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ABSTRACT Jim Peterson, B.Sc., Ph. D.

SUICIDE BY HYDROGEN SULFIDE:
HOW CAN EMERGENCY SERVICES RESPOND?
Qiao Lin, MPH
University of Pittsburgh, 2014


Suicide has always been a significant public health issue in the world. Compared to some traditional exclusively self-targeting suicide methods, such as suffocating, hanging, jumping from heights and poisoning, suicide by inhaling the toxic hydrogen sulfide (H2S) gas should be deemed as a threat to both environmental and occupational health for the following reasons: 1. Due to gaseous diffusion, this toxic gas may seep into adjacent rooms and residential units, poisoning their occupants. 2. First responders may not realize that the room or car they are about to enter is full of fatal gas so that they could accidentally become intoxicated if they are trying to rescue the suicides without proper protection. Since the suicide materials are easy to obtain, it has become a fad since 2008 worldwide. There is already a trend towards increasing numbers of hydrogen sulfide cases in the United States. Several emergency service providers were injured secondarily at the suicide scene due to the lack of awareness. Hydrogen sulfide exposure may lead to many acute and chronic occupational diseases such as: pulmonary disease, neurological disease, and cardiac disease. Based on recent studies regarding this topic, we suggest that online suicide recipes should be removed; a nationwide suicide monitoring system should be established in order to stimulate relevant analysis and research. Most importantly, we need to raise awareness among emergency service providers in order to promote occupational health.
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1.0 [bookmark: _Toc259387557][bookmark: _Toc259388572][bookmark: _Toc259388623]Introduction
Suicide has always been a significant public health issue in the world. According to the statistics of the World Health Organization, there are nearly 1 million suicide deaths worldwide each year and suicide is among the top 20 leading causes of death globally for all ages [1]. Based on the data from the Centers for Disease Control and Prevention, in the United States, the number of emergency department visits for self-inflicted injury was 713,000 in 2013 and the suicide deaths during the same year was 38,364, which meant there were 12.4 deaths per 100,000 population [2]. Among the total number of suicide deaths, firearm suicides, suffocation suicides and poisoning suicides have a percentage of 51%, 25% and 17% respectively [2].
The most common methods of suicide include hanging, strangling, suffocating, jumping from heights, using firearms, poisoning and more [3]; but in 2008, the Japanese experienced a new suicide method: inhaling hydrogen sulfide gas [4, 5]. Soon this method spread to other countries via the Internet, including the United States [6]. Hydrogen sulfide is a very toxic gas to humans. It can be obtained by simply mixing some household materials such as toilet bowl cleaner and lime sulfur tree spray [7].
Compared to those traditional exclusively self-targeting suicide methods, suicide by inhaling the toxic hydrogen sulfide (H2S) gas should be deemed as a threat to both the environmental and occupational health. Here are the reasons:
1. From the environmental health perspective: under ambient conditions, the toxic substance is a colorless gas. If a suicide case occurs in an apartment or other large building, all residents in the same building could be endangered due to gaseous diffusion [4].
2. From the occupational health perspective: in order to generate a fatal concentration, hydrogen sulfide is usually produced in closed environments, such as bathrooms or cars. First responders (for instance emergency service personnel) may not realize that the room or car they are about to enter is full of fatal gas. Therefore, they could accidentally become intoxicated if they are trying to rescue the suicides without proper protection [6].
Several recent journal articles indicate that this new hydrogen sulfide suicide craze has clearly endangered the occupational health of emergency service personnel [4, 6]. Any relevant information and articles will be summarized and analyzed in order to estimate the risks associated with the rescue of hydrogen sulfide suicides to draw the attention of emergency service responders to these issues.






