To: Rep. Rob Ecklund, Chair
Minnesota House of Representatives
Committee on Labor, Industry, Veterans and Military Affairs Finance & Policy

From: Leslie L. Lienemann
351 Sophia Ave. E.
Maplewood, MN 55117
612-597-2024

Re: Committee Hearing on HF2284
Tuesday, March 23, 2021 3:00 p.m.

I am an advocate who will be testifying in favor of HF2284, a bill to require hotels to install carbon
monoxide detectors in each guest room used for sleeping. | will testify about carbon monoxide poisoning
injuries my son and | suffered while sleeping in a hotel and our continued health issues. | would like to
provide the committee with background materials relative to understanding the scope of the existing
threat, cause of the threat, status of the law and number of past injuries.

Problem:

Carbon Monoxide is a deadly gas that causes immediate injuries ranging from headaches,
dizziness and vomiting to unconsciousness and death, with potential long-term injuries including
headache, fatigue, dizziness, and varying degrees of brain injury. See, CDC Clinical Guidance for
Carbon Monoxide Poisoning, attached hereto. Carbon Monoxide is a particular risk during
sleeping hours, as people can hecome incapacitated while sleeping. For this reason, hotel
facilities are frequent sites of carbon monoxide injuries.

No CO detector requirement: No states require installation of carbon monoxide detectors in each
individual hotel sleeping room. A few states require CO detectors in hallways or in areas near gas
burning appliances. These provisions are inadequate to prevent injury, as demonstrated by the
frequency of carbon monoxide injuries detailed in the attached materials. In addition, carbon
monoxide gas can be introduced by motor vehicles running outside the hotel or in attached
parking structures, and can travel across hallways and in ceiling, floor, and other spaces, making
CO detectors localized to maintenance areas inadequate to alert sleeping guests.

No reporting requirement: Hotels are not required to report carbon monoxide leaks or injuries.
Fire departments may voluntarily report leaks to the National Fire Incident Reporting System
{NFIRS), https://nfirs.fema.gov, but are not required to do so, and are not required to report
injuries. As an example, my injuries were not reported to the NFIRS by the Warren, Michigan
police and fire departments, despite each agency responding to the scene and generating reports
documenting the CO leak.




Data on carbon monoxide poisoning is often not made public. See, Jenkins Foundation Data,
submitted herewith, for a compilation of data generated by that foundation based upon publicly
available information.

According to data compiled by REM Consultants and published on their website
www.remrisk.com (see below), there were at least 12 carbon monoxide leaks at Minnesota hotels
in the year 2018 alone, with no data being identified relating to injuries.

Who is at risk:

Every individual sleeping in a hotel room without a carbon monoxide detector, every employee
of a hotel without carbon monoxide detector, emergency personnel.

My Personal Story:

In July of 2019, | traveled to Michigan with my then-eighteen-year-old son so that he could
compete in a NAHL junior hockey tryout camp. We checked in on a Wednesday afternoon, and that night
woke up with extreme headaches. We remained in the room. The next day, my son struggled in his hockey
tryout and | continued to feel ill. The second night, we again woke up with extreme headaches. There
was no carbon monoxide detector in the room. We stayed. On the third night, we again awoke with
extreme headaches. This time, we felt dizzy and nauseated. | began to vomit, and we decided to go to
the emergency room. In the emergency room, the doctor struggled to find the source of our illness, until
he decided to take blood samples, nearly and hour after we had left the hotel. The blood sample taken
an hour after we left the hotel room showed my carboxyhemoglobin (COHgB) level to be nearly 27%. My
son’s level was 22%. According to the CDC, a COHgB level of above 2% for a non-smoker is considered
“elevated.” Carboxyhemoglobin levels of greater than 20%-30% cause shortness of breath, headache,
fatigue, disturbed judgment, dizziness and other symptoms. See, information attached hereto printed
from acutecaretesting.org. Higher levels cause unconsciousness and death.

The emergency room doctor notified 911 to evacuate the hotel. The fire department measured our room
to have CO level of 260ppm. For context, safe CO exposure limits have been identified by various agencies
as being no more than 8ppm (parts per million) to 50ppm. (see Jenkins Foundation data attached). Levels
above 150 ppm become life threatening within 3 hours. See, GASLAB.COM, Carbon Monoxide Levels,
attached.

We were given oxygen treatment at the emergency room, and we traveled back to Minnesota. In the
weeks that followed, we suffered sleeplessness, fatigue, “brain fog,” headaches, dizziness and other
physical and emotional symptoms, some of which persist nearly two years later.

After we suffered carbon monoxide poisoning, | learned that three years prior to our stay, two guests of
this same hotel were found unconscious due to carbon monoxide poisoning. Despite this prior incident,
the hotel did not install carbon monoxide detectors in the guest rooms.



Solution:

Installing inexpensive carbon monoxide detectors in individual guest rooms will save
lives and prevent severe injuries like the ones my son and | suffered.

It has been suggested that requiring hotels to install carbon monoxide detectors in
Minnesota would cost the hotels, in aggregate, $3.6M. | do not know the source of that
estimate. However, according to the State of Minnesota Explore Minnesota web site,
www.explore@state.mn.us, there are 968 hotels in Minnesota, averaging approximately
100 rooms per hotel. A CO detector can be purchased at retail cost at any local hardware
store for under $30, and they last for 5-7 years. At an average cost per hotel of $3,000,
that cost spread over the life of the detector would be about $0.16 per day per room.

Who is Protected by HF2284

Hotel guests: This bill would prevent death or injury to hotel guests and employees.

Had there been a CO detector installed the room in which my son and | stayed, | would
have known on the first night that there was poison gas in our room. Because there was
no alarm, | was unaware that my son and | were sleeping in a room filled with poisoned
gas—for three nights. Had there been an alarm, | could have informed the emergency
room personnel there was a CO detector alarming, which would have alerted them to
begin oxygen treatments much sooner.

Hotel employees: Hotel employees will also be protected by this bill. Every hotel is a
workplace. Because CO is colorless and odorless, without appropriate CO detection, hotel
employees can sustain acute or chronic exposure to CO without understanding the cause
of the symptoms.

Hotel businesses: Carbon monoxide injuries are extremely detrimental to the businesses
in which they occur. Injuries to hotel guests are bad for business, both in terms of liability
claims and in terms of public relations. Hotel employees can suffer carbon monoxide
poisoning, as well, causing claims for worker’s compensation benefits.

