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ANALYSIS OF CI2 GAS OBTAINED F F’OM c;ﬁ LT WATER ELECTHIALDS
ASDISINFECTANTIN THE DISINFECTION OF CAF E.ROOMS M HOSZTTALS
(A controlling effort for nosocormial inf factions)

Sri Puji Ganefati, Hartone, Adi Heru Sutarmeo, e

Environmental Scierice Program of Cateizs Marst Lrysrsty sty NS ESE
E-rnail. ;npu,;__gafe‘a‘ Goyais e

Patients who were treatad in hoasptzls afer 42 rors 2ar 02 Plarsan Sy “S ST griate tin
condition 15 called a8 nosoctrnzl .,r"-f,,,rr Mrarroraal rleciior o 5 TEes B0 “f 4pal
among patients, 1.e arrourtng o 175 000 canesl puar ard 7005 L of roostierts T A mnilier s
were estimated got noscoornisl nfecion In Indoress e T cotiErrs N, BETE BUAAATL G

nosocormial infection was 23 rrucn as 3 4% Tre rgact of resacirnal rissinr s rorEsass
the treatmentdays tetween 4-12 dzys ard 3lan rorzanss T2 wragteeprt 2oy T w25
600-4()000“)8&“(‘-’ (z IDR 7 220 452-521 2R3 472 Core ol g craspsr o 200 PP o 1 Rl
is by means of environments safaty e":rt; MR LG T PR SLITESr SArCErT A w4
betwean 200-500 CFU/mM2 Up to row Tz aforns o saritzz a1 YEsnert corrg el
disinfection is not effective, sincethe zir ge g e Warcszrs = T ',F'
CFU/m3 As an 2lternative air disinfection s czr tllize U2 28 By
from salt water electrolysis Results of 220 tztumrg T Sare 27 z
concentration, show that those corcentrato scie ¢ radre e “urter o ar e
i.e. 15 32, and 58 CFUIM3, respectizly The nighest murmter of zir s2r—s &2o st D T
application of 10 % concentration Resuits of g aralys srow a2t e C2 ¢ ,rwr‘e:
the electrolysis can be used zs 2 dainfeciant (© dimrfect e Feaament " © Tcsptan Z28
nosocormial infection control £%ons
INTRODUCTION
Other diseases which arz emerged 2fer cateris wers rospitaiizes for L2 rors arc

caused by microorganisms are ca2/'22 nosocomial infections Tre scurces of
of these infections are originatzd """. medical equipmerts furmars (Tott
and medical/paramedical parsm'—-l, znd
disease agents, as well as patients who 2 r
to WHO (2011)', naosacomial infection i3 on2 of maior causes of the figh global morodity
and mortality, i.e. 1.4 million deatns worldmde and 10% of hospitalized czterts mers
experiencing nosocomial infection or 250t "r'iCC-G czszaljzar T"e Ve :r: certert=ge
of in-patient who got nosacomial i —-»ct,n in Eurcgean an
1%, meanwhile in Asian countries it is about J =
infection is 5-6 out of 100 in-patients, or in av -.:(age, every year Terz zrz 2 million 252
(Weinstein, 1928)%.

The prevalence of nosocomial infections in low znd middle ncome coatTes € acr.:.t
5.7 - 19.1%, or higher if compared withthe prevalence in figh income courmes ©.2 a5
(Wikansari et al, 2012)°. Based on the resear ch results of Panjaitan (2012° © “r:x"resz
9.4% of in-patients in hospitals were contracied with nesocomial infecion. Sccordirg o
Suwarni and Sutomo (2000, the incidence of nosocomial infecionsarore opic e owEE
hospitals in Yogyakarta Province, in average was £25% c2ses.
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According to WHO (2011)", the impact of nosocomial infect'on: ca,? I:Ccrease MOrbigit
and mortality. The mortality due to these infections is as man_y e m on cases or .10% of
the nosocomial infection affected patients. Nosocomial infections also lr:jc:reas;a'1 mgrtalnty rate
between 19-75% and causing longer hospitalization, i e. between 4-12 days, thus INCreasing
the cost for US $ 600-40000/patient (¢ IDR 7.820.452—521.353-472.)' d

The prevention and control of nosocomial infectic;ns ilrt‘lhh:/z?::r': 'sszc;?er:y L;g:etgg‘igt‘i?:tﬁve

