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SUMVARY

Goservations of people's hand washing and drying habits under natural conditions
have been carried out. These showed that disposable paper towels and cotton
cabinet towels were much quicker and nore efficient neans of drying the hands
than hot air driers. People rarely use hot air driers |ong enough to ensure nore
than 55-65% dryness and often conplete drying by w ping hands on clothes, etc.
Many wonen also use nmnake-up and conbs whilst hands are still danmp. These
activities could spread any bacteria left on the hands.

M crobi ol ogi cal studies revealed that using towels after washing the hands hel ps
renmove bacteria. Paper towels were slightly nore efficient than cotton, both
with respect to cleansing the finger tips and in between the fingers.

In contrast, hot air drying increased bacterial counts on the hands and in the
local environment. Contamination of the face and inhalation could occur if hot
air is used for drying the face. Bacterially contamnated air was enitted
whenever a nmachi ne was runni ng, even when not being used for hand drying.

| NTRODUCTI ON

The choice of hand drying facilities in public and workplace
washroonms is inportant, not just from a cost point of view but
also with respect to ease and confort of use and efficiency.
Even nore inportant are hygi ene considerations, since the hands
are one of the major ways in which bacteria can be passed from
person to person (Sanderson & Wissler, 1992). Very careful
washing can help renove transient surface bacteria and sone
residents from deeper skin |layers (Meers & Yeo, 1978). Renai ning
transients can, however, be transferred between surfaces and
peopl e, increasing chances  of cross-infection. This is
especially inportant in sensitive locations such as toilets
where | evels of sone pathogenic faecal bacteria can be high on
surfaces (Mendes & Lynch, 1976) and in hospitals (Sanderson &



Wi ssler, 1992). These problens are recognised in |egislation
such as the Health & Safety at Wrk Act which places a duty on
enployers to provide hygienic washing facilities. However,
careful washing is of little use if the hands aren't dried
properly afterwards. Efficient drying helps renove bacteria,
especially those rubbed off on dead skin cells (Meers & Yeo,
1978). It also renoves water that could create warm noi st
condi tions in which bacteria could thrive,.

Sharing hand towels in public places can obviously increase the
chances of transmtting bacteria, a problemthat can be overcone
by using disposable paper towels. Fabric towels dispensed in a
loop fromlong rolls in wall cabinets offer a clean dry section
to each user. However, they coul d becone contam nated and peopl e
still have to handle themto pull down a clean section. Hot air
driers don't involve contact but no bacteria are rubbed off on a
towel and they appear to be slow in drying. They can therefore
create warm noi st conditions favouring bacteria, especially if
hands aren't dried properly. It is also possible they can becone
internally contam nated and disperse and/or circulate bacteria
in the air currents, including ones attached to dead skin cells
and in mnute droplets of water (aerosols). These could
cont am nate hands, clothes and surfaces that are touched.

There are conflicting views on the hygiene of hot air driers.
The results of Blacknore (1989) support the hypothesis that hot
air driers increase levels of bacterial contam nation conpared
to towels, but those of Davis et al. (1969), Matthews & Newsone
(1987) and Meers & Leong (1989) appear to show the reverse.
D fferent nethodol ogi es may explain some of these conflicts.

This study was designed to conpare the different drying nethods
under realistic conditions of use in relation to;-

1. Peopl e' s hand washi ng and drying habits

2. The ease and efficiency of hand drying

3. Hygi ene aspects of different nethods



1. HAND WASHI NG AND DRYI NG BEHAVI OUR

How well people wash and dry their hands are key factors in
personal hygiene. To assess these, males and fenales were
observed using public washing facilities (e.g. in Euston Station
and the University of Wstmnster). The results are shown in
Tabl es 1a, b and c.

TABLE 1 Hand washing and drying behaviour (percentage of
subjects using different nethods) and average tines
(seconds) that people choose to take for different
dryi ng net hods.