Attached materials:

Dale & Shirley Jenkins Foundation Data Compilation of hotel CO deaths and injuries since 1969,
www.thejenkinsfoundation.com

Hotel Carbon Monoxide Incident Data, REM Risk Consultants, https://remrisk.com/resources/carbon-
monoxide-hotels/ 02/08/2021, including data reported to NFIRS

Center for Disease Control and Prevention, Clinical Guidance for Carbon Monoxide (CO) Poisoning



GASLAB.com, Carbon Monoxide Levels Chart

Causes and Clinical Significance of Increased Carboxyhemoglobin, Printed from acutecaretesting.org
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Hotel Carbon Monoxide
Incident Data

Hotel Carbon
Monoxide Incident
Data

Carbon Monoxide (CO) is a colorless, odorless, tasteless gas. It is a bypraduct of fassil fuel combustion from
devices such as furnaces, pool heaters, automobiles, and gas ranges. Other devices and appliances may emit
CO if they malfunction, are blocked, or are used improperly.

CO poisoning is the second most common cause of non-medicinal poisonings death. According to the CDC
accidental CO poisonings account for 50,000 emergency department visits and 430 deaths each year in the
u.s.

To date, there is no federal requirement for the installation of CO alarms in the hospitality industry (hotels
and motels}, and only 14 states require installation of CO alarms in hotels and motels under statute
(www.ncsl.org). There are currently no requirements for carbon monoxide education and/or training of hotel
owners and staff.

CO incidents in the hospitality industry are not currently tracked by any official government organiz A

REM is using data from two sources to generate the map and list of incidents below.

hitps:/iremrisk.com/resources/carbon-manoxide-hotels/ 1/4
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is & “reporting standard that fire departments use to uniformly report on the full range of their activities,
from fire to Emergency Medical Services (EMS) to severe weather and natural disasters.” REM has utilized
the 1999-2018 NFIRS databases to identify Fire Department calls occurring at properties with use type 449
(Commercial hotel or motel) and incident types 424 (Carbon monoxide incident). The number of hotel CO
incidents identified were only second to those in restaurants or cafeteria property types. This data has not
yet been verified independent of the NFIRS system,

Both the Jenkins Foundation and NFIRS data is shown in the map below. The Jenkins Foundation data is
shown in Red, and the NFIRS data is shown in Blue. By default, both data sets (NFIRS and The Jenkins
Foundation) are plotted simultaneously; the data source can be selected to view only one or the other data
sets if needed. Specific incident details are available about each incident by selecting the indicator on the

Total Incidents: 3,405" : Total Deaths: 161 Total lnjurres 2,407
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' Incident Details/Notes l CO Source Data Source -+
1-25/83 &Y < >

State City Date of Incident Year Name of Facility # of Deaths #Injured CO Source Data$

MN Rochester 2/16/1969 1969 Rochester Motel 1 gas heater The Jer
Founda

MN  Spicer 7/1/1990 1990 Cazador Inn 120 pool heater  1neJer
Founda

mn  International 5/6/2013 2013 Americlnn 1 poolheater heJe!
Falls Founda

MN Burnsville 11/29/2000 2000 Unknown Unknown NFIRS
MN Hutchinson 512112002 2002 Unknown Unknown NFIRS
MN Rochester 10/25/2002 2002 Unknown Unknown NFIRS
MN g;‘;ﬁk'y” 12/6/2003 . 2003 Unknown Unknown  NFIRS
MN E;"rzk'y“ 12/13/2003 2003 Unknown Unknown  NFIRS
MN E;‘:ﬁk'y” 12/13/2003 2003 Unknown Unknown  NFIRS
MN E;‘;‘k’k'yn 12/13/2003 2003 Unknown Unknown  NFIRS
MN  Elk River 1/24/2003 2003 Unknown Unknown  NFIRS
MN Rochester 9/8/2003 2003 Unknown Unknown NFIRS
MN Era?f(’k'y” 8/3/2004 2004 Unknown Unknown  NFIRS
MN Hutchinson 2/1/2005 2005 Unknown Unknown NFIRS
MN Hibbing 3/1/2005 2005 Unknown Unknown NFIRS
MN Duluth 1/19/2005 2005 Unknown Unknown NFIRS
MN  Duluth 6/18/2006 . 2006 Unknown Unknown  NFIRS
MN WO 2/15/2007 2007 Unknown Unknown  NFIRS

Harbors

MN Hibbing 10/27/2007 2007 Unknown Unknown NFIRS
MN Albany 3/18/2007 2007 Unknown Unknown NFIRS

*3,405 incidents based on NFIRS data. The Jenkins Foundation has identified 367 incidents. The NFIRs data
set does not track civilian injuries or deaths caused by CO incidents, the data indicates basic life support
was administered during 29 incidents and advanced life support was administered during 25 inciden*
Twelve incidents indicated persons were transported from the scene in an ambulance or other appa A\

https:/iremrisk com/resources/carbon-monoxide-hotels/ 3/4
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T

3 Incident Details/Notes ‘ , CO Source - Data Source +
26-50/83 < 2
State City Date of incident Year Name of Facility # of Deaths # Injured CO Source Data ¢
MN Minneapclis 111972010 2010 Unknown Unknown NFIRS
MN Duluth 3/26/2010 2010 Unknown Unknown NFIRS
MN Hastings 1/25/2010 2010 Unknown Unknown NFIRS
MN Duluth 11/6/2010 2010 Unknown Unknown NFIRS
MN New Prague 5/12/2011 2011 Unknown Unknown NFIRS
MN Proctor 11/20/2011 2011 Unknown Unknown NFIRS
MN Roseville 12/16/2011 2011 Unknown Unknown NFIRS
MN Fergus Falls 17712011 2011 Unknown Unknown NFIRS
“MN Qwatonna 11/19/2012 2012 Unknown Unknown NFIRS
MN Bloomington 4/20/2013 2013 Unknown Unknown NFIRS
MN ::";ﬁ;"at"’"a' 5/9/2013 2013 Unknown Unknown  NFIRS
MN Shakopee 11/30/2013 2013 Unknown Unknown NFIRS
MN Bloomington 12/5/2013 2013 Unknown Unknown NFIRS
MN Bloomington 12/20/2013 2013 Unknown Unknown NFIRS
MN Bemidji 12/30/2013 2013 Unknown Unknown NFIRS
MN Duluth 6/7/2013 2013 Unknown Unknown NFIRS
MN Deer River 5/13/2013 2013 Unknown Unknown NFIRS
MN Litchfield 12/11/2013 2013 Unknown Unknown NFIRS
MN Blcomington 4/10/2015 2015 Unknown Unknown NFIRS
MN St Louis 12/12/2015 2015 Unknown Unknown NFIRS
MN Wilimar 1/11/2015 2015 Unknown Unknown NFIRS
MN Wilimar 2/21/2015 2015 Unknown Unknown NFIRS
MN Eden Prairie 1/11/2016 - 2016 Unknown Unknown NFIRS
MN Brooklyn 1/22/2016 2016 Unknown Unknown NFIRS
Moorhead 1/29/2016 2016 NFIRS