2.0 [bookmark: _Toc259387558][bookmark: _Toc259388573][bookmark: _Toc259388624]Hydrogen sulfide and public health
2.1 [bookmark: _Toc259387559][bookmark: _Toc259388574][bookmark: _Toc259388625]hydrogen sulfide
Hydrogen sulfide is a poisonous, flammable, water soluble and colorless gas. It has a characteristic odor of rotten eggs. Hydrogen sulfide has many different names such as: hydrogen sulphide, stink damp, sewer gas, sour gas and hydrosulfuric acid [8].
Hydrogen sulfide occurs both naturally and artificially [8]. Natural resources include: volcanoes, sulfur springs, undersea vents, swamps, stagnant bodies of water, in crude petroleum and natural gas [8]. Artificial/industrial resources are petroleum refineries, coke oven plants, food processing plants, and tanneries [8].
In the United States, the amount of hydrogen sulfide in the air is 0.11-0.33 parts per billion (0.11-0.33 parts of hydrogen sulfide in 1 billion parts of air), in some less developed areas of the United States, concentrations are usually 0.02-0.07 ppb [8]. These concentrations are much lower than the lowest concentration of hydrogen sulfide to which humans are sensitive and there is no evidence showing that there are any negative health effects at typical environmental concentrations [8].
People can usually sense a rotten egg smell of hydrogen sulfide at a very low concentration: 0.05 parts per million (ppm) (0.05 parts of hydrogen sulfide in 1 million parts of air) [4]. At higher levels, the smell of hydrogen sulfide turns “sweet”. When the concentration is higher than 100 ppm, it is reported that the warning odor is lost, due to paralysis of the olfactory nerve [4]. This is one of the reasons why hydrogen sulfide is considered to be a very dangerous substance. 
When hydrogen sulfide is released as a gas into the atmosphere, it takes an average of 18 hours for it to change into sulfur dioxide and sulfuric acid [8]. Therefore, once people are exposed to a source of newly generated hydrogen sulfide at a hazardous concentration, some damages to human health is probably inevitable, no matter what the exposure time.
2.2 [bookmark: _Toc259387560][bookmark: _Toc259388575][bookmark: _Toc259388626]SUICIDE FAds
Injury or death by hydrogen sulfide poisoning was previously always considered an accident. It is a well-recognized industrial and occupational hazard and responsible for substantial morbidity and mortality [6]. Incidences happen during some activities like volcano climbing, pharmaceutical product treatments and manhole cleaning [9-14]. However, since hydrogen sulfide has been used as a method of suicide, this toxic substance has become a real threat to the more general public health.
[bookmark: _Toc259388576][bookmark: _Toc259388627][bookmark: _Toc259387561]Suicide fads: international perspective
Based on available information, cases of suicide by hydrogen sulfide have taken place mainly in two other countries: Japan and Canada. 
The first case of hydrogen sulfide suicide was reported in 2007 in Japan. Soon after that, the Japanese experienced a hydrogen sulfide suicide craze in 2008 [4]. By April 2008, the suicide fad had an exponential growth. Cases of hydrogen sulfide poisoning made it to the headlines almost everyday, nationwide [4]. During a short period between March 27 and June 15, the Japanese Cabinet Office reported 220 cases (Figure 1) of suicide attempts using hydrogen sulfide, and 208 cases were fatal [4]. The mortality rate was nearly 95%. Thus, this method has been proven to be very “effective”. Also, Figure 1 clearly indicates that most of the victims aged from 10-49. This is probably because they spend more time on the Internet than the older age groups and the method was spread mostly through Internet sites.
The victims used some household materials that could be easily obtained. One is toilet detergent, which usually contains strong acids. The other material was usually a bath additive that contains sulfur [4, 15]. Mixing these two materials together can easily produce hydrogen sulfide. The most used bath additive brand in this suicide craze was MUTOHAP. To cease this craze, the Japanese National Police Agency forced MUTOHAP to suspend its production and instructed Internet providers to remove information that could be harmful [4].
[image: Macintosh HD:Users:QiaoLin:Desktop:Screen Shot 2014-03-30 at 2.10.54 AM.png]
[bookmark: _Toc259385397]Figure 1: 220 cases during the period from March 28 to June 15, 2008 [4]
Another suicide case happened in Canada in 2010, after the 2008 Japanese suicide craze. A 20-year old male was found dead in a bathroom. The bathroom fan and vents were covered by garbage bags and sealed with tape [16]. Emergency responders found empty bottles of fungicide containing 28% calcium polysulfide and empty bottles of commercial disinfectant [16]. According to the autopsy report, hydrogen sulfide was responsible for the death [16]. At the end of the report, the authors concluded that hydrogen sulfide suicides were increasing, the method being spread through the Internet. 
[bookmark: _Toc259388577][bookmark: _Toc259388628][bookmark: _Toc259387562]Suicide fads: U.S. perspective
Forty-five deaths due to hydrogen sulfide exposure happened in the United States from 1999 to 2007, all unintentional [6]. Therefore, hydrogen sulfide is well recognized as an occupational and industrial hazard before 2007 in the United States and this type of exposure is quite infrequent [6]. Ever since the 2008 Japanese suicide craze, the number of hydrogen sulfide suicide cases has increased strikingly in the United States. A recent study indicates that this suicide method growing fast due to easy access to the online suicide recipes [6]. Table 1 lists examples of household chemicals that can be mixed to produce hydrogen sulfide gas in toxic concentrations [6]. All are commercial products that can be easily bought from any supermarket. 
[bookmark: _Toc259385325]Table 1: Examples of household chemicals that can be mixed to produce H2S gas in toxic concentrations [6]
[image: Macintosh HD:Users:QiaoLin:Desktop:Screen Shot 2014-03-31 at 3.37.49 PM.png]
Another reason why this suicide recipe is so popular is that hydrogen sulfide usually provides a “knockdown” effect requiring only a single intake of breath, people will lose consciousness and die immediately [4]. Table 2 clearly explains this effect.
[bookmark: _Toc259385326]Table 2: Effects of H2S at various concentrations [4]
[image: Macintosh HD:Users:QiaoLin:Desktop:Screen Shot 2014-03-31 at 4.27.00 PM.png]
Compared to firearm suicide and suffocation suicide, this is more likely to be a painless way to kill oneself.
Reedy et al collected hydrogen sulfide suicide information by contacting the National Association of Medical Examiners (NAME) listserv and online searching [6]. Then they summarized all available information into the following table (Table 3). 
[bookmark: _Toc259385327]Table 3: Victim characteristics by case [6]
[image: Macintosh HD:Users:QiaoLin:Desktop:Screen Shot 2014-03-30 at 5.51.49 PM.png]
Analysis of Table 3:
1. Year: according to this table, two cases were identified in 2008, right after the 2008 Japanese hydrogen sulfide suicide craze, and indicate that the suicide recipe had been introduced to Americans [4, 17]. 
The following years of 2009 and 2010 have 10 and 18 suicide cases respectively: 
[bookmark: _Toc259385328]Table 4: Hydrogen sulfide suicide cases in the United States [6]
	Year
	Hydrogen Sulfide Suicide Cases

