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Abstract: Under the increasing threat of various global infectious diseases, the importance of epidemic prevention and air quality control in hospital is accented. Four disinfectants were prepared and tested to verify the disinfection effect of air environment in Taoyuan Armed Forces General Hospital (TAFGH). STB bleach powder (1417 ppm), Type 82 disinfectant (4877 ppm), NaOCl bleacher (1386 ppm) and chlorine dioxide disinfectant (193 ppm) were all capable to sterilize medical disposal of 3.2 × 105 CFU/mL with disinfection efficiency higher than 99.9% were observed from the environmental specimen and disinfection tests in the physician out-patient department. Before sterilization, the average residual colony was 180 per handset, which were higher than the value of 15 on door knob. After spraying 1 mL of 200 ppm chloride dioxide solution twice onto the surfaces of different objects using the hand-held sprayer, the comparison for average disinfection efficiencies of the samples was door knob (100%) = handset of telephone (100%) > chair cushion (90.3%) > floor (20.5%) in series. In addition, the background data of biological aerosols also revealed that the comparison of average space colony numbers was semi-closed out-patient area in the physician department (318 CFU/m3) > semi-closed out-patient area in the surgical department (183 CFU/m3) > open-space emergency ward (58 CFU/m3) in series. After using ultrasonic aerosol and handheld sprayer ways to sprinkle the chlorine dioxide solution into hospital spaces for 30 minutes, the average colony number in the physician out-patient area decreased from 421 to 21 CFU/m3, approaching to a disinfection efficiency of 95.0 %. The disinfection efficiency of chlorine dioxide in gas or solution phase is notably affirmative and available for the infection control of hospital. [Nature and Science. 2007;5(4):94-99]. 
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1. Introduction
Chlorine dioxide is a disinfectant recommended by the World Health Organization (WHO) of the United Nations (UN) and the Food and Agriculture organization (FAO). It is also a disinfectant listed on the Guideline for Laboratory Biosafety of the WHO[1]. The disinfection efficacy of chlorine dioxide is not affected by the pH and its advantage of not generating carcinogen (THMs)[2], make Chlorine dioxide a green disinfectant highly praised by the european countries and the United States. As early as in 1946, Ridenour et al. reported that Chlorine dioxide is plausible to deactivate and even kill the virus that cause poliomyelituss[3]. And in 1973, Smith et al. found that Chlorine dioxide has a higher disinfection rate than Chloride against various viruses, like Echo viruses Type 7, Coxsackie virus B3 and Sendai virus [4]. In 1980, Roberts et al. reported thst after exposure of chlorine and chlorine dioxide for 2 minutes, the survival rates of Polioviruses type 1 are 63.1 % and 6.3 %, respectively[5].
As early as in 1967, the EPA of the US has cataloged the solution of Chlorine dioxide as a disinfectant or sanitizer. In 1988, the US EPA has further classified the Chlorine dioxide gas as a class 3 sterilant[6]. Besides, according to Hoehn’s report, there are more than 700 waterworks worldwide that use Chlorine dioxide to replace Chloride in drinking water disinfection[7]. The number of waterworks that use Chlorine dioxide has grown to over 2000 up to date because of the advantage that Chlorine dioxide does not induce the generation of THMs. According to the reports concerning the disinfection efficency of Chlorine dioxide published by Huang et al. in 1997 and the US EPA at 1999, it has been shown that Chlorine dioxide has a higher disinfection rate than ozone and Chloride. Chlorine dioxide has a very prominent disinfection effect against Coxsackievirus, Echo viruses, Polioviruses, Herpes simplex virus (HSV), Hepatitis B virus, Newcastle disease virus, Bacteriophage, Vaccinia virus, Poliomyelitis virus and Sendai virus et al. in water[8,9].
In a series of anthrax attacks following the 911 terrorism attack, Chlorine dioxide was chosen for disinfection because of its excellent disinfection efficiency. The US EPA, for the first time, successfully used Chlorine dioxide gas of 500ppm to disinfect Bacillus anthrax in the building where Senator Hart’s office located in the Capitol Hill in the US. In the following year, the US EPA used Chlorine dioxide steam again to successfully disinfect a locker in the Brentwood mail process and delivery center at Washington DC[6]. During the SARS outbreak, the national troops of ROC also used Chlorine dioxide solution, with concentration ranging from 500 ppm to 1000 ppm fro the surveillance of the contamination control on the passage between the disinfection area and the clear area in Taipei Veterans General Hospital and Taipei City Hospital He-Ping and Yang-Ming branche. 5ppm of chlorine dioxide was also added to the water system of the personnel decontamination station.
The present report was based on the environment of Taoyuan Armed Forces General Hospital. We report this disinfection efficiency of Chlorine dioxide under different environments. The results can be of great value for reference use in hospitals.

