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ABSTRACT

Hand-washing is one of the major factors in personal hygiene and public health. This study was undertaken to inves-
tigate the hygienic behavior of food-service employees, focusing on awareness of hand washing, hand washing prac-
tices, and the load of index microorganisms (aerobic plate count, total and fecal coliforms, Escherichia coli, and
Staphylococcus aureus) on the hands of food-service employees. A questionnaire survey completed by direct interview,
direct observation of restrooms by the researcher and trained observers, and microbiological examination according to
the Food Code of Korea were carried out. In the survey, a positive attitude toward hand washing compliance was
reported; however, improper hand washing and poor hand hygiene of the food-service employees were seen under direct
observation. Significant differences (p<0.05) were found between the questionnaire survey and the direct observations
in hand washing compliance after using the toilet, duration of hand washing, use of hand washing agents, use of hand
washing tools, washing of different parts of the hands, hand-drying method, temperature of water, and method of turning
off the water. Samples taken from employees’ hands before washing showed higher levels of bacteria than those taken
during work and/or after washing (p<0.05). Poor hand washing practices were indicated by the positive results for total
and fecal coliforms, E. coli, and S. aureus on the hands of some food-service employees. This study showed that there
is a marked difference between the food-service employees’ awareness of hand-washing and their actual hand-washing

practices. The poor hand hygiene of and improper hand washing by the food-service employees should be addressed
for improved food safety.

Keywords: hand washing, awareness, practices, food-service employees, index microorganisms
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Table 1. General characteristics of the food-service employees®

Full-time Part-time
Characteristics worker®  worker Total
No. (%) No. (%) No. (%)
Age, years
<30 0 (0.0) 0 (0.0) 0 (0.0)
30-39 1 (32 4 (21.1) 5 (10.0)
40-49 13 (41.9) 10 (52.6) 23 (46.0)
50-59 14 (452) 3 (15.8) 17 (34.0)
>60 3097 2105 5 (10.0)
Education, years
<elementary school 6 (19.3) 2 (105) 8 (16.0)
<middle school 9(29.0) 2 (10.5) 11 (22.0)
<high school 14 (45.2) 11 (57.9) 25 (50.0)
>college 2 (6.5) 4 (21.1) 6 (12.0)
Work experience of
food-service, years (y)
<1 3.7 7 (36.8) 10 (20.0)
1<y<5 6 (19.3) 5 (26.3) 11 (22.0)
5<y<10 8 (25.8) 3 (15.8) 11 (22.0)
10<y<15 8 (25.8) 3 (15.8) 11 (22.0)
15<y<20 4 (12.9) 0 (0.0 4 (8.0)
>20 2 (6.5) 1(5.3) 3 (6.0)

"Numbers of respondents: Full-time worker 31, Part-time
worker 19 (total 50).

*Full-time worker: person who works more than or equal to
11 hours a day.

Journal of Environmental Health Sciences, Vol. 36(2)



98 Ay . 7)

- AEH

Table 2. The numbers and percentages of food-service employees who claimed to wash their hands following particular activities: a