MN

Unknown

Unknown

*3,405 incidents based on NFIRS data. The Jenkins Foundation has identified 367 incidents. The NFIRs data
set does not track civilian injuries or deaths caused by CO incidents, the data indicates basic life support

was administered during 29 incidents and advanced life support was administered during 25 incident-

Twelve incidents indicated persons were transported from the scene in an ambulance or other appa N

htips:/remrisk.com/resources/carbon-monoxide-hotels/

3/4




2/8/2021 Hotel Carbon Monoxide Incident Data - R-E-M Risk Consultants

rR.EeMServices Industries  Projects R-E‘M News Resources Careers

. Contact Us

E

tncident Details/Notes " CO Source ‘ - Data Source +
51-75/83 < >
State City Date of Incident Year Name of Facility # of Deaths #Injured CO Source Data$
MN Bloomington 7/11/2016 2016 Unknown Unknown NFIRS
MN Maple 1/30/2016 2016 Unknown Unknown NFIRS
Grove
MN Woodbury 8/1/2016 2016 Unknown Unknown NFIRS
MN Eagan 7/30/2016 2016 Unknown Unknown NFIRS
MN Lakeville 10/1/2016 2016 Unknown Unknown NFIRS
MN Richfield 712212017 2017 Unknown Unknown NFIRS
MN Richfield 7/30/2017 2017 Unknown Unknown NFIRS
MN Ramsey 4272017 2017 Unknown Unknown NFIRS
MN Ramsey 8/26/2017 2017 Unknown Unknown NFIRS
MN Two 6/29/2017 2017 Unknown Unknown NFIRS
Harbors
MN Proctor 3/18/2017 - 2017 Unknown Unknown NFIRS
MN Willmar 81712017 2017 Unknown Unknown NFIRS
MN Willmar 8/18/2017 2017 Unknown Unknown NFIRS
MN Saint Cloud 4/8/2017 2017 Unknown Unknown NFIRS
MN Saint Cioud 10/13/2017 2017 Unknown Unknown NFIRS
MN Duluth 11/14/2018 2018 . Unknown Unknown NFIRS
MN Bloomington 10/16/2018 2018 Unknown Unknown NFIRS
MN Rochester 2/19/2018 2018 Unknowti Unknown NFIRS
MN Rochester 3/5/2018 2018 WUnknown Unknown NF|RS
My Srand 711212018 2018 Unknown Unknown  NFIRS
Marais
MN Northfield 1/24/2018 2018 Unknown Unknown NFIRS
MN Eagain 2/28/2018 2018 Unknown Unknown NFIRS
MN Saint Cloud 5/14/2018 2018 Unknown Unknown NFIRS
MN Roseville 6/11/2018 2018 Unknown Unknown NFIRS
MN Duluth 6/23/2018 2018 Unknown Unknown NFIRS

*3,405 incidents based on NFIRS data. The Jenkins Foundation has identified 367 incidents. The NFIRs data
set does not track civilian injuries or deaths caused by CO incidents, the data indicates basic life support

was administered during 29 incidents and advanced life support was administered during 25 incident-

Twelve incidents indicated persons were transported from the scene in an ambulance or other appa /N

https://remrisk.com/resources/carbon-monoxide-hotels/
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Incident Details/Notes

76-83/83
State City
MN Rochester
MN Roseville
Cannon
MN  Fals
Eden
MN  Brairie
MN St Paul
MN Hastings
North
MN Branch
MN Hastings

e ey i

Date of Incident

1/23/2018
7/14/2018

1/14/2014

8/5/2014

3/1/2014
1/18/2014

11/23/2014
12/8/2014

: €O Source

Hotel Carbon Monoxide Incident Data - R-E-M Risk Consultants

Year Name of Facility # of Deaths

2018 Unknown
2018 Unknown

2014 Unknown

2014 Unknown

2014 Unknown
2014 Unknown

2014 Unknown
2014 Unknown

rR.EeMServices Industries Projects R-E-M News Resources Careers

" Data Source +

#Injured CO Source

Unknown
Unknown

Unknown

Unknown

Unknown
Unknown

Unknown

Unknown

Data So

NFIRS
NFIRS

NFIRS

NFIRS

NFIRS
NFIRS

NFIRS
NFIRS

*3,405 incidents based on NFIRS data. The Jenkins Foundation has identified 367 incidents. The NFIRs data
set does not track civilian injuries or deaths caused by CO incidents, the data indicates basic life support

was administered during 29 incidents and advanced life support was administered during 25 incidents.

Twelve incidents indicated persons were transported from the scene in an ambulance or other apparatus.

The injury and death data provided in the summary above the map are based on The Jenkins Foundation

Data.

https:/fremrisk.caom/resources/carbon-monoxide-hotels/
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D Centers for Disease
C Control and Prevention

Natural Disasters, Severe Weather, and COVID-19

Know how the COVID-19 pandemic can affect disaster preparedness and recovery, and what you can do to keep yourself
and others safe.

Clinical Guidance for Carbon Monoxide (CO) Poisoning

Carbon monoxide (CO) is an odorless, colorless, poisonous gas that can cause sudden illness and death if present in
sufficient concentration in the ambient air. When power outages occur during emergencies such as hurricanes or winter
storms, the use of alternative sources of fuel or electricity for heating, cooling, or cooking can cause CO to build up in a
home, garage, or camper and poison the people and animals inside. Generators, grills, camp stoves, or other gasoline,
propane, natural gas, or charcoal-burning devices should never be used inside a home, basement, garage, or camper - or
even outside near an open window or window air conditioner.

How to Recognize CO Poisoning: The symptoms and signs of carbon monoxide poisoning are variable and nonspecific. The
most common symptoms of CO poisoning are headache, dizziness, weakness, nausea, vomiting, chest pain, and altered
mental status.

The clinical presentation of CO poisoning is the result of its underlying systemic toxicity. Its effects are caused not only by
impaired oxygen delivery but also by disrupting oxygen utilization and respiration at the cellular level, particularly in high-
oxygen demand organs (i.e.. heart and brain).

Symptoms of severe CO poisoning include malaise, shortness of breath, headache, nausea, chest pain, irritability, ataxia,
altered mental status, other neurologic symptoms, loss of consciousness, coma, and death; signs include tachycardia,
tachypnea, hypotension, various neurologic findings including impaired memory, cognitive and sensory disturbances;
metabolic acidosis, arrhythmias, myocardial ischemia or infarction, and noncardiogenic pulmonary edema, although any
organ system might be involved.

With 2 focuseddistory, exposure to a CO source may become apparent. Appropriate and prompt diagnostic testing and
treatment is very important.

Red Flags: No fzver associatad with symptoms, history of exposure, multiple patients with similar complaints.