2. Material and Methods

Instruments and chemicals in using were listed as follows:

Microbe incubation (autoclave, laminar flow, temperature-control incubator, colony counter). 
Iodine titration. 
Record the values from Chlorine dioxide spectrometer (ODYSSEY DR/2500) and analyze by the built-in CRP and DPD methods. 
Handheld sprayer (1 liter) 
EP606 ultrasonic aerosol (with frequency of 17000 times per second) 
XMX/2AL Aerosol Concentrator (Dycor, Canada) 
EP606 Two part system chlorine dioxide (Gosh corporation, ROC Taiwan)

2.1 Experiment procedure
1. This study was focused on the sampling and disinfection of the wastewater, out-patient area and the waiting area in Taoyuan Armed Forces General Hospital. The main disinfectant used was the EP606 two part system chlorine dioxide purchased from Gosh (ROC Taiwan). For the quality analysis of effective chlorine and Chlorine dioxide, we referred to the iodometric titration analysis and the spectrophotometry in the “Standard methods for the examination of water and wastewater” published by the American Public Health Association (APHA)[10]. 
ClO2 content=(V-V0)xCx0.01349xD/(W)x100%

where V and V0 are the volume of sodium thiosulfate used to titrate the sample solution and the control solution, respectively. And W is the amount of sample in gram, while C is the equivalent concentration of sodium thiosulfate and D is the dilution fold. 
2. Medical wastewater treatment: We first collect the wastewater and then used four biochemical disinfectants, namely super tropic bleaching powder (STB ; calcium hypochlorite), ROC Army disinfectant Type 82 (sodium dichloroisocyanurate), home-use bleacher (sodium hypochlorite) and EP606 disinfectant (Chlorine dioxide) to test the disinfection efficiency, followed by using mixing dilution method (NIEA E204.51).

3. The door knob, handset of telephone, chair cushion and the floor: soak sterilized cotton with dilution solution or distilled water to rub the surface of the door knob, handset of telephone, chair cushion and the floor, respectively to collect the background value of the bacteria in the environment. The samples were labeled sequentially. The same areas were disinfected by 200 ppm Chlorine dioxide and the concentration of bacteria were examined again by the same procedures describe above.

4. The space of the out-patient area: By using Aerosol concentrator, the bacteria concentration in the air were collected before and after the disinfection by using EP 606 containing 200 ppm of Chlorine dioxide.

3. Results and Discussion
3.1 Disinfection of wastewater
A series concentration of chlorine dioxide solution and NaOCl solution were added to the wastewater of hospital with a 9:1 ratio, 1 mL of samples were then incubated after a period of 10 minutes incubation time. The result was shown in Table 1. The total colony of the control was 3.2x105 CFU/mL while the E. coli colony was 2.0x104 CFU/mL. The disinfection rate of 10 ppm Chlorine dioxide and 30 ppm NaOCl solution were as good as 99.81 % and 99.93 %, respectively. It is similar to the results published by Huang et al at 1997, which demonstrate that 0.6 ppm Chlorine dioxide solution and 1.2 ppm NaOCl solution can disinfect 90 % of Bacillus subtilis.
The disinfection rate of Chlorine dioxide solution and NaOCl solution were still 63.41 % and 86.06 % if the concentration decreased to as low as 0.07 ppm and 0.173 ppm, respectively. According to the current medical wastewater disposal standard (coliform conc. < 2x105 CFU/100 mL), the discharged wastewater can conform to the standard if even only treated by the lowest concentration of Chlorine dioxide and NaOCl in Table 1.
The disinfection ability of Chlorine dioxide to bacteria were proposed to initiated through changing the permeability of the bacteria membrane. Chlorine dioxide can then penetrate the membrane and oxidize the –SH group of glucose oxidase to an –S-S- group. Because the oxidizability of Chlorine dioxide is about 2.5 times high as that of liquid chlorine, Chlorine dioxide can efficiently inactivate the enzyme activity and cause the bacterium death. In the case of conventional treatment by liquid chlorine, the effect component of which is hypochlorate (HOCl). However, HOCl and OCl- coexist in water and the bacteriacidal efficiency of OCl- is only 1/80 of HOCl[11]. When the higher the pH is, the higher the ration of OCl- is and the weaker the disinfectability of liquid chlorine is. Hence, the disinfection efficiency of Chlorine dioxide under neutral condition is at least two to three times higher than sodium hypochlorate.
To compare the disinfection ability of various disinfectants, the disinfectant solutions were added to the un-pretreated wastewater, followed by incubation times of 2, 5 and 10 minutes. The results are shown in Table 2. It showes that various biochemical disinfectants can achieve disinfection rates of higher than 99.9 % when incubated for 10 minutes. And the efficiency of Chlorine dioxide is the best among these four disinfectants, which can achieve equivalent disinfection rate when the concentration is only 1/7 to 1/25 of other disinfectants.
3.2 Environmental disinfection test in physician out-patient area
Table 3 showes that the average bacteria number on each handset of telephone is 180, which is higher than the average bacteria number of 15 CFU/m3 on the door knob. This is caused by the fact that telephones were placed at positions where doctors, nurses and patients can access. And further, various bacteria colonies can accumulate if the one who use telephone has bacteria on his/her hands or they didn’t use a mask when use a telephone. In table 3, we also observed that the disinfection rate in order is door knob (100 %) = handset of telephone (100 %) > chair cushion (90.3 %) > floor (20.5 %). The disinfection rate is better when the surface of the subject is smooth and is not absorbent. It is not very suitable to use spray to disinfect floor which is very dirty, full of dust and very absorbent. The disinfection rate will increase if the floor was disinfected by wiping with a mop or sprinkling.
After spraying 1 mL of 200 ppm Chlorine dioxide solution twice on the surface of door knob, handset of telephone and chair cushion, the disinfection rates reaches 90 %. The point is that the surface of these objects is smooth and not absorbent plastic surface, which makes the Chlorine dioxide solution can soak the bacteria efficiently. The disinfection rate on the fllor is lower, which is only 20.5 %, might cause by the fact that surface of the floor is abrasive and absorbent. In 1967 Bernade[12] reported that main mechanism of microorganism inactivation is protein break down. And in 1986 Aieta and Berg[13] suggested the imbalance of osmosis can distroy the outer membrane of a cell, which causes final degradation of pathogens. In 2006 Ison et al. summarized the possible mechanisms of the disinfection effects of chlorine dioxide[14]. The bases mentioned above are only possible when an efficient contact exist. Therefore, when using chlorine dioxide spray to disinfect an object, the smoothness, toughness and absorbance are important determinant factors.

