated/dirty value dirty PPG value 
surfaces hands after work 

Sweeping 22(43.1) 0.008 24(47.1) 0.001 35(68.6) 0.007 6(11.8) 0.315 

Disposal 9(50.0) 12(66.7) 8(44.4) 3(16.7) 
Collection 6(50.0) 9(75.0) 5(41.7) 2(16.7) 

Transportation 5(100.0) 2(40.0) 4(80.0) 0(0.0) 
Sweeping and 5(83.3) 1(16.7) 2(33.3) 0(0.0) 

Disposal 
Sweeping and 48(69.6) 50(72.5) 24(34.8) 4(5.8) 

Collection 

Collection and 20(55.6) 26(72.2) 12(33.3) 5(13.9) 
Disposal 

Sweeping. 57(68.7) 65(78.3) 38(45.8) 4(4.8) 
Collection and 

Disposal 

P-ra!Ui! i!Slimali!~frofll Llk<'lihood Ratio Test 

68 



4.7 ASSOCIATION BETWEEN PERCEIVED CAUSES AND SELECTED SELF-REPORTED HEALTH 

OUT( mns A\IONG WASTE HANDLERS 

The Likelihood Ratio test results as shown in Table 4.6 indicated that there was association between 

working with smelling/odorous waste material and reported fever (p < 0.05), contact with surfaces of 

exposure to waste was associated with reported cough and skin disease (p < 0.05), eating with 

contaminated hands after waste handling correlated with reported skin diseases and cough (p < 0.05) 

and wearing of dirty personal protective working gear was also associated with reported diarrhoea 

and cough (p < 0.05). There was however no correlation between eating with contaminated hands 

with diarrhoea or fever (p > 0.05). 
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L\8Lf: .... 6: PERCElvt:D CAI''''ES OF ILL HEALTII AND ~ELECTE.[) SELF-REPORTED HEALTH OUTCOMES AMONG WASTE HANDLERS 

Self reported health outcomes n(%) 
P{'f(·t'ived l'aU~l'~ uf health 

1"'uhll'llh Fever p- Diarrhoea p- Cough p- Skin disease p-
value value value value 

Smell/odour 72(41.9) 0.038 18( 10.5) 0.525 19(11.1 ) 0.106 9(5.2) 0.907 
Contact of exposed bodily 67(35.5) 0.399 24(12.7) 0.326 22( 11.6) 0.013 14(7.4) 0.013 

surfaces 
Eating with 54(42.2) 0.109 17(13.3) 0.372 5(3.9) 0.005 3(2.3) 0.032 

contaminated/dirty hands 
after work 

Wearing dirty PPG 8(33.3) 0.684 0(0.0) 0.013 0(0.0) 0.030 0(0.0) 0.096 
P-value eSfimat(!sjrom Likelihuod Ratio Test 
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4.8 BIVARIATE ANALYSIS OF FACTORS ASSOCIATED WITH SELF-REPORTED HEALTH OUTCOMES 

As shown in Table 4.7, the type of waste handling activities, type of waste management organization, 

use of personal protective working gear, and exposure of hands to waste correlated with self-reported 

bodily pains (p < 0.001). Waste handling activities was somewhat associated with reported fever (p = 

0.05). Exposure of the hands was associated with reported cough (p < 0.05) as well as bodily pains (p 

.c 0.002). None of the socio-demographic factors correlated with diarrhoea and skin diseases (p > 

0.05). 
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'I \UI 1 ~.7: FACTORS ASSOCIATED \\ 1 fH SELF-REPORTED m:.\LTH OllTCOMES 

S~cific self-rel!0rted health outcomes 
Fc\'er Diarrhoea Headache Skin disease Cough BIHlih (!lIins 

n(%) p- n(%) p- n(%) p-,alue n(O,.) p- n(%) p-value n(%) p-valuc 
value value value 

Wa,I,' lIalldflllg Adi, IIi," 
"\\L'l'rlll~ 21(41.2) 6(12.0) 24(47.1) 2(3.9) 3(6.0) 18(35.3) 
D"P(h;li 4(22.2) 2(11.1) 6(33.3) 0(0.0) 1(6.0) 9(50.0) 

Collection 6(50.0) 1(8.3) 5(42.0) 0(0.0) 1(8.3) 7(58.3) 
Transportation 5(100.0) 0(0.0) 2(40.0) 1(20.0) 0(0.0) 2(40.0) 

~\leeping and Disposal 2(33.3) 0.054 0(0.0) 0.706 2(33.3) 0.938 0(0.0) 0.526 0(0.0) 0.271 3(50.0) <0.001 
S\\CCplllg and Collection 24(35.0) 7(10.1) 26(38.0) 4(5.8) 11(15.9) 48(70.0) 
Collection and Disposal 11(31.0) 3(8.3) 12(33.3) 3(8.3) 1(3.0) 27(75.0) 

SlIeepmg. Collection and 31(37.4) 13(16.0) 31(37.4) 5{6.0) 8(9.6) 44(53.0) 
Disposal 

\\asle handling COlllpall~ 
Azontaba 50(32.3) 19(12.3) 59(38.1) 7(4.5) 15(10.0) 101(65.2) 

Area Council 5(25.0) 4(20.0) 6(30.0) 1(5.0) 2(10.0) 7(35.0) 
loom lion 3(33.3) 0(0.0) 3(33.3) 0(0.0) 1(11.1) 1(11.1) 

lOll 27(52.9) 6(12.0) 19(37.3) 4(7.8) 4(7.8) 21(41.2) 
Arise and Shine 19(42,2) 0.068 3(7.0) 0.322 21(47.0) 3(7.0) 0.752 3(7.0) 0.967 28(62.2) <0.001 

Type of protective working 
~l'ar 

\\ eI i ington boot 63(36.4) 0.749 18(10.4) 0.496 73(42.2) 0.111 11(6.4) 0.333 18(10.4) 0.261 113(56.4) <0.001 
Gloves 55(34.2) 0.230 18( 11.2) 0.879 69(43.0) 0.085 9(6.0) 0.840 17(11.0) 0.259 96(59.6) 0.209 

Mouth/nose cover 33(37.0) 0.910 10(11.1) 0.908 42(47.0) 0.057 8(9.0) 0.081 10(11.1) 0.386 57(63.3) 0.107 
Overall apron 72(35.3) 0.297 24(12.0) 0.770 84(41.2) 0.139 13(6.4) 0.186 20(9.8) 0.386 130(63.7) <0.001 

E'po'llre of body parts 
"'!nuthinose 47(40.2) 0.375 10(8.6) 0.193 47(40.2) 0.642 5(4.3) 0.490 12(10.3) 0.511 68(58.1) 0.629 

Hands 91(381) 0.431 30(12.6) 0.118 89(37.2) 0.273 11(4.6) 0.212 16(7.0) 0.005 126(52.7) 0.002 
Le~feet 53(41.4) 0.176 12(9.4} 0.319 59(46.1) 0.018 4(3.1) 0.119 11(8.6) 0.857 74(57.8) 0.668 

P-value estimates from Likelihood Ratio Test 
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MllLTIVARIABLE ANALYSIS Of fACTORS ASSOCIATED WITH SELF-REPORTED HEALTH 

rCOMES 

ltrolling for the confounding effect of type of waste handling activity, type of waste management 

anization, type of personal protective working gear, the odds of reporting bodily pains among 

sle handlers whose hands were exposed was 3.3 times (95%CI: AOR 1.4-10.0) higher than 

ners whose hands were not exposed to waste materials. The use of personal protective working 

IT and exposure surfaces (leg/feet and mouth/nose) did not correlate with self-reported bodily 

ns. Workers whose hands were directly exposed to waste material were 4.2 times (95%CI: AOR 

-10.0) more probable to report cough symptoms than those whose hands were not exposed. The 

js of reporting headache among waste workers whose leg/feet were exposed to waste materials 

s 1.8 times (95%CI: AOR 1.1-2.9) greater compared to those whose leg/feet were not exposed. 

c odds of reporting bodily pains among waste handlers who worked for 1-2 years was 1.2 times 

5%CI: AOR 0.2-7.7) gretater than for those who worked for less than a year, whilst workers who 

Irked for more than 5 years were 50% less likely to report bodily pains (Table 4.8). 
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'\I1Ll·.4.X: rill I I I+CTOF \~ASTE HANDLING ACTIVITll~, fYPE OF PPG AND t_:\I'O~1 Kt. ~l'KJ'Al t.~ UI'! ~r"lJr". ""Lr-n. ..... V". LU 

11E,\l.fHOll'(o.\lES 

"'ol'''HJ~lI1ographic/waslc handling correlates Spedfie self-reported health (Il1!c()m.=es~· _____ ---------
Fever Headache Bodily pains 

Currenl MOlllhl.1 Salary 
Less than ¢SO.O 

¢SO-¢150 
\(). of Years worked 

'- I year 
1-2 years 
3-4 years 

5 or more years 
Waste Handlillg Activities 

Sweeping 
Disposal 

Colleclion 
Transportation 

Sweeping and Disposal 
Sweeping and Collection 
Collection and Disposal 

Sweeping, Collection and Disposal 
Waste handling Com pan) 

Azontaba 
Area Council 

loomlion 
lOlL 

Arise and Shine 
Type of protective working gear 

Wellington boot 
Overall apron 

E\posure surfaces 

AOR(95%C') p-value AOR(95%C') p-value AOR(95%CI) p-value 

1 
3.2( 1.5-6.9) 
1.2(0.7-2.2) 
4.4(1.0-IS.I) 

# 

# 
# 

0.096 

# 

# 
# 

I 
2.4(0.9-6.0) 

# 

# 

# 
# 

0.037 

# 

# 

# 
# 

I 
0.5(0.2-1.5) 

I 
1.2(0.2-7.7) 
0.3(0.0-1.8) 
0.5(0.0-5.0) 

1 
1.6(0.5-5.1) 
1.0(0.4-7.6) 
2.2(0.3- IS.O) 
4.4(0.5-30.0) 
3.0(1.1-7.0) 
4.4(1.5-13.1) 
1.7( 1.0-4.0) 

1 
1.0(0.1-8.2) 
0.3(0.0-8.0) 
1.0(0.1-9.0) 
3.6(0.5-28.5) 

2.0(1.0-4.0) 
1.7(0.5-6.7) 

0.222 

0.Q38 

0.063 

0.131 

0.129 
0.300 

Hands # # 1.0(0.3-1.3) 0.270 0.3(0.1-0.7) 0.004 
Legfeet 1.8(1.1-2.9) 0.018 1.1(0.7-1.8) 0.195 

Le;:elll/: ;; represents I'lJrlah/e,\ that were not included in the multivariable model since they were not significantly associated with the outcome 

\'ariah/t! of interest ill Ihe univariable analysis stage and therefore no estimate for odds ratio and p-value in the multivariable analysis, AOR is 
adjllsled odds ratio. 
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4.10 ASSOCIATIONS BETWEEN SOCIO-DEMOGRAPHIC CHARACTERITICS OF WASTE HANDLERS AND 

SELF-REPORTED MUSCl:1.0SKELET AI. PAIN 

The Likelihood ratio Chi-square test showed significant association between the level of education 

with lower back pain (p < 0.0001). Monthly salary was correlated with both lower (p < 0.0001) and 

upper back pains (p < 0.0001). Duration of work i.e. number of years worked was associated with 

both lower (p < 0.0001) and upper back pains (p < 0.0001); whilst number of hours worked per day 

correlated with upper back pain (p = 0.043). There was however no association between the 

covariates, age and sex with the outcome variable, reported musculoskeletal pains (p > 0.05) as 

shown in Table 4.9. 
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T \HII .... 9: SOC IO-()t'\lOGR.·\I'fIIC Ol-\RACT£RISTICS 01' \\ASTE H,\NDL£RS AND S£LF-R£PORTED I\Il'SCl'LOSh.t.U.1 AL "AI~1'I 

So('in-demographic Self-re~orted musculoskeletal ~ains 
charactl-ristics Neck pain Lower back pain Upper back pain Wrist pain 

n!%~ e-value n{%~ p-value n(%) p-value n(%) p-value 
Sn 

Male 11(15.9) 50(72.5) 52(75.4) \8(26.1) 
Female 38(18.0) 0.692 156(73.9) 0.811 160(75.7) 0.937 50(23.7) 0.689 

.\~c in years 
13-35 16(18.0) 64(71.1) 72(80.0) 22(24.4) 

35 and above 33(17.4) 0.933 142(74.7) 0.523 140(74.0) 0.244 46(24.3) 0.966 
Highest Education Level 

None 24(21.0) 94(81.7) 94(81.7) 29(25.2) 
Primary 14(18.0) 62{79.5) 61(78.2) 17(22.0) 

JHS 5(17.0) 19(63.3) 19(63.3) 5(17.0) 
MSLC 4(9.1) 25(56.8) 28(63.6) 14(31.8) 

Secondary 2(15.4) 0.485 6(46.2) <0.0001 10(76.9) 0.086 3(23.1) 0.620 
Current Monthly Salary 

Less than ¢80.0 7(16.3) 16(37.2) 23(53.5) 10(23.3) 
¢80-¢150 42(17.7) 0.817 190(80.2) <0.0001 189(80.0) <0.0001 58(24.5) 0.864 

i'lo. of Years worked 
< 1 year 33(20.4) 133(82.1) 135(83.3) 39(24.1) 
1-2 years 5(15.6) 21(65.6) 24(75.0) 7(22.0) 
3-4 years 10(13.0) 45(58.4) 46(59.7) 21(27.3) 

5 or more years 1(11.1) 0.489 7(78.0) <0.0001 7(78.0) <0.0001 1(11.1) 0.688 

Number of hours 
worked 

<1 0(0.0) 5(100) 5(100.0) 1(20.0) 
1-2 4(12.5) 19(59.4) 20(62.5) 8(25.0) 

0.434 0.047 0.043 0.966 
3-4 40(8.4) 166(76.2) 171(78.4) 52(23.9) 
>4 5(20.0) 16(64.0) 16(64.0) 7(28.0) 
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4.11 HI' ARIA TE ANAL l'SIS OF FACTORS ASSOCIATED WITH SELF-REPORTED MUSCULOSKELETAL 

PAINS 

The use of personal protective working gear, type of waste handling activity, type of waste 

management organization and current monthly salary were associated with self-reported lower and 

upper back pains (p < 0.05). The Likelihood ratio Chi-square test showed a significant relationship 

between self-reported neck pain and exposure of leg to waste materials (p = 0.037), whilst the 

exposure of hands to waste materials correlated with self-reported wrist pain (p = 0.008) (Table 

4.10). Exposure surfaces to waste material did not correlate to lower and upper back pains (p> 0.05). 
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T.\BU 4.1 U: f ~C10~ .<\SSOCIATED \HTH SEU·-Rt:PORTED 1\11 ~CULU~IU.Lt" I '\L rAII'~ 

Self-I'ejlllrted~lI!,culoskeletal pains 

\\ lisle handling correlates 
Neck pain Lower back pain Upper back pain Wrist pain 

Waste Handling Activitil'~ n(%) p-vaJue n(%) p-value n(%) p-value n(%) p-\aluc 

Sweeping 3(6.0) 33(64.7) 30(58.8) 7(13.7) 
Disposal 5(28.0) 11(61.1) 11(61.1) 2(11.1 ) 

Collection 1(8.3) 8(67.0) 9(75.0) 4(33.3) 
Iransportation 1(20.0) 3(60.0) 4(80.0) 1(20.0) 

Sweeping and Disposal 0.(0.0) 1(17.0) 1(17.0) 1(17.0) 
Sweeping and Collection 16(23.2) 53(76.8) 53(76.8) 16(23.2) 
Collection and Disposal 5(14.0) 29(81.0) 31(86.1 ) 12(33.3) 

S\\ccping. Collection and 18(22.0) 0.068 68(81.9) <0.0001 73(88.0) <0.0001 25(30.1) 0.234 
Displl~.ll 

\\"'l~te handling Company 
Azontaba 31(20.0) 128(83.0) 130(84.0) 37(24.0) 

Area Council 4(20.0) 9(45.0) 10(50.0) 3(15.0) 
Zoomlion 0(0.0) 3(33.3) 2(22.2) 0(0.0) 

ZOIL 8(16.0) 32(63.0) 37(73.0) 12(23.5) 
Arise and Shine 6(13.3) 0.298 34(76.0) <0.0001 33(73.3) <0.0001 16(36.0) 0.063 

Type of protective working 
gear 

Wellington boot 29(17.0) 0.681 144(83.2) <0.0001 139(80.4) <0.0001 44(25.4) 0.568 
Gloves 33(20.5) 0.121 132(82.0) <0.0001 127(79.0) 0.152 46(29.0) 0.049 

Mouth/nose cover 15(17.0) 0.800 72(80.0) 0.088 70(78.0) 0.577 23(26.0) 0.734 
Overall apron 38(18.6) 0.409 168(82.4) <0.0001 165(81.0) <0.0001 51(25.0) 0.646 

Exposure surfaces 
Mouth/nose 19(16.2) 0.637 87(74.4) 0.800 95(81.2) 0.067 35(29.9) 0.064 

Hands 17(18.0) 0.594 175(73.2) 0.747 181 (75.3) 0.987 51(21.3) 0.008 
Leg/feet 29(22.7) 0.037 94(73.4) 0.963 103(80.5) 0.087 32(25.0) 0.798 
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Ml'L TtV ARIABLE \NALYSIS OF FACTORS ASSOCIATED WITH SELF-REPORTED 

SCl'LOSKELET\L PAINS 

shaM} in Table 4.11. the higher the educational qualification attained by waste handlers (i.e. from 

nary to secondary), the less likely they reported lower back pain, compared with those with no 

lcalion (p < 0.001). For example, whilst the odds of reporting lower back pain among workers 

h only primary education was 20% less, this was 90% less for waste handlers with secondary 

Jcation, as compared with those with no formal education. Table 4.11 again depicts that 

ltrolling for use and type of personal protective working gear, type of waste handling activity and 

lC of waste management organization, the odds of reporting lower back pain among waste handlers 

10 earned between ¢80.0 to ¢150.0 a month was 8.4 times (95%CI AOR=2.0-35.3) greater than 

Irkers who earned below ¢80. Waste handlers who had worked for 1-2 years had 70% less risk of 

)Orting upper back pains compared with those who had worked for less than a year, whilst those 

10 worked for 5 years and above had 80% less risk of reporting upper back pains. Upper back pain 

d type of waste handling activities were dependent. Controlling for the effect of monthly salary, 

e and type of protective working gear and type of waste management organization, the odds of 

porting upper back pain among workers who performed single activities was 7 times greater for 

lDsporters (95%CI AOR:0.3-143.5), 2 times greater for collecters (95%CI AOR:O.4-ll.O) and 1.4 

nes greater for disposers (95%CI AOR:0.4-5.1) compared with sweepers. For workers who 

~rforrned multiple activities, the odds of reporting upper back pains was 5.6 times greater (95%CI 

OR: 2.0-17.0) for those who performed three activities a day (sweeping, collection and disposal), 

I times greater (95%CI AOR:1.l-15.2) for those who performed two activities (collection and 

sposal) and 2 times greater (95%CI AOR:O.5-5.0) for those who swept and collected waste every 

ly. comparcJ with sweepers only (Table 4.11). 
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T \HIT ~.II: TIH HIU fOF WASrE HANDLING ACTIVITIES O~ SELF-REPORTED MU~CULU~h.J:,Lt. LU. YAm" 

Socio-!lellllJgra ph if characteristics/waste Self-reported musculoskeletal pal ... 
Lower back pain Upper back pain 

handling correlate. AOR(95%CI) p-value AOR(95%CI) p-value 

Uighe,' Educatioll Ln'el 
None 

Primary 
JHS 

MSLC 
Secondary 

( urn'nt Monthl) Salar) 
Less than ¢80.0 

¢80-¢150 
No. of Years worhd 

~ I year 
1-2 years 
3-4 years 

5 or more years 
Waste handling acti,itic. 

Sweeping 
Disposal 

Collection 
Transportation 

Sweeping and Disposal 
Sweeping and Collection 
Collection and Disposal 

~\\ ~epJllg. Collection and Disposal 
Waste handling Company 

Azontaba 
Area Council 

Zoomlion 
ZOIL 

Arise and Shine 
Type of protective working gear 

1 
0.8(0.3-2.1 ) 
0~5(0.2-1.6 ) 
0.3(0.1-0.7) 
0.1(0.0-004) 

I 
8.4(2.0-35.3) 

1 
0.4(0.0-4.0) 
0.1(0.0-0.7) 
0.9(0.0-20.0) 

I 
1.2(0.3-4.8) 
1.0(0.1-3.0) 
1.\(0.1-17.0) 
0.1 (0.0-1.8) 
1.2(0.4-4.0) 
1.6(0.5-6.1 ) 
2.2(0.7-6.4) 

I 
21.3( 1.3-342.3) 
9.1(0.3-298.0) 
33.0( 1.7-635.5) 
8.0(0.5-110.0) 

<0.001 

0.023 

0.108 

0.147 

0.261 

#I 
#I 

I 
3.7(0.9-15.2) 

I 
0.3(0.0-3.5) 
0.1(0.0-0.8) 
0.2(0.0- 4.2) 

1 
1.4(0.4-5. J) 
2.0(0.4-11.0) 
7.0(0.3-143.5) 
0.2(0.0- 3.0) 
2.0(0.5-5.0) 
4.1(1.1-15.2) 
5.6(2.0-17.0) 

1 
1.3(0.1-15.7) 
0.4(0.0-11.1) 
4.1(0.3-62.4) 
5.7(0.5-71.2) 

Wellington boot 2.0(0.6-3.9) 0.607 1.0(0.2-1.6) 
Gloves IA( 1.0-3.5) 0.524 # 

Overall apron 2.3(0.5-11.0) 0.836 0.3(0.1-2.0) 

#I 
#I 
#I 
#I 

0.169 

0.002 

<0.001 

0.023 

0.458 
# 
0.221 

Lt!J:l!l/d: # represenls mriuhll!s Ihal were not included in Ihe multivariable model since they were not significantly associated with the outcome 

I'lIri£1hll! of intt!rI!Sllllld Ihae/ure no estimate for odds ratio and p-value in the multivariable analysis 
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4.13 PREVALENCE OF FAECAL INDICATOR E. COLI AND COLI FORMS AMONG WASTE HANDLERS 

BEFORE AND AFTER WORK 

The overall prevalence of faecal contamination measured by the presence of indicator E. coli and 

Coliform after work among persons engaged in waste handling was estimated to be 23.2% (95%CI: 

18.4-28.6) and 29.3% (95%CI: 24.0-35.0) respectively. The concentration of indicator E. coli and 

Coliforms among waste handlers before work were 133.9± 936.6CFU/ml and 375.5± 1804.7CFU/ml 

(mean± standard deviation), respectively. The concentration of indicator E. coli and Coliform after 

work were 3234.8±1l402.9CFU/ml and 5300± 1 8 I 78.8CFU/ml, respectively. The number of waste 

handlers that tested positive for both E. coli and Coliform was 16 (5.7%). The Wilcoxon rank sum 

test p-value indicated that there was no association between presence of E. coli and Coliforms (Fisher 

Exact p = 0.437). 

