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Standard Operating Procedure for measuring O2 consumption and CO2 production in a respiration chamber

1. Subject
This SOP describes a method for measuring O2 consumption (VO2; ml/min.) and CO2 production (VCO2; ml/min) using the respiration chambers. Energy expenditure is derived from these results using the equation of Brouwer (p 5).1 Substrate (carbohydrate, fat and protein) oxidation can be derived from O2 consumption, CO2 production and urinary nitrogen losses by using the equations of Brouwer (p 3)1, 2. All volumes are expressed at Standard Temperature, Pressure and Dry (STPD) conditions unless noted otherwise.
2. Field of application
This SOP is used for measuring a subject’s O2 consumption and CO2 production during a stay in the respiration chamber. The measurements can be used for:

1. Derivation of energy expenditure from O2 consumption and CO2 production, which is called indirect calorimetry, through a choice of equations. The standard choice is the Brouwer equation with correction for not measuring metabolic Nitrogen production1, please note that until recently the Weir equation3 was used. It is the researchers responsibility to choose the equation that best fits the study objective.

2. Calculation of carbohydrate, fat, and protein oxidation by using oxygen consumption, carbondioxide production, and urinary nitrogen losses with the equations of Brouwer.1 To calculate nitrogen losses in urine, urine must be collected during the stay in the respiration chamber.

1. Energy expenditure:
Daily energy expenditure (EE) consists of four components:

1. sleeping metabolic rate (SMR);

2. the energy cost of arousal;

3. the thermic effect of food or diet-induced energy expenditure (DEE);
4. the energy cost of physical activity or activity induced energy expenditure (AEE).

Sometimes daily energy expenditure is divided into three components, taking SMR and the energy cost of arousal together as EE for maintenance or basal metabolic rate (BMR). Basal metabolic rate usually is the largest component of average daily metabolic rate (ADMR).4
The components can be estimated from the respiration chamber measurements. SMR, for example, can be derived over a fixed interval, usually 03.00 – 06.00 or as the lowest mean energy expenditure in 3 consecutive hours, or during the lowest body movement as monitored with the radar system, during three subsequent hours between 0.00 am and 8.00 am.5 For estimating of DEE, energy expenditure can be plotted against radar output over 30-minutes intervals for a full 24-h cycle. The intercept of the regression-line at the lowest radar output (offset, i.e. the value observed during the SMR-interval) represents the mean resting energy expenditure: REE = SMR + arousal + DEE.6 Alternatively, DEE can be determined by subtracting BMR from REE, where BMR is measured under the ventilated hood: REE = BMR + DEE. AEE = EE – REE. 

2. Substrate oxidation:
Substrate oxidation can be determined by using oxygen consumption, carbondioxide production and urinary nitrogen losses with the following equations of Brouwer1: 

Protein oxidation (g/d) = 6.25 N

Fat oxidation (g/d) = 1.718 VO2 – 1.718 VCO2 – 0.315 P

Carbohydrate oxidation (g/d) = 4.17 VCO2 – 2.965 VO2 – 0.390 P

N is the total nitrogen excreted in urine (g/d), VO2 is oxygen consumption (L/d) (stpd), VCO2 is carbondioxide production (L/d)(stpd) and P is protein oxidation (g/d). 
Physical specification of the chambers and their contents7:
The Maastricht system comprises two chambers of 14.4 m3 each. The chambers are operated at an under-pressure (10-500 Pa). Both chambers must be airtight during the experiment, which can be checked with the under-pressure indicators next to the doors. A stream of fresh air is maintained through the chambers. The air in the surrounding laboratory is ventilated with fresh air at a minimum rate of five times its volume per hour which, in combination with the under-pressure, decreases errors due to leakage. 

The climate inside the chambers is controlled and monitored constantly. Care must be taken to provide a friendly and clean environment for the subjects. The chambers are equipped to give the impression of a normal room, in which the subject can sleep, wash, go to the toilet, and relax. There is sufficient space to perform physical activity like stepping or using a cycle ergometer. The chamber is equipped with a deep-freeze toilet. Air locks provide passage for the exchange of food (upper airlock), collection of faeces and urine (lower airlock), and for sampling of blood (in door airlock).
Windows are positioned in the door for contact with the researchers, in the wall for an outside view, and between the chambers for visual contact between subjects. Curtains ensure privacy when needed. Safety precautions include a fire alarm and extinguisher, emergency power and lighting, subject registration on building fire-alert panel and short access to safe escape route. The door can be opened from both sides without hindrance. The chambers are checked once a year for electrical safety (S1 standard).