Table l1a. Using hot air driers'
(23 mal es, 30 fenal es)

BEHAVI OUR MALES | FEMALES
HAND WASHI NG Soap used 56% 50%
Average time (seconds) 11. 5s 12. 5s
BEFORE DRYI NG Shake hands in bow 69% 37%
Shake hands/drip on fl oor 54% 50%
DRYI NG METHODS Hands not dried 6% 10%
Use cuppi ng-turni ng net hod’ 56% 40%
Rub hands vi gorously 31% 37%
M xture of methods 7% 13%
Average drying time (seconds) 19. 6s 25.4s
SUBSEQUENT W pe hands on cl othes, hair, 43% 39%
BEHAVI OUR body
Use conb, nake-up, handbag or 0% 61%
ot her case
Not es;
' Model A-548, World Drier Corp., average cycle length 30 seconds, air

tenperature 55°C at hand hei ght

'cuppi ng and turning' the hands over and over is carried out to help catch
the hot air to dry the hands



Tabl e 1b. Using cotton cabi net towels’

(20 mal es, 23 fenal es)

BEHAVI OUR MALES FEMALES
HAND WASHI NG Soap used 70% 100%
Average tine (seconds) 10. Os 12. 7s
BEFORE DRYI NG Shake hands in bow 50% 61%
Shake hands or drip on floor 45% 39%
DRYI NG METHCDS Hands not dried 0% 4%
Average drying time (seconds) 7.9s 7.9s
SUBSEQUENT W pe hands on cl othes, hair, body 20% 4%
BEHAVI OUR
Use conmb, nake-up, handbag or 0% 5%
ot her case
Not e; ! Initial Towel Services
1c. Using paper towels'
(23 mal es, 20 femnal es)
BEHAVI OQUR MALES FEMVALES
HAND WASHI NG Soap used 83% 80%
Average tine (seconds) 10. 3s 8.9s
BEFORE DRYI NG Shake hands in bow 56% 35%
Shake hands or drip on floor 39% 55%
DRYI NG METHODS Hands not dried 0% 0%
Average drying time (seconds) 11. 6s 9.2s
SUBSEQUENT W pe hands on clothes, hair or 0% 5%
BEHAVI OUR body
Use conb, nake-up, handbag or 0% 5%
ot her case
Note; * Equal nunbers of Kl eenex Premer, ScottFresh Pullnman and

Prof essi onal paper towels

D xce



CONCLUSI ONS; HAND WASHI NG AND DRYI NG BEHAVI QUR

The results reveal sonme interesting things about hand washing
and dryi ng behavi our; -

WASHI NG

1.1 The nmajority of people appear to wash (using soap) and dry
their hands out of habit, taking as little time as
possi bl e. The average tine spent washing the hands overal
was 11.0 seconds, the differences between nmales and fenal es
being small. Such short and cursory washing is likely to
| eave residual bacteria on the skin

BEFORE DRYI NG

1.2 A though many people shake their hands in the bow before
drying (nore nmen than wonen), 35-50% shake or let themdrip
on the floor or clothing. The majority of people then use
the available drying facilities, as foll ows;-

HOT Al R DRYI NG

1.3 Few people rub their hands, many just cup and turn themto
catch the hot air and expose the palns and backs (56% of
nmen, 40% of women observed).

1.4 Very few people use the full drying cycle tine of 30
seconds set on nost nachines. Men on average |eave after
19. 6 seconds, wonen after 25.4 seconds.

1.5 Lack of rubbing and full drying could |eave bacteria to
multiply in warm noist conditions, especially between the
fingers.

PAPER AND COTTON TOAEL DRYI NG

1.6 The majority of people rub their hands fairly vigorously
and appear to dry their hands well. D fferences between
towels were small (the average drying tine was 7.9 seconds
(for both sexes) using cotton towels and 11.6 (nen) and 9.6
seconds (woren) using paper towels).

BEHAVI OQUR AFTER DRYI NG

1.7 Many users of hot air driers appeared to still have wet
hands and about 40% were seen to dry them further on
cl ot hi ng, handkerchiefs or hair - and the mgjority of wonen
used nake-up or touched-up their hair where hot air driers



were avail abl e. These actions could spread bacteri a.

2. THE EASE AND EFFI C ENCY OF HAND DRYI NG

An inportant question now needs answering - do people dry their
hands properly in the time they allow thenselves? To assess
this, each drying nethod was tested on equal nunbers of adult
mal e and femal e vol unteers. Each vol unteer dipped their hands up
to the wists in warmwater, shook themtw ce and dried themfor
5 seconds using one of the three nethods. Al the water
remai ning on the surface of the hands was then carefully renoved
on a prewei ghed paper towel. The danmp towel was reweighed and
the anmount of water renoved from the hands calculated. The 5
second drying-full water renoval operation was repeated tw ce
again and the sequence repeated after 10, 15, 20 seconds and so
on. To estimate the total anount of water on the hands
i medi ately after washing, hands were dried thoroughly on a
prewei ghed paper towel and the weight gain recorded. This was
repeated twice nore. It was then possible to calculate the nean
percentage of the total water |oad renoved by each nethod with
time. Full dryness was difficult to achieve, therefore results
of percentage dryness with tinme were plotted on a graph (see
below) and the average tine taken to achieve 95% dryness per
nmethod derived. Differences between males and fenmales were
smal|l. The percentage dryness achieved in the average tines
actually spent using each nethod (as determined in the earlier
study) was al so cal cul ated, as shown in Table 2 overl eaf.