·"'4 UNIVARIAOH ANALYSIS OF FACTORS ASSOCIATED WITH CONCENTRATION OF E. COLI 

AMONG WASTE nANDLERS 

The Wilcoxon matched-pairs signed test indicated a significant difference (p < 0.0001) in the level of 

E. coli before and after waste handling. The proportion of waste handlers that tested positive to faecal 

indicator E. coli was 23.2% (95%('1: 18.4-28.8). The mean log concentrations of indicator E. coli 

among waste handlers after work was 0.079 ± 1.6 CFu/50ml. The Kruskal Wallis test indicated a 

significant difference <i = 18.8, p = 0.0086) in log concentration of indicator E. coli among the types 

of waste handling activities. Dunn's test indicated that there was a significant difference (p = 0.0083) 

in the concentration of E. coli among waste workers who only swept every day and those who 

performed two or more waste management activities everyday such as sweeping, collection and 

disposal. There was not enough statistical evidence to suggest that the level of I .. ' coli among waste 
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handlers was dependent on the use of personal protective working gear (r = 0.91. p = 0.6354). The 

Wilcoxon rank sum test p-values indicated that exposure surfaces to waste (hands, mouth/nose and 

feet) were independent of level of E. coli among workers (p > 0.05). 

4.14 UNIVARIABLE ANALYSIS OF FACTORS ASSOCIATED WITH CONCENTRATION OF COLIFORM 

A:vlONG WASTE HA:-.IDLERS 

The Wilcoxon matched-pairs signed test showed a significant difference (p < 0.0001) in the level of 

Coli forms before and after waste handling. The mean log concentrationsllevel of Coliforms among 

waste handlers was 0.93 ± 1.7 CFU/ml and the proportion of waste handlers that tested positive to 

Coliform was 29.3% (95% CI: 23.9%-35.3%). The concentration of Coliform was not significantly 

different among the various type of waste management activities (i = 7.4, p = 0.381) and waste 

management organization (r = 8.37, p = 0.0789). The rank sum test p-value estimate showed a 

significant difference in the Coliform concentration among waste handlers whose legs were exposed 

(p = 0.015). The type and use of personal protective working gear as well as exposure of hand and 

mouth to waste were independent of level of Coli forms among waste handlers (p > 0.05). 

4.16 EFFECT OF SOCIO-DE.\IO(;HAPHIC CHARACTERISTICS AND DURATION OF WORK ON THE 

CONCENTRATION OF E. COLI/COLIFORM AMONG WASTE HANDLERS 

The results of the binary logistic regression analysis showed that level of education and number of 

hours spent per day on waste handling activities did not correlate with concentration of both E. coli 

and Coli forms on hands of waste handlers after work (Table 4.12). With respect to age. however. the 

results showed that waste handlers who were above 35 years were 4 times (95%CI: AOR:2.0-8.0) 

more likely to have faecal indicator E coli on hands compared with those below 35 years. Female 
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waste handlers were 50% less likely to have faecal indicator E. coli on hands compared with male 

waste handlers. Waste handlers who earned between ¢80-¢150 were 2.4 times (95%CI: AOR:1.3-

4.4) more likely to have faecal indicator Coliforms on hands compared with those who earned less 

than ¢80 per month. There was 1.2 times (95%CI: AOR: 1.3-4.4) higher likelihood of contamination 

of hands with indicator Coliforms for waste handlers who have worked between 1-2 years compared 

with those who have worked for less than a year (Table 4.12). 



.\IF \~( 'I<ED In J'I<ISENCf O~ FAE< \1 "OJ( ATOR E. COLI AND COLIFORM 

Socio-demographic/duratj,)11 Faecal contamination measured bl: tbe ~resence of indicator E. coli and Coliform 
characteristics E. coli Coliform 

n(%) OR(95%CI) P-value n(%) OR(95%CI) P-value 
~l'\ 

Male 24(35.0) 1 22(32.0) 1 
Femak 41(19.4) 0.5(0.3-0.8) 0.010 60(28.4) 0.8(0.5-1.5) 0.585 

\gl' in ~l"lrs 
<35 9(10.0) 1 24(27.0) I 

35 and above 56(29.5) 4.0(2.0-8.0) <0.001 58(30.5) 1.2(0.7-2.1 ) 0.508 
Highest Education Ll'\'C1 

Nllll~ 24(21.0) I 39(33.9) 1 
Primal") 16(20.5) 1.0(0.5-2.0) 20(25.6) 0.7(0.4-1.3 ) 

JHS 10(33.3) 1.9(0.8-4.6) 0.348 6(20.0) 0.5(0.2-1.3) 0.441 
MSLC 13(30.0) 1.6(0.7-3.5) 13(30.0) 0.8(0.4-1.7) 

Secondary 2(15.4) 0.7(0.1-3.3) 4(31.0) 0.9(0.3-3.0) 
Current Monthly Salary 

Less than ¢80.0 11(26.0) 1 14(16.3) 1 
¢80-¢ 150 54(23.0) 0.9(0.4-1.8) 0.690 150(31.7) 2.4(1.3-4.4) 0.005 

!\o. of Years worked 
< I year 41(25.3) I 53(32.7) 1 
1-2 years 6(19.0) 0.7(0.3-1.8) 12(37.5) 1.2(0.6-2.7) 0.037 
3-4 years 16(21.0) 0.8(0.4-1.5) 0.423 16(21.0) 0.5(0.3-1.0) 

5 or more years 2(22.2) 0.8(0.2-4.2) 1(11.1) 0.3(0.0-2.1 ) 

Number of hours worked 
<I 2(40.0) 1 0.363 4(80.0) I 0.698 
1-2 5(15.6) 0.3(0.02-3.7) 6(18.6) 0.1(0.01-0.3) 
3-4 50(22.9) 0.4(0.04-4.9) 65(29.8) 0.1 (0.03-0.3) 
>4 8(32.0) 0.7(0.1-8.8) 7(28.0) 0.1(0.02-0.4) 

IIr%; rellrecl<'lItjrt!(jUl'IILY (//1(/ roll' percell/age 
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4.17 OEHR\IINA'TS OF FAECAL CONTAMINATION OF HANDS AS MEASURED BY PRESENCE OF 

IN Ole A TOR E. COLI AN 0 COLIFORM 

The results from the zero inflated negative binomial regression model indicated that, type of waste 

management organization and type and use of personal protective gear were significantly associated 

with the concentration Ilevel of E. coli and Coliforms (p > 0.05). The exposure surfaces of waste 

handlers (hands, mouth Inose and feet) were neither associated with concentration of E. coli nor 

Coli forms (p > 0.05) Waste handlers who worked for the Area Council were three times (95%CI: 

AOR: 1.1-8.0) more likely to have faecal indicator E. coli on the hands compared with those who 

worked for Azontaba Construction Industries CACI) (Table 4.13). 



I~i,k factors 

Wa.,'l' Handling Acti\'itil'~ 
Sweeping 
Disposal 

Collection 
Transportation 

Sweeping and Disposal 
Sweeping and Collection 
Collection and Disposal 

Sweeping, Collection and Disposal 
Waste handling ('ompany 

Azontaba 
Area Council 

Zoomlion 
ZOIL 

Arise and Shine 
Type of protective working gear 

Faecal contamination measured by the presence of E. coli and Coliform 
E. coli Colifonn 

n(%) OR(95%CI) P-value n(%) OR(95%CI) P-value 

8(16.0) 
3( 17.0) 
5(42.0) 
3(60.0) 
2(33.3) 
15(21.7) 
11(31.0) 
18(22.0) 

39(25.2) 
10(50.0) 
1(1l.l) 

10(19.6) 
5(l1.l ) 

1 
1.1(0.3-4.6) 

3.8(1.0-15.2) 
8.1 (1.2-56.2) 0.483 
2.7(0.4-17.2) 

1.5(0.6-3.8) 
2.4(0.8-6.7) 
1.5(0.6-3.7) 

1 
3.0( 1.1-8.0) 
0.4(0.1-3.1) 0.038 
0.7(0.3-2.0) 
0.4(0.1-1.0) 

16(31.4) 
6(33.3) 
4(33.3) 
0(0.0) 
0(0.0) 

18(26.1 ) 
14(39.0) 
24(28.9) 

52(34.0) 
4(20.0) 
1(11.1) 

12(23.5) 
13(29.0) 

1 
1.1 (0.3-3.4) 
1.1 (0.3-4.2) 

•••• 
•••• 0.914 

0.8(0.3-1.7) 
1.4(0.6-3.4) 
0.9(0.4-1.9) 

1 
0.5(0.2-1.6) 
0.2(0.03-2.0) 0.239 
0.6(0.3-1.3) 
0.8(0.4-1.7) 

Wellington boot 38(22.0) 0.8(0.5-1.5) 0.529 58(33.5) 1.7(1.0-3.0) 0.049 
Gloves 37(23.0) 1.0(0.6-1.7) 0.914 56(35.0) 1.9(1.1-3.3) 0.022 

Mouth/nose cover 21(23.3) 1.0(0.6-1.8) 0.974 25(28.0) 0.9(0.5-1.6) 0.703 
Overall apron 45(22.1) 0.8(0.4-1.5) 0.454 64(31.4) 1.5(0.8-2.7) 0.210 

Exposure surfaces 
Mouth/nose 28(23.9) 1.1(0.6-1.9) 0.810 35(39.9) 1.1(0.6-1.8) 0.845 

Hands 55(23.0) 0.9(0.4-2.0) 0.847 69(28.9) 0.9(0.4-1.8) 0.712 
Leg/feet 32(25.0) 1.2(0.7-2.1) 0.516 36(28.1) 0.9(0.5-1.5) 0.695 

OR i~' unadjusted odds ratio, .... indicate the fact that parameter estimates were not possible since the number workers thai had the outcome of 

interest was zero, n(DA) represent frequency and row percentage 
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4.18 MlLTIVARIABLE ANAL\SIS OF FACTORS ASSOCIATED WITH CONCENTRATION/LEVEL OF E. 

COLI AND COLI FORMS AMONG WASTE HANDLERS 

Table 4.14 shows that controlling for type of waste management organization and sex, the odds of 

having faecal indicator E. coli on hands was 4.2 (95%CI: AOR:1.9-9.l) times higher among waste 

handlers aged 35 years and above compared with those less than 35 years. The odds of having E. coli 

on hands for waste handlers who work for Area Council was 3 times (95%CI: AOR: 1.0-8.4) higher 

than for workers who worked for Azontaba company controlling for age and sex. Controlling for the 

confounding effect of waste management organization, the use of Wellington boot and gloves, the 

odds of having Coliform on hands was 1.9 times (95%CI AOR:0.4-8.8) greater for waste handlers 

who have worked for 1-2 years compared with those who have worked for less than a year (Table 

4.14). 
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(OU ,\1\1) COLIFORM 

SlIcio-dl'l1wgraphic 
eh~lnll'll'risties 

Sn 

Age in years 

Ivlak' 
Female 

<35 
35 and above 

No. of 'l'ars worked 
< I year 
1-2 years 
3-4 years 

5 or more years 
Wa~tc handling ('ompan~ 

Azontaba 
Area Council 

Zoomlion 
ZOIL 

Arise and Shine 
Type of protective working 
gl',tr 

Wellington boot 

Gloves 

Faecal contamination 
Presence of E. coli 

AOR(95%CI) P-value 

I 
0.4(0.2-0.8) 

I 
4.2(\.9-9.1) 

**** 
**** 
**** 
**** 

I 
3.0( 1.0-8.4) 
0.4(0.0-3.0) 
0.6(0.3-1.4) 
0.3(0.1-1.0) 

**** 
**** 

0.009 

<0.0001 

**** 

0.009 

**** 
**** 

Presence of Coliform 
AOR(95%Cl) P-value 

**** 
**** 

**** 
**** 

I 
1.8(0.4-8.9) 
0.3(0.0-2.5) 
0.2(0.0-1.3 ) 

I 
1.6(0.4-6.7) 
1.8(0.1-24.0) 
4.1 (0.8-20.5) 
3.9(0.8-20.0) 

1.2(0.7-2.4) 

1.8(0.9-3.3) 

**** 
**** 

**** 
**** 

0.027 

0.499 

0.505 

0.073 

•• "'* Represent co variates that were not associated with faecal contamination at lhe Univariable analysis stage and therefore no parameter 
e.lllmlltion althe multivariable stage, AOR is adjusted odds ratio estimate from a multivariable binary logistic regression analysis 
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.U9 INCIDENCE RATE AND INTENSITY OF HELMINTHES INFECTIONS AMONG WASl E HANDLERS 3 

A~D 6 MONTHS POST-TREATMENT 

The incidence rate of helminthes infections 6 months post-treatment among persons engaged in 

waste handling activities was 1.46% per month. No helminthes eggs were identified in stool 

specimen of waste handlers 3 months post-treatment with Albendazole. However, eggs of Trichiuris 

Irichiura were identified among 12 waste handlers at 6 months post-treatment. There was no 

infection recorded for waste handlers who engaged in only sweeping, only disposal or who 

performed both activities in a day (Table 4.15). Among the five waste handlers who transported 

waste every day. two (representing 40%) had helminthes infections. Even though the intensity of 

hclminthes infections 6 months post-treatment was light, (Le. between 1- 999 egg per gram), waste 

handlers who only transported waste had the highest level of intensity (Mean = 33.6 ± 44.1 SO) 

(Table 4.15). Overall. the geometric mean intensity of helminthes infection was 2.8 ± 16.6 egg/gram 

at 6 months post-treatment. The proportion of light intensity helminthes infection rate among waste 

handlers was 4.3% at 6 months post-treatment. In relation to moderate and high intensity helminthes 

infection, the prevalence was 0.0% in both categories (i.e. 3 and 6 months post-treatment). Bivariate 

analysis of factors associated with the presence of helminthes among waste handlers, using the 

Likelihood ratio Chi square test statistic indicated a correlation between waste handling activity and 

helminthes infections (LR=15.3, p = 0.033). 
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3 AND 6 MONTHS POST -TREA TMENT, 
TABLE .US: INTENSITY OF HELMINTHES INFECTIONS, 

CATEGORIZED BY TYPE OF WASTE HANDLING ACTIVITY 

Type of activity 

Sweeping 

Disposal 

Collection 

Transportation 

Sweeping and Disposal 

Sweeping and Collection 

Collection and Disposal 

Sweeping, Collection and 
Disposal 

Intensity of helminthes infection 
(Mean egg per gram (epg») 

3 months/post- 6 months/post-
treatment treatment 

•••• 0.0 

•••• 0.0 

•••• 1 (8.0) 

•••• 2 (33.6) 

•••• 0(0.0) 

** •• 5 (6.6) 

•••• 2 (1.3) 

* ••• 2 (0.3) 

*SD Egg per graml6 
months post-

treatment 

0.0 

0.0 

20.8 

44.1 

0.0 

28.0 

5.5 

2.6 

·SD - Standard de~·iation . .... Represents no helminthes infections at 3 months post-treatment. 

4.19.1 FACTORS ASSOCIATED WITH THE PRESENCE OF HELMINTHES AMONG WASTE HANDLERS 

[,able 4.16 shows that the sex of waste handlers and the use of gloves as a protective working gear 

were the only covariates associated with helminthes infections in the multi variable stage of the 

analysis. The analysis showed that the odds of helminthes infections among females was 80% less 

than the odds of helminthes infections among male waste handlers. Similarly, waste handlers who 

used gloves were 80% less likely to acquire helminthes infections compared to those who did not use 

gloves. 
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TABLE 4.16: SOCIO-DEMOGRAPHIC AND RISK FACTORS ASSOCIATED WITH HELMINTHES 

1~"ECflO'S 

Socio-demograpbicJRis k factors 

Sex 
Male 

Female 

Age in years 
<35 

35 and above 

No. of Yean worked 
< 1 year 
1-2 years 
3-4 years 

5 or more years 

Number of houn worked 
<I 
1-2 
3-4 
>4 

Waste bandling activity 
Sweeping 
Disposal 

Collection 
Transportation 

Sweeping and Disposal 
Sweeping and Collection 
Collection and Disposal 

Sweeping, Collection and Disposal 

T)'pe of protecth'e working gear 
Wellington boot 

Gloves 
Mouth/nose cover 

Overall apron 

Exposure surfaces 

Helmintbes infections 6 months post-treatment 
AOR(95%CI) P-value 

I 
0.2(0.0-0.8) 

I 
1.0(0.9-1.1) 

•••• 
3.2(0.6-18.4) 

**** 

••• * 
**** 

0.1(0.0-7.0) 

•••• 
8.3(1.1-62.4) 
8.0(.08-87.0) 

**** 
8.1(1.5-43.3) 
1.0(0.1-8.0) 

*"'** 

***. 
0.2(0.2-1.9) 

4.6(2.0-16.6) 
0.3(0.0-3.2) 

0.009 

0.790 

0.319 

0.691 

0.963 

**** 
0.033 
0.052 
0.296 

Mouth/nose 2.5(0.6-9.7) 0.184 
Hands 1.2(0.3-5.8) 0.780 

Le feet 1.8 0.5-6.9 0.397 
.... indicate the fact that parameter estimates were not possible since the number of workers that had the 
vutcome of illlereJl was zero; AOR is adjusted odds ratio estimate from a muilivariable binary logistic regre,Hivl/ analysis. 
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f. /9.1 COMPARA TIVE ANAL YSIS OF FACTORS ASSOCIATED WITH CONTAMINATION OF HANDS WITH 

E. COLI, COLI FORMS AND INTENSITY OF HELMINTHES INFECTION AMONG WASTE HANDLERS 

The geometric mean concentrations of helminthes among waste handlers was 2.8 ± 16.6 egglg and 

the incidence rate of helminthes infections among persons engaged in waste management activities 

was estimated to be 1.46% per month. The Kruskal Wallis test results showed a significant difference 

in the level ofhelminthes infection among the different types of waste handling activities (r = 27.4, 

p = 0.0003) (Table 4.17). The Kruskal Wallis test indicated a significant difference (r = 18.8, p = 

0.0086) in log E. coli concentrationllevel among the type of waste handling activities. Dunn's test 

indicated that there was a significant difference (p < 0.0083) in the level of E. coli among waste 

workers who only do sweeping every day and those who perform two or more waste management 

activity everyday such sweeping, collection and disposal. There was no association between log 

Coliform concentration and type of waste handling activities (Table 4.17). 
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J \ULt .... ) 7: CO.\IPARA 11\'1 \1\ \ [,\,SIS OF INTE!\SIT\ OF HELMINTHES I!'iFECnUl'< ANU l Ul'It. l:. ~ ''''''' IOU.' ur I ...... "" ...... _._ ••• _ ••• 

\! HO-''' I "t: 01. FERt.N'I TVI'r" Ot \\ ASTE HANOLlM; ACTIVITIES 

Waste handling activities 

IJdminlh infcdion and indicators of faecal 
contamination 

Intensity ofhelminthes infection (egg/gram) 

Log E. coli concentration in CFU/ml 

XZ estimates with ties p-value*" 

27.44 0.0003 

18.88 0.0086 

Log Coliform concentration CFU/ml 7.47 0.385 

Posthoc test to examine 
difference based on Dunn's 
mUltiple comparison 
test (p<O.05) 

C&S, T &S, SC&S, T &D, D&C, 
T &C, SCD&C, D&T, C&T, 
SD&T, SC&T, DC&T, SDC&T, 
D&SD, C&SD, D&SC, 
SDC&SC 

T &S, DC&S, T&D, T &C, 
SD&T, SC&T, DC&T, SDC&T, 
D&SD, C&SD, D&SC, 

legelld: S represel1l sweepinK. D (di~posal), C (collection), T (/'ransporl), SD (Sweeping and disposal), SC represent sweeping and collection. 
CD (collection and di~p(}sal) SDC (sweeping. collection and disposal), n(%) represent frequency and row percentages, M is the median 
('I/illlll/e. IQR is interquartile range . .. represent Kruskall Wallisp-value estimates 
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"20 DIAGNOSTIC PERFORMANCE OF THE TEST USED TO DISTINGUISH WASTE HANDLERS WITH AND 

WITHOUT FAECAL INDICATORE. COLI AND COLIFORM 

The Bland-Altman analysis indicated that there was 95% limits of agreement between E. coli and 

Coli forms indicators for evaluating levels of contamination of hands of waste handlers (i.e -2.1 to 

1.8) as shown in Figure 4.3. The probability that the waste handlers were correctly classified by the 

test as having E. coli and Coliform was 94.1 % and 50.0% respectively Thus, the E. coli and 

Coliforms provide similar measures for estimating the level of contamination of hands by faecal 

maner among the waste handlers. The Pitman's Test of difference in variance between the two 

indicators was not significant (p = 0.978). 
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FIGURE 4.3: THE BLAND ALTMAN PLOT OF FAECAL INDICATOR E. COLI AND COLIFORM CONCENTRATION 
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RESlLTS OF Ql'ALlT\ TlVE STlIDV 

Ie qualitative phase of this study, the responses of waste handlers were utilized to explore their 

eption about work conditions including use of Personal Protective Gears (PPGs), common health 

,Iems and hygiene related issues. The purpose for using the qualitative study was to triangulate 

complement the quantitative phase of this study. Thematic content analysis was used to analyze 

ljualitative data. Statements which were irrelevant to the research question were not included in 

report. The themes which emerged were the general impressions of the waste handlers which 

~inated from the in-depth interviews a posteriori. 

1.1 PERCEPTIONS ABOUT THE USE OF PERSONAL PROTECTIVE GEARS 

jepth interviews with the 22 waste handlers showed that two-thirds had knowledge about the 

ea~e protective purpose of wearing PPGs and the health implications they are likely to experience 

hey do not use PPOs. These are illustrated in the responses by waste handlers below: 

<: \~ year old female performing mUltiple tasks iterated that; 

e use gloves 10 cover our hands, nose cover to cover our mouth and nose, Wellington boot and 

Jes, to cover our feet. We use 01/ these to protecl ourselves from becoming ill when we are working 

'h Waste .. 

\ 35 year old male waste collector also explained that; 

(we do not use the h d I 
an g oves '" we can contract some of the health problems. like diarrhoea ". 

lother waste handler said; 'Th" h 
IS IS W !Y we have to be given something to cover our nose to 
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· h to" dust that we inhale" (10 year old female waste handler who performed 
ml:e t e amoun 'J 

iple tasks) 

field observations revealed that most waste handlers did not use PPOs consistently throughout a 

s work. In-depth interviews thus further sought to understand the main barriers to using PPOs 

the results are illustrated in the section below. 