multiple-choice questionnaire survey®

. . Full-time worker Part-time worker Total
Washing their hands: p value
No. (%) No. (%) No. (%)
Before preparing food 30 (96.7) 18 (94.7) 48 (96.0) p = 0.368
After preparing food 31 (100.0) 18 (94.7) 49 (98.0) p = 0.152
Before eating 16 (51.6) 8 (42.1) 24 (48.0) p = 0.255
After eating 28 (90.3) 14 (73.7) 42 (84.0) p = 0.269
After taking a break 23 (74.2) 14 (73.7) 37 (74.0) p = 0.484
After visiting restroom 31 (100.0) 19 (100.0) 50 (100.0)
After visiting outside 29 (93.5) 16 (84.2) 45 (90.0) p =0.162
When changing task 25 (80.6) 12 (63.2) 37 (74.0) p = 0.092
After coughing/sneezing/blowing nose 23 (74.2) 12 (63.2) 35 (70.0) p = 0.208
After touching face, hair, or clothes 24 (77.4) 12 (63.2) 36 (72.0) p = 0.143
After handling raw meat/poultry, fish products, and eggs 29 (93.5) 14 (73.7) 43 (86.0) p = 0.036
After handling unsanitary objects such as waste/garbage/dirt 30 (96.8) 19 (100.0) 49 (98.0) p = 0.155
Before putting on gloves/when changing gloves 26 (83.9) 15 (78.9) 41 (82.0) p = 0.334
When hands/gloves are contaminated 29 (93.5) 18 (94.7) 47 (94.0) p = 0430
Periodically 11 (35.5) 4 (21.1) 15 (30.0) p =0.128
After handling money 2 (6.5) 0 (0.0) 2 (4.0) p = 0.072
Others (After contact with chemicals) 31 (100.0) 19 (100.0) 50 (100.0)
“Numbers of respondents: Full-time worker 31, Part-time worker 19 (total 50).
*Full-time worker: person who works more than or equal to 11 hours a day.
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Table 3. Hand washing awareness of food-service employees during food preparation: a questionnaire survey®

. . Full-time worker® Part-time worker Total
Questions on hand washing:
No. (%) No. (%) No. (%)
Frequency of hand washing (f) (per day)“ p = 0.0029
/<10 309.7) 4 (21.1) 7 (14.0)
11<£<20 5 (16.1) 7 (36.8) 12 (24.0)
21<£<30 39.7) 2 (10.5) 5 (10.0)
31<£<40 309.7) 4 (21.1) 7 (14.0)
f>41 17 (54.8) 2 (10.5) 19 (38.0)
Duration of hand washing (d) (seconds)” p = 0.2508
d<5s 39.7) 1 (5.3) 4 (8.0)
5<d<10 8 (25.8) 6 (31.6) 14 (28.0)
10<d<20 5 (16.1) 8 (42.1) 13 (26.0)
20<d<30 39.7) 1 (5.3) 4 (8.0)
d>30 12 (38.7) 3 (15.7) 15 (30.0)
Use of hand washing agents df =2, p =0.501
Water only 9 (29.0) 3 (15.8) 12 (24.0)
Water and soap 7 (22.6) 3 (15.8) 10 (20.0)
Water and sanitizer 30.7 3 (15.8) 6 (12.0)
Water, soap and sanitizer 8 (25.8) 5 (26.3) 13 (26.0)
Water and detergent 4 (12.9) 5(26.3) 9 (18.0)
Use of hand washing tools df =1, p = 0.096
None 26 (83.9) 12 (63.2) 38 (76.0)
Scrubbers 4 (12.9) 5 (26.3) 9 (18.0)
Brush 0 (0.0) 1 (5.3) 1 (2.0
Hand towel 1(3.2) 1(53) 2 (4.0
Washing parts of the hand® p < 0.0001
1~2 1 (3.2) 2 (10.5) 3 (6.0)
3 5 (16.1) 6 (31.6) 11 (22.0)
4 7 (22.6) 4 (21.1) 11 (22.0)
5 16 (51.6) 7 (36.8) 23 (46.0)
6 2 (6.5) 0 (0.0) 2 (4.0)
Hand-drying method df=2,p=0971
Just shaking the water off 12 (38.7) 8 (42.1) 20 (40.0)
Paper towel (disposable) 5 (16.1) 3 (15.8) 8 (16.0)
Handkerchief/cloth 9 (29.0) 5 (26.3) 14 (28.0)
Hand dryer 3097 0 (0.0) 3 (6.0)
Clothing 132 1(53) 2 (4.0
Kitchen cloth 1 (3.2) 2 (10.5) 3 (6.0)
Temperature of water df =2, p=0.007
Cold water 12 (38.7) 0 (0.0) 12 (24.0)
Lukewarm water 10 (32.3) 9 (474) 19 (38.0)
Warm water 9 (29.0) 10 (52.6) 19 (38.0)
Type of water
Running water 31 (100.0) 19 (100.0) 50 (100.0)
Still water 0 (0.0) 0 (0.0) 0 (0.0)
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Table 3. Continued