. ot , : a ' !
main activities, namely; safety for patients, safety for ne i 2012)%. Based on the dec:;:;

saf i : business (Nugrahen
afety for the environment and safety for ( tal safetyfor preventing

of Minister of Health No.1204/Menkes/SK/X/2004, the environment care-rooms sh
nosocomial infections consists of the condition that the air germ numberin S Shouldnot

exceeding the maximum threshold of 200-500 CFU/m* of air (Mi”'Ster g Health..2004)7..
The care-rooms sanitation techniques which are perfor med today IS byliltra V'Oletrad'éﬁon
and chemical disinfections (Boyce, 2011)° and (Ratula, 201,0)”' HawsIer. IS 59 Con.d'tion
of the results are still facing failurethat the number of bacteria of the trfatment roo.mshls still
high. Based on the research results of Suwarni and Sutomo (2900) , the examination of
germ number in treatment rooms of public and private hospitals in Yogyakarta sh?wed an
average of 3,758 CFU/m?, or higher if compared to the standarg .200-500 CEU/m-. Those
prevention and control of nosocomial infections through room dlsmfectlon.usmg ultraviolet
light and chemicals need high investmentcost. On the other hand, the uncqrrect usg of
chemical disinfectant can causing pollutionin the environment and may lead to microorganism

resistance (Kusnoputranto, 2005)". .

According to Saksono (2012)", the control and prevention of nosocomial infections
by means of treatment room disinfection can use Cl, gas as the disinfectant. Cl, gas can
be obtained from the electrolysis of salt water. The electrolysis reaction of table salt (NaCl)
solution with electrical current that produces 2Na in solid form and Cl, in gas form can be
used as an alternative in the prevention and control of nosocomial infections.

Salt water solution is widely used for variousactivities as preservative substance
(antimicrobial). Chlor (CI) element as the active ingredient in salt has the characteristic of
microbial killing. According to Giyanti (2004)'?, the use of chlor in drinking water treatment, or
called chlorination, is aimed to reduce and kill microorganisms. Chlor that available in markets is
in the form of Chlorine. Electrolysis reaction is a process of the release of Cl element in salt that
is functioned to damage the bond of NaCl becoming metallic sodium (Na) and chlor gas (Cl,).

Based on the laboratory tests, salt water solution with a concentration of 100g/liter can
reduce the number of air germs from 70 CFU/m® to 56 CFU/m® (80% reduction). One of the
advantages of Cl, gas electrolysis from salt water (NaCl) is it has low investment cost for
the equipments and the materials are very cheap. The price of salt is very cheap and readily

available and can always be found in every household.

OBJECTIVE

To understaqd the results .of theoretical study of the function of salt water, as the basis
for laboratory testing,to determine its concentration variation inproducingchlor' as (Cl2) as
disinfectant for reducing the number of air germs in the treatment rooms of hosg;jJitals

METHOD
The methods used in this paper are literature review and fieldwork by means of analyzing
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the factors that affect the control and prevention of nosocomial infection
of- analysis of environmental factors. analysis of disinfection method for trea
force field analysis on the use of salt water as disinfectant in the disinfectic

in hospitals.

ANALYSIS AND DISCUSSION

1. Factors affecting the control and prevention of nosocomial infections
The control and prevention of nosocomial infections is influenced b

(\)
d)
N
w,
o
w
Q
8]
b
W

o

either from the sufferer patients themselves or from outside. Factors ere proved
influencing the incidence of nosocomial infections are: the presence of m:r::.';a".‘S‘f‘S 25
disease agents (virus, bacteria and fungi); and resistance to drugs and equipments. inciuging
roomswhich are contaminated with disease agents (Herpan, 2012)™. The propzgation

----

medla of m:croorgamsms in the treatment roorrs among ot}‘=: are via a"r, W

-

1 fin

(

nosocomial infections, air is one oftransmlssmn medsa that has ‘h- greatest et’?’-
of Health, 2002)™.

Accerding to Sutrisno (2002)'%, the controlling technique of bacteria numboerin 2 ¢2n
be conducted in various ways, e.g. air filtration system: self closing door; ultravic! on;
and disinfectant spraying.

c. AIrfiltration system
The air filtration is conducted by flowing airinto the rooms through 3i
system. The infrastructures used may include central air conditioning. splt 2
or buildings thatare specially prepared for the air filiration. This system can ¥
if regular maintenance of the equipments used is applied. Air filter tocls whni
maintained, by themselves play role as the breeding source ofmicroorganism

(0]

d. Self Closing Door
In this system, mats which are soaked in advance into disinfectant so‘u"" “re

provided and placed in front of the door inside the room. Microorganisms that w
disinfected are only those that contact with the mat, whereas other microcrgan,s.u;
existing in the surrounding air still can enter the rooms.