	2008
	2

	2009
	10

	2010
	18



Based on table 4, the formation of a new suicide trend is clearly demonstrated.
2. Autopsy availability: among all 30 victims, 11 autopsy reports were available through NAME listserv; online resources provided the other 19 cases. The 11 autopsy reports have provided sufficient biological study information, which will be discussed in section 3.0. 
3. Age and sex: the ages of the victims ranged from 18 to 44; there are more male victims than female victims. The distributions of age and gender are similar to the Japanese suicide craze in 2008.
2.2 [bookmark: _Toc259387563][bookmark: _Toc259388578][bookmark: _Toc259388629]impacts of hydrogen SULFIDE on human HEALTH
[bookmark: _Toc259387564][bookmark: _Toc259388579][bookmark: _Toc259388630]Impacts of hydrogen sulfide on the general PUBLIC
A public health emergency due to the hydrogen sulfide suicide fad was reported on 2008.
In Japan, a 14-year-old girl committed suicide in her apartment building and 90 neighbors were sickened due to the gaseous diffusion of hydrogen sulfide. Although none of the neighbors were severely ill, 10 of them ended up in a hospital for treatment [18].
Hydrogen sulfide does pose a threat to the general public [4] because it is not an exclusively self-targeting method. The victims could not make sure that their bathrooms or cars were absolutely sealed. Once the poisonous gas seeped into adjacent spaces, other innocent people would be injured.
[bookmark: _Toc259387565][bookmark: _Toc259388580][bookmark: _Toc259388631]Impacts of hydrogen sulfide on occupational health
Many case reports indicate that emergency service providers, such as paramedics and caregivers, got injured secondarily at the suicide scene [4, 6, 19-21]. The possibility of getting injured depends on many conditions.
Here are the occupational health analyses regarding to the available information from Table 3.
1. Location of victim: there are several different choices for a suicide location. The most chosen locations are bathroom, car in garage, car, closet, house, and motel room. All locations have one thing in common: a small and easy to seal space so that the toxic gas could evolve to a fatal level of concentration.
2. The presence of warning notes: Some of the victims left a note on the window of their car or outside the bathroom door, for instance “toxic hydrogen sulfide inside”. This is a crucial part of any successful hydrogen sulfide suicide rescue because one of the principles for emergency service providers is that they should not get hurt themselves by any emergency situation. In the presence of such notes, emergency service providers would be able to use proper protection before entering the suicide scene.
3. Additional casualties: indicating that whether there was an injury other to than the suicide victims themselves. 