TABLE 2 Average tinmes taken to achieve 95% dryness wusing



different drying nethods and
achieved in the drying tines normally chosen.

percentage dryness

Dryi ng met hod* Average tinme (seconds) Aver age % dryness

taken to achi eve 95% achi eved in nornal
dryness drying time

(N = nunber of subjects)
Men Wonen
PAPER TOWELS (N = 28) 11. 7 secs 95. 5% 93. 0%
COTTON TOWELS (N = 18) 9.8 secs 93. 5% 93. 5%
HOT Al R DRI ERS (N = 14) 43. 3 secs 55. 0% 68. 0%
Note;- Paper and cotton towels see Table 1, hot air drier Mdel HD1/T,

VWandswort h Bunni e,

average cycle length 30 seconds, air tenperature

160

a0

B0

Percentage dryness of the hands

o

60 |

50 |

55°C at hand hei ght

Figure 1: Drying efficiency of different hand drying methods
as average percentage dryness of the hands against time

average time spant drying hands psing contom toy

== PAPER TOWEL
—8—COTTON TOWEL

: =i~ WARM AIR DRYER
10 15 20 E.ST‘:mE r’_l_;j‘gcgndsfs 40 45 50 55 60
CONCLUSI ONS; EASE AND EFFI G ENCY OF HAND DRYI NG




2.1 Towels are quick and efficient, nearly all water on the
hands is renoved during nornal drying tines. The
di fferences between paper and cotton towels are negligible
in conparison with hot air drying which is much slower.
Very few people remain long enough to dry their hands
properly, nmen only achieving 55% dryness on average, wonen
68% Subsequent wping of danp hands on clothes and
handl i ng of conbs, etc. could aid transm ssion of bacteria.

3. HAND HYQ ENE

Bacteria, especially transients attached to the finger tips,
woul d be expected to be rubbed off and left on towels for
di sposal or laundering (Blacknore, 1989). Bacteria from deeper
cell layers will also be brought to the skin surface by friction
and warm noist conditions. These should also be renoved by
rubbing off on towels. Finger tips are obviously the main route
for bacterial transmssion but sone residual bacteria could

remain between the fingers. Renoving these will be difficult
without very careful drying. Hot air driers would not be
expected to be so efficient at renoving bacteria - indeed,

bacterial growh and spread mght be encouraged because, as
shown earlier, the hands are rarely rubbed and dried properly
and are often wi ped on clothes, etc. In particular, the areas
between the fingers are not dried well using hot air by the
cuppi ng- and-turni ng net hod commonl y used.

To test these hypotheses, experinments were carried out using the
"finger pad nethod before and after hand washing and drying

using the standard tinmes determned earlier. The pad nethod
invol ves pressing finger tips onto Oxoid nutritive agar plates,
growi ng up any transferred mcroorgani sns overnight at 37°C and
then counting the nunber of colony formng units (cfu's). This
is arelatively quick nmethod, suitably accurate for this type of
study (Sanderson & Wi ssler, 1992).

Vol unteers (equal nunbers of nmen and wonen) were first asked to
press the fingertips of one hand firmly onto an agar plate. They
then used the finger tips of the other hand to stroke firmy
between the fingers of the previously tested hand. In this way,
any dead cells and bacteria between the fingers and in the webs
were transferred to the finger tips. These were touched to
another plate. Volunteers then washed their hands (using
Sai nbury's non-bactericidal Famly bar hand soap) for 10-12
seconds, rinsed them and shook them twi ce. They then dried the
hands using one of the drying nmethods for the length of tine
normal |y chosen according to previous observations (i.e. 10
seconds for towels and 20 seconds for nmen and 25 seconds for
wonmen using hot air driers). Cean sections of cotton towls and
new paper towels were used for each test. The plate test

10



procedures were repeated, but this tine reversing the hands for
the finger tip/rub webs sequence.

Results of these tests are shown in Table 3 overl eaf.

Table 3 Results for hand hygiene studies, showing bacteria

11



(cfu counts) on finger tips and on finger tips + webs
before and after drying hands using different nethods.