Ultra Violet (UV) Radiation
Ultra violet irradiation system uses a moveable instrument thatits angle can be

adjusted. The ultra violet lamp is mounted on wall or ceiling of the room. The weakness
of this system is eventhough the microorganisms that are exposed to ultraviclet light will
die, those that are not affected will remain alive. Ultra violet disinfection is costly regarding

to the procurement of the specific lamps.

Disinfectant Spraying
Disinfectant spraying system usesdevices, such as sprayer, mister or fogger, to

produce air spray which is mixed with disinfectant solution in low pressure andin the form
of large enough sized droplet. The use of chemical disinfectants which are not appropriate
in the dose and timing of exposure can causing environment pollution due to the presence
of the chemicals’ residue and resistance to the target microorganisms may occur.

“Optimizing the Mental Health

under SDGs” 3
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2. Analysis of Factors Influenci

C.

socomial Infection Prevention

n Hospitals |
f NaCl (table salt) bonds in
ble salt (NaCl) which are dissolved intq water \.wth
¢ NaCl in electrolysis will be broken into sodium

(2Na °) in solid form and Cl, in gas form. Electrolysis 1S an electrochgmi;al cell “;.hwh
causes redox (reduction and oxidation) reaction. Reduction and oxidation reactions

occur in Sodium (Na) element, meanwhile oxidation reaction occurs in Chlor element

lisis_htm)*®.
. cod/htmllsuplemeg.’pekM3_1_915_91_'3_'.9"51-'9«'7—~*— :
(http://wrerwe ut 3@ of salt water 1S released into the

The Cl. gas obtained from the electrolysis
air, and theréfore kill the existing microorganisms The results of tests conducted at
the labotary of Polytechnic of Health of Yogyakarta at June 25 th, 2013 showedthat
osure is able to reduce 80 %

table salt concentration of 100g/liter in 10 minutes exp .
of bactena number. In the market. chloris known under the trade name of Chlorine,

and commonly used as disinfectant in dnnking water treatment. |
Cl, gas from the electrolysis of salt water can be used for controlling and

prevention of nosocomial infections in hospitals. This disinfection of treatment rooms
in hospitals by using the Cl, gas can reduce the air germs number in those rooms.
Therefore, theoretically. that reduction of bactena number can prevent nosocomial
infection among in-patients inhospitals Electrolysis of table salt (NaCl) water can
be applied at the treatment rooms in public hospitals as the efforts to control and

preventthe occurence of nosocomial infections

ng No _
t for Treatment Rooms |

Salt Water as Disinfectan : ,
r is a destruction reaction O

Electrolysis of salt wate
water. Salt water consists of ta
certain concentration. The bond o

Analysis of Nosocomial Infection Causing Factors
Analysis of factors for the occurrence of nosocomial infections is needed to

determine the factors associated with the control and prevention efforts of nosocomial
infections. The analysis i1s descnbed in detail in Table 1, as follows.

Table 1.
Analysis of Nosocomial Infection Causing Factors

Factors

No Items :
Taking Medication Human Equipment Environment

@~ ;A

Risk of Small Big Small Big

Transmission
Target Patients Doctors, Paramedics Sanitation

Paramedics, Officers
Patients and
Visitors
Characteristic Curative Preventive  Preventive Preventive
and and
. Promotive Promotive
Transmission Small Big Big Big
Cos.t Expensive Expensive  Cheap Cheap
Easiness Difficult Difficult Easy Easy
Techr_lology Not available Notavailable Available  Available
Special Officer Needed Needed Needed Not Needed

PROCEEDING BOOK
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that cortrdt;ncwlg in-patients, human and environmeant are cunsidersd a5 the (520
tal iDyle y { )
are ’ d ‘:u greatinfluence on the incidense of this infection, Sinus husman (s
re ver, cult i ' : N
ol y th,J,t to control. in this paper the control of envitonmentsl faddorns s mue
mphasized o e
P in the prevention of nosocomial infections
e Analysis of Envi ”
/E Environmental Factors as the Cause of Nosooumigl Infection
nwvir e i : - ’
f onmental factors consist of water, soil and i The incidence U nuswomizl
f=3 -4 H .
infectionsamong in-patients in hospitalsis vi " wiic ot :
rs was conducied 1o determine the

present in the air. Analysis of environmental factor: ted to det
dsmmant'factors which are affecting, and to find the ways of controlling and preventing
nosocomial infection as appropriate measure (Tinambunan, 2002)°
Based on Table 2, environmental factors that t

nosocomial infections is the surrounding air, The air con

nOS_O_Comial infection which are originated from human, includingthe patients who do
activitiesin the hospitals. Water and soil factors have small contritution to nosocomizl
infection cases. The provision of water in hospitals has passed sdequate treatment
;nd i; tailored to existing standards. Soil factors zlso have small contribution in these
infections since patients are not in direct contact with it. The incidence of nosocomizl

i mission.