Examining these entries in relation to the presence/absence of warning notes (Table 5):
[bookmark: _Toc259385329]Table 5: Additional casualties [6]
	 
	Additional casualties
	 

	Warning note present?
	Yes
	No
	Total

	Yes
	2
	22
	24

	No
	4
	2
	6

	Total
	6
	24
	30



According to this fourfold table, we can estimate the functionality of a warning note: (whether a warning note was presented and the likelihood of any additional casualties)
1. A warning note is present:
The probability of additional casualties=  = 8%
2. A warning note is not present:
The probability of additional casualties=  = 67%
This is a very clear demonstration of the significance of a warning note. The results of these calculations indicate the occupational risk of emergency service responders towards hydrogen sulfide suicide cases. 
A real incident happened in North Carolina demonstrating the importance of a warning note. Two emergency medical technicians were sent to a hospital for respiratory irritation treatment after they tried to rescue a woman in a car that was full of hydrogen sulfide. No warning note was posted in the car [22]. Clearly this kind of injury will happen again to emergency service providers since they are always eager to save anyone from death, but the victims sometimes may not be so considerate towards others. Therefore, this occupational safety issue should be brought to the attention of first responders- who should be alert to the possible smell of rotten eggs in the vicinity of collapsed individuals in enclosed spaces.
3.0 [bookmark: _Toc259387566][bookmark: _Toc259388581][bookmark: _Toc259388632]Occupational health concerns
It is clear that being exposed to hydrogen sulfide is dangerous. The health outcomes may vary based on the length and concentration of hydrogen sulfide exposure. 
The main metabolic pathway of hydrogen sulfide in the human body is (Figure 2):
[image: Macintosh HD:Users:QiaoLin:Desktop:Screen Shot 2014-03-31 at 7.05.18 PM.png]
[bookmark: _Toc259385398]Figure 2: Main metabolic pathway of hydrogen sulfide [23]
In the human body, hydrogen sulfide has three metabolic pathways: oxidation, alkylation, and reactions with metallo-or disulfide-containing proteins [24]. The main metabolic pathway is the oxidation pathway. Sulfide is metabolized into sulfate through enzymatic and non-enzymatic pathways [23]. The detoxification pathways are oxidation and alkylation [23]. If the human body intakes more hydrogen sulfide than the detoxification pathways can handle, the mitochondrial respiratory chain will be inhibited by the hydrogen sulfide ion (HS-). The HS- will bind the Fe3+ form of heme a3 in cytochrome oxidase [25]. The body will experience symptoms such as lacticacidosis and anoxia [26]. Eventually the hypoxia caused by the cellular respiratory failure will lead to systemic toxicity [27]. 
Hydrogen sulfide exposure may cause different symptoms and diseases of the lungs, cardiovascular system and central nervous system [24, 28]. A thorough understanding of the mechanisms of such diseases would be helpful for an accurate diagnosis and effective treatment.
3.1 [bookmark: _Toc259387567][bookmark: _Toc259388582][bookmark: _Toc259388633]DIAGNOSis
It is common sense that a quick and accurate diagnosis is crucial for any successful treatment. But there are some complications regarding the diagnosis of hydrogen sulfide poisoning.
Hydrogen sulfide poisoning needs to be confirmed as soon as possible, but different diagnostic recommendations have been made due to different situations of exposure. 
There were two cases in the United States reported by Sams et al. The serum concentrations of thiosulfate of these two victims were elevated to 12 and 16 µg/ml. They also mentioned that previously Poli et al found that 5 workers in their cases had an average blood thiosulfate level of 8 mg/kg [29]. Since blood thiosulfate tests were all positive in both the survived and dead victims, they recommended the blood thiosulfate level to be a diagnostic standard [23].
There was another case in France, a mother and her child were found dead in their kitchen. Investigation showed that this tragedy was caused by an accidental release of sewer gas (hydrogen sulfide) from the sink. Surprisingly, both of these victims tested negative on blood thiosulfate. However, they found more evidence of hydrogen sulfide poisoning during the pathological analysis. Firstly, they did not find grayish-blue discoloration of the organs, especially the brain that is usually mentioned in the existing literature [14, 20, 30]. Secondly, they found very mild pulmonary edema but no signs of necrotic lesions of the internal organs [19]. This finding indicated a rapid death. Compared to those victims who had a prolonged exposure to hydrogen sulfide, the mother and the child probably died very suddenly due to direct, massive exposure [19]. Sastre et al suggested, “The most likely mechanism is therefore neurological shock (known as the knockdown effect) followed by a secondary circulatory arrest, rather than ventilator failure due to lesional edema [19].” They suggested that when blood thiosulfate result was negative, the possibility of hydrogen sulfide poisoning could not be ignored. Further studies are necessary. 
There are complications regarding the diagnosis of hydrogen sulfide poisoning. Unless a gold standard is established, the probability of misdiagnosis will persist.