1.2 BARRIERS TO USING PERSONAL PROTECTIVE GEARS 

: reason mentioned by waste handlers was the inability to purchase PPO from personal funds. 

s was the concern for a group of waste handlers who were not officially employed by waste 

lagement companies and were made up of scavengers, night-soil-collectors, volunteer community 

;te handlers and private public toilet managers. These groups of waste handlers constituted 

oroximately one fourth of all waste handlers and represented the poorest, since they only received 

Iy wages based on the waste they scavenged and sold, how many households they visited to empty 

ines or hO\v many customers used public toilet facilities. The community volunteer waste handlers 

not receive monthly salaries or allowances since they only performed waste handling activities 

:asionallyas part of communal initiatives. 

e night soil collector explained his inability to purchase PPO to work with during manual 

lection and transport of night soil when he said; 

r I am transporting the human faeces, I don't have anything to cover my nose .... sometimes, what I 

, to protect myself gets spoilt and I don 'f have money to replace it ". 
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ough the use of bare hands in night soil collection would represent a very high exposure to faecal 

ogens and the associated risk for oral transmission of disease among waste handlers involved, 

·isk of disease was paradoxically mainly associated with the bad smell of faeces. 

,ther reason for not using PPG was simply not having it at all or inability of employers to replace 

n when they become worn out. 

·as not given anything to cover the nose. The entire bad air goes into me" ... ... This was narrated 

155 year old male disposer. Another 27 year old male driver of waste carrying tricycle also said; 

fl'e nothin}? to cover my mouth and nose. Sometimes I put on no protective gear ". . ........ (27 

rs old male. who transported waste). 

najority of waste handlers believe that PPGs must be provided by employers. Once employed by 

aste company, waste handlers were supposed to receive PPGs to perform their work. However, it 

s mentioned, during the in-depth interviews, by all waste handlers that once employed by waste 

npanies. PPGs were not supplied to all waste handlers. For waste handlers who were even 

Ivided with PPGs, these were not replaced by the employer after the protective gears became worn 

:. A 61 year old male sweeper narrated that; 

hey (employers) must give us the nose covers and the gloves. We must get those items so that if we 

~ goin}? to clean the toilet, we will wear them to prevent us from gelling the stomach problems and 

Ise sicknesses .. 

aste handlers had to manage with using torn or worn out PPGs that d,'d 
not protect them 

equately. A 32-years old female collector described the problems: 

98 



en I use the nose cover today and fIX it again for a period of time, sweat gets into it and then il 

~s out some bad smell and makes it uncomfortable to use ". 

IS personal discomfort was a major barrier to wearing PPG. A waste collector expressed his 

ngs of panting for breath when wearing nose masks: 

~ nose cover causes us to pantfor breath. There are some pores in the nose cover ... Sometimes we 

in to pantlor breath, so we take it off at a point and continue to work" (55-years old male waste 

ector). 

blem with using gloves and boots were also commonly mentioned in interviews. The problems 

ed were mainly related to experiences of skin becoming hot, humid or wet inside gloves and 

It" and developing into skin problems. One 55-years old male waste collector described the effects 

Ising Wellington boots: 

7r the boots sometimes. I contract loot rot when I use it for a long time ". 

'Ilington boots were also perceived as too heavy and unpractical to wear by everyone interviewed: 

or the wellington boots, once the feet keep so long in the boot, my foot becomes hot. It's very 

ficult wearing them, because the boot is heavy and walking in the sun, it's not easy" .... (A 37-

Irs old male waste disposer). 

34-years old female sweeper had similar experiences with using gloves: 

he gloves ... it's just that my fingers do not get enough air,' they get wet. 

'm the gloves it/eels as though it'slrom the cold store ". 
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ajor barrier mentioned to wearing PPG was discomfort. Discomfort with using mouth/nose mask 

commonly mentioned including feelings of panting for breath, having to use old masks which 

lot protect from the inhalation of bad smell from human faeces and putrefying solid waste. This 

explained by a 55 years old male waste collector; 

! nose co\'er causes us to pant for breath. There are some pores in the nose cover but if the pores 

Ime (00 big (or torn), we inhale the bad smell. Sometimes we begin to pant for breath, so we take 

r al a point and continue to work. " 
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TABU 418' CODING FRAME FOR TilE USE OF PERSONAL PROTECTIVE GEAR 

Content analysis by inductive reasoning 

mizing Codes/meaning Description and Quote(s) 

ne unit definition of code 

:eofPPGs 1.1 Equipment Specific equipment and .. We were given nose cover. safety boot. 

and personal PPGs used in waste overall (that we put on). We use all 

protective gear handling include: these to protect ourselves. We wear 

(PPG) used in - Oro-nasal mask them from the house. This is to ensure 

waste handling - Wellington boot that the dirt and faecal matter does not 

by waste - Shoes have any physical contact with our 

handlers in - Overall gown body . ....... (32 year old/emale, who 

Pram pram - Gloves pet/orms multiple task). 

- Long-stick brooms 

- Rake 
- Shovel 

- Helmet 
- Goggle 
- Wheel-barrow 
- Tricycles (manual and 
motor-powered) 
- CutlasslMachete 

1.2 Rational for Reason for wearing PPGs .. We use gloves to cover our hands. 
use ofPPGs - To prevent physical nose cover to cover our mouth and 

contact with human faecal nose. Wellington boot and shoes, to 
matter during waste cover our feet. We use all these to 
handling protect ourselves from becoming ill 
Functions of equipment when we are working with 'waste '. We 
and specific PPGs used in also use shovel and rake to collect the 
waste handling waste ..... (32 year old/emale, who 
- Glove - to avoid physical sweeps and collects waste) 
contact of the hand with 
human faecal matter .. We weed, when we see any where 
- Overall gown (high closer to the road which is bushy. we 
visibility)- to avoid the use machete to clear it all. Then we use 
direct impact of the sun, to the tricycle to collect and transport the 
be noticed by people and grass together with other waste like 
by on-coming vehicles human faeces" .... (35 year old male 

- - - Nasal-oral mask - to w"o sweeps, collects ami disposes 
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Content analysis by inductive reasoning 

izing Codes/meaning Description and Quote(s) 

~ unit definition of code 
avoid inhalation of bad waste) 

smell from human faecal 
matter, dust (from "The helmet, boot, nose cover, goggle, 

sweeping) and smoke gloves, and the overall are the items we 

(from burning 'waste') use to protect ourselves during waste 

- Helmet - to avoid the work. ..... (35 year oldfemale who 

direct impact of the sun, to sweeps waste) 

be noticed by other people 
and by on-coming vehicles .. When I am going to work, I put on my 

- Wheel-barrows and working gear/clothe. I wear gloves so 

tricycles - to transport that the germs that may be in the faeces, 

waste does not get into my palm" ..... (55 year 

- Cutlass - to cut/clear old male who performs multiple task) 

weeds. 

I 

"If I don't use the nose cover, the hand 
Overall reason tor using gloves or the wellington boot. If I do 
PPGs in waste handling: not use. any of these work gears I could 
Waste handlers use easily contract diarrhoea, typhoid or 
personal protective gears give to my children at home. When I am 
(PPGs) to protect bare footed, it is easy for me to contract 
themselves from the direct health problems . ....... (27 year old male 
physical contact of waste disposer of waste) 
materials during waste 
handling. If the PPGs are "The health problem comes through 
used appropriately. it will inhalation of the dust that rises when we 
prevent direct contact of are sweeping waste. The dust gets into 
waste to the body and our nose. and you notice that your 
reduce the impact of throat is irritated. There will be the 
health problems that can needfor you to go to the drug store for 
be experienced as a result you to explain to them (pharmacists or 
of waste work. However. chemical sellers) the problem you have 
if the PPGs are not so they can give you the appropriate 
appropriately worn, then drug. This is why we have to be given 
it will be easy to acquire something to cover our nose to minimize 
health problems in waste the amount q( dust that we inhale . ......... 
handling. (40 yellr oltlfemllie sweeper) 
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Content analysis by inductive reasoning 

izing Codes/meaning Description and Quote(s) 

unit definition of code 

Waste handlers also belief "This is because ifwe do not use. the 

that inhalation of dust and nose cover or the hand gloves or the 

faecal odour can equally Wellington boot ... we can contract 

cause health problems ". some of the health problems. like 

diarrhoea that you are talking 

about" ....... (35 year old male who 

sweeps, collects and disposes waste) 

"The nose cover causes liS to pant for 

breath. There are some pores in the 

nose cover but if the pores are too big 

(or torn). we inhale the bad odour. 

Sometimes we. begin to pant for breath. 

so we take it off at a point and continue 

to work. " ...... (55 year old male who 

sweeps, collects and disposes waste) 

1.3 Personal Specific PPGs and "The gloves do not give much 
discomfort associated personal discomfort whiles working. Just that my 
experienced by discomfort during waste fingers do not get enough air: they get 
waste handlers handling wet. When I take the fingers.from the 
in using PPGs gloves it feels as though it's from the 

Oral-nasal mask cold store" ..... (34 year oldfemale wllo 
- Pant for breath sweeps and collecls waste) 

I 
- Sometimes they are torn 
and bad smell is still "For the wellington boots. once the feet 

i inhaled keep so long in the boot. then my foot 
Gloves becomes hot. " It's very dftficult wearing 
- fingers do not get enough them. because the boot is heavy and 
air and they become wet walking in the sun. its not easy but all 

the same, since that is what they have 
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Content analysis by inductive reasoning 

,izing Codes/meaning Description and Quote(s) 

e unit definition of code 

Wellington boots given us to use and that is what is going 

- feet become hot protect you, then we have to use it" . ..... 

- it is heavy (37 year old male who collects and 

- experience foot rot disposes waste) 

1.4 Personal "We must get the nose covers and the 

experience and gloves. We must get those items so that 

awareness by ifwe are going to clean the toilet. we 

waste handlers will wear them to prevent us from 

about the impact getting the stomach problems and those 

of not using sicknesses" ....... (61 year old male, 

PPGs who sweeps public toilet facility at 
Olowe.) 

"I was not given anything to cover the 
nose. The entire bad air goes into me. 

Sometimes 1 put on no protective gear 
which 1 think gives me the health 
problems like diarrhoea" ...... (55 year 
old male disposer. 

I, "If 1 am transporting the human faeces. 
1 don't have anything to cover my nose. 
1 know 1 canfall sick because of this ". 
Sometimes, what I use to protect myself 
gets spoilt and I don't have money to 
replace it or it always delay before I get 
some, and I sometimes use my bare 

hands and the nose to do the work, so 
that is why I can get those sickness . ....... 
(38 year old male, who collects and 

-- - disposes humanfaecal waste at night) 



21.3 WASTE HA~DLlNG ACTIVITIES AND POOR HAND HYGIENE 

bservations carried out at sites where waste handlings took place highlighted that access to water 

Id soap for em~ctive routine hand washing during work was limited; most waste handlers were part 

, a mobile work force and did not have access to a site with running water and freely available soap 

Ir hand washing before eating or after defecation. Waste handlers elaborated on limited access to 

atcr during work and the use of bare hands in waste handling as the main reasons for poor hand 

ygienc during a work day; 

We don't get water when we come to sweep the town unless we go back home" ........ (32 year old 

:male sweeper). A 55 year old male waste handler stated that; 

Sometimes I forget to wash my hands in a haste to eat when I am sweeping the gutter. May be I am 

ery hungry and just want to eat something. Instead of taking my time to wash my hands with water, I 

uy oh let me just finish this food quick/y, this is nothing. But I have forgotten that whiles I was 

'orking ill the gutter, some of the waste water splashed on me .... Even if I wash my hands. I use only 

uta because there is no soap ", 

'he health risks associated with poor hand hygiene, including the risk for helminthes and bacterial 

!lfections. may be worse among waste handlers who used bare hands compared with those who used 

,loved hands during work. 
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\BlE" 19' COOING FRA:\1E FOR WASTE HANDLING AND POOR HAND HYGIENE 

Content analysis by inductive reasoning 

izing Codes/meaning unit Description and Quote(s) 

~ 
definition of code 

iene and 2.1 Use of hygiene Adapting to sanitation "There is no toilet around. so you 

Ion and sanitation issues during a day's can see that both we the workers and 

facilities waste handling the community residents. we either 

activities go to the bush or the same sea shore 

- Practice open to defecate because there is no toilet. 

defecation in bush or In the morning whilst you are 

at beach sweeping the beach. you will see 

- Practice 'dig and neighbours defecating around .... Yes 

i 

bury'strategy that is the same place we go. that is 

- When waste the same place we also defecate. or 

! 
handlings occur near a the bush. This is because you can 'f 

public toilet facility, leave the work area to go and 

i that facility is used as defecate in another location . ........... 

place of convenience (55 year old male, who collects and 
disposes waste.) 

I 

Sources and use of 
I 

water during waste "When I am collecting the 'waste' in 
handling: town around the lorry station, I buy 
- Buy sachet water to sachet water which I drink and use to 
drink, wash hands wash my hands afier handling the 
- From pipe borne 'waste'. " ...... (32yearoldfemale, 
water to drink, wash who performs multiple task) 
hands 

- From underground "We don't get access to water when 
well to drink and wash we come to sweep the town unless we 
hands go back home ". At home I fetch 
- From dam, to wash from the pipe or ~rthe pipe is not 
hands, water coconut flOWing. from the well. I use the 
trees water to drink or wash my hands 
- From the sea, to bath afier sweeping the town. ......... (32 

year oldfemale, who sweeper) 

2.2 Adaptation to Adapting to hygiene "As/or water. ffetchfrom the dam 
sanitation and life-style during a (Dawenya dam). use some to wash 
h~ giene practices day's waste handling my hands a/ier weeding the grass 
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Content analysis by inductive reasoning 

,izing Codes/meaning unit Description and Quote(s) 

e definition of code 

among waste activities and also use some to water the 

handlers in peri- - Some waste handlers coconuts trees" ....... (34 year old 

urban communities do not wash their female who collector waste) 

in Prampram hands at all before 
they eat or after "Normally I bath myself in the sea 

visiting the toilet after sweeping the faeces at the 

during a day's work. beach. When I get back home, I use 

- Hands are washed real water and soap to wash my 

only with water but hands" ....... ,. (55 year old male who 

not with soap pet/orms multiple task) 

"Sometimes I forget to wash my 
hands in a haste to eat when I am 
sweeping the gutter. May be I am 
very hungry and just want to eat 
something. Instead of taking my time 
to wash my hands with water, I may 
say oh let me just finish this food 
quickly, this is nothing. Bul I have 

i 

forgotten that whiles I was working 
in the gutter, some of the waste water 
splashed on me .... Even if I wash my 
hands, I use only water because 
there is no soap ..... .... (55 year old 
male who sweeps, collects and 
disposes waste) 
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21.4 WASTE HANDLING ACTIVITIES AND HEAL TH RELA TED PROBLEMS 

:alth problems mentioned by waste handlers during in-depth interviews were listed and categorized 

: Non-specific (Eye problems, Fever, Cough, Bodily pains, Skin diseases), Central Nervous System 

)izziness. Headache. Migraine), Infectious (Diarrhoea, Typhoid, Itchy anus, Fever, Malaria), 

astrointestinal (Stomach pains, Nausea) and Psychosomatic (Stress, Tiredness, Sleep interruption, 

ltiguc). Clearly, waste handlers perceived that a relationship exists between waste handling 

;tivities and the reported health problems. as illustrated in the responses below . 

. 27 years old male waste handler who disposed solid waste off a motor-powered waste tricycle 

arrated how he experienced itchy anus, a classical indication of helminthes infection; 

It is the waste that / dispose around the lagoon area off the waste-carrying car. / have nothing to 

lira the mouth and nose. Sometimes / put on no protective gear. For this reason it gives me the 

,ealth problems ... /t is fever and sometimes / vomit... / experience nausea and itchy anus" 

\n 84 year old female, who sweeps and collects money at a public toilet facility, narrates how her 

.leep is interrupted at night to attend to clients; 

'/ normally wake up at 4. OOam to sweep and clean the toilet and prepare it for the day. / close at 

lround 8.00pm. But sometimes / go to bed say 9.00pm or /O.OOpm and then at 2.00am or l.OOam, 

;omeone knocks at your door that he wants to ease himself; / have to wake up and attend to the 

Jerson. This disturbs my sleep ". 

"-not her 55 year old male who drives waste carrying tricycle describes how his eyes were 

jeteriorating after joining a waste management company and working as a waste handler, 
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Ifter I slarted this work as a waste tricycle driver in Pram pram for Zoom Lion, I realize that my 

es are not able 10 see properly. Even if I work just for a little while I feel my eyes wanl to go 

ind". 

35 year old male who sweeps gutters (open drains with mixed solid and liquid waste effluents) 

lmplained about persistent non-specific health problems including tiredness, stress and fatigue since 

.c first year hc joined a waste management company and started working as a waste handler when 

! said; 

AI" for me, I get tired, stressed and fatigued .from the long period of engagement in sweeping the 

utter. I started experiencing these signs after about a year since I started working for Zoom Lion. I 

m now in my 6'11 year with the company'·. 

\ high proportion (about 95%) of waste handlers interviewed (particularly those who performed 

1ultiple tasks) complained of bodily pains after engaging in a day's waste handling activities. Bodily 

·:tins may b..: cxperienced among waste handlers due to continuous manual pushing and pulling of 

vaste material. A waste handler who experienced bodily pains explained the situation by saying; 

Alia col/ecting the waste, I push the waste in the wheel barrow several times in the morning, to the 

lump site to dispose. I feel waist pains (setso yemi) and pains in my whole body·' (35 -years old male 

vaste handler performing multiple waste handling tasks). 

'\Dother 32-years old female waste handler who sweeps solid waste from open spaces in the 

'mmpram town also narrated her experience with bodily pains; 
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n sweeping the waste in the town, I have to bend each time I sweep because of the absence of the 

ng brush. This disturbs me a lot. " I suffer a lot of pain in my body and my waist. Previously I do 

II experience these bodily pains but since I started this work then the pain also started". 

,deed personal observations on the field revealed that waste handlings were characterized by hard 

anuaJ repetitive work. Apart from two motor-powered waste tricycles used to transport waste in 

rampram. all other waste handling equipments were manually operated with physical force. Waste 

mdlers performed vigorous physical activities including dragging, pushing and pulling of waste 

:mtainers and wheelbarrows. This hard physical work is likely to have resulted in the overwhelming 

roportions of reported bodily pains among waste handlers. 

'ABLE 4.20: CODING FRAM[ FOR WASTE HANDLING RELATED HEALTH PROBLEMS 

Content analysis by inductive reasoning 

oiling Codes/meaning Description and Quote(s) 
Ie unit definition of code 
dth 3.1 Daily waste Major waste handling .. It is the waste that I dispose around 
:ms handling routines tasks performed in a day the lagoon area off the waste-carrying 
g waste that predispose - Sweeping car. I have nothing to cover the mouth 
ers waste handlers to - Collection and nose. Sometimes I put on no 

health problems - Disposal protective gear. For this reason it gives 
- Transport me the health problems ... It is fever and 
High risk places where sometimes I vomit ... I experience 
waste handlings occur nausea and itchy anus" ......... (27 
- Gutter (open drain years old male, wllo disposes waste off 
containing liquid, solid tile waste tricycle.) 

i and human faecal waste) -
sweeping and collecting .. When it comes to sweeping the gutter. 
mixed waste materials we do it together with other waste 
- Public toilet facility - handling organizations like the ACt 

- collecting used papers and Then we collect the waste into the 
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Content analysis by inductive reasoning 

izing Codes/meaning Description and Quote(s) 

! unit definition of code 
sweeping human excreta tricycle which is used in waste 

I Gender-based waste collection and transport. Usually il is 

handling activity levels the women who sweep whilst the men 

- Women sweep collect, transport and dispose the waste 

- Men collect, transport, into the waste containers . ... n ...... (35 

dispose year old male who performs multiple 

task). 

"I sell papers to people who come to 
use the toilet facility. Other times I 

: 
sweep the toilet and collect the used 
tissue papers and I burn them" ...... (40 

year old female, who sweeps and 

collects money at a public toilet 
facility). 

3.2 Bodily pains Task-associated bodily "I push the waste in the wheelbarrow 

associated with pains several times in the morning during our 
waste handlings Transporting waste: work to the dump site. Sometimes Ifeel 

- waist (lower back) pain pains in my waist and my whole body 
- fatigue after pushing the refuse to the dump 

site" ... ... (35 year old male who 
Sweeping waste: performs multiple task). 
- waist (lower back) pain 

I - fatigue "In sweeping the waste in the town, I 
- discomfort in bending to have to bend each time I sweep because 
clean/sweep of the absence of the long brush. This 

disturbs me a lot. " I suffer a lot of pain 
Weeding: in my hody and my waist. Previously I 
- lower back pain do not experience these bodily pains but 
- upper back pain (trunk) since I started this work then the pain 

also started" ... ..... (32 year old female, 
wit 0 sweeps) 

"After the weeding. I feel pains at my 
waist and the sides (~lmy chest. Because 
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Content analysis by inductive reasoning 

lizing Codes/meaning Description and Quote(s) 

e unit definition of code 
the work is too much for us . " (35 ....... 
year old male who collects). 

3.3 Duration of Number of hours spent on "I normally wake up at 4.00am to 

exposure to waste waste handlings in a day sweep and clean the toilet and prepare 

by waste handlers - 4.00am-8pm (about it for the day. I close at around 8.00pm. 

16hrs) But sometimes I go to bed say 9. ()Opm 

- 5.30am-7pm (about or 10. OOpm and then at 2.00am or 

15hrs) 1.00am, someone knocks at your door 

I - 5.30am-IO.OOam (about that he wants to ease himself, I have to 
I 5hrs) wake up and attend to the person. This 

disturbs my sleep" ... .... (84 year old 

female, who sweeps and collects money 
at a public toilet facility). 

Duration of exposure to "We normally start work in the 
waste and health effects community at5.30am and by lO.OOam 
- There is the need for we have closed" ...... (37 year old male 
training to acquaint waste who performs multiple task). 
handlers with appropriate 
use ofPPGs "Sometimes it is good that they train us 
- Possible contracting how to use the safety gears because 
health problems with time unless we try to acquaint ourselves with 
- Recurring health its use, we can get the health problems 
problems in the near future . ............. (32 year old 

female, who performs multiple task). 