infections has very small possibility to occur via soil tran

)

Table 2. Analysis of Environmental FactorsCausing Nosocomial Infections

kems En-/ironrpent .
Viater Soil Air
Risk of transmission Small Smazll Big
Transmissicn source es No Yes
Technology Fvailable Not Available  Available
Effort Preventive Not Applicable Preventive

Public Participation Not Exist Mot Exist Exist
Failure Not Exist Not Exist Exist
Cost Not Applicable  Not Applicable Present

f Analysis of Room Disinfection Methods

Based on the analysis, the method of room disinfection by using Cl, gas is
considered as the best method or superior when compared with the existing methods.
Room disinfection method with using Cl, gas can be manufactured withappropriate
technology, has low cost and can be made by general people.
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table A, Analyaia of Rooim Disintection Methots

ey

Avallable
Lxpensive

‘\'\"\k\\‘!\‘ﬂ\
Cuost
Bofintion npact

Suntight/Ultra Violel

Frogaible tn form of

waste of UV lamp

L \ist
Needed

Government invelvenment
Special Officer
Qpetational of ool
Qrerational Guidance Lxist

of Toals

Ly Special Qfficer

FFaolone
Chetnleal apbatance
Available Availabit
I xpensive Ghbap
*osaible in forn of Not Preasnt
chemical residues
antd mierooryanisrn
teslslance

G, Gas

L xial Not Fxist
Needed Not Needead
iy Special Officer By Any Offiter
[-xlsl Exist

g Force Freld Analisys of Gl Gar as Disinfectant of Gare-Rooms in Hospitals
Force Field Analysis (FFA) s an analysis about the factors existed in real condition

that strengthen the uge ol a cettain methodofl being more excellent.

Table 4. Force Analysis Factor of CI12 Gas Utillzation
Obtained from Salt Water Electrolysis as Disinfectant for Care-Rooms in Hospitals

No  UVandchemicals Value  Salt Water Eloctiolysis —— Value

. Cost < Cosl +

2. Appropnate technology - Appropriate technology '

3. Design + Desiagn '

<. Ease of manufacture - Ease of manufacture +

§. Ease ofuse + Ease of use ¢

6. Availability of materials in - Availability of materials in !
manufacturing manufacturing

7. Need no expert in the - Need no expert in the +
manufacturing manufacturing

8. Ease of maintenance - Ease of maintonance +

9 Benefit . Benelit b

10. Possibility of environmental - Possibility of environmental +
pollution pollution

11, Management Acceptance + Managemont Accoptance ¢

12. Occupational Accident - Occupational Accidont +

13. Length ofApplicationTime - Length ofApplication Time ¢

14, Procurement of Equipment and - Procurement of Equipment ¢
Matenals and Materials

Sum+ 4  Sum+ a4

Based on the results of Force Field Analysis,
appropriate technelogy that can be applied to disinfect treatment

the control and prevention of nosocomi

B PROCEEDING BOOK

electrolysis method for salt water is an
rooms in hospitals, therefore

‘ ‘ al infections can be conducted. The operation and
maintenance of the device (electrolizer) is very easy to do,

and the ingredient (table salt) is also

Ml The 3° International Conference On Health Science 2016
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easy to obtain and cheap. ) vetroli
\ . { sheap, The electrolizer is also easy to manufacture and its
handling is very simple, | y e

CONCLUSIONS AND RECOMMENDATIONS
1. Conclusions
a. Theoretice 3§ or P i isi
a. The c.)ldlc\\lly, salt water produces chlor gas (Cl,) which can be used as a disinfectant
for treatment room disinfection in hospitals.
b. fﬁﬁ‘l\t wqter elgc}rolysis method is more superior to other chemicals such as Virkon and
ikrosit as disinfectant for treatment room disinfection in hospitals.
Recommendations
Ig is neede‘d to conduct laboratory examinations for concentration variations of salt
water in producing chlor gas (Cl,) as disinfectant for care-room disinfection in hospitals.

"o
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