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ABSTRACT 
Objective: Carbon monoxide (CO) poisoning is frequently seen in 
emergency departments (ED) especially in cold weather. We 
investigated the relationship of some of the meteorological factors 
with the sources of CO poisoning. 
Methods: In this retrospective observational study, we included 
1153 patients who were admitted to ED due to CO poisoning in a 
three years period. Atmospheric pressure, wind direction and 
speed, humidity level and air temperature of the region at 
exposure time were compared with CO poisoning type.  
Results: Mean age of the patients was 39.5±16.3; females were 
65.7% (n=761) of the patients. Most frequent source of CO was 
natural gas heaters (n=628; 54.4%); others were stove (n=393; 
34.1%), geyser (n=94; 8.4%) and blaze (n=38; 3.3%). Most frequent 
direction of the wind was North-North-East (euroclydon). 
Atmospheric pressure was similar in all of the poisoning types; in 
blaze, humidity levels was significantly lower, air temperature was 
significantly higher. Wind speed was faster in blaze and slowest in 
geyser type poisoning. 
Conclusion: Carbon monoxide poisoning is an important cause of 
emergency visits which can result in serious morbidity or mortality. 
Main sources are home heating systems. People should be 
informed about the risks of these heaters and symptoms of CO 
poisoning and, also in case of important meteorological changes. 
They should apply to an ED in case of occurrence of intoxication 
symptoms.  
Keywords: Atmospheric pressure, CO intoxication, temperature, 
wind, humidity  

ÖZ 
Amaç: Karbonmonoksit (CO) zehirlenmelerine, özellikle soğuk 
havalarda olmak üzere acil servis birimlerinde sıklıkla karşılaşılır. 
Çalışmamızda, bazı meteorolojik faktörlerin CO zehirlenmesinin 
kaynakları ile ilişkisini araştırdık. 
Yöntem: Retrospektif gözlemsel çalışmamızda, son üç yılda acil 
servise CO zehirlenmesi ile başvuran 1153 hastayı dahil edildi. 
Bölgenin atmosferik basıncı, rüzgarın yönü ve hızı, nem düzeyi ve 
hava sıcaklığı değerleri ve CO zehirlenme tipi karşılaştırıldı. 
Bulgular: Hastaların yaş ortalaması 39,5±16,3; kadın cinsiyet %65,7 
(n=761) idi. Karbonmonoksit kaynağının kaynağı en sık doğalgaz 
ısıtıcıları (n=628; %54,4); daha sonra ocak (n=393; %34,1), şofben 
(n=94; %8,4) ve yangındı (n=38; %3,3). En sık görülen rüzgar yönü 
kuzey-kuzeydoğu yönü (poyraz) idi. Atmosferik basınç tüm 
zehirlenme tiplerinde benzerdi. Yangınlarda nem düzeyleri 
istatistiksel anlamlı düşüktü ve hava sıcaklığı anlamlı yüksekti. 
Rüzgar hızı yangın tipinde en hızlı ve şofben tipinde en yavaştı. 
Sonuç: Karbonmonoksit zehirlenmeleri ciddi morbidite ve 
moraliteye neden olabilen acil servis başvuru nedenlerindendir. 
Başlıca nedeni ev ısıtıcılarıdır. Risk altındaki insanlar CO 
zehirlenmeleri hakkında ve önemli meteorolojik değişikliklerde 
ısıtıcaların riskleri hakkında bilgilendirilmelidir. Zehirlenme 
bulguları görüldüğünde acil servise başvurulmalıdır.  
Anahtar Kelimeler: Atmosferik basınç, CO zehirlenmesi, sıcaklık, 
rüzgar, yangın  
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Introduction 
 
Carbon monoxide (CO) poisoning is an important public 
health problem. The emergency visits increase due to CO 
intoxication caused by use of stove, geyser and other 
heating devices especially in cold weather. 
Carbon monoxide was first described by a French 
chemist de Lassone in 1776.

1
 Carbon monoxide has more 

than 210 fold affinity in binding to hemoglobin than 
oxygen.