3.4 Waste Non-specific health "If you don't use the safety gears 
handling-associated problems experienced by properly, you may not contract those 
health problems waste handlers health problems now but with time as 

- Eye problems you inhale the bad odour and the waste 
- Fever touches your hand and body. you can 

- - Cough become sick ..... ... (32 year oldfemale. 
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Content analysis by inductive reasoning 

lizing Codes/meaning Description and Quote(s) 

e unit definition of code 
- Body pains - lower back who performs multiple task}. 

- Skin disease 

Central nervous system "After [ started this work as a waste 

health problems tricycle driver in Prampram for Zoom 

- Dizziness Lion. [realize that my eyes are not able 

- Headache to see properly. Even if [ work just for a 

- Migraine little while [feel my eyes want to go 
blind and [feel dizzy" ....... (55 year old 

Infectious health problems male who drives waste carrying 

- Diarrhoea tricycle). 

- Typhoid 
- Itchy anus "Sometimes when the people (residents) 

I 

- Fever throw waste and human excreta into the 

- Malaria bush in the town. we (the Zoom Lion 
workers) go to weed the bush and 

Gastrointestinal health collect the waste and sometimes our 
problems people (the waste handlers) complain of 

, - Stomach pains sicknesses /ike stomach pains, fever, 

i 
- Nausea cough or skin rashes. Or even because 

I 
of the bending down to col/ecl the 

Psychosomatic health waste, some complain about their waist. 

i 

problems and [ also experience these 
- Stress problems ..... ... (35 year old male who 
- Tiredness collects waste). 
- Sleep interruption 
- Fatigue "As for me, I get tired. stressed and 

fatiguedfrom the long period of 

I 
engagement in sweeping the gUller. [ 
started experiencing these signs after 

about a year since I started workingfor 
Zoom Lion. I am now in my 6,h year 

with the company" ....... (35 year old 
male who sweeps waste). 

I 

-- -" -.~ "If I stand by the It'as(e container to 
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Content analysis by inductive reasoning 

lizing Codes/meaning Description and Quote(s) 

e unit definition of code 

collect money, mosquitoes bite me and I 

get malaria and sometimes after 

standing in the sun then half of my head 

is aching very bad (migraine). I also 

experience like I want to vomit (nausea) 

and my anus itches me. I also sweep the 

place and burn the rubbish around the 

waste container" ...... (40 year old 

female who sweeps. She also collects 

money at the ACI waste container). 

t.l1.5 WASTE HANDLING ACTIVITIES AND PERCEIVED CAUSES OF SELF-REPORTED HEALTH 

DROBLEMS 

.\ high proportion (67.5%; 1891280) of waste handlers reported direct exposure of uncovered parts of 

JOdy to waste as the main cause of their health problems, whilst 61.4% (172/280) reported that 

:nhaling bad smell of waste was a major cause of their health problems. Other factors reported to be 

lSSOCiated with health problems included; eating with dirty/contaminated hands (45.7%; 128/280) 

md wearing dirty clothes for work (8.6%; 24/280). These factors in combination with working 

JUldoors under harsh conditions were also commonly explained as causing disease: 

"/ sweep and collect money by the waste container, mosquitoes bite me and I get malaria (atlidii) 

'Jnd sometimes after standing in the sun then half of my head is aching very had. I also experience 

like I want 10 \'omil and my anus itches me (fit:) mi plemi}" (lO-years old female waste handler who 

'iI!'ept and collected money near wasle container). 
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21.6 'BAD AIR' AS A PERCEIVED CAUSE OF HEALTH PROBLEMS 

'ne 35-years old female waste handler who collected human faeces from the beach each morning 

<plained how inhalation of 'bad air' could lead to health problems when she narrated that; 

The health problems come from the work we do ... We handle human faeces and the bad scent gels 

110 our nose. We get increase in abdominal pain as a result. This morningfor example. there were 

Jis o/human/aeces at the beach ... and as we sweep, the bad scent then gets into us and gives me 

ickness . .. 

Vltils! it may not be clinically proven that inhaling 'bad air' from waste can cause health problems, 

,bservations at smelly dumpsites and public toilet facilities at the study sites suggested that 'bad air' 

nay indeed trigger nausea, vomiting and high levels of discomfort among waste workers during 

\·ork. 

rABLE 4.21: CODING FRAME FOR 'BAD AIR AS CAlSING HEALTH PROBLEMS 

Content analysis by inductive reasoning 

niling Codes/meaning unit Description and Quote(s) 
le definition of code 
jJ smell' 4.1 Association Inhalation of "The health problems come from the 

between the unpleasant smell that work we do ... We handle humanfaeces 
offensive smell of comes from different and sometimes the bad scent gets into 
waste materials and sources of waste our nose. You would get increase in 
health of waste aggravates health abdominal pain as a result. This 
handlers problems. morningfor example, there were lots of 

The different sources humanfaeees at the beach. The 
of bad smell include: residents ease themselves there and as 
- Human faecal waste you sweep. the bad scent then gets into 

I openly displayed at us and gives liS sickness . ......... (35 
the beach, in parts of year oldfemale who sweeps waste). 
the communities and 

--- . - ~~- .---- -- ---
from public toilet .. / don't have a nose cover and \() the ---

115 



Content analysis by inductil'e reasoning 

izing Codes/meaning unit Description and Quote(s) 

e definition of code 

facilities bad smell of human faeces on the toilet 
- Smoke from burning bowl always gets into my nose when I 
rubbish clean the toilet. When we set fire into 
- Over-used oral-nasal the used toilet papers the had smell of 
mask the smoke gets into our nose and makes 
- Unavailability of us cough a lot. " .... (59 year oldfemale, 
oral-nasal mask who sweeps and collects money at 

public toilet facility). 

"When I use the nose cover today and 
fix it again for a period of time, sweat 
gets into it and then it brings out some 
bad smell" ..... (32 year old female, who 
sweeps). 

'.11.7 STAKEIIOLDER INTERVIEW 

\n interview with one district sanitation and environmental health officer about whether waste 

landlers were employed to excavate pit latrines, dislodge faecal sludge or empty cesspits in the peri-

Irban community showed that these were not their responsibility. The stakeholder said this during an 

nterview: 

'The Zoom Lion workers do not collect 'toilets' (i.e. human excrement), excavate pit latrines or 

'mpty cesspits. The District does not have a car for 'toilet' collection so we normally contract the 

en'ices of private companies from neighbouring Ashiaman, Tema or Somanya to come once in a 

fhile to collect the 'toilets', depending on their charges. " 
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5.0 CHAPTER FIVE - DISCUSSION 

.1 WASTE MANAGEMENT PRACTICES AND SANITATION IN PRAMPRAM 

he findings from transect walk and observation through Prampram to familiarize with waste 

lanagement practices and state of sanitation which indicated inadequate sanitation facilities, 

Idiscriminate dumping and pile-up of solid waste within the community and dumping sites as well 

shuman feaces mixed up with solid waste. corroborates a previous report by the Ghana National 

:nvironmental Sanitation Strategy and Action Plan (NESSAP), (2010). The report stated that 25.9% 

.f households in Ghana dump their waste in unapproved dumping sites (gutters, streams, drains, 

19oons) whilst more than 70% of Ghanaians practice indiscriminate waste disposal (NESSAP, 

'010). 

Ill' L'llect of indiscriminate dumping of waste has been reported to lead to accumulation of huge 

olumes of waste piled up in public open spaces, along streets. beaches, and in open drains both in 

lrhan and peri-urban communities. in Ghana and in other African countries (Momoh and Oladebeye, 

~ooo: Tsiboe and Marbell. 2004; Butu and Mshelia, 2014). As reported by Fobil et al .. in 2008, the 

apid increase in population and urbanization of peri-urban settings have contributed to increased 

,\aste generation and waste management problems in Ghana. In the peri-urban community of 

)rampram. particularly, where relatively larger numbers of people aggregate in smaller areas (unlike 

n rural settings) with inadequate waste management systems, the problem of indiscriminate dumping 

)1" waste in public open spaces becomes worse (Ahmed and Ali. 2004; Rathi. 2006). This finding 

lnderscores the necessity for interventions to improve sanitation systems and waste management 

Jractices in peri-urban environments. particularly. in Prampram. One of such interventions is the 

1eed to recruit waste handlers equipped with adequate understanding of the hazards and risks 
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;sociated with waste work to ensure health and safety. Waste handlers are challenged with the 

lormoUS task of controlling huge accumulated waste pile-ups within communities. According to 

lis study, there were a range of different waste handlers engaged in diverse waste handling activities 

I the peri-urban community of Prampram, similar to fmdings from other parts of Africa, (Getahun et 

I., 2012). Asia (Zhang et al., 2010) and Europe (Magrinho et al .. 2006), where a variety of waste 

'orkers engage in different activities to control and reduce the volumes of accumulating waste in 

lcir communities . 

• 2 SocIO-DEMOGRAPIHC CHARACTERISTICS AND REPORTED HEALTH OUTCOMES AMONG WASTE 

I \'<OLERS 

\ith respect to sex, the findings of this study showed significantly higher proportion of female waste 

landlers engaged in sweeping, compared with males (Table 4.1). This finding is corroborated by 

,revious studies conducted by Agwu (2012) in Nigeria and Kadfak (2011) in Ghana, suggesting 

nore female participation in waste handling compared with males. There is a traditional perception 

n most African communities including Ghana that waste handling activities like cleaning and 

weeping, is the duty of females and not males. In fact it is believed among certain tribes in Ghana 

hat a male becomes impotent when touched by the broom, which is the tool for sweeping. Even 

hough this study did not specifically investigate hookworm infections among female waste handlers, 

lrc\ious research conducted in Ghana indicated that females were more likely to report anaemia 

rom occupation related hookworm infections compared with males (Glover-Amengor et aI., 2005; 

1umphries el al., 20 II). It is advisable for female waste handlers to take adequate protective 

lrecautions from exposures to contaminated work environments in order to avoid such infections. 
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le results of this study indicated that the age of waste handlers ranged from 13 to 87 years old. 

lCSC waste handlers who were young (13 years) or old (87 years) worked out-doors at public toilet 

cilities in Prampram and were exposed to the hazards of smell, faecal contact and insect bites and 

mid be more susceptible to communicable diseases associated with waste handling, due to weak 

lmune status. It is known that Ghana, like many African countries, is endemic for many 

lmmunicable diseases. The exposure to agents of communicable diseases associated with waste 

ork could be responsible for non-specific health outcomes like fever and diarrhoea. It is therefore 

nportant for local government authorities in charge of waste management in Prampram to ensure 

lat very young and old persons are excluded from waste handling activities at the community level, 

lduding the public toilet facilities. 

IS indicated in Table 4.1, the educational level and monthly income of waste handlers were low. 

\astc handlers in Prampram adopt the use of rudimentary waste handling equipment and 

~.:hnology, which may not require high levels of education to operate. The use of such equipment, 

IllWCVcr. may compromise efficiency of waste work and aggravate reported health problems among 

lorkers (Zimmennan and Woolf, 2014). For example, waste handlers who attained primary and 

cwndary level education were 20 and 90 per cent respectively, less likely to report lower back pain 

'om pared with workers who had no formal education (Table 4.10). Previous research by Zimmerman 

md Woolf (2014) has also documented correlations between education and reported health 

Jutcomes, with evidence suggesting a link between higher education and determinants of health such 

lS risky behaviours and health protective practices at work. Waste handlers who did not have any 

(.JOnal education may be unaware of the proper safety techniques to adopt during work, thereby 

ncreasing their vulnerability to the hazards of work (Reddy and Yasobant, 2015). 
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he low levels of education may also be a determining factor to the low levels of monthly income 

lJlIed by waste handlers. According to the Ghana Fair Wages and Salaries Commission-GFWSC 

!O 13), workers are remunemted according to the level of education attained. Thus, waste handlers in 

eveJoping countries like Ghana. constitute one of the least paid occupations, regardless of the high 

:vels of health risks encountered (Cointreau, 2006). The findings of this study indicated that the 

ighest income earned through waste handling was ¢ 150.0 a month, which was the main source of 

lcome for most waste handlers. This income was however far lower than the average monthly per 

apita income in Ghana. ¢225.0 (GSS, 2013). 

rus study showed that waste handlers who earned between ¢80.0 to ¢ 150.0 a month were about 

\1 ICC more likely to report headaches and eight times more likely to report lower back pain 

om pared with workers who earned below ¢80.0 a month (Tables 4.7 and 4.10 respectively). Waste 

landlers who earned between ¢80.0 to ¢ 150.0 a month were those who worked for waste 

nanagement organizations in Prampram whilst the others, who earned below ¢80.0, worked 

lrimarily as community volunteers in waste handling. Waste handlers who worked for waste 

nanagement organizations had a more regular work schedule and spent more hours per day on waste 

landling activities compared with volunteer workers who engaged in occasional waste handling 

Ictivities. The daily demands for spending more hours on regular work schedules may have 

:ontributed to the higher likelihoods of reporting headaches and lower back pains among waste 

landlers who earned between ¢80.0 to ¢ 150.0 a month. Headaches frequently adversely affect the 

IVes of workers. with some wide-ranging effects on work, such as reduced performance and 

lbsenteeism (Leiper et al., 2006). 
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3 WASH HANDLING ACTIVITIES, DURATION OF EXPOSURE AND SELF-REPORTED HEALTH 

. TCO\fES 

1e type of waste handling activities undertaken by waste handlers was associated with waste 

anagement organization and number of years worked with these organizations. Waste handlers in 

rampram belonged to ditTerent groups of waste management organizations, including government, 

;vate/govemment partnership groups as well as community-led volunteer groups. The results of 

lis study showed that a majority (over half) of waste handlers belonged to the private/government 

roup which had been in existence for less than a year. Similar to claims made by several authors in 

ihana (Ahmed and Ali, 2002; Fobil et at., 2008; Oduro-Kwateng and vanDijk, 2013) and in other 

arts of Africa (Cointreau-Levine and Coad, 2000; Massoud and EI-Fadel, 2002; Post et al., 2003), 

lC massive involvement of the private sector in waste management in Ghana has been a recent 

evelopment compared with the situation about two decades ago. Even though this recent 

e\ c!opment may introduce more efficiency and effectiveness in the waste management system, 

lere is need for all the ditTerent stakeholders to collaborate and work collectively to achieve the state 

,I' improved peri-urban environment and sanitation in Prampram. 

he duration of exposure was described by number of years spent with waste management 

,rganization and number of hours spent per day on waste handling activities. The findings from this 

tudy indicated that the number of years worked and number of hours spent per day on waste 

landling activities were both associated with fever and bodily pains (Table 4.4). Even though the 

.trength of association was not significant, waste handlers who have worked with waste management 

lrganizations for more than five years were about four times more likely to report fever compared 

\ith those who have worked for less than a year (Table 4.7). Fever is a non-specific disease outcome 
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at may be associated with exposures to microbial agents. These agents survive in faecal 

JOtaminated environments such as in solid wastes, as well as insect vectors like mosquitoes and are 

ansmitted respectively through ingestion and bites. The longer duration of exposure to faecal 

mtaminated environments. working outdoors and the transmission of fever causing agents may 

(plain the increased likelihood of reported fever among workers engaged in waste handling for 

lore than five years, rather than within a year (Asante and Oduro 2006). 

:eported bodily pains among waste handlers who worked for more than 5 years was 50% less likely, 

ompared with those have worked for less than a year (Table 4.7), Bodily pains are known to be an 

nherent health problem for solid waste handlers that may arise as a result of physical activities 

neluding manual pushing, pulling, lifting, carrying or carting of heavy waste materials as previously 

eported by Poulsen el 01., (1995) and Yang el 01 .• (2001). A study by Landmark and colleagues 

2013), showed that participants reported less pain when they engaged in vigorous physical activities 

or longer duration. Engaging in such vigorous activities for more than 5 years may have triggered 

he development and adaptation of muscles to withstand the associated bodily stresses, strains or 

;prains accompanying waste handling, unlike working for less than a year, when the muscles of 

A'aste handlers may now be getting used to the routines of work. Meanwhile pain conditions are 

najor reasons for work related disability and account for loss of productivity in a work force 

Stewart el 01., 2003; Gjesdal et al., 2004). 

fhe number of years engaged in waste handling was significantly correlated with both lower and 

JPper back pains. whilst number of working hours per day correlated with upper back pain (fable 

U). This tinding was consistent with results from a study conducted in Iran by Mehrdad and 
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.Ileagues (2008) who reported that duration of employment of solid waste workers was 

gniticantly associated with upper back pains. Also, compared with waste handlers who have 

orked for less than a year, there was 70% and 80% less likelihood for reporting upper back pains 

nong those who have worked for 1-2 years as well as 5 years and above respectively (Table 4.1 0). 

pper back pain affects the thoracic spine and can be experienced by muscle strain, injury or poor 

'orking postures assumed by waste handlers during work (Benyamin et al .. 2012) . 

.4 WASTE HANDLING ACTIVITIES AND SELF-REPORTED MUSCULOSKELETAL PAIN 

be type of waste handling activity was associated with self-reported lower and upper back pains. 

'omparing the odds of reporting upper back pains among waste handlers performing single activity, 

ransporters were found to have seven times higher odds of reporting upper back pains than 

weepers, whilst collectors and disposers were twice and 1.4 times more likely to report upper back 

lains respectively. compared with sweepers (Table 4.10). Waste transporters spend long hours 

Iriving waste vehicles to disposal sites. The impact of prolonged seating, whole-body vibration, 

epctitive movements, forceful exertions, heavy physical and prolonged static posture are main 

haracteristics believed to be risk factors for transporters (Lis et al.. 2007; Mozafari et al.. 2015). 

Ihese factors might have increased the likelihood for upper pains among transporters compared with 

·ollectors. disposers and sweepers. Lis and colleagues (2007) reported a three times more likelihood 

or reported upper back and neck pain among drivers of waste vehicles compared with those 

lerfonning other activities. 

:or workers who performed two or more activities a day, the odds of reporting upper back pains was 

lbout six times greater for those who pertormed three activities a day (sweeping, collection and 
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sposal) compared with sweepers only. Again, perfonning two activities a day increased the 

<e1ihood for reporting upper back pains to about four times greater for those who engaged in 

lllection and disposal, as well as twice greater for those who swept and collected waste every day, 

}mpared with sweepers only (Table 4.10). These observations indicate that engaging in multiple 

'aste handling activities could aggravate a waste handler's musculoskeletal pain. Thus, the amount 

f physical exertion and bodily stresses like sprains, strains and contusions as well as strenuous 

hysical movements experienced by waste handlers carrying out multiple activities may be more 

llIlI that required in carrying out just a single activity per day. Such waste handling associated 

lusculoskeletal pains have also been reported by previous authors including Quansah (2005), Abou-

]Waf et al.. (2012), Thirarattanasunthon et al.. (2012), Nonnan et al .. (2013) and Kanchanomai et 

./. (2015). The acquisition and use of simple but improved waste handling tools and the application 

.1' proper ergonomic postures during waste handling may help reduce musculoskeletal pains 

ssociated with waste handling. 

;,5 WASTE HANDLING ACTIVITIES, EXPOSED BODY SURFACES AND SELF-REPORTED HEALTH 

HTCOMES 

:xposure to solid waste may take the fonn of direct physical bodily contact, penetrating skin 

njuries/infections, inhalation, or ingestion, Solid waste, mixed with human faecal matter, found 

,vithin the peri-urban environment of Prampram provide favourable conditions for the survival and 

ransmission of biological agents, thereby posing health risks to those who are engaged in waste 

landli Th d' h' I ng. e Irect p YSlca contact of exposure surfaces to solid waste may increase the likelihood 

)1' reported health outcomes across the di fferent groups of waste handlers (Kretchy et al.. 2015). 

\ccording to Table -U. the highest exposure surface of waste handlers was the hands (85.4%) 
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!lowed by leg/feet (4S.7%) then mouth/nose (41.8%). Table 4.3 indicates that the type of waste 

Uldling activities correlated with exposure surfaces such as direct exposure of hands as well as 

,outh/nose. The group of waste handlers with the highest exposure surfaces were those who 

:rformed three activities. i.e. sweeping, collection and disposal everyday, in the proportion of hands 

12.6%), leg/feet (3S.9%) and mouth/nose (38.S%). The use of bare hands in sweeping, collection or 

isposal of waste are risk factors to acquiring gastrointestinal tract infections such as typhoid fever, 

olio virus infection, hepatitis E infection and cholera, which are often transmitted through hands 

ontaminated with human faeces (Boadi and Kuitunen, 200S). A research conducted by Aminuddin 

nd Rahman (20IS), suggested that the use of bare hands among waste handlers in Malaysia was 

ssociated with gastrointestinal problems. Again, Dorevitch and Marder (2001), Rushton (2003) and 

\ckerson and Awuah (2012) reported association between the use of bare hands in waste handling 

vith gastrointestinal problems such as nausea, vomiting, diarrhoea and itchy anus. 

rite exposure of leg/feet may result in injuries from cuts, abrasions and punctured skin associated 

vith direct contact with sharp objects such as blades, needles and broken glass in solid waste (Abd 

:I-Wahab et al. 2014). Injuries from such objects may result in wounds contaminated with the 

.pores of biological agents leading to accidental tetanus (Ferreira et al .. 2016). Furthermore, the 

lirect exposure of the leg/feet may predispose waste handlers to the risk of direct skin penetration by 

arvae of hookworms which could result in anaemia (Glover-Amengor et al .. 200S; Humphries et al.. 

WII). 

[he findings of this study indicated that cough was associated with exposure of the hands during 

·\aste handling. Workers whose hands were directly exposed to waste material were about four times 
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lore probable to report cough symptoms than those whose hands were not exposed. Cough is a 

.mptom of respiratory disease. Several studies have found association between contaminated hands 

!ld respiratory diseases such as cough (Curtis and Caimcross. 2003; Rabie and Curtis 2006) . 

• ccording to Aiello and colleagues (2008). the hands can serve as important infection transmission 

athway for respiratory diseases. Therefore. public health interventions promoting hand hygiene does 

ot only reduce gastrointestinal tract infections but also respiratory illnesses. However. cough may 

Iso be caused by inhalation of dust particles. bio-aerosols and volatile compounds in solid waste 

hrough exposure of the mouth/nose of waste handlers. Dust is generated in quite visible amounts 

luring waste handling in Prampram. The activities of waste handlers such as outdoor sweeping, 

lOuring of waste into collection bags and also during the transfer of waste into containers all generate 

lust. The inhalation of dust particles constitute a major hazard to waste handlers because of its 

IOssible contribution to bronchial asthma, cough, and other respiratory problems. Indeed, previous 

;tudies from developed and developing countries report occupational asthma, cough and other 

cspiratory diseases as linked with inhalation of organic dusts. bio-aerosols and microorganisms 

Juring waste handling (Wouters el al.. 2002; Binion and Gutberlet 2012; Ross and Pons 2013). 