3. Definitions and terms
Calibration gas: Certified gas which contains 0.8% CO2; 18% O2; remainder N2. The CO2 concentration of this gas must be obtained with a certified accuracy of 0.008% (P = 0,05). The O2 concentration is, however, technically limited to a certified accuracy of only 0.18%. For the O2 analyses we therefore must rely on the better accuracy of averaged O2 concentration of fresh air during 24h. It therefore is important to maintain a correct flow of fresh air though the chambers (keep both doors closed at all times) and maintain the air as fresh as possible in the surrounding lab. The (assumed) O2 concentration in fresh air is 20.94% over a 24 hour interval.
STPD: Standard temperature pressure and dry, 1013.25 mbar, 273.15 K

RQ: respiratory quotient, the ratio of CO2 produced to O2 consumed. The RQ depends on the fuel mixture metabolized. The RQ of carbohydrate is 1.00, because the number of CO2 molecules produced is equal to the number of O2 molecules consumed. RQ mixed diet: 0.85; protein: 0.82; and fat 0.70.8
4. Principle
The human body must continuously be supplied with energy to perform its functions. The amount of energy used by an individual is supplied by oxidation of lipids, carbohydrates, proteins and, sometimes, alcohol. When these nutrients become metabolized, a known quantity of O2 is consumed and a known quantity of CO2 is produced. For example oxidation of 1 mol glucose requires 6 mol O2, produces 6 mol CO2 and 2.8 MJ. Energy expenditure can be calculated from CO2 production and/or O2 consumption. The energy equivalent of 1 litre O2 and 1 litre CO2 depends on the nutrient-mix oxidized. The ratio of moles CO2 produced to the moles O2 consumed (respiratory quotient, RQ) is nutrient specific.

With the help of a mean RQ during the measurement, the energy equivalent of one litre O2 and one litre CO2 can be determined (when negotiating the oxidation of proteins). Energy expenditure can be calculated from VO2 and VCO2, amongst others, with the Brouwer equation: kJ = 15.977 O2 (litre) + 5.150 CO2 (litre) – 1.352 P (gram protein) or kJ = 15.977 O2 (litre) + 5.150 CO2 (litre) – 1.352 * 6.25 N (gram urine-N). Note: This equation is not corrected for not measuring metabolic nitrogen production. Substrate oxidation can be determined by using oxygen consumption, carbon dioxide production and urinary nitrogen losses with the equation of Brouwer (p 3).

5. Safety
Safety regarding the Respiration chamber laboratory:
In the department, performing subject experiments are exclusively allowed in labs with S1 electrical safety rating posted on doorway. The chambers are periodically checked for electrical safety at S1 standard. This is done by FD (Facilitaire Dienst) in co-operation with a qualified firm. The S1 safety hall-mark is placed at the entrance of the laboratory. The electrical safety of individual pieces of equipment is periodical checked by IDEE. (Instrument Development Engineering & Evaluation), part of the FHML faculty. A blue label with expiration date safety hall-mark is placed on subject related equipment. 

Each time equipment is added or replaced, the lab-manager and / or IDEE has to check whether a new safety measurement is necessary. This is always required for new equipment and new equipment combinations.
In the laboratory bottled gas at high pressure is present. The types of gas present are reported at the doorway of the laboratory. The gas bottles are placed in special safety cabinets and a permit for each gas is placed visible on the cabinet.

A fire extinguisher is located on the right side of the entrance also in both of the chambers. Fire extinguishers (also the ones in the chambers) are periodical checked by FD. The extinguishers in the chambers are safe for use in a confined space, though subjects are instructed to always leave the chambers in case of fire.
Safety regarding the respiration chambers:
Safety precautions include a fire alarm and extinguisher, emergency power and lighting. Subjects are instructed to use the fire extinguisher only after leaving the chamber and while keeping the door of the respiration chamber open, to prevent any chance of respiratory problems. The door can be opened from both sides without hindrance. The climate is constantly regulated and monitored by an automated information system.