Sources of CO Poisoning
* Gas-powered generators
¢ Charcoal grills, propane stoves, and charcoal briquettes for both cooking and heating indoors
e Motor vehicles
¢ Fire
e Boeats

e Powerwashers and other gas powered tools.

At-risk Populations include:

e Eabies and infants

e The elderly

e People with chronic heart disease, anemia or respiratory illness.



Evaluation
e Diagnosis is based on a suggestive history and physical findings coupled with confirmatory testing. Patients should be
examined for other conditions, including smoke inhalation, trauma, medical iliness, or intoxication.
* Neurological exam should include an assessment of cognitive function such as a Mini-Mental Status Exam

¢ All women of childbearing age who are suspected of having CO poisoning should have a pregnancy test.

Confirmation of diagnosis

e The key to confirming the diagnosis is measuring the patient's carboxyhemoglobin (COHgb) level.
© COHgb levels can be tested either in whole blood or pulse oximeter.

o |tis important to know how much time has elapsed since the patient has left the toxic environment, because that
will impact the COHgb |evel. If the patient has been breathing normal room air for several hours, COHgb testing
may be less useful.

* Tne most common technology available in hospital laboratories for analyzing the blood is the multiple wavelength
spectrophotometer, also known as a CO-oximeter. Venous or arterial blood may be used for testing.

¢ Afingertip pulse CO-oximeter can be used to measure heart rate and oxygen saturation, and COHgb levels. The
conventional two-wavelength pulse oximeter is not accurate when COHgb is present.

¢ COHgb levels do not correlate well with severity of iliness, outcomes or response to therapy so it is important to assess
clinical symptoms and history of exposure when determining type and intensity of treatment.

e Other testing, such as a fingerstick blood sugar, alcohol and toxicology screen, head CT scan or lumbar puncture may be
needed to exclude other causes of altered mental status when the diagnosis of carbon monoxide poisoning is
inconclusive.

* Note: carbon monoxide can be produced endogenously as a byproduct of heme metabolism. Patients with sickle cell
disease can have an elevated COHgb level as a result of hemolytic anemia or hemolysis.

An elevated COHgb lavel of 2% for non-smokers and >9% COHgb level for smokers strongly supports a diagnosis of CO
poisoning.

Guidance for Management of Confirmed or Suspected CO Poisoning

¢ Administer 100% oxygen until the patient is symptom-free, usually about 4-5 hours. Serial neurologic exams should be
performed to assess progress, and to detect the signs of developing cerebral edema.

¢ Consider hyperbaric oxygen therapy (HBO) therapy when the patient has a COHgb level of more than 25- 30%, there is
evidence of cardiac involvement, severe acidosis, transient or prolonged unconsciousness, neurological impairment,
abnormal neuropsychiatric testing, or the patient is 236 years in age. HBO is also administered at lower COHgb(<25%)
levels If suggested by clinical condition and/history of exposure.

s Hyperbaric oxygen is the treatment of choice for pregnant women, even if they are less severely poisoned. Hyperbaric
oxygen s safe to aaminister and international consensus favors it as part of a more aggressive role in treating pregnant

women.

Other Considerations

e Cardiaciniury during poisoning increases risk of mortality over 10 years following poisoning, so in patients with severe
CO noisoning, it may be important to perform an EKG and measurement of troponin and cardiac enzymes.
« Cnestradiography is recommended for seriously poisoned patients, especially those with loss of consciousness or

cardiooulmonary signs and symptoms. Brain computed tomography or MRl is also recommended in these cases; these
tests may show signs of cerebral infarction secondary to hypoxia or ischemia.

® Al Ciscnarged patients should be warned of possible delayed neurological complications and given instructions on what
o do if tnese occur. Follow-up should include a repeat medical and neurological exam in 2 weeks.

e CDC Carbon Monoxide Poisoning



FREE Shipping in the USA.  All Products in Stock for Same Day Shipping. %7 OF o7 L7 %7 Rated on Amazon.

Talk to an expert: (386) 872-7668 o

DA

GASLAB.COM

SENSOR SPECIALISTS

L ———um
W
L=

. Select Language ‘ USD vJ
(386) 872-7668 Login Cart!

Home > Articles & News > Carbon Monoxide Levels Chart

Carbon Monoxide Levels Chart

March 12, 2020

Carbon monoxide exposure is the most common method of death by poisoning in the world.

The effects of carbon monoxide poisoning are well understood. CO gas competes with oxygen to
bind with hermnoglobin in the blood leading to a reduction of oxygen in the brain. Even low carbon
monoxide levels over long periods can have an impact on brain chemistry.

While exact short term and long term CO levels recommended by ASHRAE, OSHA, NIOSH and
other organizations differ, the consensus is that 9 ppm (parts-per-million) is the maximum indoor
safe carbon monoxide level over 8 hours.

Click the links below to see each organization's safe carbon monoxide levels and exposure limits:

1. OSHA: Occupational Safety and Health Association
2. ASHRAE: American Society of Heating, Refrigerating and Air-Conditioning Engineers
3. NIOSH: National Institute for Occupational Safety and Health

4. ACGIH: American Conference of Governmental Industrial Hygienists

5. EPA: Environmental Protection Agency.

6. WHO: World Health Organization
7. UL, CSA, ANSI: Underwriters Laboratories



CARBON MONOXIDE LEVELS CHART

Recommended Safe Level
'WHO 24 Hour Average

ASHRA 8 Hour Average

ZPA 2 hour 8 Hour Average Physical Sym ptoms
NAAQS 8 Hour Average

WHO 8 Hour Average

physical symptoms may include headache
fatique. dizziness and/or nausia

ACGIH 8 Hour Average
WHO 1 Hour Average

NIOSH 8 Hour Average Physical symptoms after 6-8 hours.
NAAQS 1 Hour Average

D35HA 8 hour Average (PEL)

L. 30 Day Alarm

WHO 15 Minute Average

UL 1-4 Hour Alarm

NIOSH 15 minute STEL Physical symptoms after 2-3 hours.
UL 10-50 Minute Alarm

Physical symptoms in 1-2 hours. Life threatening 3 hours.
UL 4 Minute Alarm

Physical symptoms in 45 minutes. Unconscious in 2
hours. Fatal in 2-3 hours.

Physical symptoms in 20 minutes. Fatal withuin 1 hour.

Physical symptoms in 5-10 minutes. Fatal within 25-30
minutes.

Physical symptoms in 1-2 minutes. Fatal within 10-15
minutes.

Fatal within 1-3 minutes.

Download a copy. of the chart here.

OSHA Carbon Monoxide Exposure Limits

The Occupational Safety and Health Association OSHA sets standards for working conditions in the
US inclucng safe carbon monoxide levels.