Type of waste handling activities was associated with perceived cause of health problems such as 

;mell/odour of waste material, direct contact of waste material with exposed bodily surfaces and 

:ating with contaminated/dirty hands. Working with exposed bodily surfaces to faecal contaminated 

working environments coupled with eating with faecal contaminated hands due to inadequate access 

;0 hygiene facilities after waste handling may predispose workers to fever as a result of microbial 

inlections. With reference to working with smelling/odorous waste material/sites, the findings of this 

'lUdy indicated an association with and reported fever (Table 4.6). Observations at smelly dumpsites 
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Id public toilet facilities in Pram pram strongly suggest that smell may indeed trigger nausea, 

)miting and high levels of discomfort to waste handlers. As reported by RheinUinder et af. (2013), 

e issue about bad smell of faecal waste has been associated with health hazards in African settings 

lJ the continuous inhalation by waste handlers may be a source of nuisance and discomfort 

)orevitch and Marder. 2001). A research by Watt et al., (1997) also indicated that the smell of 

rganic waste was due to emission of gases such as hydrogen disulfide, methane, ammonia and 

lfOOn monoxide and workers who are exposed to such smell could develop sub-acute symptoms 

ke sore throat. cough. chest tightness. breathlessness, thirst, sweating, irritability and loss of libido. 

he direct contact of exposed bodily surfaces to waste was associated with reported skin disease 

fable 4.6). Physical injuries to the skin of waste handlers such as skin cuts, pricks, abrasions and 

JCl:rations from sharps, needles or thorns, as well as insect bites could be exacerbated among 

~orkers whose skin surfaces were exposed (Dorevitch and Marder, 2001; Tjoe Nij et al .. 2003). The 

rloculation of microbial spores and infective stages of microbial agents into scratched or open skin 

.1' waste handlers during work may either initiate or aggravate skin diseases. The direct penetration 

,f the larvae of hookworms (Necator americanus) through bare feet/sole of waste handlers whilst 

\orking in faecal polluted waste environments is a risk factor for hookworm infections. Bleck and 

Wettberg (2009), showed that waste workers are commonly affected by cuts and skin rashes caused 

ly razor blades or syringes disposed of in ordinary waste streams, which may be a source of severe 

leaIth risks to workers. 
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6 WASTE HANDLING ACTIVITIES AND eSE/ TYPE OF PERSONAL PROTECTIVE EQUIPMENT 

'aste handlers can be protected from the hazards of work by adopting safety procedures and 

15uring the use of adequate personal protective equipment at the work environment (Dorevitch and 

larder. 2001). Personal protective equipment are specialized clothing or gadgets used by workers to 

-event injuries, workplace hazards and diseases that are likely to arise from the working 

wironment (Konya et al .. 2013). As indicated in this study, the four main types of personal 

rotective working gears used by waste handlers in Prampram were, Wellington boot (61.8%), 

Jbber gloves (57.5%). nose/mouth cover (32.1%), as well as overall apron (72.9%). Thus, the most 

ommon personal protective gear used by waste handlers in Prampram was the overall apron. The 

roportion of waste handlers with the highest use of overall apron was those who engaged in 

\\ccping. collection and disposal of waste everyday (32.4%). The proportion of waste handlers with 

1e highest use of nose/mouth cover were those who swept and collected waste everyday (26.0%) 

Table -t.2,. As shown in Table 4.3, the type of waste handling activities correlated with use of 

!'ellington boots, gloves and overall apron. 

the protective Wellington boots provide covering for the sole and feet of waste handlers and help 

lrevent infectious punctures through the skin as well as direct contact to human faeces. The rubber 

!loves offer protection to the bare hands from exposures to infectious particles in waste material and 

lrcvent exposure to human faeces and direct contact with sewage. It is important for employers to 

:onsider the mechanical strength of gloves used for the manual activities by waste handlers to 

lrcvent easy tearing. The mouth/nose cover are used by waste handlers to reduce exposures to 

lirbome contaminants in solid waste, bio-aerosols and to protect the nose and mouth from splashes 

If human faeces. The use of protective overall apron can reduce the exposure to biological and 
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nemical agents in waste by providing covering to the surfaces of the skin of waste handlers and to 

eep human faeces from direct contact with personal clothing. The leak thickness and the resistance 

1 penneation and penetration by biological and chemical substances have to be considered by 

mployers in the selection of protective overall aprons for waste handlers. 

:ven though the use of personal protective gears are strongly recommended to reduce direct 

xposure to biological agents and physical damage in waste handling, a considerable number of 

\'aste handlers did not use them regularly. Some reasoned that there was shortage in supply by waste 

'ompanies and if the protective equipment was tom during work, they were not replaced. Others 

especially the community volunteer waste handlers) claimed they did not have the resources to self­

lUrchase protective equipment. Non-compliance to the use of personal protective equipment by 

\astc handlers, in spite of having access to it was also linked to the discomfort in its use during a 

,a .. orkday, considering the strenuous activities under hot and humid climatic conditions. The specific 

lroblems of personal discomfort were mainly related to experiences of skin becoming hot, humid or 

.\et inside gloves and boots and developing into skin problems as identified also in a study by 

)aU'Agnol and Fernandes (2007). For example. the waste transporters in Prampram preferred 

Norking without wearing the rubber gloves because these limit free movement of the hands during 

iriving or cause skin irritation. 

Even though the use of personal protective equipment does not remove the source of health hazards 

n waste handling, it can provide benefits that outweigh the haml and personal discomfort associated 

.,jlh them and through proper use, can contribute to health and safety of workers (Alencar el ai" 

2009). Therefore. persons involved in waste management should always wear recommended 
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'otective gear. This is partly the responsibility of employers but the workers must also be sensitized 

1 the need to adhere to safety precautions. Waste companies operating in Prampram must actively 

lsun: adequate supply of personal protective equipment, that the supplied protective equipment are 

ltact and working. and that these are properly used. Thus, waste handlers have to be provided and 

ained in the appropriate use of personal protective equipment to ensure health and safety at work. 

here is also the need to draw attention to local governments and commercial waste handling 

ompanies employing waste handlers that it is their responsibility to provide and instruct in correct 

se of protective equipment that workers can use to effectively protect their health. 

;.7 CONLU11NATION OF IIANDS BY DETECTION OF ESCHERICHIA COLI AND COLIFORM FAECAL 

'OICAIORS 

'he significant difference in the level of contanlination of hands with human faeces among waste 

landlers by the detection of higher levels of both indicator E. coli and Coliforms after engaging in 

~aste handling activities suggests that waste handlers were exposed to human faecal matter in waste 

luring work. A previous study conducted from Tanzanian among mothers whose hands were 

:ontaminated by human faeces showed that the levels of faecal indicator bacterial on hands of the 

nothcrs were higher after using the toilet and cleaning up a child's faeces (Pickering el al .. 2011). 

IVidespread open defecation in the peri-urban community of Prampram, as reported by Asante and 

)duro (2006), may be a major health risk factor to waste handlers, especially among those who 

Norked directly \\ith their bare hands in contact with waste. This may increase the likelihood of 

:ontracting sanitation related faecal oral health problems and perpetuate the transmission of same 

Jegli ttl aI., 2004; Ray ttl al .. 2005). 
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'Ie results of the study on contamination of hands by faecal matter also indicated a significant 

!Terence in the concentration of faecal indicator E. coli among the different types of waste handling 

:tivities. Waste handlers performing multiple activities (including two or more of sweeping. 

lllection and disposal) a day had significantly higher concentration of E. coli compared with 

urkers who were only sweeping every day (Table 4.17). This suggests that performing two or more 

;tivities daily may increase the chances of exposure and contact of the hands to human faeces 

uring waste handling. Even though the results of this study did not show association between use of 

are hands in waste handling and contamination with faecal matter, the use of bare hands in waste 

andling is reported as a major health risk factor for fever and diarrhoea which are symptoms of 

astrointestinal tract infections acquired through the faecal oral route of transmission (Luby et 01., 

1)1)7: Pickering et 01., 2010; Mattioli et al.. 2013). 

\S indicated in Table 4.14. waste handlers who were 35 years and above were about four times more 

Ikely to have contaminated their hands with human faeces during work compared with those less 

han 35 years. This effect may be due to increasing reluctance for using protective measures among 

.Idcr waste handlers, presumably because of apathy or other differences in lifestyle and personal 

~haviour not captured by this study (Dodrill et 01..2011). Again, waste handlers who worked for the 

\rea Council were thrice more likely to have contaminated their hands with faecal material in waste 

ompared with those who worked with the Azontaba Construction Industries (ACI). The explanation 

or this finding could be due to the duration of work (i.e. the number of years spent in waste 

'andling), the predominant type of waste handled and the provision and use of personal protective 

'quipment to workers by waste management organizations. Whilst waste handlers who worked for 

\CI had spent less than a year in waste handling. those who worked for Area Council had spent over 
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\"e years. thereby increasing their risk of exposure to faecal material. Secondly, workers of the Area 

ouncil worked at public toilet facilities and as 'night soil' collectors and disposers within the peri­

rban community and therefore may experience greater exposure to human faeces compared to the 

lorkers of Act Thirdly. the ACI, being a new private waste company in partnership with 

ovemment. provided relatively new personal protective equipment to its workers and may have 

upcrvised their use compared with workers of the Area Council who were solely government 

pllnsoreo. Workers of the Area Council did not constantly wear protective equipment and when 

hese were worn, the equipment (e.g. rubber gloves) were tom and therefore offered little protection. 

be findings of this study again indicated that waste handlers who have worked for 1-2 years in 

'ramprarn were about twice more likely to have faecal indicator Coliform on their hands compared 

."ilb those who have worked for less than a year. This finding may further suggest that unlike the 

mrkers of ACI who have been working for less than a year in Prampram, the other waste handlers 

\'orking for other waste management organizations like Zoom Lion, ZOIL and Area Council had 

'cen working for more than a year and may also be handling potentially more faecal polluted waste 

han the workers of ACI. The waste handlers with ACI might also be using newer and more effective 

ler50nal protective equipment compared with the other workers of Zoom Lion, ZOIL and Area 

.'ounciL 

fhe mean concentration of faecal indicator Coliforms detected on hands of waste handlers was 

ligher than that of E. coli. This finding was in agreement with a study conducted in Honduras on 

Jacterial contamination among household toys that found higher concentrations of faecal indicator 

~'olitonn compared to E. coli (Stauber, et aI., 2013). Previous researchers have again reported that 

Caecal indicator Coli forms were more commonly detected in higher concentrations as indicators of 
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ecal contamination than indicator E. coli in different settings (Hardina and Fujioka, 1991; Judah et 

" 20 I 0; Stauber, el aJ.. 2013). However the test for faecal indicator E. coli may comprise highly 

lthogenic strains such as entero-haemorrhagic E. coli 0111 or even E. coli 0157:H7 that have the 

)ility to present severe manifestation of gastrointestinal problems as well as systemic disease among 

'aste handlers and their close contacts within the peri-urban environment unlike Coliforms. Public 

ealth advocacy must support the campaign for clean peri-urban community in Prampram and 

ncourage waste companies to provide adequate personal protective devices for use by waste 

andlers. The contamination of solid waste stream by human faecal material and the direct physical 

xposure to same among waste handlers is a major health risk not only to the waste handlers but also 

) the entire community. There is need for improvement in environmental conditions in Prampram. 

·.81~( II)E'CE RATE AND INTENSITY OF HELMINTHES INFECTIONS 

ne use of Albendazole (400mg) to treat waste handlers at baseline was based on previous reports of 

Is successful anti-helminthic activity for the treatment of a wide range of helminthes infections since 

ts discovery in 1961 and approval for human use in 1982 (Pene el 01., 1981; Horton, 1990; Dayan, 

~()()3). Albendazole was used in the current study as a preferred choice over Mebendazole for the 

)aseline treatment because of its broad spectrum of activity, low cost, high efficacy and the ease of 

luministration (Bennett and Guyatt, 2000; Farmer et 01 .• 2001). The waste handlers did not have 

)roblem with compliance to the drug because they had been well sensitized and were familiar with 

he drug. The direct observation method also helped in monitoring the intake. There was no reported 

Idverse events associated with the intake of the Albendazole among waste handlers. 
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he adoption of preventive treatment without testing for helminthes in the targeted waste handlers in 

rampram was consistent with the WHO and also used by other authors for the treatment of at risk 

opulations at baseline (Montresor et 01., 1998; Asante and Oduro, 2006; WHO, 2006). Furthermore, 

Ie limited access to water, sanitation and hygiene facilities among waste handlers during waste 

andling, posed a higher risk to helminthes infections compared with the general population. These 

lclors have been found by previous researchers to contribute to the problem of persistence of 

elminthes infections among occupational risk groups including waste handlers (Mara et 01., 2010; 

"01 et 01 .. 2006). 

rhe zero incidence recorded for Trichiuris trichiura (T. trichiura) infections after 3 months post-

realment with Albendazole (400mg) was expected as the drug may have cleared all the eggs of the 

lelminthes. Thus, recording zero incidence after three months of treatment with Albendazole may 

nean that new infections with T. trichiura had not been established at the time stool specimen was 

:ollected. Research conducted by Horton, (2000) and Narain et 01., (2004) have shown high rate of 

:Icarance of eggs of T. trichiura due to light intensity infections using Albendazole (400mg) 

;ompared with heavy intensity infections. Previous studies have also indicated that it takes 

Ipproximately three months for female T. trichiura to lay eggs after infecting the host (Jackson et 01., 

1998: Cross, 1996). Thus, this study has demonstrated that at low intensities of infection with T. 

'richiura, a single oral dose of Albendazole (400mg) is generally effective. 

Ilte low incidence rate of infection (1.5%) and the light intensity of infection (2.8 ± 16.6 egg/gram) 

... ·ith T trichiura recorded among waste handlers after 6 months post treatment with Albendazole 

-lOOmg) rna) be due to the predominant adult population of waste handlers of average age of 42 
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ears. The most severe fonns of infections with high incidence rates of T. Irichiura have been 

:ported in children rather than in adults (Stephenson el 01.. 2000; Lwanga el 01 .• 2012). However, 

Jmparing the current incidence rate (1.5%) recorded for T. Ir;chiura among the waste handlers, with 

Ie national average recorded for an adult population (1.2%) and non-school going children (0.8%) in 

ndemic communities in Kintampo, Ghana, the incidence among waste handlers in Prampram was 

till relatively high (Tay el 01 .• 2010; Humphries el 01., 2011). This presumably shows that waste 

andlers in Pram pram were at higher risk of infection with T. trichiura compared with the adult 

IOpulation of an endemic area in Ghana as a result of their occupational exposures. However a study 

:onducted in endemic communities in India by Narain el 01., (2004) among a group of teenagers 

ound higher incidence of infection with T trichiura (43.6%), six months post-treatment with 

\Ibendazole (400mg). 

['he most common health complaint following infections with T. trichiura include mainly intestinal, 

;uch as diarrhoea and abdominal pain (Stepek et al.. 2006), whilst heavy infections in adults have 

JeCIl associated with iron-deficiency anaemia (Gilgen el 01., 2001). Even though the light intensity 

nfections recorded among the waste handlers in Prampram may not be accompanied with severe 

lealth complications like anaemia, those infected with the helminth may serve as important 

-eservoirs for the continued transmission of the infective stages among waste handlers, their 

mmediate family members and the entire peri-urban community. 

With reference to finding associations between demographic characteristics and helminthes 

nfections. this study indicated that the sex of waste handlers was correlated with helminthes 

nfections. Female waste handlers were 80% less likely to acquire helminthes infections compared 

135 



ith males (Table 4.16). Thus female waste handlers might have adopted better protective behaviour 

work in terms of use of protective working gear and personal hygiene practices. The type of waste 

mdling activities also correlated with helminthes infections and that among the five waste handlers 

'ho transported waste every day, two (40%) had helminthes infections. 

\!ith reference to the use of personal protective working equipment, this study reported that waste 

andlers who used rubber gloves during work were 80% less likely to acquire helminthes infections 

ompared with those who did not. Trichiuris trichiura is a soil transmissible nematode acquired 

nrough faecal oral ingestion of the infective stages (eggs) from soil. Working in the faecal polluted 

'~ri-urban communities of Prampram without adequate protection of the hands was a risk factor. 

hi, result has consolidated the knowledge on the importance of hands in the transmission of soil 

ransmitted helminthes infections and the need to wear personal protective working gear to prevent 

he direct exposure of the bare hand to faecal contaminated working environments (Abd EI-Wahab et 

Ii.. 2014). None of the waste handlers driving waste carrying tricycles wore rubber gloves during 

lork since it was not practicable to do so. It is therefore not surprising that two out of the five had 

nfcctions with T trichiura. It was equally not surprising to find a correlation between contamination 

)fhands by the detection offaecal indicator E. coli and helminthes infections because the risk factors 

"ere the same for both, indicating exposure to human faeces. Nine out of the 12 waste handlers who 

.vere positive for helminthes infections also tested positive for contamination of hands by human 

aecal indicator E. coli. 



'ublic health interventions such as periodic treatment of waste handlers with Albendazole (400mg) 

o eliminate eggs of T. trichiura at least once in every 6 months, wearing of rubber gloves to block 

ransmission of infective stages from faecal contaminated waste environments through bare hands 

lI1d use of hygiene facilities would help reduce or prevent the acquisition and spread of helminthes 

nfections among waste handlers in peri-urban Prampram, as reported in a similar study by Eassa el 

Ii., (2016). Even though waste handlers were aware of the importance and timing of hand washing 

md hygienic practices, access to convenient hand hygiene facilities was lacking (e.g. absence of 

water and soap for washing hands after work, defecation and before eating). Again, there was 

inadequate sanitation facilities for use of waste handlers during work (e.g. absence of toilet facilities 

at places where waste handling activities occur). These factors coupled with walking bare-footed 

during waste handling were also risk factors for acquisition of helminthes infections in waste 

handling (Vandemark el al .. 2010; Alemu et 01., 2011; Ziegelbauer el ai., 2012). Thus, using 

alternative preventive approaches, in addition to anti-helminthic drugs, need to be incorporated in the 

effort to reduce risk factors for helminthes infections among waste handlers in Prampram. 

S.91.I'IITATlONS OF STUDY 

E\en though the current study was well conducted and the findings added valuable information on 

waste handling activities, exposure surfaces and use of personal protective equipment; Self-reported 

health outcome. risk of contamination of hands by human faeces as well as on the incidence rate and 

intensity of helminthes infections among waste handlers in the peri-urban community of Prampram, 

Ghana, there were few limitations. Firstly, the health outcomes were mainly self-reported and not 

clinically confirmed. Bias in recall may have resulted in over or under-estimation of health problems 

among waste handlers. The waste handlers in an attempt to portray go d h Ith d 'd b . o ea an to aVOl emg 
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acked from work. may have under-reported or not reported health problems at all. The response on 

lOdily pain and musculoskeletal problems could have been exaggerated to portray evidence of hard 

\'ort. Another limitation is that the true source of faecal indicator E. coli and/or coliforms was not 

lScertained. Finally, the cure rate of Albendazole (400mg) was not determined among waste handlers 

wo weeks post-treatment. 

138 



6.0 CHAPTER SIX - CONCLUSION, RECOMMENDATIONS AND POLICY 

PERSPECTIVES 

.I COI\CLliSION 

here is a growing number of waste handlers in the peri-urban community of Prampram engaged in 

itTerent types of waste handling activities, who also belong to different waste management 

,rganizations. Waste handlers had different levels of exposures to waste and reported different health 

,utcomes. The most common self-reported health problems were bodily pains, headache, fever and 

liarrhoea. Other health problems like eye problems. stomach pains 'itchy anus' and non-specific 

,ymptoms such as stress and tiredness were also highlighted as commonly experienced. 

["he study indicated that direct contact of exposure surfaces of waste handlers to waste was 

ISsociated with reported skin diseases. Waste handlers whose bare hands were directly exposed to 

~·aste were more likely to report cough symptoms than those whose hands were not exposed. Waste 

landlcrs who performed three activities a day (sweeping, collection and disposal) were more likely 

o report upper back pain than those who only swept every day. Waste handlers who swept every day 

lad less risk of developing upper back pain compared to those who performed two activities per day 

disposal and collection). Compared with those who swept solid waste everyday in Prampram, solid 

>\'aste transporters were more likely to report upper back pains. 
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he prevalence and concentration of faecal indicator E. coli and Coliforms on hands of waste 

andlers were both estimated to be higher after work than that before work. Waste handlers 

erforming multiple activities (including two or more of sweeping, collection and disposal) a day had 

ignificantly higher concentration of E. coli compared with workers who were only sweeping every 

ay. A total number of 16 (5.7%) waste handlers tested positive for both E. coli and Coliform. Waste 

andlers who were above 35 years more likely to have faecal indicator E. coli on hands compared 

lith those below 35 years. Female waste handlers were less likely to have faecal indicator E. coli on 

lands compared with male waste handlers. Waste handlers who earned between ¢80-¢150 were more 

ikely to have faecal indicator Coliforms on hands compared with those who earned less than ¢80 per 

nonth. Waste handlers who have worked between 1-2 years were more likely to have contamination 

,fhands with indicator Coli forms compared with those who have worked for less than a year. 

jght intensity helminthes infections was reported among few waste handlers after 6 months post-

r!:alment.l he incidence rate of helminthes infections among waste the waste handlers was however 

ligher compared with results from an endemic community in Ghana. The likelihood of acquiring 

lelminthes infections after 6 months post-treatment with Albendazole (400mg) single oral dosage 

·\a~ less for female waste handlers as well as for waste handlers who used rubber gloves during work 

:ompared to males and those who did not use gloves respectively. The intensity of helminthes 

nteclion in egg/gram, level of faecal indicator E. coli and Coliform measured in CFU/ml were 

iigniticantly different with respect to the different types of waste handling activities. 

This study concludes that waste handlers experience a burden of diseases which is likely to be 

:onsequences of their occupation. The study stresses that waste handlers in the peri-urban 
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)mmunity of Pram pram thus are in need of disease protection from suitable and affordable 

rotective gear. Waste companies and government institutions employing a growing number of waste 

andlers should address these issues. Using bare hands to perform waste handling activities increases 

le likelihood of reporting health problems such as infection with T. trichiura among waste handlers 

1 Prampram. Employers of waste handlers must thus ensure periodic treatment of waste handlers (at 

:ast every 6 months) and to provide adequate hygiene facilities (soap and water) and supervise their 

lse during waste handling. 

1.2 RECOMMENDATIONS AND POLICY PERSPECTIVES 

,here is need for further studies to determine actual health problems among waste handlers by 

'onducting clinical examination in order to guide the design and implementation of specific health 

", '1111 ,tion measures to reduce health problems associated with waste handling activities in the peri-

Irhan community of Prampram. For future research, it would be useful to include psychosocial 

lealth risk factors to waste handlers in Prampram. Using techniques in molecular biology to 

!cnetically identify possible pathogenic E. coli strains in circulation among waste handlers would be 

'cnclicial in the future. Conducting a baseline helminthes detection study and to determine cure rate 

)1' Albendazole (400mg) two weeks post-treatment among waste handlers is further recommended 

or future studies. 