3.2 [bookmark: _Toc259387568][bookmark: _Toc259388583][bookmark: _Toc259388634]Pulmonary Effects
Pulmonary symptoms are usually the first group of disorders that show up after a hydrogen sulfide exposure. Gunn et al reported two acute hydrogen sulfide toxicity cases in 2001 [31]. These two workers were exposed to a very high level of hydrogen sulfide at work and both of them experienced the “knockdown effect” from one to three minutes. Upon hospitalization, both had pulmonary effects such as mucosal irritation with blood in the mucous, incessant coughing with hemoptysis, dyspnea and conjunctival inflammation [31]. Chest X-rays showed patchy bilateral airspace opacification as well as extensive upper and mid zone consolidation of these two patients respectively. Nine days after the treatment, both patients showed almost normal chest X-rays with normal respiratory functions. No follow up reports are available. 
The literature indicates that an acute non-fatal exposure to hydrogen sulfide may lead to respiratory disorders, but these symptoms could be ameliorated by proper treatment. The researchers did not report long-term adverse health effects of the patients.
3.3 [bookmark: _Toc259387569][bookmark: _Toc259388584][bookmark: _Toc259388635]Neurological effects
Acute exposure to hydrogen sulfide may lead to loss of consciousness, upon recovery, some new symptoms may occur, such as persistent headache, loss of balance, dizziness, amnesia, agitation and more [32, 33]. Kaye et al launched a study on exposure to low-level hydrogen sulfide and central nervous system dysfunction. Forty-nine adults living around the sour gas/oil sector of southeastern New Mexico were tested for neurological dysfunction [34]. Forty-two unexposed residents in Arizona were assigned to the control group. Air samples were measured at the waste treatment plant; results ranged from 25 to 35 ppm, median 30 ppm [34]. Levels of 20-30 ppm in the ambulance when paramedics were transporting a hydrogen sulfide intoxicated worker to the hospital [34] (NIOSH has set a maximum recommended exposure limit ceiling value of 10 ppm for 10 minutes maximum duration) [35] This concentration is similar to the median 30 ppm at the waste treatment plant. Analysis of variance (ANOVA) was used to compare the exposed group and the control group; the significance level was set to be 0.05. Compared to the control group, neurophysiological test scores in the exposed group were significantly different. Elevated numbers of disorders include simple reaction time, choice reaction time, balance sway speed, visual field score, hearing, psychological cognitive, grip strength, verbal recall, attention/coordination and long-term memory [34].
The background of this study was set up for a long-term community exposure. It brings up some concerns regarding the occupational health of emergency service providers. For example, when transporting a hydrogen sulfide intoxicated victim, paramedics are exposed to a high level of hydrogen sulfide inside the ambulance (as mentioned above, the concentration could be as high as 30 ppm) and the length of exposure depends on the distance between the suicide scene and the hospital. Also, since hydrogen sulfide is water soluble, and many suicides happen in a bathroom or bath tub [16], unless the victim is undressed immediately and washed thoroughly before hospitalization, the remaining gas could contaminate the patient ward and subject doctors and nurses to a long-term exposure at the hospital.
3.4 [bookmark: _Toc259387570][bookmark: _Toc259388585][bookmark: _Toc259388636]Cardiac Injury
Amino et al reported that a man who tried to commit suicide by hydrogen sulfide was saved and hospitalized after a moderate length of exposure. Apart from the typical pulmonary and neurological symptoms, the researchers observed a cardiac injury. At the first day of hospital admission, neither the electrocardiograms nor the MRI showed any abnormal signals. On the third day, an elevation of ST segment from the electrocardiogram was revealed. On the 14th day, the researchers performed a nuclear medicine study on the patient, results were: myocardial ischemia, fatty acid metabolism disorder and disorder of cardiac sympathetic nerve activity. After six months of treatment, there was a tendency toward improvement [36], but follow up treatment was necessary. In another case, Gregorakos et al reported that in an work-related accident, four out of eight victims died immediately, one died of myocardial infarction after two months, one died of cardiogenic pulmonary edema, the only survivor had to have a pacemaker because of sinus syndrome [12].
Although the number of cardiovascular injury reports is very limited, the existing reports have demonstrated that hydrogen sulfide exposure can lead to cardiac injury and we should not be very optimistic about the prognosis.
3.5 [bookmark: _Toc259387571][bookmark: _Toc259388586][bookmark: _Toc259388637]Treatment
Physicians always choose supportive care for hydrogen sulfide poisoning because effective protocols are not otherwise established for this agent [23]. Fujita et al suggested that hydroxocobalamin could reduce blood sulfide and thiosulfate levels, but the treatment in this report was not successful because the victim came into the hospital with cardiopulmonary arrest already. In other words, this treatment is not a good choice for a massive exposure. Also, Gasco et al reported that the stocking of hydroxocobalamin is insufficient in the United States and it is very expensive compared to other potential hydrogen sulfide antidotes [37]. 