The OSHA personal exposure limit (PEL) for CO is 50 parts per million (ppm). OSHA standards
prohibit worker exposure to more than 50 parts of CO gas per million parts of air averaged during
an 8-hour time period. The 8-hour PEL for CO in maritime operations is also 50 ppm. Maritime
workers, howaver, must be removed from exposure if the CO concentration in the atmosphere
exceeds 100 nom. The peak CO level for employees engaged in roll-on roll-off operations during
cargo lcading 2nd untoading is 200 ppm.

ASHRAZ Carben Monoxide Exposure Limits

The American Society of Heating, Refrigerating and Air-Conditioning Engineers ASHRAE is a
volunter wnr'd-wide organizatior that sets standards for members focused on building systems,
energy efticiency, indoor air quality, refrigeration and sustainability. The ASHRAE Standard 62.1-
2016, "Vantilztion for Accaptable Indoor Air Quality” agrees with the US Environmental Protection
Agency ard the Werld Health Organization limit of 9 ppm over an 8 hour exposure.

NICS™ Carbon Monoxide Levels Exposure Limits

The National Institute for Occupational Safety and Health NIOSH is the US federal agency
resporsioi2 “or zond cting research and making recommendations for the prevention of work-
related irjury and itlness. The Occupational Safety and Health Act of 1970 established NIOSH as a
researct zgercy focused on the study of worker safety and health, and empowering employers and
workers o create safe and healthy workplaces.

NIOSH recommends no more than 35 ppm time weighted average TWA exposure limit. In addition,

NIOSH recommends no more than 200 ppm short term exposure limit STEL for 15 minutes.

ACGIH Carbon Monoxide Levels Exposure Limits

The American Conference of Governmental Industrial Hygienists ACGIH is a non-profit organization
that advanczs occurational end environmental health.

The ACGIH recommends a Threshold Limit Value — Time-Weighted Average (TLV-TWA) 50 ppm
with a TLV- short term exposure limit of 400 ppm. A TLV-TWA is defined as the concentration of a
hazardot:s supstance ‘n the air averaged over an 8-hour workday and a 40-hour workweek to which



it is believed that workers may be repeatedly exposed, day after day, for a working lifetime without

adverse effects.

EPA Carbon Monoxide Levels Exposure Limits

The United States Environmental Protection Agency EPA sets national ambient air quality standards
(NAAQOS) inde authority of the Clean Air Act (42 U.S.C. 7401 et seq.). NAAQS is applied for
outdoor air throughout the country.

The NAAQS standard for carbon monoxide in outdoor air is 9 ppm over 8 hours and 35 ppm over 1

hour not to be exceeced more than once a year.

WHC Caroon Monoxide Levels Exposure Limits

The World Hezlth Organization WHO suggests maximum carbon monoxide levels both in response
to their ar~ate “or curdocer clean air and to helo countries develop indoor air quality building
standards. In indoor environments, space heaters fueled with oil, gas or kerosene, gas stoves,
combustion 2na'iances and tobacco smoking are known to cause significant emissions of carbon

Tk

monoyide = \WHO recommended limits are:

¢ 9-10 ppm for no more than 8 hours
e 25-35 ppm for no more than 1 hour

e 90-100 ppm for no more than 15 minutes

UL, CSA, ANSI CO Levels Exposure Limits

Underwriters Laboratories UL is the largest and best known independent, not-for-profit testing
laboratory in the werld It conducts product evaluations to confirm that the products meet the “UL"
standard in electrical safety, fire testing, medical device testing, EMC testing and more.

American National Standards Institute ANSI works in close conjunction with Underwriters
Laboratories and many of the standards are listed as ANSI/UL. UL also has a close association and
shares product ratings with the CSA Group which is accredited by the Standards Council of Canada.



The ANSI/UL 2034, ANSI/UL 2075 and CSA 6.19-01 “Standard for Safety for Single and Multiple
Station Carbon Monoxide Alarms” requirements are purchased by manufacturers before submitting
their devices for testing. They are not normally available to the public. However, UL-certified CO
alarms reet a different range of standards that balance the responsiveness of the alarm with the
requiremient that they not generate nuisance alarms due to background CO caused by outdoor

pollution, the normal use of fuel burning appliances or other vapors like methane or ammonia.

The alarin thresholds, set by CO concentration measured in parts per million (ppm), are: no alarm
below 30 ppm until after 30 days; 70 ppm for one to four hours (but not less than one hour); 150

ppm for 10 to 50 minutes; 400 ppm for four to 15 minutes.

Carbon Monoxide Vieters

A useful 2nd inexpensive sclution for measuring CO is a Portable Carbon Monoxide Detector.

Design=c ‘or prreonal use. this batter’ operated CO detector quickly tells you if CO levels are high

in the house, basement, garage, RV or cabin cruiser boats with inboard motors.

References:

https://www.osha.gov/OshDoc/data General Facts/carbonmonoxide-factsheet.pdf

https://ashrae.iwrapper.com/ViewOnline/Standard 62.1-2016

https://www.cdc.gov/niosh/npg/npgd0105.html
https://www.cdc.gov/niosh/about/default.html
https://www.acgih.org/
https://www.cdc.gov/niosh/pel88/630-08.html

https://code-authorities.ul.com/about/blog/carbon-monoxide-alarm-considerations-for-code-
authorities/

https://ig.ulprospector.com/info/
https://www.securitysales.com/contributed/why-co-detector-choice-is-critical/

https://www.greenbuildingadvisor.com/article/a-ul-listed-carbon-monoxide-alarm-may-not-
protect-you
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Causes and clinical significance of
iIncreased carboxyhemoglobin

by Chric iggins

Hemoglobin is the oxygen-carrying protein contained in red blood cells {erythrocytes). Although
normall s aresent in only trace amounts, there are three species of hemoglobin that cannot transport
oxygen.

The three species, collectively called dyshemoglobins because of their functional redundancy, are
methemoglobin, sulfhemoglobin and carboxyhemaoglobin.

The last of these is the subject of this article. Carboxyhemoglobin (COHb), which normally comprises
less than 1-2 % of total hemogiobin, is the product of reaction between carbon monoxide and
hemaoglobin.

Carbon monoxide is produced endogenously but is also a common environmental potlutant; both
sources contribute to the amount of COHb in blood. The focus of this article is causes and clinicai
significance of an increased amount of COHb. Three illustrative case histories will be discussed.

It begins, however, with a brief review of some relevant physiology.

NORMAL PHYSIOLOGY

Normal cell function is crucially dependent on a continuous supply of oxygen, and a principle function
of blood is delivery of oxygen in inspired air from lungs to every tissue cell.

This essertial ¢as transport function depends on the protein hemoglobin (Hb) contained in red blood
cells (erythrocytes).

Structure and function of hemoglobin

Each cfthe 5 x 1010 erythrocytes contained in every mL of blood contains 280 million Hb molecules.
The HE molecuiz comprises four polypeptide subunits (the glabin portion) each of which has a heme
group attached [1].