[here is need for waste management organizations employing a growing number of waste handlers 

n Prampram as well as the Ningo-Prampram District Ilocal government to collaborate to design and 

mplement the use of improved waste handling technology to deal with the issue of reported 
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lusculoskeletal pains by waste handlers. The employers of waste handlers in the peri-urban 

)wnship need to also educate and train waste handlers to adopt correct ergonomic work postures 

,articularly among those who sweep and collect solid waste in the Prampram community every day. 

lie appropriate authorities and stakeholders in waste management (including employers of waste 

\aIldlers and district/local government authorities) must provide waste handlers with appropriate and 

uitable personal protective working gears (PPGs) and replace old and worn out PPGs. 

llIese stakeholders must not only provide PPGs, but also offer periodic education and training about 

he proper use of PPGs and how to maintain them. Waste management organizations in Prampram 

md the Ningo-Prampram District Sanitation and Environmental Health Directorate must design and 

mplement sustainable hand hygiene promotion programmes, provide sufficient hygiene facilities 

soap and water) for waste handlers in the community. Employers of waste handlers must ensure 

)Criodic medical screening/exaDlination and provide the appropriate public health interventions to 

;urtail health problems among waste handlers in PraDlpram. 

63 CONTRIBl:T10N TO KNOWLEDGE 

llIis study has provided one of the first findings about self-reported health problems among waste 

handlers in Ghana. This is also the first time faecal indicator bacteria has been examined on hands of 

waste handlers in Ghana. Finally, this study has added knowledge about hclminthes infections among 

occupational groups in Ghana, by reporting for the first time T. trichiura infections among waste 

handlers in Prampram. 
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8.0 APPENDIX 

8.1 COI\SENT FORM 

Title of study: Peri-urban Environment, Sanitation and Health - Associated Health Risks in Waste 

Handling in Pram pram. Ghana. 

Brief background of study: Sanitation and waste management is a problem in Prampram. Frequent 

('pen defecation within Prampram communities has high potential of faecal contamination of solid 

\\aste. The health of persons engaged in waste handling may therefore be compromised due to faecal 

contamination or due to other musculoskeletal pains and injuries resulting from waste handling 

activities. Different methods and tools including. observations qualitative. quantitative and laboratory 

tools will be used to collect data for this research and triangulated to assess health hazards associated 

\\Ith waste handling within peri-urban communities of Pram pram. 

Aim of Study: To Assess Health Risks to Waste Handlers in Prampram. 

Investigator: lames-Paul Kretchy 

Participation Information: I would like you to be part of this study. However before you do so, I 

would like you to understand the following principles. 

I. Participation is totally voluntary 

2. You may choose to withdraw from the study at any time 

3. You are free to ask any questionls to clear your understanding of the conduct of the study. 
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Administration of Albendanzole (400mg): You will be given one tablet of Albendanzole (400mg), a 

de-wormer by trained personnel. You will be directly observed by the person to ensure that you have 

truly taken your drug. 

Biological samples: You will be requested to produce two stool specimens, in specimen containers 

which will be given to you, after taking the de-wormer. This will be used to determine presence or 

absence of worms in your stool as a result of waste handling practices. 

Storage of biological material: The stool specimen will be stored in the laboratory at the Noguchi 

\\cmllrial Institute for Medical Research (NMIMR) and used only for the above mentioned purposes. 

Side effects of Albendanzole (400mg): You may experience upper gastrointestinal symptoms (e.g. 

epigastric or abdominal pain, nausea, vomiting) and diarrhoea may occur rarely. Headache and 

dizziness have also been rarely reported. 

Contra-indication: Albendazole (400mg) is contraindicated in pregnancy and lactation. The drug 

would therefore not be administered to pregnant and lactating waste handlers. 

Reporting side-effects: Please report any observed side-effect to a nurse, physician assistant or 

physician on-duty at the Prampram Health Centre. 

Interviews and Questionnaires: I will like you to fill a questionnaire to be administered by myself or 

my field assistant. The information you provide will be analyzed to assess your knowledge about 

health risks in waste handling in Prampram. For interviews, I will request 45mins to 1 hour of your 

time for a chat with you which would be recorded with a digital device. 

lliIration of Participation: You will be interviewed once. You will also fill a questionnaire once. 

Your stool sample will be collected two times within six months period (at three months interval). 
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Assurance of Participant" s Confidentiality: All records relating to your involvement in this study will 

remain confidential. No information revealing your identity will be used in any report from this 

stUdy. 

Benefits of the Study: You will receive free treatment with the de-wonner, Albendazole 40Omg, at 

the start of the study. Additionally, information/results obtained from this study will be used to 

enhance our understanding on health risks in faecal waste management in Prampram. It would also 

help to recommend alternative and beneficial ways of handling waste as well as suggest interventions 

that would reduce the health risks of those engaged in waste management. 

For additional information concerning your rights as a research participant, you may contact: Dr. 

\lawuli Dzodzomenyo (School of Public Health, University of Ghana); Mobile Phone Number: 

0208-376845; OR Dr. Margerate Gyapong (Dodowa Health Research Centre): Mobile Phone 

Number: 0244-573138 

In case you do not understand any portion of this consent explanation, do not hesitate to ask me (the 

investigator) before signing. 

Participant's consent agreement: The background and aim of the study has been explained to me and 

I have been assured of strict confidentiality of my answers to questions in this study. I have had the 

opportunity to seek clarification on issues about this study I do not understand. I agree to voluntarily 

participate and give my full consent to publication of results from this study. 

Taking pictures: I agree that you can take pictures of me during waste handling. 

SPECIAL ID NUMBER OF PARTICIPANT ............................................... . 
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SIGNA TIJRElTHUMBPRlNT: .............................. DATE: .......................... . 

I verify that my participant has not been forced to giving consent to participate in this study. He/she 

willingly consented to participate in this study. The participant was given the opportunity to seek 

clarification on issues about this study he/she did not understand. I provided clarifications to hirnlher 

to the best of my knowledge. 

NAME OF INVESTIGA TORIFIELD ASSISTANT: ...... ... ....... DA TE: ........................ .. 

8.1.1 ETHICAL CLEARANCE (DHRC-IRB-STUDY No.OllJOIll) 

In cafe of reply the 

number and date of this 

leiter shoflld be QUOIed. 

My Ref .' DHRCllRB1111021 

Your Ref No. 

Mr.Kretchy 

Department of Biological, Environmental and 

Occupational Health Sciences 

School of Public Health 
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Dodowa Health Research Centre 

Ghana Health Service 

P. O. Box DOl 

Dodowa 

Tel: +233-0302-925-837 

03 April 2019 



College of Health Sciences 

University of Ghana 

Legon 

RE: STUDY NO.01l10/11 AT: DHRC-IRB EXPEDITED REVIEW 

Dear Sir. 

PROTOCOL I I rLE: MICOBIAL AND OCCUPATIONAL HEALTH RISKS OF WASTE 

MANAGEMENT WORKERS IN PRAMPRAM. DANGME WEST 

DISTRICT OF GREATER ACCRA REGION 

I his is to infonn you that the DHRC IRB has approved the amendment to the above named protocol. 

Yours sincerely, 

IRS Administrator 
DHRC,IRB 
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8.2 STUDY PROTOCOLS 

1.2.1 STAKEHOLDERS I,'IITERVIEWGUJDE FOR INSTITUTIONS/ORGANIZATIONS 

"-OYING/SUPERVISING WASTE HANDLERS 

This short interview guide is designed with the aim to classify, quantify and describe types of 

activities undertaken by waste workers in Prampram. 

I. Date 

2. Name of Institution/Organization _______ _ 

3. Location of Institution/Organization ___ _ 

4. Name of Person interviewed _____ _ 

S. Position of person interviewed ____________ _ 

6. How does your institution/organization recruit waste management workers? (PROBE) 

7. How many of these are in Prampram? ________ _ 

8. How does your institution/organization supervises/oversee waste management workers? 

(PROBE) 

9, How many of these are in Prampram? 

10. How many of these have you employed? ___ _ 

II. How many of these do you supervise/oversee? _ 

12. What are the specific activities they perform? (PROBE) 

13. How are the waste management workers paid? 
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1.2.2 IN-DEPTII INTERVIEW GUIDE 

This in-depth interview guide is designed to understand the experiences and perceptions about Health 

Hazards to Waste Handlers in the Prampram study area. 

The purpose is to explore experience and perception of occupational health hazards in waste 

handling among selected waste handlers. 

I. Which health problems do you experienced since you started work as a waste handler? Probe. 

2. Why do you think you get these health problems? Probe. 

3. What do you do to protect yourself in your work? Probe 

4. Why do you do this? Probe. 

5. Do you have any problems protecting yourself at work? Probe 

6. What do you see as the biggest risk to your health as a waste handler? Probe. (Give 

examples). 

7. How do you handle the risk? 

8. Ilow do you cope with going to toilet during work? Probe. 

9. How do you access to water whilst at work? Probe. 
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8.2.3 QUESTIONNAIRE 

This questionnaire is designed to gather information on use of PPGs, exposed bodily surfaces to 

waste and reported health problems among Waste Handlers in Prampram study area. 

The purpose of this questionnaire is to identify types of activities undertaken by waste handlers. types 

of PPGs used. surfaces of exposure to waste and reported health problems among waste handlers in 

Prampram. 

;I-- Question Response/s 
lumber 

Section A 
General background information 

I. Participants special ID # ACPR ..... ZLPR .... 
ZOPR .... ARPR .... ASPR .... 

2. Participants name 
3. Participants Telephone number 
4. Date of administering questionnaire 

00 00 0000 
dd mm yyyy 

S. Consent has been read out to participant 
Yes 0 

No 0 
If No, please read out. 

6. Participant has given hislher consent 
Yes 0 

, No 0 
r 

If Yes, continue with study, IfNo, f 
~. please discontinue. 

7. 
Section B Information for administering Albendazole (400mg) single oral dosage 

What was your Date of Last Menstrual Period If it is over a month do NOT 

8. 
(LMP)? administer drug 
Are you breastfeeding? (For female waste 
handlers only) Yes 0 

No 0 
If Yes, do NOT administer drug, If 

- No, administer drug. 
9. Do you have any known allergies/adverse 

reactio~s to d~-wormers e.g. nausea, vomiting, Yes 0 
abdommal pam? 

No 0 
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-
--- Response/s estion Question Qu 

lamber 
~-~~------

[fYes, do NOT administer drug, If -
No, administer drug. 

Have you t:lkel1 any de-wormer within the past 10. Yes D 
three months? 

No D 

! If Yes, do NOT administer drug, If 
I No, administer drug. --__ ..L-_~ ____ 

~------

SedionC 
Socio-<iemogral'hic information - -

II. Sex (Indicate Male or Female as observed) 
DMaie 

D Female 

12. AgelDate of birth 
Years .... .IDD DO DODO 

dd mm yyyy 

13. Highest Level of Education 
ONone 

D Primary 

o MSLC 

o Secondary 

D Tertiary 
14. Current Monthly Salary (State Current Salary 

D <¢80 Range in ¢GH) 

D ¢80 - ¢100 

D Between ¢ 1 00 and ¢ 150 
Section 0 

Information about work 
15. What waste management organization (WMO) 

D loom Lion do you work for? 

D lOlL 

D Acr 

D Area Council 

D Community volunteer 
16. How long have you worked with this WMO? 

D <I year 

o 1-2 years 

~ D 3 - 4 years 
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Question Question i Responsels 

Dumber -
D 5 years and above 

17. What specific waste handling activity/i~s do you D Collecting waste 
perfonn? Tick all that apply to you. 

D Disposing waste 

D Sweeping waste 

D Transporting waste 

18. On the average, how many hours do you work 
D < Ihr 

per day? 

D 1-2 hrs 

D 2-3 hrs 

D 4-5 hrs 

D Any otherlPlease specify ___ 

Section E 
Use of personal protective working gear and surfaces of exposure to waste material 

19. What specific personal protective working gearls 
DNose mask/mouth cover do you use during waste handling? Please tick all 

that apply to you. D Over-all coat/apron 

o Wellington boot 

o Glove 

o Any otherlPlease specify 
, 10. Which of your body surfaces has direct contact o Hands to waste material during waste handling? Please 

tick all that apply to you. o LeglFeet 

o NoselMouth 
Section F 

Waste handling and reported health problems 

21. What health problems did you experience within -
the past two weeks of waste handling? Please o Fever 

tick all that apply to you. o Diarrhoea 

o Headache 

o Skin disease 

o Cough 
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Question Question Response!s 

lumber 

o Bodily pains 

o Any otherlPlease specify 

Section G 
Waste handling and perceived causes of health problems 

22. What are the specific thingls about waste o The smell/odour 
handling that can give you health problems? 

o Exposure of bodily surfaces in 
contact with waste material 

o Eating with contaminated/dirty 
hands 

o Wearing dirty personal protective 
working gear 

Section H 
Waste handl ing and reported musculoskeletal pains 

23. Which part of your body did you feel the most o Neck pains within the past two weeks? 

o Wrist 

o Lower back (waist) 

o Upper back 
--------
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8.2.4 SAJIPLE OBSERVA T/oiII . .fL CHECKLIST 

. k/" fi d t the hJ'Pe of activity performed The purpose for this structured observatIOnal chec 1st IS to In ou OJ, 

",. associated health hazards in waste handling in the Pram pram study area. 

I. Date 

calion Olowe, Upper Prampram 
I --

fie site Dumping site 

of waste Sweeper Collector Disposer Transporter 

e' 

'dyl Sweeping Collection Disposing Transportation 

.,cion (using brooms to Using glovedlbare Throwing away or Driving waste carrying 
clear/clean and hands to remove waste discarding waste into tricycle for disposal 
gather garbage into waste bins for Zoom Lion waste 
within community) transport receptacles, landfills, 

etc 

~!'f ..... hrs ..... hrs ..... hrs ..... hrs 
urc 

of i. Head gear 
1ion 

i. Head gear i. Head gear i. Head gear 

ii. Nose ii. Nose mask/mouth ii Nose mask/mouth ii. Nose mask/mouth 
mask/mouth cover cover cover cover 

iii. Wellington boot, iii. Wellington boot, iii. Wellington boot, iii.Wellington boot, 
sandals, bare foot, sandals, bare foot, sandals, bare foot, sandals, bare foot, 
slippers slippers slippers slippers 

iv. Over - all/apron iv. Over - all/apron 
- iv. Over - all/apron iv. Over - alllapron 
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- v. Gloves v. Gloves v. Gloves v. Gloves 

i.Head, ii. arms, iii. chest, 
Cd i.Head, ii. arms, iii. i.Head, ii. arms, iii. i.Head, ii. arms, iii. 

chest, iv.trunk, v. chest, iv.trunk, v. chest, iv.trunk, v. iv.trunk., v. hands, vi. leg, 

hands, vi. leg, vii. hands, vi. leg, vii. feet, hands, vi. leg, vii. feet, vii. feet, viii. under feet 
~ 

feet, viii. under feet viii. under feet ix. viii. under feet ix. ix. Nose/mouth 

ix. Nose/mouth Nose/mouth Nose/mouth 

83 LABORATORY PROTOCOLS 

8.3.1 ClLTURE AND ENUMERA TJON OF INDICATOR E. COLI ON BRILLIANCE INDICATOR AND 

SELECTIVE AGAR 

I. Collect two hand rinses from the same hand (the right hand) of waste handlers using clean 

water before and after a day's waste handling activity. 

2. Gently rub each hand in SOml clean water poured into a sterile stomacha polythene bag for 

about 60secs to dislodge faecal indicator bacteria into the clean water. 

3. Gently pour the water containing dislodged faecal indicators back into 50ml falcon tubes and 

transport on ice to the Noguchi Memorial Institute for Medical Research. 

4. Aliquot 1 ml of the stock solution for serial dilution. 

5. Use Iml of the stock concentration to obtain stock, 10,1, 10'2, and 10,3 concentrations in a 

serial dilution. 

6. Dispense 100111 of each concentration of hand rinse into labelled petri-dishes and pour about 

20-25ml Brilliance E. coli/coliform selective indicator agar (Oxoid). 

7. Swirl gently for even distribution/mixing of hand rinse with agar medium. 
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8. Allow the prepared plate to set and incubate at 44°C +/- O.5°C for 24hrs. 

9. Observe positive culture for faecal indicator E. coli as purple colonies, whilst other faecal 

coliforms appear pinkish after 24hr incubation. 

10. Visually inspect the culture plates and count the number of E. coli/coliform colonies grown 

using the colony counter (gallokemp). 

II. Record the number of colonies in a laboratory notebook. 

1.3.1 KA TO-KA TZ TECHNIQUE 

I. Collect early morning or first stool specimen from waste handlers three and six months after 

treatment with Albendazole (400mg) 

2. Tease about O.0417g of faecal specimen to fill the Kato-Katz template (according to 

manu1acturer's instructions), to identify and enumerate infective stages (eggs, larvae) of 

helminthes. 

3. Count the number of helminthes eggs/ova/larvae (infective stages) using low power objective 

lens magnitication (XIO/X40) 

4. Multiply the number of eggs/infective stages in the 0.0417g of faecal specimen by a factor of 

24 to obtain the intensity of infection expressed as eggs per gram (epg) of faecal specimen. 

5. Classify the degree of intensity ofhelminthes infections according to the WHO categorization 

(light, moderate, and heavy) infections (WHO, 1994; WHO, 1998, WHO, 2002). 

198 



8.3.2.1 WHO classification of egg/gram (Intensity of infection) for Tr;ch;ur;s trichiura 

The following threshold epg values (intensity) proposed by the WHO were adopted for the 

classification of waste handlers infected with T trichiura as having light, moderate or heavy intensity 

infections 

Trichuris trichiurcJ 

Light intensity 

infections 

1- 999 epg 

moderate intensity 

infections 

1.000- 9,999 epg 

Heavy intensity 

infections 

:::: 10,000 epg 

o There were no heavy and moderate intensity inftctions with T trichiura among waste 

handlers in peri-urban communities in Pram pram 3 and 6 months post-treatment with 

Albendazole (400mg) 
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Abstract 

Mixed method design was used to investigate exposure to waste, use of personal protective gear 

(PPG), and reported health problems among 280 solid waste handlers in a peri-urban township of 

southern Ghana. Most commonly reported health problems were bodily pains (56.4%), headache 

138.6%) and fever (35.7%). In-depth interviews highlighted eye problems, stomach pains and non­

specific symptoms. Waste handlers whose bare hands were exposed to waste had a higher likelihood 

to report fever [odds ratio (OR) = 1.89 (95% C.I 1.37 - 2.56), p < 0.0001] and diarrhoea [OR = 6.25 

(95% C.l4.17 - 10.00), p < 0.0001] compared with those who used rubber gloves. Similarly, waste 

handlers with uncovered mouth/nose had higher likelihood to report cough than those who used 

mouth/nose cover [OR = 7.69 (95% C.l4.00 - 14.29), p < 0.0001]. Waste handlers who did not use 

PPGs consistently cited reasons including physical discomforts, impracticalities of wearing them in 

hotlhumid conditions, inability of employers to supply or to self finance PPGs. Waste handlers need 

affordable and suitable protective gear against health problems coupled with provision of water and 

soap to promote personal hygiene at work. Employers must educate and train waste handlers on 

disease preventive purposes of using PPGs. 

Ke\ words: Solid waste handlers, Mixed method. Exposure, Protection, Health problem, Peri-urban. 
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Iatroduction 

population densities in urban areas are increasing worldwide and so are the solid waste generated. In 

many less developed countries, e.g. Ghana. waste handlers are occupied with the removal of large 

loiumes of different types of contaminated waste, often by hand as they have limited access to 

Jppropriate waste removal technology (McGregor et al 2011; Amoateng et aJ 2013). These waste 

handlers are therefore predisposed to several health hazards which occur throughout the waste 

management chain. from collection to final disposal. Solid waste handling is therefore generally 

considered to be an occupation representing substantial health risks (Kitsantas et al 2000). 

The magnitude of work related health problems may be influenced by an individual's level of 

protection and hazard exposure (Mutha et al 1999). Common ways to reduce exposure to health 

problems in waste handling include the use of personal protective gear (PPG) (Tjoe Nij et aJ 2003). 

The use of proper PPG may prevent direct physical contact of waste handlers to solid waste, which 

often is faecally contaminated, and also prevent cuts and injuries during waste handling activities. 

Previous studies have described health effects among solid waste handlers and found health problems 

IOcluding bodily pains (Norman et al 2013), eye, skin, and gastrointestinal problems that were 

associated with solid waste handling (Dorevitch & Marder 2001; Rushton 2003). However, type and 

magnitude of health problems are likely to be influenced by culture and behaviour within local 

Contexts under which waste handlers work (Whitelaw et al 2001; Tate et al 2003; Gutberlet 2008). 

Even though there is available information on health problems faced by waste handlers in North 

America (Rendleman and Feldstein, 1997) and Brazil (Gutberlet el a/., 2013), there is limited 

published research on health problems to waste handlers in Ghana with none ~o' h' 
I' cusmg on t ose m 
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peri-urban communities. Existing studies on solid waste management in Ghana report mainly 

nuisance aspects of solid waste pile-up due to poor management (Fobil et al 2008; Ampofo 2013) 

and not direct health hazards that solid waste handlers are exposed to and associated disease 

problems. Nonetheless, the information about health problems is important to gain insight and to 

recommend public health measures that would curb the impact of these health problems among solid 

waste handlers in rapidly developing urban communities, in less developed countries like Ghana. 

This study therefore aimed to describe different waste handling activities and self reported health 

problems among solid waste handlers, including physical exposures and protection in peri-urban 

communities, the case of southern Ghana. 

Materials and methods 

Waste handlers were defined as those who either worked for waste management companies and 

Institutions or as volunteers directly handling waste materials along the waste management chain. 

The waste managed included solid waste; solid waste mixed with fresh and decomposed human 

faeces or effluents from domestic waste pipes and septic sludge from tanks emptied into open drains. 

Study area and design 

This cross-sectional study was conducted in a coastal and peri-urban community located in the 

Dangme West District, in the southern part of Ghana. A mixed method design (Vlin et al 2005; 

MCBurney & White 2009) including observations, in-depth interviews and researcher-administered 

questionnaire were used to collect data on exposure to waste, personal protection and self reported 

health problems. 
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Observations 

The types of protective gear worn, (e.g. over-all gowns, nose/mouth cover, gloves. Wellington boots 

etc.) and parts of body of waste handlers exposed to waste whilst working were observed. Waste sites 

observed included open drains by the road-sides, around ponds, dumping sites. beaches, around 

waste containers, public toilet facilities and other open spaces within the peri-urban communities 

where waste was disposed, collected and handled. The observations were systematically recorded 

using observational guides and into field notes. 