Gunn et al suggested another treatment: a combination of hyperbaric oxygen and sodium nitrite, which has proved effective on animals (Table 6). 
[bookmark: _Toc259385330]Table 6: Rat survival after intraperitoneal sodium sulfide injection [38]
[image: Macintosh HD:Users:QiaoLin:Desktop:Screen Shot 2014-04-02 at 10.26.03 PM.png]
The objectives of hydrogen sulfide treatment are to inhibit sulfide ions from biding to cytochrome oxidase and to promote detoxification of sulfide [39]. Sodium nitrite induces methemoglobin formation so that methemoglobin can combine with hydrogen sulfide to form sulfidomethemoglobin [40]. On the one hand, sulfide oxidation is extremely fast; the amount of sulfide bound to cytochrome oxidase will be very small by the time of arrival at the medical facility. On the other hand, sodium nitrite has many side effects, such as fatal hypotension, nausea, vomiting and headache [31]. Since hydrogen sulfide poisoning is relatively rare, hospitals are still using the hyperbaric oxygen protocol that was designed for carbon monoxide poisoning [31].
Unfortunately, there is not an effective treatment for both severe and moderate hydrogen sulfide poisoning. The suggested protocols are either very expensive or are reported to have some severe side effects.
4.0 [bookmark: _Toc259387572][bookmark: _Toc259388587][bookmark: _Toc259388638]Conclusion
The hydrogen sulfide suicide recipe is spreading on the Internet and it is becoming more and more popular because the suicide materials are easy to obtain; it has a high mortality rate and it has been described as a painless way to die. Hydrogen sulfide suicide has definitely become a threat to public health, especially in the occupational setting.
Actually, emergency service providers have many different outfits and equipment for self-protection [41]. This protection can prevent injuries from many kinds of hazardous substances such as chemical materials, microorganisms and even radioactive substances. Therefore, the real issue is not insufficient equipment. The main purpose of this literature review is to raise awareness among emergency service providers. Pay attention to this new suicide craze: suicide by toxic gas is very likely to happen in future years. Saving the lives of endangered people is indeed a time sensitive activity, but self-protection always comes first. Do not enter the suicide scene without proper protection when a warning note is present or there are any signs of chemical processes (such as a strange odor or color). Put on necessary outfits and equipment first or wait for the hazardous material team (hazmat team) to handle any of these situations. To reduce the risk of hospital contamination, suicide victims must be undressed and washed before hospitalization. This step is supposed to protect doctors, nurses and other patients in the hospital.
Japan, where this suicide craze started, has taken action toward preventing the fast dissemination of this suicide recipe: such as requiring web service providers to remove relevant information and suspending a bath additive product that contains sulfur [4]. In the United States, there is already a trend towards increasing numbers of hydrogen sulfide suicide cases. Before an outbreak emerges, it is never too early for some preventive action. Removing inappropriate online contents should be a very first step.
Based on all the available literature, there is not a gold standard for rapid hydrogen sulfide poisoning diagnosis, which is very crucial for successful treatment. Although professional air-monitoring equipment can easily monitor hydrogen sulfide gas, to equip each paramedic team nationwide with an air-monitoring machine is unrealistic. Therefore, future study is needed for good diagnostic methods. Like what was mentioned in section 3.1, a rapid and accurate diagnosis is very crucial for a successful treatment. 
Also, the current treatment for hydrogen sulfide poisoning is far from ideal. Sodium nitrite is cheap, but it has severe side effects. Hydroxocobalamin has minimum side effects, but its cost-effectiveness is not so favorable. Recent studies show that finding a little-to-no-side-effects hydroxocobalamin substitute is a feasible way to solve the cost-effectiveness issue. For example, hydroxocobalamin also ameliorates cyanide poisoning. Benz et al synthesized a metalloporphyrin named Co (III) TMPyP; that proved to be able to ameliorate acute, sublethal cyanide toxicity in mice. [42] This study has definitely given us an idea about how to find a cheaper hydroxocobalamin substitute for hydrogen sulfide toxicity that has the same or better effectiveness. Further study towards this subject is necessary in order to increase the ability of emergency service providers to treat any new hydrogen sulfide suicide cases.
Finally, the formation of a nationwide suicide information database is necessary. In a former study, researchers had to use Google, which is sometimes inaccurate, to collect relevant suicide data [6]. A frequently updated, national suicide database will not only provide good information, but stimulate analysis and research. Any suicide numbers, methods and trends will be monitored. Necessary preventive strategies can then be developed and implemented on time.
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Acid Sources