3.3 Disinfection of aerosols in the physician out-patient area

Aerosols is an important transfer media of bacteria and viruses in hospital. It is difficult to sample representative aerosols in a hospital because of the sampling process may disturbed by factors like time, space, temperature, humidity and circulation. We use random sampling first bu operating the XMX/2AL aerosols collecting machine (1000 L/min) to gather background value to assess the bacteria content of different areas. The bacteria in the open-space emergency department is 58 CFU/m3, 183 CFU/m3 in the semi-closed out-patient area in the surgical department and 318 in the out-patient area in the physician department. We chose the out-patient area of the physician department as the target for Chlorine dioxide disinfection.
The spatial volume of the physician out-patient area is about 445.5 cubic meter. We released 1090 mL of Chlorine dioxide solution into the space, which corresponded to the efficient concentration of 200 ppm, to test the disinfection rate. EP 606 ultrasonic aerosol machine was used, together with handheld sprayer to spray on the walls and the air. Because the boiling point of Chlorine dioxide is 11oC, which is lower than the room temperature of 24oC, the Chlorine dioxide solution was nebulized immediately after which the Chlorine dioxide molecules were evaporized and were capable to destroy bacteria in the space. The maximum concentration of chlorine dioxide in the space after 30 minutes is 0.8 ppm which is lower than 0.10 ppm after 8 hours in the US OSHA bulletin. The results are summarized in Table 4.
The collection volume of the aerosols collecting machine is 15000 liters, which equals to 15 cubic meter. Therefore the background value of the physician out-patient area was 421 CFU/m3, which was in accord with the normal distribution of the hospital aerosol which ranges between 370 CFU/m3 and 740 CFU/m3. The variation of the bacteria at a same smpling spot is correlated to the number of waiting patients in the out-patient area. When sampling for te first time, there were 20 patients in the waiting area, which resulted in 83 CFU/m3. While sampling for the second time, there were around 70 patients in the waiting area, which resulted in 758 CFU/m3. We therefore speculate that more patients in the waiting area will result in more bacteria in the aerosol and higher transmission rate. The background value drop from 421 CFU/m3 to 21 CFU/m3, reached a high disinfection rate of 94.9%, after treated by EP 606 Chlorine dioxide gas. The value is far lower than standard of high quality air in Singapore (500 CFU/m3) or in Japan (300 CFU/m3).
According to the reports published by Guo et al.[15], the possible pathogens in aerosol in hospital include Acinetobacter spp., Burkholderia, E. coli, Enterococcus, Klebsiella spp., Ps. Aeruginosa, S. aureus and Sta. epidermidis. Infection through aerosol can be very remarkable. Other potential pathogens in the aerosol can cause an even larger threat to medical staff and patients. Influenza virus, Enteroviruses and SARS virus can also be transmitted through aerosol. Thus, monitoring and disinfection of aerosol cannot be overlooked in infection control.
Table 1. Disinfection rate of chloride dioxide and bleacher solution