Questionnaire administration 

All the 280 waste handlers identified based on their activities, were interviewed using a close-ended 

questionnaire comprising twenty (20) questions. The questionnaire was adopted from Mbeng et al 

(2009) and Ifegbesan (2010) and modified within the context of the current waste handling practices 

at the study site. Information was collected to classify and describe types of activities undertaken and 

to detennine the type and level of exposure to waste as well as self reported health problems among 

I\aste handlers. The waste handlers were identified and questioned on the site where they carried out 

lIaste work. 

I fA.depth i.",.,iew, 

I In 10lal 22 waste handlers, representing a diversity of all the different types of waste workers, were 

i interviewed with the purpose of understanding their work conditions, perceptions of common health 

problems. and the use of Personal Protective Gear (PPG). A face-to-face in-depth interview approach 

lIas adopted to allow an open communication which could expand on some of the observations made 

allhe waste sites (Sturges & Hanrahan 2004). The in-depth interviews were conducted in a neutral 
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venue away from the work place of waste handlers to create a relaxed interview atmosphere. 

Interviews were recorded using a digital audio device with each in-depth interview lasting between 

14S minutes to one hour using a semi-structured interview guide. 

I 

Ethics statement 

Ethical clearance was obtained from the Institutional Review Board of the Dodowa Health Research 

Centre, Ghana Health Service with review number (DHRC-IRB - STUDY NO.OI/lO/II). 

Duta management and analysis 

Survey interviews and in-depth interviews were all conducted by research assistants fluent in the 

local language of Dangme. In-depth interviews were transcribed in the Dangme language by the 

research assistants on the day of the interviews and translated into full-text English. The first author 

conducted a thematic content analysis with an inductive approach (Elo & Kyngas 2008); all 

transcripts were manually coded and summarized into emerging higher level themes. The main 

themes identified were; exposure of uncovered parts of body to waste and the resulting risks to 

health. difticulties with using personal protection during waste handling, and health problems among 

waste handlers. 

I After fieldwork, each questionnaire was checked for completeness before entering data into SPSS 

17.0 for Windows 7 (SPSS, Inc., Chicago, IL.) to minimize errors and to validate the data. Double 

enlry of data from questionnaire responses was done to ensure accuracy. Cross tabulations were used 

to compare the differences in responses among the different waste handlers by Chi-square statistic 

and P-values. A logistic regression model was used to analyze the association between exposure (use 
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of bare hands, uncovered mouth/nose); protection (use of gloves, mouth/nose cover, overall gown, 

Wellington boots) and reported health outcomes (including fever, diarrhea, cough, skin problems). 

The infonnation obtained from the different data collection methods were triangulated to obtain an 

in-depth understanding of reported health problems. 

! Results 
I 

J~mographic characteristics of waste handlers 

The majority (76.1 %; 213/280) of waste handlers were females and waste handlers had an overall 

mean age of 42.7 years, with a few (2.9%; 8/280) children as well as old people (8.9%; 25/280) 

(above 60 years) also engaged in waste handling (age range 8-87 years). Waste handlers within the 

very young or old age groups worked at public toilet facilities as sweepers or collectors of human 

faecal matter but also as disposers of solid waste generated both within and outside the toilet 

facilities. Most (69%; 193/280) waste handlers only had up to basic level education. A majority 

/82.9%; 232/280) earned between 80 and 100 Ghana Cedis (GH<I:) per month from waste handling 

Ii.e. approximately USD 36-45), which was the main source of income for most waste handlers. This 

Income was far lower than the average monthly per capita income in Ghana (GHa: 225; about USD 

I Il7)(GSS.2013). 

Wuste handling practices 

The highest proportion (69.3%; 194/280) of waste handlers engaged in multiple tasks including 

sweeping. collection and disposal. Other waste handling activities with proportions of waste handlers 

performing them were sweeping only (18.2%; 511280), collection only (4.3%; 12/280). disposing 

2116 



only (6.4%; 18/280) and transport only (1.8%; 51280). Table 1 describes the specific waste handling 

ldivities. 

Table 1: Classification and description of waste handling activities identified. 

Waste handling Description 

activity 
Swetping 

Collection 

Tran.fportation 

Disposal 

Using brooms to manually clean and gather wastes from streets. lorry 
park, beaches. gullers. sanitary facilities (public toilet facilities and 
dumping sites). waste receptacles, tricycles. around dumping sites and 
open spaces within the peri-urban communities such as the market 
place. 
Using either bare or gloved hands, shovels. brooms, or rakes to pick or 
remove solid waste from beaches, public amenities, sanitary facilities 
(public toilet facilities and dumping sites). gutters. fresh water ponds, 
abandoned grave yards within the peri-urban communities. The waste 
materials were collected into solid waste receptacles or wheelbarrows 
and transported to landfill sites, buried or dumped into nearby bushes. 
Waste handlers who transported waste were tricycle drivers who used 
motor-powered tricycles with attached open tray !caravan for rear 
loading of solid waste from the peri-urban communities). 

Throwing or dumping collected solid waste into waste receptacles, 
landfill sites or 'unofficial' dumping sites along the beach, aroundfresh 
water ponds or in the bush. Waste disposal also involved burning or 
digging the soil to bury waste materials. Waste materials were usually 
disposed of in bulk without prior sorting or treatment. 

Exposure of uncal'ered parts of body during waste handling 

Observations conducted among waste handlers during work showed that most workers had bare parts 

of their bodies exposed to waste during most of their daily work time. This was in agreement with 

the results from the questionnaire survey that showed that in all groups of waste handlers, most 

(87.1 %; 244/280) used bare hands to handle waste including all transporters (5/5), 91.8% (1781194) 
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of workers performing multiple tasks, 88.2% (45151) of sweepers, 83.3% (15/18) of disposers and 

16.7% (2/12) of collectors. The sUivey further showed that 41.8% (117/280) of all waste handlers 

perfonned their work with uncovered mouth/nose. Observations again showed that pregnant and 

breastfeeding mothers also engaged in waste handling with uncovered mouth/nose, hands or feet. 

Few breastfeeding waste handlers (5.6%; 121280) who brought their children to work, with no form 

of physical protection, also performed waste work whilst carrying the children at their back. Though 

these vulnerable groups of female waste handlers with their children were few, the possibility of 

reporting anaemia from hook worm infections and inhalation of organic dust among the children 

could be high . 

. 4ssocialion between use of uncovered parts of body and self-reported health outcomes 

A logistic regression showed that waste handlers who used bare hands to perform multiple waste 

handling tasks in a day had significantly higher likelihood to report fever [odds ratio (OR) = 1.89 

(95% C.I 1.37 - 2.56), P < 0.0001] and diarrhoea [OR = 6.25 (95% C.l4.17 - 10.00), p < 0.0001] 

than those whose hands were covered with rubber gloves. Similarly, waste handlers who performed 

multiple waste handling tasks whose mouth and nose were uncovered during a day's activities had 

signilicantly higher likelihood to report cough than those whose mouth/nose were covered with 

nose/mouth cover [OR = 7.69 (95% C.l4.00 - 14.29), p < 0.0001]. 

DUring in depth interviews. waste handlers elaborated on the use of bare hands in waste handling and 

the reasons for not washing hands during a work day. A 55 year old male waste handler stated that; 

"Sometimes I forget to wash my hands in a haste to eat when I am sweeping the guller. May he I am 

IItry hunxry andjllst want to eat something. Instead of taking my time to wash my hands with waleI'. I 
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say oh let me just finish this food quic/cly. this is nothing. But I have forgotten that whiles I was 

working in the gutter. some of the waste water splashed on me .... Even if I wash my hands. I use only 

"atl'r because there is no soap ". Observations also highlighted that access to water and soap for 

effective routine hand washing during work was limited; most waste handlers were part of a mobile 

work force and did not have access to a site with running water and freely available soap for hand 

washing before eating or after defecation. 

Us, of and knowledge about Personal Protective Gear 

The questionnaire interview yielded information about the different types of Personal Protective Gear 

IPPG) which were used by waste handlers during work. Four types of PPGs were mentioned; namely 

overaJl gowns to cover the surface of the body (72.6%; 204/280), Wellington boots to cover the sole 

and feet (62.5%; 1751280), gloves to cover the fingers and palms up to the wrist (59.3%; 166/280) 

and mask to cover the mouth and nose (32.1%; 90/280). The use of gloves (91.6%; 11112), overall 

apron (100%; 12/12) and Wellington boots (75.0%; 9/12) was significantly higher among collectors 

compared to sweepers, disposers, transporters and those who performed multiple waste handling 

!asks (p < 0.0001). Observations further showed that almost every waste handler who did not wear 

Wellington boots wore open slippers and sandals as footwear, or were barefooted. 

In-depth interviews with the 22 waste handlers showed that two-thirds had only basic knowledge 

about the disease protective purpose of wearing PPGs. One 32-year old female sweeper said; 

"Sometimes it is good that they train us how to use the softly gears because unless we try to acquaint 

ourselves with its use, we can get the health problems in the near future ", A waste collector also 

explained: "(f we do not use the hand gloves .. , we can contract some of the health problems. like 
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diarrhoea" (35 year old male). Another waste handler iterated that: "This is why we have to be given 

something to cover our nose to minimize the amount of dust that we inhale" (40 year old female 

waste handler who performed multiple tasks). 

Barriers to using Personal Protective Gears 

Contradicting the survey results, observations revealed that most waste handlers did not use PPOs 

consistently throughout a day's work. Waste handlers such as community waste volunteers, 

scavengers and night soil collectors did not have functional PPOs available. 

In-depth interviews further sought to understand the main barriers to using PPOs. One reason 

mentioned was the inability to purchase PPO from personal funds. This was a problem for the group 

of waste workers who were not employed in official waste management companies including waste 

scavengers, night-soil-collectors, volunteer community waste handlers and private public toilet 

managers. These groups of waste handlers constituted approximately one fourth of all waste workers 

who were the poorest since they only received daily wages based on the waste they scavenged and 

sold. how many households they visited to empty latrines or how many customers used public toilet 

lacilities. The volunteer waste handlers did not receive any salaries or allowances since they only 

pertonned waste handling activities occasionally as part of communal initiatives. 

One night soil collector explained his inability to purchase PPG to use when he manually collectcd 

night soil into simple buckets, that were then transported and disposcd of by hand: "Ill am 

trwlSporting the human faeces, I don't have anything to cover my nose .... sometimes. what I use to 

protect myself gets spoilt and I don'f have money to replace it ". Though the use of bare hands in 
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night soil collection would represent a very high exposure to faecal pathogens and the associated risk 

for oral transmission of disease among waste handlers involved, the risk of disease was paradoxically 

mainly associated with the bad smell of faeces. 

Another reason for not using PPG was simply not having it. Once employed by a waste company, 

waste workers were supposed to receive PPG to perform their work. However, it was mentioned by 

all waste handlers, employed by waste companies, during in-depth interviews that PPGs were not 

supplied to all waste handlers. For waste handlers who were provided with PPGs, these were not 

replaced by the employer after protective gear became worn out. Waste handlers thus had to manage 

with tom PPGs that did not protect them well. A 32-years old female collector described the 

JWblems: .. When I use the nose cover today and fIX it again for a period of time, sweat gets into it 

and then it brings out some bad smell and makes it uncomfortable to use ". Thus discomfort in 

general was a major barrier to wearing PPG. A waste collector expressed his feelings of panting for 

breath when wearing nose masks: "The nose cover causes us to pant for breath. There are some 

pores in the nose cover ... Sometimes we begin to pant for breath. so we take it off at a point and 

continue to work "(55-years old male waste collector). 

Problem with using gloves and boots were also commonly mentioned in interviews. The problems 

Slated were mainly related to experiences of skin becoming hot, humid or wet inside gloves and 

boots and developing into skin problems. A logic regression model to show association between the 

use of Wellington boots [OR = 2.0 (95% C.l 1.43 - 2.86), p < 0.0001] and overall gown [OR = 2.94 

(95% C.I 1.89 - 4.55), P < 0.0001] among waste handlers showed significantly higher likelihood for 

those who performed multiple tasks to report physical discomfort than those who did not use them. 
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During an in-depth interview, one 55-years old male waste collector described the etTects of using 

Wellington boots: "For the boots sometimes. I contract foot rot when I use il for a long lime". 

Wellington boots were also perceived as too heavy and unpractical to wear by everyone interviewed: 

"For the wellington boots. once the feet keep so long in the boot. my foot becomes hot. It's very 

difficult wearing them. because the boot is heavy and walking in the sun, it's not easy ...... (A 37-

~ears old male waste disposer). A 34-years old female sweeper had similar experiences with using 

tloves: "The gloves ... il'sjust that my fingers do not get enough air; they get wet. When I take my 

fingers from the gloves it fiels as though it's from the cold store". 

Types. frequency and causes of self reported health problems among waste handlers 

Different proportions of waste handlers reported various health problems which they linked to their 

occupation as revealed in the different types of questionnaire interviews. Even though some waste 

handlers reported health conditions that could be duc to viral, bacterial or parasitic infections (such as 

fevers, diarrhoea, cough and skin disorders), the most common health problem reported in the 

mlerviews was bodily pains (56.4%; 158/280). Other health problems reported during questionnaire 

survey were headache (38.6%; \ 08/280), fever (35.7%; 100/280), feeling of discomfort (28.2%; 

781280), diarrhoea (11.4%; 32/280), dizziness (6.8%; 19/280), cough (8.9%; 25/280), skin disorders 

(5.4%: \5/280) and asthma (1.8%; 5/280). In addition, in-depth interviews with the waste handlers 

revealed that eye problems, stomach pains and non-specific symptoms such as stress and tiredness 

were common health problems. 

Puins 

212 



The highest proportion (63.4%; 123/194) of waste handlers who reported bodily pain was those 

workers who perfonned multiple waste handling activities. A waste handler explained: "After 

collecting the waste. I push the waste in the wheel barrow several times in the morning. 10 the dump 

Jill 10 dispose. I feel waist pains (setso yemi) and pains in my whole body" (35-years old male waste 

handler performing mUltiple waste handling tasks). A 32-years old female waste handler who 

perfonned multiple waste tasks in a day also narrated her experience with bodily pains: "In this 

waste work. I sweep. collect and dispose of the waste .... This disturbs me a lot. I suffer a lot of pain 

in my body and my waist. Previously I did not experience these body pains but since I started this 

work then the pain also started". 

Field observations revealed that handling wastes was characterized by hard manual work. Apart from 

two motor-powered waste tricycles used to transport waste, waste handling equipments were all 

manually operated including physical dragging, pushing and pulling of waste containers, 

wheelbarrows etc. This hard physical work is likely to have resulted in reported bodily pains among 

\\Jste handlers. 

Uther causes of health self reported problems 

A high proportion (67.5%; 189/280) of waste handlers reported direct exposure of uncovered parts of 

body to waste as the main cause of their health problems, whilst 61.4% (172/280) reported that 

inhaling bad smell of waste was a major cause of their health problems. Other factors reported to be 

associated with health problems included; eating with dirty hands (45.7%; 128/280) and wearing 

dirty clothes for work (8.6%; 24/280). These things in combination with working outdoors under 

hac h d' . I . 
S con Hwns were a so commonly explamed as causing disease: "I sweep and collect monel' by 
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lilt waste container, mosquitoes bite me and I get malaria (atlidii) and sometimes after standing in 

lhe sun then half of my head is aching very bad. I also experience like I want to vomit and my anus 

itches me (fit? mi plem;) .. (40-years old female waste handler who swept and collected money near 

waste container J, One 35-years old female waste handler who collected human faeces from the beach 

each morning explained how this caused her health problems and discomfort: "The health problems 

comefrom the work we do, .. We handle human/aeces and the bad scent gets into our nose. We gel 

mcrease in abdominal pain as a result, This morning/or example, there were lots of human faeces at 

lhe beach. "and as we sweep. the bad scent then gets into us and gives me sickness . .. 

Oiscussion 

Similar to research conducted in other parts of Africa. (Getahun et al 2012), Asia (Zhang et al 2010) 

and Europe (Magrinho et al 2006), our study shows that there are a range of different people engaged 

in waste handling activities in peri-urban communities to control and reduce the volumes of 

accumulating solid waste. The high proportion of females engaged in waste handling in these rapidly 

urbanizing townships in southern Ghana is in agreement to the traditional perception of female 

dominance in waste handling in Ghana (Kadfak 2011). 

Though this study did not specifically investigate hookworm infections among female waste 

handlers, research conducted in Ghana has shown that females were more likely to report anaemia 

from occupation-related hookworm infections compared with males (Glover-Amengor et al 2005; 

Humphries et al 2011). The exposure of pregnant and breastfeeding waste handlers to waste may 

increase the likelihood of acquiring occupation-related hookworm anaemia among female waste 

handlers compared with males (Glover-Amengor et al 2005; Humphries et al 2011). Similarly. 

children of waste handlers who are brought to work may have reported higher prevalence of cough 
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due to inhalation of organic dusts and associated pathogens, (Wouters et al 2002; Park et at 2011) 

t GlllDPated with adult waste handlers. It is advisable for female waste handlers to take adequate 

protective precautions against hookwonn anaemia, and to keep their children away from exposures to 

contaminated work environments in order to avoid cough and other airborne infections. 

Waste handlers who are young (8 years) or old (87 years) may have been more susceptible to 

infections due to weak immune status. This may account for the observed significant positive 

association between age and self-reported fever in this study. It is known that Ghana, like many 

African countries, is endemic for many infectious diseases, which cause non-specific symptoms like 

fever. It is important for local government authorities in charge of waste management in rapidly 

urbanizing communities to ensure that very young and old persons are excluded from waste handling 

activities at the community level, including public toilet facilities. 

Widespread open defecation in peri-urban communities in southern Ghana, as reported by Asante & 

Oduro (2006), is a major health hazard for waste handlers who perform multiple waste handling tasks 

with their bare hands increasing the likelihood of contracting sanitation- related orally transmitted 

IOlectious diseases. The high rate of waste handlers reporting fever and diarrhoea with a significant 

positive association between such diseases and their exposure of bare hands to the waste suggest a 

real health problem. Similar to studies conducted by Dorevitch & Marder (2001), Rushton (2003) 

and Ackerson & Awuah (2012), the exposure to waste and possible transmission of biological agents 

from bare hands was also reported by the waste handlers to cause other gastrointestinal problems 

Such as nausea. vomiting and itchy anus. A similar cross sectional study conducted by Jegli et al 

(2004) reported specific microbial pathogens including Helicobacter pylori. Hepatitis E and 
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helminthes. transmitted by faecal contaminated hands as causing gastrointestinal diseases among 

waste handlers. Compared with matched controls these disease conditions were found to be 

significantly higher among waste handlers (Ray et al 2005). Thus, an epidemiological study with 

control groups would be necessary to suggest real health risks among waste handlers in the current 

study area. 

Whilst it may not be medically factual that inhaling the bad smell of waste can cause health 

problems, observations at smelly dumpsites and public toilet facilities did confirm that smell may 

indeed trigger nausea. vomiting and high levels of discomfort to waste handlers. As reported by 

Rheinlander et al (2013), the issue about bad smell of faecal waste has been associated with health 

hazards in African settings and the continuous inhalation by waste handlers may be a source of 

nuisance and discomfort during waste handling (Dorevitch & Marder 200 I). 

Bodily pain was the most frequently reported health problem among waste handlers who perform 

multiple waste handling tasks. As in the present study, Yang et aI (2001) showed that despite the 

rapid urbanization of many African societies and the related exploding amount of heavy and mixed 

waste generated, it is still common for waste handlers to manually push, pull, lift or cart waste 

materials. Waste handlers in these areas are therefore prone to develop bodily pains, such as neck, 

wrist, lower and upper back pains from engaging in strenuous physical activities, as also reported by 

Quansah (2005), Kanchanomai et al (2011), Abou-EIWaf et al (2012), Thirarattanasunthon et al 

(2012) and Norman et al (2013). Even though bodily pain is known to be an inherent health problem 

for solid waste handlers (Poulsen et al 1995), there is a need for use of improved waste handling 

equipment and correct ergonomic postures in carting heavy loads of waste. Emplo~ crs of waste 
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i handlers in peri-urban townships need to offer training in correct ergonomic work postures to waste 

handlers. 

Asthma and cough are linked with inhalation of different types of dust through exposed mouth and 

nose during handling of particular organic wastes. In this study, the exposure of mouth/nose of waste 

handlers who performed multiple tasks in a day was significantly associated with reported cough 

problems. This is corroborated by many other studies from both developed and developing countries 

which report occupational asthma.. cough and other respiratory diseases are linked with inhalation of 

organic dusts, bio-aerosols and microorganisms during handling of organic wastes (Wouters et al 

2002; Binion & Gutberlet 2012; Ross & Pons 2013), especially among young and old waste 

handlers. Follow-up studies are needed to characterize the actual airborne hazard types and 

concentrations that waste handlers are exposed to, e.g. types of dust and the actual hazards including 

myco-toxins and volatile organic compounds from stored organic waste. Such studies may include 

IIIC of personal filter devices to collect airborne particles as well as analysis of metabolites in blood 

or urine (biomarkers of exposure). The use of worn out mouth/nose cover among waste handlers in 

this study may indicate a real hazard for respiratory/airborne diseases. 

Even though the use of PPGs, including overall gown and Wellington boots, are very important to 

reduce direct exposure and physical damage, e.g. skin cuts, during waste handling (Dorevitch & 

Marder 2001; Tjoe Nij et al 2003), which was also acknowledged by waste workers in this study as 

important for protecting their health, the waste handlers experience different types of bodily 

discomfort when using them. Our study indicates that the most vulnerable self-employed waste 

handlers are not able to purchase own PPU and that waste companies are not acti\ely ensuring 
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edequate supply of PPG, that supplied PPG is intact and working, and that PPG is properly used. 

There is a need to draw attention by local governments and commercial waste handling companies 

employing waste handlers that it is their responsibility to provide and instruct in correct use of PPG 

Ihat workers can use to effectively protect their health. 

Limitations of study 

Bias in recall could result in over or underestimation of reported health problems among waste 

handlers. Further, waste handlers, in an attempt to portray good health and to avoid being sacked 

from work, may have underreported or not reported health problems. Thirdly, response on pain could 

be exaggerated to portray evidence of hard work. It should also be stressed that the health problems 

as reported by waste handlers may not necessary be associated with their occupation as it could be 

caused by other factors, e.g. bodily pain is also commonly reported by farmers during long hours of 

work in agricultural fields. As we were not able to include a control group in the study design, 

follow-up epidemiological risk factor studies are needed to assess the magnitude of such health 

problems. 