At the center of the four heme groups is an atom of iron in the ferrous state. Oxygen binds
reversibly to these four iron atoms; the product is oxyhemoglobin {O>Hb).



The oxygen transport function of hemoglobin, that is its ability to pick up oxygen in the lungs,
transport it around the body as O,Hb and then release it to tissue cells, is made possible by a
change in the quaternary structure of the hemoglobin molecule, which alters the affinity of
hemoglobin for oxygen.

The guaternary state and consequent affinity of hemoglobin for oxygen is governed principally by
local partial pressure of oxygen (p0O,), although pH, pCO, and organic phosphate concentration are
important modulating factors.

In the envircnment of the lungs, where conditions (high pO,, low pCO,) determine that hemoglobin
has a relatively high affinity for oxygen, O;Hb is readily formed.

By contrast in the tissues, iocal conditions (low pO,, raised pCO,) result in reduced hemoglobin
affinity for oxygen, thus favoring release of oxygen from hemoglobin to tissue cells. The relationship
between pO- and the relative affinity of Hb for oxygen is described in the oxygen saturation curve
(Figur= 1).

FICURE I

Oxygen has to compete with other hemoglobin-binding ligands that may be present in blood for
occupation of hemoglobin binding sites; among these is carbon monoxide, a colorless odorless gas
produced during normal metabolism.

Endogenous production of carbon monoxide

It is more than 50 years since Sjostrand first demonstrated that carbon monoxide (CO) is produced
during normal metabolism [2]. In fact, around 0.4 mL CO is produced every hour almost exclusively
from the catabolism of heme-containing proteins [3].

The most abundant heme-containing protein and therefore the source of most endogenous CO is

hemoglobin. At the end of their 120-day life, erythrocytes are sequestered from the circulation by
the reticuloendothelial system.



Hemoglcbin reieased from senescent erythrocytes is degraded to its constituent parts: heme and
protein polypeptide. The protein is recycled but heme is metabolized further.

In a reaction catalyzed by the rate-limiting enzyme heme oxygenase, heme is converted to
equimelar quantities of biliverdin, iron and CO. Biliverdin is subsequently converted to the yellow
pigment bilirubin, which is excreted by the liver in bile, and iron is recycled.

Catabolism of heme derived from other heme-containing proteins, e.g. myoglobin and the
cytochromes, contribute to endogenous production of CO by the same heme-oxygenase-mediated
route,

There is evidence that CO is also derived from non-heme sources, e.qg. lipid peroxidation [4], but
comperad ¢ that derived from catabolism of heme, this is of very minor significance, indeed may
only cccur in pathological situations.

The biologicai afact of endogenous CO is due largely to the high affinity that heme has for CO and
the res.'ting pinding of CO by heme-containing proteins. By a curious quirk of nature then, heme is
both the scurce of CO and the mediator of its biological effect.

The moduliztion in function of some heme-containing proteins that results from CO binding has
important phvsiological effects.

Thus ¢ Jogericusly produced carbon monoxide is not, as was once supposed, simply a potentially
toxic waste product of metabolism but is involved in many physiological functions, including
regulation of respiration [5], neurona! signaling [6], reguiation of blood pressure [7] and uterine
contraction during pregnancy [8].

Of all heme-containing proteins, Hb is not only the most abundant but also exhibits the highest
affinity for carbon monoxide, so that most CO in blood is bound to Hb.

Reversibie binding occurs at the same iron atom on the heme site where oxygen binds; the product
of this binding is carboxyhemoglobin (COHb).

This previdas the means by which endogenous carbon monoxide can be transported, prior to
elimination from the body by the lungs in expired air. A minimum of 0.5-1.0 % COHb is inevitably
present in blood as a result of endogenously produced CO [9].

Environmental sources of carbon monoxide

In additicn to the CO preduced endogenously, the air we breathe contains CO, partly the result of
natural procasses but mostly from the incomplete combustion of hydrocarbons.

The most 2'enlicart “nratural source of environmental CO is motor-vehicle exhaust. Although
normally present at concentrations of less than 10 parts per million (ppm) [10], carbon monoxide in

inspirec air has an important additive effect on the amount of COHb in blood due to the high affinity
that Ho exhibits for CO.

The combired effect of endogenous and environmental CO results in a COHb of less than 3 % for
most run-sino<ing Jdrban dweliers and may be just 1-2 % for those living in rural areas where air is
less acilutec aith CO.



Cigarette srmoke contains a high concentration of CO and smokers are exposed to an estimated 400-
300 poo CO while smoking and consequently have much higher COHb. A necessary consensus,
given the variabiiity ievel of COHb due to environmental CO, suggests an absolute upper limit of
norma! COHD 0f 3 % for non-smokers and 10 % for heavy smokers [11].

CAUSES OF RAISED COHb

The arczuct of T3HE 1o blood is determined principally by the amount of CO in blood. The source of
the C7 're Licod i Loth endegenous (heme catabolism) and environmental (CO content of inspired
air) so that the zauses of raised COHb can be addressed under two main headings:

» Increasec endogencus production of CO
* Breathing air nolluted with high CO content - carbon-monoxide poisoning

Increaced sadogs 1ous production of CO

Increcced =17z =7 % s production of CC is a feature of any condition associated with increased heme
catacciisni T2 rer~zivtic anemias are a group of conditions of variable etiology whose common
pathoiogica! feature is increased rate of red-ceil destruction (hemolysis).

Increzsea rec-cali cestruction results in increased heme catabolism and therefore increased
producion o7 Cu. The severity of hemolysis correlates closely to CO production and measured COHb
[12, 13

In gerzral, COHb ircreases due to hemolysis are of the order of only 2-3 %, but they can be higher.
In one s2ries of 75 neonates suffering hemolytic jaundice [14], five had COHb values in excess of 4
% and sine baby with severe hemolysis had a level of 8.3 %. (The normal neonatal COHb range
determined for this study was 0.15-0.75 %.)

It is rare for COHb te exceed 10 % in non-smokers, even in the most severe hemolytic episodes.

Slight increase in COHbL ~ so slight to be of little clinical significance per se - is often a feature of
severe inflammatory disease, e.g. sepsis, pneumonia [15]. It is thus a relatively common finding in
critically ill patients [16].

The mechanism of this increase is thought to be increased expression of heme oxygenase (the
enzyme responsible for CO production) induced by inflammatory cytokines [17].

Increas=d endogenous production of CO can arise independently of heme catabolism. Methylene
chioride (dichloromethane) is a toxic organic solvent with wide application, including paint remover,
degreaser 2ad aerosoi propellant. The toxicity of methylene chloride is due in part to its in vivo
metabolisr: in the liver to CO.