& AT

. . Full-time worker® Part-time worker Total
Questions on hand washing:
No. (%) No. (%) No. (%)

Method of turning off water df =2, p=0.531

With bare hands: fingers 10 (32.3) 9 (47.4) 19 (38.0)

With bare hands: the front of the hands 1 (3.2) 2 (10.5) 3 (6.0)

With bare hands: the back of the hands 4 (12.9) 1(5.3) 5 (10.0)

With bare hands after showering the faucet 15 (48.4) 4 (21.1) 19 (38.0)

With a paper towel 0 (0.0) 0 (0.0) 0 (0.0)

With elbow 1 (3.2) 1 (5.3) 2 (4.0)

Others 0 (0.0) 2 (10.5) 2 (4.0)
Wearing personal ornaments p = 0.281

Yes 5 (16.1) 2 (10.5) 7 (14.0)

No 26 (83.9) 17 (89.5) 43 (86.0)
Washing personal ornaments p = 0.003

Yes 3 (60.0) 0 (0.0) 3 (42.9)

No 2 (40.0) 2 (100.0) 4 (57.1)

*Numbers of respondents: Full-time worker 31, Part-time worker 19 (total 50).
"Full-time worker: person who works more than or equal to 11 hours a day.

“Mantel-Haenszel chi-square test

For the expected cell counts to be equal to or exceed 5, some classes were grouped into one class in the chi-square
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Table 4. Comparison of the results of questionnaire survey and direct observation on the hand washing awareness/behavior after using

toilet of food-service employees

o . . Direct observation Survey
Characteristics of hand washing/behavior
No. (%) No. (%)
Do hand washing after using toilet p = 0.000
Yes 30 (71.4) 50 (100.0)
No 12 (28.6) 0 (0.0)
Duration of hand washing (d) (seconds)® p < 0.0001
d<5 21 (70.0) 3 (6.0)
5<d<10 7 (23.3) 9 (18.0)
10<d<20 2 (6.7) 18 (36.0)
20<d <30 0 (0.0) 11 (22.0)
d>30 0 (0.0) 9 (18.0)
Use of hand washing agents df =2, p =0.000
Water only 14 (46.7) 4 (8.0)
Water and soap 16 (53.3) 22 (44.0)
Water and sanitizer 0 (0.0) 3 (6.0)
Water, soap and sanitizer 0 (0.0) 20 (40.0)
Water and detergent 0 (0.0) 1 (2.0)
Use of hand washing tool df =1, p = 0.009
None 30 (100.0) 40 (80.0)
Scrubbers 0 (0.0) 4 (8.0)
Brush 0 (0.0) 0 (0.0)
Hand towel 0 (0.0) 6 (12.0)
Others 0 (0.0) 0 (0.0)
Washing parts of the hand® p < 0.0001
1 5 (16.7) 0 (0.0)
2 11 (36.6) 2 (4.0
3 9 (30.0) 7 (14.0)
4 5 (16.7) 19 (38.0)
5 0 (0.0) 22 (44.0)
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Table 4. Continued

A<

et

. . . Direct observation Survey
Characteristics of hand washing/behavior
No. (%) No. (%)
Hand-drying method df =2, p = 0011
Just shaking the water off 14 (46.7) 8 (16.0)
Paper towel (disposable) 4 (13.3) 9 (18.0)
Handkerchief/cloth 2 (6.7) 9 (18.0)
Hand dryer 4 (13.3) 23 (46.0)
Clothing/sanitary gown/apron 6 (20.0) 1(2.0)
Kitchen cloth 0 (0.0) 0 (0.0)
Others 0 (0.0) 0 (0.0)
Temperature of water df =1, p = 0.000
Cold water 30 (100.0) 27 (54.0)
Lukewarm water 0 (0.0) 17 (34.0)
Warm water 0 (0.0) 6 (12.0)
Type of water
Running water 30 (100.0) 50 (100.0)
Still water 0 (0.0) 0 (0.0)
Method of turning off the water df =2, p =0.000
With bare hands: fingers 14 (46.7) 20 (40.0)
With bare hands: The front of the hands 14 (46.7) 3 (6.0)
With bare hands: the back of the hands 2 (6.7) 5 (10.0)
With bare hands after showering the faucet 0 (0.0) 19 (38.0)
With a paper towel 0 (0.0) 1 (2.0)
With elbow 0 (0.0 2 (4.0)
Wearing personal ornaments p = 0.154
Yes 7 (23.3) 7 (14.0)
No 23 (76.7) 43 (86.0)
Washing personal ornaments p = 0.022
Yes 0 (0.0) 3 (42.9)
No 7 (100.0) 4 (57.1)
Wearing sanitary gown/apron when visiting restroom p = 0.000
Yes 42 (100.0) 28 (56.0)
No 0 (0.0) 22 (44.0)