Conclusion 

The study concludes that waste handlers experience a burden of disease which may be consequences 

of their occupation. Using bare hands to perform multiple waste handling tasks increased the 

likelihood of reporting fever and diarrhoea among waste handlers. We stress that waste handlers in 

rapidly urbanizing areas thus are in need of disease protection from affordable protective gear, but 

also water and soap to promote their personal hygiene at the work place. Waste companies and 

government institutions employing a growing number of waste handlers should address these issues. 
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}bere is need for further research to detennine actual health problems among the growing numbers 

,{waste handlers (e.g. contamination of hands by human faeces and helminthes infections) in order 

lO guide the design and implementation of health promotion measures to protect the health and safety 

of waste handlers in peri-urban areas of low income countries like Ghana. The authors suggest 

measures to include psychosocial health risk outcomes among waste handlers in future studies. 
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1.5 VALlDATlO!'l OF TIlE HAND-RINSE METHOD OF RECOVERY OF FAECAL INDICATOR E. COLI AND 

COLIFORMS FROM HANDS OF WASTE HANDLERS IN PRAMPRAM 

1.0 Introduction 

Although hand hygiene has been described for many years as a primary means to prevent the spread 

of faecal organisms, literature describing the quantity and quality of faecal indicators on hands of 

waste handlers is scanty (Curtis el al .. 2003; Curtis et al .• 2000). Different microbiological 

teChniques have been used to recover faecal indicator organisms from hands to identify and 

enumerate these organisms. Some of the commonly used methods described in literature include the 

hand-impression (i.e. direct finger imprints on agar plates). hand-swabs (i.e. using sterile swab in 1 % 

peptone buffer), and the hand-rinse (i.e. sterile bag-technique). Bacteriological isolation methods of 

different levels of sophistication are then applied to grow and isolate the organisms of interest for 

further analysis. The methods that allow recovery of relatively more bacteria in Total Plate Count 

ITPC) on microbiological growth media from both human and inanimate surfaces are preferred and 

applied for microbiological research purposes (Lambrechts et al.. 2014; Sanders, 2012). The applied 

methods require varying degrees of microbiological expertise, budgets and logistics, and 

accompanied by inherent merits and demerits (Table 1.1). Considering all these advantages and 

disadvantages of the different methods reviewed, the sterile bag-technique (hand-rinse method) 

seemed to be the most appropriate option suitable for recovery and estimation of level of 

,ontamination of hands by feacal material among waste handlers (Lambrechts et al.. 2014; Mattioli 

r/ al .. 2014; Mattioli et al.. 2015). However, the hand-rinse method needed to be validated against 

other standard methods such as the hand-impression and hand-swab (in I % peptone buffer) to 

confirm its suitability or otherwise for the current study in Pram pram. 
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Table l.l: Frequently used techniques for recovering E. coli and Coliforms on hands 

~ique Representati ve PurPOSI: Advantages Disadvantages 

studies 

iicct Larson, 1985; Screening for Least expensive, technically Not quantitative. 

IiFr Henry and gross levels of simple. very insensitive; 

.,mts Rahim. 1990; hand colonies may be 

~agar Hansen. and contamination, very close. difficult 

~(hand- Knochel,2003; especially in to count and 

~sion) Lubyeta/ .. community identify; air-borne 

2007; Devamani settings. contamination of 

et 01 .• 2014. agar. 

.~dswab Han et al.. 1986; Quantitative Permits quantitation and Permits sampling 

:'0 De Alv.is et al.. analysis of identification of surface of only small areas 

ile 2012; Naeem et small areas of organisms. at one time; cannot 

Jlfer) al..2015. skin. readily estimate 

bacterial 

population of a 

larger surface area, 

i such as entire 

hand. 

~-rinse Pickering et 01 .. Quantitation of Permits sampling of larger More complicated 

,erile bag) 20 I 0; Davis et microorganisms surface area of hands at one procedure; initial 

01 .. 2011; of total hand time compared with direct dilution in 

Lambrechts et surface. impression of fingers onto agar sampling fluid may 

al..2014; plate and swabbing of palm. reduce sensitivity. 

Mattioli et al .. Risk of air-borne contamination 

2013; Mattioli et of sampling fluid is reduced. 

af..2015. 

"-
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1.1 Main objective 

To validate the hand-rinse (sterile bag) method for recovery of faecal indicator E. coli and Coliforms 

IJII hands of waste handlers in Prampram. 

1.2 Specific objectives 

I. To determine the concentration of faecal indicator E. coli and Coliforms on hands of waste 

handlers before and after engaging in waste handling activities, using three methods. 

2. To compare the differences in concentration of faecal indicator E. coli and Coliforms on hands of 

waste handlers as determined by three methods before and after engaging in waste handling 

activities. 

2.0 Methods 

Three methods (i.e. hand-impression, hand-swab in 1% peptone water and hand-rinse) were used to 

recover faecal indicator E. coli and Coliforms from hands of 23 waste handlers all of whom were 

working with Zoom-Lion Company Limited, before and after engaging in waste handling activities 

as described below. Zoom-Lion was the foremost waste management company operating in the peri­

urban community of Pram pram. 
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2.1 Hand-impression method 

Each waste handler placed all four fingertips, excluding the thumb, in a nearly horizontal angle for 

10 seconds onto a Brilliance Chromogenic agar plate placed on a steady surface. This was followed 

by placing the thumb onto the same side of the remaining space in the center of the plate. Each agar 

plate was then be transported from the field on gel ice packs (about 4°C) in a Styrofoam cooler to the 

laboratory at Noguchi Memorial Institute for Medical Research within 1 hour for laboratory analysis. 

In the laboratory. the plates were placed in the incubator at 45°C and observed after 24 hours for 

growth and Total Plate Count (TPC) of faecal indicator E. coli and Coliforms (Devamani et 01., 

2014; Devamani et 01.,2011). 

2.2 Hand-swab (1 % peptone buffer) method 

The palm and fingertips of each waste handler was swabbed with sterile cotton swab stick dipped 

into 20 ml of recovery diluent ( I % peptone buffer) and immediately placed into the diluent in falcon 

tubes and capped. The hand swabs were transported on gel ice packs (about 4°C) in a Styrofoam 

cooler to the laboratory at Noguchi Memorial Institute for Medical Research within 1 hour for 

immediate laboratory analysis. The hand swabs were vortexed for 10 seconds to release bacteria 

from the cotton swab into the 1 % peptone buffer. A ten-fold serial dilution was prepared for each 

hand swab. A 100 III of each concentration was dispensed into labelled petri dishes after which about 

20·25 ml of molten Brilliance E. coli/Coliform selective indicator agar was added, gently swirled and 

incubated at 45°C for 24 hours for growth and enumeration of indicator E. coli and Coli forms (Lee el 

al.. 2017; Naeem et aI., 2015; Tan et al., 2013). 
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1.3 Hand-rinse (sterile bag) method 

The hand of each waste handler was placed in 50 ml sterile distilled water in a stomacher polythene 

bag (Seward, UK). The hands were gently rubbed by researcher for about 60 seconds to dislodge any 

faecal indicators that may be present. The hand rinse sample was then gently poured into falcon tubes 

and transported from the field on gel ice packs (about 4°C) in a Styrofoam cooler to the laboratory at 

Noguchi Memorial Institute for Medical Research within 1 hour for immediate laboratory analysis. A 

reo-fold serial dilution was prepared for each hand-rinse sample. A 100 III of each concentration was 

dispensed into labelled petri dishes after which about 20-25 ml of molten Brilliance E. coliIColifonn 

selective indicator agar was added. gently swirled and incubated at 45°C for 24 hours for growth and 

enumeration of indicator E. coli and Colifonns (Lee et al .. 2017; Lambrechts et al .. 2014; Tan el al .. 

2013; Mattioli et al.. 2013; Pickering et al.. 2010). 

2.4 Data analysis 

Data from questionnaire was coded and entered into Microsoft Excel spreadsheet for Windows 10 

and later imported into STATA MP Version 13 (STATA Corporation, College Station, USA) for 

statistical analysis. The Wilcoxon matched-pairs signed test was used to estimate differences 

between mean concentrations of faecal indicator E. coli and Coli forms before and after work. The 

choice of this statistical test is appropriate for studies with a small sample size and when the 

variables of interest do not show normal distribution. Logistic regression was used to test for the 

effects of demographic characteristics. waste handling activities and use of personal protective 

equipment on contamination of hands of waste handlers. Covariates were found to be signi ticant at 

the 95% confidence level (P < 0.05). 
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2.5 Ethical considerations and clearance 

Ethical clearance for the study was obtained from the Institutional Review Board of the Dodowa 

Health Research Centre (DHRC-IRB - STUDY NO.OllIO/ll) and Ghana Health Service Ethical 

Review Committee (GHS-ERC - 09/07/12) before commencement of data collection. Permission 

was sought from the National Directorate of Zoom-Lion Company Limited, the District Director of 

Sanitation and Environmental Health in Pramprarn as well as the Assembly member in charge of 

waste workers. Waste handlers were voluntarily recruited after the objectives of the study were 

I dearly explained and written consent obtained from them with signature or thumbprint. The identity 

of waste handlers who consented to participate in the study was not disclosed whilst the information 

tnvided by them was kept confidential. The samples collected from hands of the waste handlers 

lIere used in the laboratory according to the objectives of the study. 

3.0 Results 

3.1 Waste management practices and participant characteristics 

A total number of 23 waste handlers were recruited for this study from Zoom-Lion Company 

Limited, Prampram. The proportion of males and females was 26.1% and 73.9% respectively with a 

mean age of 48.9 (±10.2) years. The youngest person among the waste handlers was aged 27 years 

and the oldest was 70 years. The proportions of waste handlers performing different activities were 

as follows: sweeping only 13 (56.5%), disposal only 10 (43.5%), collection only 8 (34.8%), transport 

only 2 (8.7%) and the number of workers that performed two activities; sweeping and collection 6 

(26.1%). sweeping and disposal 2 (8.7%) as well as collection and disposal 4 (17.4%). The overall 
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distribution of type of personal protective working gear used during waste handling was as follows: 

Wellington boot 2 (8.7010), gloves 2 (8.7%), nose/mouth cover (0%) and overall apron 19 (82.6%). 

The categories of waste handlers with the highest use of overall apron were those who swept and 

collected waste everyday (100%). Detailed distribution of demographic and occupational 

characteristics of the waste handlers is presented Table 3.1. 

232 



Table 3.1: Demographic characteristics of waste handlers, waste handling activities and type of 

~onal protective working gear 

Demographic characteristics 

Male 

Female 

Age(mean ±SD) 

Waste handling activities 
Collection 
Disposing 

Sweeping 
Transport 

48.7 ± 10.2 

Sweeping and Collection 

Sweeping and Disposal 

Collection and Disposal 

Type ofPPG 
Glove 

Overall gown 

Wellington boot 

Nose/mouth cover 

n(%) 

6(26.1) 

17(73.9) 

8(34.8) 

10(43.5) 

13(56.5) 

2(8.7) 

6(26.1) 
2(8.7) 

4(17.4) 

2(8.7) 

19(82.6) 

2(8.7) 

**** 
.... Parameter did not have any estimation. SD: Standard deviation. n: Frequency of distribution 

3.2 Prevalence of faecal indicator E. coli and Coliforms 

The overall prevalence of faecal contamination measured by the presence of indicator E. coli and 

Coliform after work among persons engaged in waste handling using hand-impression method were 

estimated to be 9% (95%CI: 1.0%-28.0%) and 47.8% (95%CI: 26.8%-69.4%) respectively. Using the 

hand-swab (I % peptone buffer) method the overall prevalence of faecal contamination of hands of 

waste handlers with indicator E. coli and Coliform after work were estimated to be 34.8% (95%Cl: 

16.4%-57.3%) and 56.5% (95%CI: 34.5%-76.8%) respectively. Using the hand-rinse method, the 

overall prevalence of faecal contamination with indicator E. coli and Coliform after waste handling 
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were estimated to be 34.8% (95%CI: 16.4%-57.3%) and 73.9% (95%CI: 51.6%-89.8%) respectively. 

Only one person tested positive for both E. coli and Coliform using the hand-impression method. 

Using the hand-swab method, the number of waste handlers that tested positive for both E. coli and 

Coliform was 7 (30.43%). Using the hand-rinse method the number of waste handlers that tested 

positive for both E. coli and Coliform was 6 (26.09%). 

3.3 Concentration of faecal indicator E. coli and Coliforms before work 

Using the hand-impression method, the concentration of indicator E. coli and Coliforms among 

waste handlers before work were 0.09± 0.42CFU/crn2 and 2.91± 1O.SOCFUlcm2 (mean± standard 

deviation). respectively. Using the hand-swab (1 % peptone buffer) method, the concentration of 

indicator E. coli and Coli forms before work were 1.61± 4.92CFU/ml and 4.26± IO.S3CFU/ml 

Imean± standard deviation), respectively. Using the hand-rinse method, the concentration of 

indicator E. coli and Coliforms among waste handlers before work were 19.7S± 94.66CFU/ml and 

UO± 16.ISCFUlml (mean± standard deviation), respectively. 

l~ Concentration of faecal indicator E. coli and Coliforms after work 

Using the hand-impression method the concentration of indicator E. coli and Coliform after work 

were estimated to be O.52±2.9CFU/cm2 and 33.04± 84.90CFU/cm2, respectively. Using the hand­

swab (l % peptone buffer) method the concentration of indicator E. coli and Coliform after work 

were 8.91±2S.S9CFU/ml and 49.S7± 95.29CFUlml, respectively. With the hand-rinse method. the 

concentration of indicator E. coli and Coliform after work were estimated as SI.70±175.05CH)lml 

and 6S.S3± IOS.8SCFU/ml. respectively. 
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3.5 Differences in concentration of faecal indicator E. coli and Coliforms 

lbe differences in mean concentration of E. coli and Coliforms obtained by using hand-impression, 

.-swab (l % peptone water) and hand-rinse methods are presented in Tables 3.2 and 3.3. The 

Wilcoxon matched-pairs signed test indicated that apart from using the hand-impression method for 

recovery of faecal indicator E. coli, a significant difference (p < 0.05) was observed in the level of 

both £. coli and Coliform before and after engaging in waste handling activities. The highest mean 

concentration of both E. coli and Coli forms indicators on hands of waste handlers was obtained using 

the hand-rinse method (Tables 3.2 and 3.3). Tables 3.4 and 3.5 depict the effect of demographic 

characteristics. waste handling activities as well as type and use of personal protective working gear 

on contamination of hands with faecal indicator Coliforms and E. coli. respectively. using the three 

methods of recovery. The findings showed that none of these factors was significantly associated 

with contamination of hands with feacal indicator organisms using the three methods of recovery (p 

>0.05). 
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Table 3.2: Recovery of E. coli on hands of waste handlers before and after work 

Concentration of E. Coli 

Hand impression 1 % peptone water Hand-rinse 

Before After Diff p- Before After Diff p- Before After Diff p-

value value value 

Mean 0.1 0.5 0.4 0.564 1.6 8.9 7.3 0.027 19.8 81.7 61.9 0.005 

'10 0.4 2.3 2.4 4.9 25.6 21.4 94.7 175.1 138.0 

D/ff: Difference in mean concentration (After - Before); SD: Standard deviation 

Table 3.3: Recovery of Coliforms on hands of waste handlers before and after work 

Concentration of Coliforms 

Hand impression I % peptone water Hand-rinse 

Before After Diff p- Before After Diff p- Before After Diff p-

value value value 

an 2.9 33.0 30.1 0.004 4.3 49.9 45.6 0.001 4.3 68.2 64.5 0.001 

10.8 84.9 84.1 10.8 95.3 90.1 16.2 105.9 108.8 

Di!!: Difference in mean concentration (After - Before); SD: Standard deviation 
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• 'a 1> •• , _~A: .' al- .... -' "ssoci .. kd with co .. tami .... tio .. of hands with facc.1 i .. dicator Coliforms usinJ!; three " .. ,thods of rcco"<'I-~ 

Hand-im I!ression Hand-swab ,1 % I!el!tooe butTer} Haod-rinse 

('0\ ariall'S of wasIl' n(u;,,) AOR(95% el) P-,'alue 0(%) AOR(95% el) P-value n(%) AOR(9S%el) P-value 
hanul('r~ 

Sn 
\lal<: 3(50.0) .......... ... ... 2(33.3) ...... ...... 4(66.7) .... . ... 

female 8(47_1) .... •••• 11(64.7) • ••• • ••• 13(76.5) •••• •••• 
Al!l' 23(100) 0.9(0.8,1.2) 0.99 23(100) •••• •••• 23(100) 1.08(0.8,1.4) 0.62 
W'lsll' handling 
acti\'itil'~ 

('oll<:ction 6(75.00) 0.6(0.0.15_0) 0_80 7(87.5) •••• • ••• 5(62.5) 
[)ispn~il1g 5(50.00) •••• 4(40.0) •••• •••• 8(80.0) 0.9(0.0,30.5) 0.96 
S\\~epillg 8(61.54) •••• 11(84.6) •••• •••• 10(76.9) •••• 
Transport 0 •••• 0 • ••• .... 0 • ••• 

S\\~eplllg & 4(66.67) •••• 5(83.3) •••• •••• 3(SO.0) •••• 
Collection 

,>\\eeping (\. Disposal 2(100) •••• 2(100) •••• •••• I(SO.O) •••• 
Collection & Disposal 4(100) •••• 4(100) • ••• •••• 3(7S.0) •••• 
T~p(' ofPPG 

Glove I(SO.OO) •••• 2(100) •••• • ••• 2(100) •••• 
O"erall gO\\1l 11(57.89) •••• 13(68.4) • ••• • ••• 16(84.2) •••• 

Wellington boot 2( 100) * ••• 2(100) • ••• .... 2(100) .... 
".osdmouth cover 0 •••• 0 •••• • ••• 0 •••• 

n(%j rl!prl!sl!llI frl!qUl!lIcy ulld row percentage: AOR-Adjusled odds ratio estimate from a binary logistic regression analysis. 

***. Rl!present covariates that were neither associated with faecal contamination nor have any parameter estimation with the regression 

lIlIlIh'.\I.\' 

237 



Tub'" 3.5: l"a~'I"r' ass(,.-iaf.·d "ith contonllna'iol1 of han." "ilh fae .... indicator E. (:oli using three methods of r.,covery 

----- .--. -------------------- -
Hantl-impn'ssiun Hand-swab {lUI" Ileptunc bufferl Hand-rinse 

eu, al'iall'~ (If waste n(%) AOI{ (95':1.. CI) P-value n(%) AOR(95% P-value n(%) AOR (95% ('I) P-value 
handkl'~ CI) 

Sl" 

Male 0 • >t< •• .... 3(50.0) •••• • ••• 2(33.3) • •• * • ••• 
Female 2(11.8) .... •••• 5(29.4 ) •••• •••• 6(35.3) 0.1 (0.0, 16.5) 043 

Age 23 .... •••• 23( 100) 1.4(0.9,1.9) 0.074 23(100) J.J (0.9,1.4) 0.23 
WasIl' handling 

activities 
Collection 1(12.5) •••• .... 4(50.0) 0.1(0.0,4.6) 0.199 4(50.0) 0.5(0.0,19.0) 0.74 
Disposing 0 .... • ••• 4(40.0) 3.1(0.0,705.6) 0.676 6(60.0) 0.9(0.0,44.5) 0.99 

Sweeping 2(15.4) •••• •••• 5(38.5) 1 .... 4(30.8) •••• 
Transport 0 .... •••• 0 •••• 0 • ••• 

Sweeping & Collection 1(16.7) •••• 2(33.3) •••• 3(50.0) . ... 
Sweeping & Disposal 0 •••• *.** 1(50.0) •••• 2(100) •••• 
Collection & Disposal 0 •••• •••• 3(75.0) • ••• 3(75.0) • ••• 

TypeofPPG 

Glove 0 * ••• •••• 2(100) • ••• 0 •••• 
Overall gown 2( 1 0.5) .... •• ** 8(42.1 ) • ••• 7(36.8) 0.76 

\Vellington boot 0 •••• ..*. 1(50.0) • ••• 0 • ••• 
N,)se l l1lollth cover 0 •••• .* •• 0 •••• 0 • ••• • ••• 

11('%) rl'prl'.\l'l1lfrequl'lIcy and row percelltage: AOR-Adjusted odds ratio estimatejrom a binary logistic regression analysis . 

.... Rl'prnent covarillleS thar were neither associated with faecal contamination nor have any parameter estimation with the regression 
lIlI<I/\'.\·/,\ 
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4.0 Discussion and Conclusion 

There were a variety of different waste handlers engaged in diverse waste handling activities in the 

peri-urban community of Prampram, to control and reduce the volumes of accumulating waste in the 

community (Getahun et al .• 2012). Sweeping was the most common waste handling activity 

performed predominantly by females in Prampram (Agwu. 2012; Kadfak. 2011). 

The hand-rinse method indicated highest yield of recovery of faecal indicator E. coli and Coli forms 

from hands of waste handlers, compared with hand-impression and hand-swab methods (Tables 3.2 

and 3.3). This finding confirms previous studies conducted in similar settings in South Africa and 

Tanzania by Lambrechts et al .. (2014), as well as Julian and Pickering (2015) respectively, who 

explained that the hand-rinse method for the recovery of feacal indicators permits sampling of larger 

surface area of hands at one time compared with direct impression of fingers onto agar plate or 

swabbing of the palm. Julian and Pickering (2015), further reasoned that the risk of air-borne 

contamination of the hand-rinse sample is reduced during collection on the field, compared with 

hand-impression and hand-swab methods. 

Waste handlers can be protected from the hazards of work by adopting safety procedures and 

ensuring the use of adequate personal protective equipment at the work environment (Dorevitch and 

Marder, 2001). Personal protective equipment are specialized clothing or gadgets used by workers to 

prevent injuries, workplace hazards and diseases that are likely to arise from the working 

environment (Konya et al.. 2013). Waste handlers in Prampram used four types of personal 

protective working gears (i.e. gloves, Wellington boots, overall gowns, and mouth/nose cover) to try 

to protect themselves at \\ork. Even though the majority (about 83%) used the overall gO\\ n as a 
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means of protection., neither the use of personal protective gear nor any of the risk factors correlated 

with contamination of hands by feacal indicators among the waste handlers (Tables 3.4 and 3.S). 

In view of the findings in this validation study as well as considering the inherent limitations 

associated with the hand-impression and hand-swab (1 % peptone water) methods, as described in 

Table 1.1, the hand-rinse method was adopted as suitable method for recovering faecal indicator E. 

coli and Coliforms from hands of waste handlers in Prampram. 
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