Dryi ng net hod Mean (+ SD) Mean (+ SD) cfu Mean percent age
prewash cfu count after change®
(N = no. of subjects) count drying
(F = finger tips,
W = webs)
F 45 + 43 26 + 25 - 42%
PAPER TOWELS
(N = 22)
w 24 + 22 55 + 38 + 129%
F 30 + 19 27 + 32 - 10%
COTTON TOWELS
(N = 23)
W 33 + 33 84 + 62 + 154%
F 28 + 26 169 + 113 + 504%
HOT Al R DRI ER
(N = 21)
W 52 + 42 224 + 126 + 331%
Not e; ' all differences significant at P>0.1, except for cfu's for finger

tips with cotton towels

2 Hot air drier Mddel HDL/ T, Wandsworth Bunni e, average cycle length
30 seconds, air tenperature 55°C at hand hei ght

CONCLUSI ONS;  HAND HYQ ENE

12



3.2

3.3

3.2

3.3

4.

Results show that paper towels are effective, nore so
than cotton towels, in reducing bacterial counts on the
hands after normal washing and drying.

Towel s renobve bacteria during drying. This would agree
with the observations of Blacknore (1989) that cfu's on
towels were very |ow before use but increased markedly
after drying, especially on paper towels.

In contrast, wusing hot air driers markedly increases
bacterial counts on the hands.

Wth regards to finger tips rubbed between the webs of
the other hand, each nethod showed an increase in average
cfu. This mght be expected because people do not
comonly rub and dry vigorously between the fingers. Such
bacteria would be less easily transmtted than those on
the finger tips. However, the smallest increases were
seen when using paper towels. This is probably because it
is easier to apply such towels between the fingers.

In contrast, the average increase in counts using hot air
was about twice that obtained using towels. This is
probably because of the l|ack of renoval of bacteria by
friction. Contam nation by the air stream from the drier
and the warm noist conditions engendered between the
fingers are other potential causes.

ENVI RONMENTAL CONTAM NATI ON AND HYA ENE

13



Hot air driers could becone internally contamnated wth
bacteria after prolonged use. They could also circulate dead
cells and bacteria in warm noist air streans during drying,
depositing them on hands and clothes. Wth paper and
continuous cotton, any bacteria rubbed off would be expected
to adhere to the towels and be disposed of or washed away
during | aunderi ng.

To test these possibilities, agar plates were exposed next to
the hands whilst using each drying nmethod. O her plates were
exposed below the hands at waist height to assess any
contam nation of the body and general environment during
drying. For hot air driers, hands were held in the nornal
position, some 10 to 15cm below the nozzle. The appropriate
average drying tinmes determned in the earlier studies were
used.

To check for general background |evels of bacteria in room
air, control plates were exposed at hand height in the nornal

hand drying positions for the appropriate standard tines but

when no-one was drying their hands. Control plates for hot air

driers were also exposed for the standard drying time whil st

the driers were operating and sone when they were swtched
of f.

Al neasurenents were made in public facilities but only
experimenters and subjects were allowed in during experinents
to mnimse disturbance and variations in background bacteri al
| evel s.

Results are shown in Table 4 overl eaf.

Table 4 Results for environnental studies, show ng bacteria
(mean cfu counts + SD) on plates exposed for
standard drying tinmes next to the hands and at wai st

14



hei ght. Control plates were exposed at hand height
for the sane lengths of tinme, one set being exposed
when hot air driers were switched on and another
when they were not worKking.

Dryi ng net hod Aver age cfu Average cfu Average cfu
count at hand count at wai st count for
(N = nunber of hei ght hei ght control plates
subj ect s)
PAPER TOWELS 37 + 56 32 + 47 2 +2
(N = 20)
COTTON TOWELS 25 + 22 11 + 16 6 +5
(N = 20)
HOT ARDRER | 166 + 122 51 + 38 Drier
(N = 20) N
117 + 100
Drier
OFF
4 + 4

Not e; ' Hot air drier Mddel HDL/T, Wandsworth Bunni e, average cycle length
30 seconds, air tenperature 55°C at hand hei ght

CONCLUSI ONS; ENVI RONVENTAL STUDI ES

15



4.

4.

4.

4.

21

2

3

4

5

Background control counts were |ow but counts increased
significantly (P>.01) on plates held near hands and at
wai st height during drying with each nethod.

Aver age values for paper towels were slightly higher than
those for cotton cabinet towels but the differences were
not statistically significant. There is probably sone
shedding of skin <cells and bacteria, together wth
contam nated towel fibres.