Subjects who innale toxic amounts of methylene chloride vapor, usually a result of working in poorly
ventiiated conditions, have raised COHb caused by increased production of CO. COHb levels, which
can be severe enough o threaten life, correlates well with methylene chloride exposure leveis [18].

Breathing zir polluted with high CO content — carbon-monoxide poisoning

This is o"alcally the most significant cacse of increased COHb for two reasons. First it is a more
CCM™o1 Cause of noreasad Z0Mb than endogenous production of CO, and secondly it can result in a
much more severe increase in COHb.



Maost ciinical reguests for measurement of COHb are made in the context of known or suspected
acute or chronic carbon-monoxide peisoning.

Epidemiciogy of carbon-monoxide poisoning

Deliberzte -r = cidartal poisening oy carbor monaoxide remains a significant problem. In the US, it
accourts foir an estimetea 40,000 emergency room attendances and between 5,000 and 6,000
deaths zach year [19].

Most of these are suicides, usually the result of deliberate exposure to motor-vehicle exhaust, but
still 60C ceathis a vear result from accidental exposure to carbon monoxide from a wide variety of
sources, In the UK, CO is responsible for 50 deaths and 200 serious injuries every year [20].

Internationany, CC may be responsible for more than half of all fatal poisonings worldwide [21].
Low-cioo= caranic 70 2oisoning is associated with non-specific symptoms and requires a high
degrzc of s ueoicion 7o Jiagnosis, end most authorities believe many cases remain undiagnosed or

misdizgnossd (227,

Sourzes o7 carbn 1 raonoxide

Carbo wdac <775 5 uhigditons procuct of incomplete combustion of hydrocarbons. Common
soL-zo- o7 T 7 z3sas of poisoning include house fire, motor-vehicle exhaust and faulty domestic
heatir: s/57eme.

Less comm Loy, 3as cvens, oaraffin (kerosene) heaters and even charcoal briquettes, e.qg. for use on
barbeg les. -eve peen impilcated.

Ciear, & zitzea or poorty ventitated environment is an important contributory factor in most cases,
but it "emains possible to suffer severe, even fatal, CO poisoning in the outdoors if close enough to a
rich =0 2ce of CO, e.3. swimming near boat exhaust [23].

Effect of CO exposure on COHb levels

The amsont of COHZ in bleod is a function of both inspired CO concentration {parts per million, ppm)
and duration of exposure.

During exposure to 3 fixed CO concentration, COHb levels increase rapidly over the first 2 hours,
then begin to plateau at around 3 hours, reaching an equilibrium steady state at 4-6 hours. Table I
describes the relationship between CO exposure and equilibrium COHb.



CO concentration of inspired air COHb %

(ppm)
70 10
120 20
220 30
350-520 40-50
800-1200 60-70
1850 80

To maintain CO4b below 2.5 % all the time
CO expcsure cannot exceed 10 ppm

CO concentration in specific
environments:

¢ Global backgrour.: 3.05-0.12 ppm

e Urban taffic envircnment: 17 ppm overall
with peaks of up t2 53 ppm

o Undergrecond carrarks, road tunnels: up to
i0C oo~ ra7y pank avan higher

o Spvirontrzntal tohacos smoke (offices,
restaurRITs ) 20-20 29m {8-hour average)

o Worolaze zafety imin 50 opm (8-hour

averrGge”

TABLE 7: ©zta refating CO exposure to % COHb and CO concentration in specific
envircoments

CONEZGUENIES OF RAISED COHb
Tos o™, ~7 3 BeinrerHide

The tzxicity of CO is due in part to the effect that hemoglobin binding of CO has on the oxygen-
carrvi- ¢ caazaity of Bicod. Affinity of hemoglobin for CO is 200-250 times greater than that for
oxyge~ [9, 20, 23, 24].

CO dissiaces oxygen from hemoglobin and thus COHb effectively reduces the oxygen-carrying
capacity in a dose-dependant manner. In addition, binding of CO by Hb at the first of the four heme
sites has an effect on its quaternary structure that results in decreased affinity for oxygen at the
remaining three sites.

This effect is evident in a shift of the hemoglobin dissociation curve to the left (Figure I} and results
in reduced release of oxygen from hemoglobin at the tissues. The combined effect of a reduced
oxygen-carrying capacity and reduced release of oxygen to tissue leaves tissues effectively starved
of oxygen (hypoxic).

Organs like the brain and heart, whose normal oxygen consumption is by comparison with other
organs relatively hign, are particularly sensitive to the relative anoxia induced by increased COHb.

Fetai rt: exiicits ar. even higher affinity for CO than aduit Hb, so that since CO diffuses readily
across the slacental membrane, the developing fetus is particularly vulnerable to tissue anoxia in
cases of matenal CO exposure [26].



If increased production of COHb were, as was once supposed, the only mechanism involved in CO
toxicity, then the severity of symptoms would be accurately predicted by the level of COHb, but this
is not aiways the case.

It is now clear that "free" CO dissolved in blood plasma enters tissues and competes with oxygen for
sites o~ tissue-cell heme proteins such as myoglobin, peroxidase and the cytochrome enzymes with
a variety of nathological effects independent of hemoglobin CO binding [20].

Clinicai sign and symptoms of carbon-monoxide poisoning

A Rigr radsv “f 20507000 i raquired to entertain s diagnosis of carbon-monoxide poisoning unless
CC =x o3 e = cert= 1 because ail symptoms of mild-to-moderate poisoning are non-specific. The
classic ‘cherry-red" skin color of carbon-monoxide poisoning is in fact not usually evident,

The most commonr symptoms: headache, dizziness and confusion reflect the marked sensitivity of
the orair o re:ztive anoxia. Nausea and vomiting are also common.

Affected gutiente may be breathless, particularly on exertion, and have clinical signs (tachycardia,
tachyprea) aicating compensation for the oxygen deficit.

In more severe cases there ave frank signs and symptoms of cardiac involvement, including
palpitz “crs, hyootzansion, ischemic chest pain (angina) and even myocardial infarction. Convulsions
and corma tcolr o severe toxicity,

Expos.-¢ w caruon monoxide at concentrations greater than 1,900 ppm is immediately fatal.

Arzises UMD nothe sosence of 3 disease process associated with the hemolytic process is
dizgncsiio Lo oarion nonexdde paisoning; the actual level correlates with the severity of symptoms
in the ~.zjcroy of cases (Tabie II).