2
 Carbon monoxide combines with hemoglobin to 

produce carboxyhemoglobin, which is ineffective for 
delivering oxygen to tissues that finally causes tissue 
damage.

3
 The mechanism of CO-induced death is 

thought to be high affinity binding of CO to hemoglobin 
and myoglobin, resulting in tissue hypoxia that inhibits 
cytochrome oxidase synergistically with CO.

4
  It causes 

tissue damage in all organs, especially brain, heart and 
kidney which are very sensitive to hypoxia.

5
 Cardiac 

effects, ranging from mild and transitory injury to 
necrosis and contractile dysfunction has been known in 
patients with carbon monoxide poisoning.

6
 The 

myocardial tissue is highly vulnerable to oxygen 
deprivation, thus causing a substantial reduction of 
contractility and cardiac output, which ultimately 
contribute to the direct worsening injury of CO on 
cardiomyocytes.

7
 The most common symptoms of carbon 

monoxide poisoning are headache, nausea, vomiting, 
dizziness, fatigue, and a feeling of weakness. Infants may 
be irritable and malnourished. Neurological symptoms 
are confusion, disorientation, visual disturbance, syncope 
and seizure.

8
 The most important prognostic factor is the 

exposure duration. Chronic intoxications has worse 
prognosis.

9
 

It is known in the literature that storms and sudden 
weather changes lead to epidemic CO intoxications.

10
 To 

the best of our knowledge the only study that 
investigated the meteorological parameters like 
humidity, air pressure and wind speed was Tiekuan Du et 
al.’s study.

11
 

In this retrospective study, we investigated the 
relationship of some of the meteorological factors with 
the sources of CO poisoning. 

 
Methods 
 
This retrospective observational study is carried out after 
local ethical committee approval (Dışkapı Yıldırım Beyazıt 
Educational and Research Hospital, Approval number: 
01/46, Date: 27.02.2012). 
The study hospital was a third-degree education and 
research hospital with an annual emergency visit of 
250.000 patients. Patients over the age of 18, who were 
admitted to ED due to stove, natural gas, water heater 
and smoke-induced CO poisoning with the symptoms of 
headache, nausea, vomiting, dizziness, syncope, chest 
pain and dyspnea were investigated in a three year 
period. Patients diagnosed with CO poisoning were 
included in the study. Patients with normal 
carboxyhemoglobin (COHb) levels are excluded. The 

demographic data of the patients were obtained from 
the hospital registration records. Our primary outcome 
was the frequency of CO sources. Secondary outcomes 
were the frequency of the wind directions and the most 
common months of CO poisoning. 
The analysis was performed in Ankara, 870-meter-high 
above the sea, in the middle of Turkey. The city is located 
between the northern latitudes of 39° 50´ and 40° 00´and 
the longitudes of 32° 35´ and 33° 00´. Generally, the 
continental climate prevails in Ankara.  
The atmospheric pressure, wind direction and speed, 
humidity level and air temperature of the region at 
exposition time are recorded from General Directorate of 
Meteorology. Age and gender of patients, the source of 
CO, admission time and date are recorded.  
 
Statistical Analysis 
The statistical analyses were performed by SPSS 15.0 for 
Windows package program. The continuous variables are 
expressed as mean±SD, categorical variables are 
expressed as n (%). The normal distribution is 
determined by histogram and One-Sample Kolmogorov 
Smirnov test. Comparison of means was evaluated by 
Mann-Whitney-U test if any of the groups is not normally 
distributed; if both of the groups are normally 
distributed, Student’s t-Test is used. p<0.05 is accepted 
as significant.  

 
Results 
 
One thousand one hundred fifty-three patients were 
included the study; females were 65.7% (n=761) of the 
patients. The mean age of the patients was 39.5±16.3. 
The mean age of males and females were similar 
(p=0.676). The most frequent source of CO was natural 
gas heaters (n=628; 54.4%); others were stove (n=393; 
34.1%), geyser (n=94; 8.4%) and blaze (n=38; 3.3%). 
The most frequent direction of the wind was North-
North-East (euroclydon), the second was north winds 
(Figure 1).  
 