*Mantel-Haenszel chi-square test

For the expected cell counts to be equal to or exceed 5, some classes were grouped into one class in the chi-square test.
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Table 5. Changes of bacterial load of hand samples of glove users according to working period

Bare hand

Type of bacteria (before washing)

Gloved hand
(during work)

Bare hand (after
washing with
antiseptic soap)

Bare hand (after
washing with water)

Left hand

Aerobic plate count (CFU/m/) 1,318.40+52.20"

Total coliform (MPN/100 m/) 10.11£1.93
Fecal coliform (MPN/100 m/) 4.85£1.53
Escherichia coli (MPN/100 m/) 0.07+0.06
Staphylococcus aureus (CFU/m/) 0.14+0.06

Right hand

Aerobic plate count (CFU/m/) 1,462.70£59.40

Total coliform (MPN/100 m/) 13.71+2.79
Fecal coliform (MPN/100 m/) 6.85+2.15
Escherichia coli (MPN/100 m/) 0.68+0.28
Staphylococcus aureus (CFU/ml) 0.53+0.13

748.30+38.10" 985.60+41.30° 0.00£0.00°
1.90£0.91° 6.66+1.84" 0.00+0.00"
0.99+0.63" 2.54+1.09 0.00+0.00"
0.00+0.00 0.00:£0.00 0.00:£0.00
0.03+0.02° 0.07+0.03" 0.00+0.00"
850.70+44.70" 1,074.90+44.30" 0.00+0.00"
2.03+0.83" 8.84+2.55 0.00£0.00°
1.17+0.60" 1.56+0.85" 0.00£0.00°
0.00:£0.00" 0.00+0.00" 0.00+0.00"
0.09+0.05 0.17+0.06" 00.0+0.00"

Paired t tests were performed based on bare hand (before washing).

"Differences are significant (p<0.05).

DThe value is a mean+SE of bacterial load of each working period.
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Table 6. The numbers and percentages of positive hands of bacteria according to working period: glove users

Bare hand (after

Bare hanq GloYed hand Bar.e hanfi (after washing with
Type of bacteria (before washing) (during work) washing with water) antiseptic soap)
No. (%) No. (%) No. (%) No. (%)
Left hand
Total coliform (MPN/100 m/) 25 (50.0) 5 (10.0) 18 (36.0) 0 (0.0)
Fecal coliform (MPN/100 m/) 12 (24.0) 3 (6.0) 7 (14.0) 0 (0.0)
Escherichia coli (MPN/100 m/) 1 (2.0) 0 (0.0) 0 (0.0) 0 (0.0)
Staphylococcus aureus (CFU/ml) 6 (12.0) 2 (4.0) 5 (10.0) 0 (0.0)
Right hand
Total coliform (MPN/100 m/) 22 (44.0) 7 (14.0) 15 (30.0) 0 (0.0)
Fecal coliform (MPN/100 m/) 14 (28.0) 5 (10.0) 5 (10.0) 0 (0.0)
Escherichia coli (MPN/100 m/) 6 (12.0) 0 (0.0) 0 (0.0) 0 (0.0)
Staphylococcus aureus (CFU/ml/) 14 (28.0) 3 (6.0) 7 (14.0) 0 (0.0)
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