Carc.cxvnamnoinbin Symptoms

9%

TR Lo
i Ne appreciable effect except
shortness of breath on
¥iQorous exertion, possible
“.ghtness acress forehead
P Shortness of breath on
moderate exertion, occasional
headache
Headache, easily fatigued,
judgement disturbed,
dizziness, dimness of vision

Lot
2

40-50 Headache, confusion,
fainting, collaps
60-70 Unconsciousness,

convulsions, respiratory
failure, death if exposure
continues

80 Immediately fatal



TABLE II: Relationship between % CO-Hb and symptoms

SOME ILLUSTRATIVE CASE HISTORIES
Case history 1: Severe CO poisoning with only marginally raised COHb

This case [27] concerns a 13-year-old boy who started his motorbike in the family garage. Before he
could ze* tay tha cerage Jooi e was cvarcoma hy the exhaust fumes and collapsed. He was found
unconscious around 9 hours after he was last seen, wedged between the family car and the
unopereda garage door,

Although by now there was no evidence of CO exposure, e.g. running motor or smell of exhaust, the
moribuna boy was suifering the effects of severe CO inhalation. After initial assessment at the local
hospitz!, his respiration, already "raoid and labored" on admission, deteriorated and he was
intubated and transferred to a tertiary referral center, some 13 hours after he was found.

The ca.ce of =is cortnuing unconscious state remained a mystery at this time. On admission to the
seconc hospital, blood was sampied for COHb estimation. The laboratory reported a COHb of 4.9 %.

The Loy rermcined deeply comatese Yor 16 days and was dependent on mechanical ventilation for 11
days. C.ring this time, convuisions were frequent. Other significant complications included acute
reng. raiure ard severe muscie necrosis. Neuroiogical recovery was gradual.

Althougn azoarentlv alert by day 12, at first he was unable to recognize family members, unable to
speak, had nc memory and his control of movement was greatly restricted.

f sk wesns, L. memoery nad improved suificient'y to recall the events of the day of the accident,
and he was abie to confirm exposure to motorbike exhaust fumes. Eight weeks after admission he
as . rtol’y cscoargad to 2 rehabilitation unit, still with some restriction of movement of his
lower imbp-.

s

The CO exzosure had left him with some impairment of short- and long-term memeoery, reduced
abiiitv co conczaira e and 2 probable TQ deficit,

Tris is & canz hustory of severe, near-fatal CO exposure with typically severe neurological sequelae.

Such sz zre exgos.ore wowd normaidy be associzied with very high COHb, possibly in the range of
40-53 24, cemnoary oosater than 20 %4, Vihy ther was the COHb only 4.9 %7? After all, most smokers
endirz 5 J0 50> T

The answer lizs in the temporal relationship hetween exposure and blood sampling and highlights an
impcr:zrs T oizatior of COHb measwerement for dizagnosis of CO poisoning.

CCHL ~os o nai-tie o7 omiy 4 nours wnen breathing room air; this is reduced to 90 minutes when
breat- ¢ 130 % oxygen and less than 30 minutes if hyperbaric oxygen is instituted [10]. This is the

r

ration: ¢ for the use of 100 % oxygen or hyperbaric oxygen in the treatment of CO poisoning.

Howevzr, it also maans that if there Is more than a few hours delay between exposure and sampling
of blood, COHb will not accurately reflect exposure. In this case, 13 hours elapsed between the time
the boy was found and the time blood was sampled.

Given a haif-life of 4 hours, this is time enough for COHb to drop from a peak of say 40 % to 5 %.
Whiist a raised COHb always indicates CO poisoning, a normal COHDb is not sufficient to exclude a
diagnosis ¢f CO poisoning if there has been delay between exposure and blood sampling, especially if



oxygen therapy has been administered.

Case history 2: An unusual cause of raised COHb

The patient was a critically il 41-year-old non-smoking male who had been transferred from his local
intensive cars unit to a tertiary re=al center for continued management of large bilateral
spontaneous adrenal hemorrhage [28].

On day 6 after referral, blood gas analysis revealed a COHb of 3.9 %, which increased to a maximum
of 6.4 % three days later and fluctuated between 1.7 % and 5.6 % for the following two weeks.

Despize repeatad ransfusion of fresn frozen plasma to correct the presumed causative coagulopathy,
interna! bieeging continued and on day 14 at exploratory laparctomy, a 4,000 mL hematoma was
remov=c. Bicpsy of tae adrenal gland revealed a benign tumor (pheochromocytoma) as the cause of
bieedi .

Both befz-= ~=ferra! and “or the fellowing 14 days, repeated transfusion of packed red cells were
needed to manan pamodynamic stability. Despite continued intensive care and several further
surgica. intervartions, including adrenaiectomy, the patient’s condition deteriorated and he died 58
days after referral.

The oriaciple cause of raised COHb in th's case was increased endogenous production of carbon
monck da. This was uue to the ongeing degradation of hemoglobin within the retroperitoneal
hernate na formed as a result of accumulating blood.

An zoco vicral contriputory factor may have been the repeated red-cell transfusions. There is
evider e .37 sone packed rad celis Tor transfusion may have COHb levels as high as 12 % [29].

a

Case iy 3. SOHo does niot always correlate well with symptoms [30]

Afre- v =7 m e oYy maintalr o] “zmnily car for nearly an hour, one of the five passengers, a
norvs e Lo ekEesL s o -ssar-old gid 2l asieep 2nd was sufficiently unresponsive to raise concern.
Srzooc I T e o neashy tadaic emerzency room where she was found to be flaccid and

resporded only to deep painful stimulation with a cry and sluggish opening of her eyes (Glasgow
Comea =o'z &)

;-

Apart Trov. s raducea ievel of consciousness, physical examination revealed no abnormalities and
a presumpuve diagnosis of carbon-monoxide poisoning was made. Within 15 minutes of starting 100
% oxy oo ez a7 was awaxe, COHb of biood sampled before therapy was 35 %.

After ©.o mows of oxygen therapy, COHb was 7 % and the little girl was fully alert. (GCS 15).

Bloog . s 280 suimste for CORE from four ofner accupants of the car; two children aged twoe and

SEVET  La7l o hd uws Letnale sduiis, Z0m0 of the two children was 33.6 % and 34.7 % and the adults
had CIkb o7 W14 & aad 16.1 %. 3cth children were asymptomatic, one of the adults complained of
slicn "enci- 2 end e ather of light-headedness.

This czse stugy demonstrates that simultaneous exposure to the same CO source does not
necess-riiy result in the same measured level of COHb, and symptoms manifested by individuals
expose . to the same Z0 source may be dissimilar, despite almost identical COHb results.

SUMIARY



It is difficult to establish a normal range for COHb because the amount of COHb in blood is crucially
dependent on variable levels of environmental carbon-monoxide poltution.

Unequivocal increase in COHb indicates either a hemolytic process or more commonly carbon-
monoxide poisoning. Increased COHb reduces tissue oxygenation but this is not the only mechanism
of CO toxicity. Laboratory measurement of COHb is the only routinety available blood test for
diagnosis of CO peisoning.

It provides useful though limited prognostic information in such cases.
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