	EP 606 Chlorine dioxide solution
	NaOCl bleacher solution

	Conc. (ppm)
	Total colony

(CFU/mL) 
	Coliform (CFU/100mL)
	Disinfect. rate (%)
	Concentration (ppm)
	Total colony (CFU/mL)
	Coliform (CFU/100mL)
	Disinfect. rate (%)

	Control
	3.2 x 105
	2.0 x 104
	-
	Control
	3.2 x 105
	2.0 x 104
	-

	100
	0
	0
	100
	200
	0
	0
	100

	51
	150
	0
	99.95
	139
	0
	0
	100

	10
	600
	80
	99.81
	30
	216
	20
	99.93


Table 2. Time effect on the disinfection rate of four disinfectants

	Disinfectant
	STB
	Type 82
	NaOCl bleacher
	EP 606 ClO2 disinfectant

	Conc.
	1417 ppm
	4877 ppm
	1386 ppm
	193 ppm

	microbe
	Total※
	Coliform※
	Total
	Coliform
	Total
	Coliform
	Total
	Coliform

	Control
	3.2 x 105
	2.0 x 104
	3.2 x 105
	2.0 x 104
	3.2 x 105
	2.0 x 104
	3.2 x 105
	2.0 x 104

	2 min.
	500
	0
	250
	0
	150
	0
	500
	0

	5 min.
	300
	0
	250
	0
	0
	0
	400
	0

	10 min
	250
	0
	200
	0
	0
	0
	300
	0

	Disinfection rate (10 min.)
	99.92 %
	100 %
	99.94 %
	100 %
	100 %
	100 %
	99.91 %
	100 %


※ Unit for total colony is CFU/mL; Unit for coliform is CFU/100mL

Table 3. Disinfection rate of chlorine dioxide (200ppm) in the physician department

	Room no. Test against
	7
	8
	9
	10
	11
	12
	13
	Average
	Disinfection rate (%)

	Knob (m2)
	Background (CFU)
	2
	50
	4
	50
	0
	2
	0
	15
	100

	
	Disinfected (CFU)
	0
	0
	0
	0
	0
	0
	0
	0
	

	Handset (m2)
	Background (CFU)
	360
	264
	38
	300
	98
	150
	50
	180
	100

	
	Disinfected (CFU)
	0
	0
	0
	0
	0
	0
	0
	0
	

	Out-patient area
	Sampling spot A
	Sampling spot B
	Average
	Disinfection rate

	Cushion (m2)
	Background (CFU)
	40
	82
	62
	90.3

	
	Disinfected (CFU)
	2
	10
	6
	

	Floor (m2)
	Background (CFU)
	306
	16
	161
	20.5

	
	Disinfected (CFU)
	245
	11
	128
	


Table 4. Disinfection rate of chlorine dioxide (200ppm) of the aerosol in physician department

	Physician out-patient
	Sampling spot A
	Sampling spot B
	Average
	Averaged disinfection rate

	Background (CFU/m3)
	50
	581
	117
	936
	421
	94.9 %

	Disinfected (CFU/m3)
	23
	6
	50
	5
	21
	


4. Conclusion

The chlorous disinfectants investigated in this study revealed disinfection rates higher than 99.9 % for highly contaminated medical wastewater. To reach the same disinfection rate, the concentration of Chlorine dioxide is only 1/7 to 1/25 of other chlorous disinfectants. In different surfaces in the physicina department, we observed the disinfection rate of door knob of 100 %. At handset of telephone was also 100 % in comparison to chair cushion of 90.3 % and floor of 20.5 %. Disinfection by spraying has better effect on smooth and non-absorbant surface. Meanwhile, sprinkling or wiping with mop provides a better effect on surfaces which is dirty, full of dust and absorbant.
The background values of bacteria in aerosol are semi-closed out-patient area in the physician department (318 CFU/m3) > semi-closed out-patient area in the surgical department (183 CFU/m3) > open-space emergency department (58 CFU/m3). The air quality of above areas all conformed to the standard bacteria number in the aerosol. After distribution of 1090 mL of 200 ppm Chlorine dioxide solution into the air by using ultrasonic aerosol and handheld sprayer for thirty minutes, the average number of bacteria drop from 421 CFU/m3 to 21 CFU/m3. Chlorine dioxide is very efficient to disinfect bacteria in aerosol and can be used as a refernce.
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