Counts at hand |evel obtained for hot air drying were
four to six tinmes those for towels. Counts at waist
hei ght were also up to five tinmes higher

The average control count at hand hei ght when the hot air
drier was switched on was not nuch snmaller than when
drying hands. This shows that hot air driers can rel ease
and circulate bacteria whenever they are running.
Bl acknore  (1989) found relatively high levels of
bacterial contamnation on the inner surface of the
nozzles of driers in public facilities. Subsequent
di spersal and recirculation would help explain hand
contam nation after drying (Table 3).

The waist height plate counts also inply that sone
general contam nation of the environment and of people in
the vicinity of hot air driers can occur. Counts were,
however, fairly low, inplying effects are localised to
just under the nozzle.

5. DI SCUSSI ON_AND CONCLUSI ONS

16



DRYI

5.2

5.3

HYd

5.4

5.6

5.8

5.9

NG BEHAVI QUR AND EFFI CI ENCY

The majority of nmen and wonmen dry their hands efficiently
using disposable paper or continuous cotton cabinet
towels within 8-12 seconds.

The majority of people are too inpatient to use hot air
driers for long enough to ensure adequate dryness. Even
with a drying cycle set to last 30 seconds, nen on
average |eave after about 20 seconds (55% dryness
achi eved), wonen after about 25 seconds (68% dryness
achi eved) .

Many nore people (about 40% in total) wusing hot air
driers subsequently w pe their hands dry on clothes,
hair, etc. and nany wonen use nmake-up or rearrange their
hair. These actions can spread bacteria frominconpletely
dried and/or contan nated hands.

ENE OF DI FFERENT DRYlI NG METHCDS

M crobi ol ogi cal studies show that bacteria are renoved
from the hands efficiently by normal washing with soap
and drying with towels. Sonme residual bacteria are |left
bet ween the webs of the fingers, slightly nore on average
with cotton towels conpared to paper towels. This is
possibly due to the greater ease of drying between the
fingers when using paper towels. Blacknore (1989) found
that cfu's on towels were very |low before use but
i ncreased markedly after renoving bacteria during drying.
Paper towels were particularly effective in this respect.

In contrast, bacterial counts on the hands increase after
standard washing and hot air drying tinmes (by 500% on
finger tips and 320% between the fingers on average).
This is probably due to two main factors, (i) the lack of
abrasion and renoval of bacteria and (ii) the em ssion
and recirculation of bacteria in air streans from
contam nated driers.

The tendency for users of hot air driers to finish drying
contam nated hands on clothes, etc. could increase
chances of bacterial transm ssion and cross-infection.
Some bacteria are released into the environnment near to
t he hands when using towels, probably attached to abraded
dead skin cells and/or towel fibres.

In conparison, much | arger bacteri al nunbers are

17



5.

. 10

.11

.12

deposited by the air stream at hand hei ght bel ow hot air
driers. Counts are also high even when hands are not
being dried. This <could be explained by interna
contam nation of driers and circulation of bacteria. This
woul d also help to explain the relatively high levels of
contam nation of the hands after normal washing and
dryi ng.

The conti nuous _release of _bacteria even when hot air
driers are running but not in use would increase genera
envi ronnent al cont anm nati on.

These concl usi ons about the hygiene of hot air driers are
in broad agreenent wth those of Blacknore (1989).
Furthernore, her studies of 48 driers in public washroons
reveal ed bacterial contam nation of the nozzles, helping
to explain the increases in cfu counts observed.

A nunber of other studies contradict the present findings
and claim little difference in hygiene between hand
drying nethods. This is probably minly due to
di fferences in nethodol ogy which didn't take into account
normal washing and drying habits and conditions. For
exanple, Davis et al. (1969) used an unusually rigorous
and long (31 seconds) washing protocol. Furthernore,
drying involved using a paper towel for 8 seconds before
finishing under hot air for 9 seconds. Matthews & Newsom
(1987) also used a relatively long wash tinme (1 mnute)
and drying tinme (usually 1 mnute). Mdre inportantly, the
driers used were nounted for experinents in a room or
cabinet supplied wth mcrobiologically-filtered air.
They therefore had little opportunity to becone
contamnated by Dbacteria through the nornal usage
expected in public facilities. Meers & Leong (1989) also
used an experinental drier. Furthernore, they sanpled air

a relatively long way (60cm) fromthe nozzle, i.e. nearer
to waist height rather than at the normal hand drying
distance. It is therefore not surprising that they

obtained relatively | ow counts.

13 A further concern arising fromthis study is the facility

of many hot air driers for directing air onto the face.
If they increase aerial contam nation as suggested above,
bacteria could not only be deposited on the face but
could also be inhaled, increasing possible risks of
i nfection.

18
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