 
 
Figure 1. The relationship of carbon monoxide source and wind 
direction 
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The most common exposure was in January (Figure 2). 
The visits have significantly decreased after June. 
 

 
 
Figure 2. The frequency of carbon monoxide poisoning in 
months 
 

The mean atmospheric pressure, air temperature, wind 
speed and humidity levels at exposure time according to 
the source of CO were expressed in Table 1. The 
atmospheric pressure was similar in all of the poisoning 
types; in blaze, humidity levels was significantly lower, air 
temperature was significantly higher. The wind speed 
was faster in blaze and slowest in geyser type poisoning. 
The box-plot graphics of meteorological data according 
to CO source were given in Figure 3. 
 
Table 1. The relationship of carbon monoxide source and 
meteorological data 
 
Carbon 
monoxide 
Source 

Air atmospheric 
pressure 

Humidity 
rate 

Air 
temperature 

Wind  
speed 

(mean±SD) (mean±SD) (mean±SD) (mean±SD) 

Natural 
gas heater 
(n=627) 

1014±8 80±16 2.1°±7.1° 9.8±8.3 

Stove 
(n=393) 

1013±8 81±14 2.9°±6.0° 10.6±8.6 

Geyser 
(n=94) 

1014±7 85±14 2.2°±5.8° 7.4±6.8 

Blaze 
(n=38) 

1014±5 65±24 7.2°±10.0° 12.1±8.2 

 

 
 

Figure 3. The distribution of meteorological data according to 
carbon monoxide source 

 

Discussion 
 
The most common reason of CO intoxication in our study 
was natural gas heaters with 54.4%; the second reason 
was stove with 34.1%. Natural gas heaters are the most 
commonly used domestic heating system in our study 
region; so, the most common cause of CO poisoning was 
natural gas heaters. Region, ethnic and socio-cultural 
factors affect the poisoning type.

12
 Frequency of CO 

source type varies by location. In some regions, the 
geyser is the most common cause with a ratio between 
68.3% and 77.5%; but in some regions, stove is the most 
frequent source with a ratio between 85.9% and 
89.7%.

13-17
  

In our study, the CO poisoning rate was found to be 74% 
from December to March, while this rate was found to 
be between 38.9% and 64.6% in the previous months in 
our country.

14,17-21
 The frequency varies, but the main 

result is a significant increase in CO poisoning in cold 
weather especially in ice storms.

22-24 
The Centers for 

Disease Control and Prevention (CDC) reports also 
support our results that the CO exposure occurs mostly 
in winter and at least in July and August.

25,26 
In our study, atmospheric pressure was similar in all 
types of poisoning. Tiekuan Du et al. reported that air 
pressure is not associated with CO poisoning, similar to 
our results. They reported that the only factor affecting 
CO poisoning is air temperature; CO poisoning frequency 
increases as temperature decreases.

11
 This result is 

partially similar to our study result because we found 
that the air temperature in CO poisoning associated with 
the natural gas heater was the lowest. However, the 
mean temperature was still very low (2.1°±7.1°) 
compared to winter months. On the other hand, the air 
temperature was significantly higher at blaze (7.2°±10.0°) 
but the temperature still indicated cold weather. In case 
of blaze, humidity levels were significantly low and air 
temperature was significantly higher. Tiekuan Du et al. 
also investigated other parameters, but they reported 
that there is no correlation of wind speed and humidity;

11
 

but in our study we showed that wind speed was faster 
in blaze and slowest in geyser type poisoning. In addition, 
the humidity level in our study was the highest in geyser 
type CO poisoning and the lowest in blaze. 
The retrospective nature was a limitation of our study. 
The main sources of CO poisoning are home heating 
systems. In case of important meteorological changes, 
especially at the euroclydon wind direction, people at 
risk can be informed and warned about the risks. 
 
Compliance with Ethical Standards 
This retrospective observational study is carried out after 
local ethical committee approval (Dışkapı Yıldırım Beyazıt 
Educational and Research Hospital, Approval number: 
01/46, Date: 27.02.2012). 
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