Sulfur Sources

Lysol® ready to use disinfectant (4-8% citric and hydroxyacetic acid)
Lysol® toilet bow! cleaner (9.5% HCI)

Sno Bol® toilet cleaner (15% HCI)

The Works® toilet bowl cleaner (15-25% HCI)

Blue-Lite® germicidal acid bowl cleaner (20.5% phosphoric acid)

Kaboom® shower, tub, and tile cleanser (5-7% urea-monohydrochloric acid)
Tile, stone cleaners (1-30% HCI)

Artist oil paints (0-15% zinc sulfide)
Dandruff shampoos (1.0% selenium sulfide)
Pesticides (5-30% calcium polysulfides)
Spackling paste (1-2% zinc sulfide)

Some latex paints (6.6% zinc sulfide)
Garden fungicides (5-90% sulfur)

Selected bath salts (25-35% sulfur)

HCI, hydrochloric acid
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Concentration of H,S, ppm

Symptoms of exposure

005 Pungent smell mimicking “rotten egg’”
0.1 Anosmia
50-150 Becoming paralyzed in a few minutes
250 Photophobia, lacrimation, rhinorrhea, cyanosis, pulmonary edema
250-500 Headache, nausea, vomiting, diarthea, dizziness, palpitation, tachycardia, hypotension, muscle fasciculation,
muscle weakness, apnea, disorientation, coma
500-750 Respiratory arrest within 30 to 60 min
750-1000 Collapsing momentarily or knocked down
>1000 Dying immediately within a breath
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Treatment Survival (%)*
Control 2%
Sodium nitrite 20
100% Normobaric oxygen 60
Hyperbaric oxygen (3 atmospheres) 80
Hyperbaric oxygen and sodium nitrite 100

*n=20 for each group.