Safety regarding the subjects:
When chambers are occupied by healthy adult subjects, these subjects can stay overnight without further supervision. With all other types of experiment a researcher must stay near the chambers for supervision. Subjects are instructed before each experiment how to handle in case of fire alarm or other emergency and are informed about the evacuation route. When the fire alarm occurs by day and the buildings alarm (slow woob) starts and the subjects do not see any smoke or fire, they should contact and be contacted by the test-leader and prepare to leave as instructed far a night alert (put on shoes, clothes and coat, etc.). After 2 minutes and no contact they should leave as instructed for a night alert, at that point the buildings evacuation alarm (slow woob) will start as well. When the fire alarm occurs at night the subjects puts on shoes, pants and coat (leave suitcase etc. behind) and must leave the building immediately by way of the staircase near the lab entrance, exiting through the now open fire-door at level 0 and wait for researchers and Fire-brigade at the entrance of the parking/ramp. 
Before the stay in the respiration chamber the subjects should be well informed about their stay/experiment and what is expected from them. 

Besides the researcher in charge of the experiment, there should always be assistance available in case of emergency. This is especially important when measurements are done during the evening and weekend. The researcher therefore must ensure that qualified help can be contacted. As a general rule researchers working with human subjects must have had a resuscitation course.
The list with following numbers is placed next to the telephone.

In case of emergencies:

Crash team hospital (for measurements in the hospital): 1000;

Alarm number inside UM: 1333 or 81333; (number to call in case of emergency)
Other phone numbers:

FD: 81500;

IDEE: 81295;

Laboratory manager Paul Schoffelen: 81642;

Responsible staff member Klaas Westerterp: 81628;

In case of calamities outside office-hours the laboratory manager can be reached via the staff of Human Biology (K. Westerterp, R. Mensink etc.).

During exercise testing and other medical procedures, like infusion or blood sampling, a medical back-up is required. 

This back-up is medically responsible for acute accidents during a single test or experiment. The staff member responsible for the experiment is also medically responsible during the entire experiment. All doctors present at the department can serve as medical back-up.
The experimenter should contact the medical back-up well in advance of starting the experiment, preferably in the planning stage. The back-up should be informed about; the character of the experiment, the subjects, the location, when the experiment takes place, and any disorders found by going through the medical-anamnesis-form. Note: if any disorders are found, these should be considered by the medical supervisor prior to the experiment.

The experimenter writes down the name of the back-up and the location of the experiment at the subscription-list at the secretariat. At the day of the experiment, the back-up should be in possession of a beeper (the experimenter takes care of this). Normally the beeper can be found at the door-keeper at UM exit south (UNS 50), number of the beeper: 9142.

The back-up can then be reached by calling *81-9142, please tell were you are and what is going on, quickly but clearly.

Safety regarding to the blood sampling:
In case of needle stick injuries one should handle in according to the guideline ‘Arbeidsomstandigheden en Milieu’ nr. AM/RL 3/4-16. The guideline is located on the glazed cases in laboratory 2.353. 

Safety regarding exercise tests:
To prevent risk-situations as much as possible, the health condition of the subject should be examined prior to the exercise test by going through the medical-anamnesis-form (enclosure). 

In case of one or more risk-factors, the health condition of the subject should be examined further. If the subject is a patients, only execute exercise tests under medical supervision. In some cases it may be mandatory to determine ECG before, during and after exercise tests. 

6. Reagents 
Not applicable 

7.  Needed material

Contents of the respiration chamber:

· Colour television set;

· Alarm clock;

· Telephone;

· Handsfree intercom;

· Computer with network connection;

· Desk chair;

· Sink with hot and cold water running;

· Deep-freeze toilet (with plastic bag and toilet paper);

· Air locks for blood samples, food and faeces;

· Bed (can be folded up if required) with clean sheets and towels;

· Body weight balance;

· Analog ultrasound system to measure activity of the subject;

· Fire alarm and extinguisher, emergency power and lighting;
· Optional: stepping block, cycle ergometer or  treadmill to perform physical activity.
Calibration gas:

· Permanent N2 gas supply, reading 1 bar at upper dials near analyzers. Visible indication of flow in small upper bubblers;

· Span gas supply from 50 litre bottle in right safety gas cabinet. The primary pressure of the bottle must be 30 – 200 bar, visible on dial nearest bottle. The bottle is  to be considered empty when primary bottle has reached ≤10 bar. Therefore please notify the lab manager when pressure is below 30 Bar. Changing the gas bottle is only allowed for trained personnel and only after consulting with lab manager, writing down details of both old and new gas bottles from the analysis certificate in the log book. 
Ventilation:

· Ventilator with a capacity of 30 – 450 l/min at a negative pressure of 600 – 50 Pa to draw fresh air from outside the building through the chambers;

· Valves to adjust the flow;

· U-type gauge to check under-pressure of the chambers;

· Dry bellows meters (G4 and G16, Meterfabriek Schlumberger) to measure flow;

· Air conditioning;

· Radial ventilator to mix the air in the chambers, forcing the air through a draft-reducing perforated ceiling;

· temperature sensors, humidity sensors and barometric pressure sensors to calculate volume and flow measurements to STPD.
O2- and CO2-Measurement System:

· Paramagnetic 0 – 22% O2 analyzers (ABB Magnos, Servomex) purity;

· Infrared absorption 0 – 1% CO2 analyzers (ABB Uras);

· Samples from the input and output of the chamber are drawn into the sample preparation unit by regulated membrane pumps;

· Needle valves, capillaries, overflow bubblers  and membrane dryers to prepare the sample and reduce pressure and humidity variations.
Computer and software:

· A main controlling microcomputer (Macintosh, Apple) to perform control on data acquisition;

· Dedicated hardware computer and network;

· Calculation program.
Materials needed during experiments depend on experiment protocol and set-up.

Materials needed for blood-sampling:

Vena punction (one venous prick, identical to hospital protocol)

· vacuum system needle;

· elastic band or tourniquet;

· disinfectant;

· gauze bandage;

· vacuum tubes;

· vacuum tube-holders;

· plasters;

· underlay/napkin;

· needle-container.

Infusion (venous infusion can last hours till days)

· venflon-needle;

· elastic band or tourniquet;

· disinfectant;

· gauze bandage;

· vacuum tubes;

· plasters;

· three-way taps;

· underlay/napkin;

· physiological salt;

· heparin;

· needle-container.

8. Sample analysis
Results are calculated by the lab-manager, using whole-experiment data, at periodic intervals. 
Determining required energy for food balance, based on sleeping metabolic rate, can be done by lab-manager on request in the morning following a night in the respiration chamber.
9. Method of working
Before measurements:
1. Reservation of the chambers is required; the chambers can be reserved by submitting a planning to the manager or head of the department. Every six months the users are requested to make their wishes and comments known so that a fitting scheme can be drawn up, as well as improvements based on comments made. Short term reservation is only possible by filling up unused or cancelled spaces in the planning, subject to review by the lab-manager. In case cancellations please warn the lab-manager.

2. Obtain a mandatory personal instruction from the lab-manager. During this instruction the researchers duties are explained as well as the instruction the researcher must give to the subjects regarding fire alarm etc. Do not hesitate to ask questions!
3. Send the subject(s) an information-brochure well before the experiment. This brochure must contain information about the chamber, the experiment and measurements, exclusion factors, insurance, etc.

4. At least one day before the actual experiment check if the chambers are ready for use, specifically check if the interior is clean and complete and also check if calibration gas is sufficient (right gas cabinet, large 50 litre cylinder must have 30 – 200 bar on primary dial)

5. When the subject(s) arrive (and this is the first time they are going to stay in a respiration chamber) give them an explanation about the television, deep freeze toilet, intercom, computer etc. Tell the subjects what is expected from them during the experiment. Always inform subjects what to do in case of fire alarm and show them the evacuation route (via stairs). Ask the subjects if they have any questions. Usually subjects visit the lab and are instructed in advance of the actual experiment.

The automated system operates continuously, and thus the system is calibrated 96 times per 24 h. This frequent automated calibration makes it easy to use; to start an experiment, one has only to close the door of the chamber and start the experiment on the computer.

Preparing for measurements:

6. In most cases subjects are encouraged to use a normal toilet before entering.

7. If a subject is scheduled for more then one stay it is strongly advised to have them stay in the same chamber each time.

8. No large trunks (closed volume) and no foods containing CO2 are allowed (soda, beer). Alcohol may only be used with approval of the researcher. The cambers are non-smoking only.
9. Settle the subjects in the respiration chambers and close the door.

10. Fill in the subjects’ names (make sure the correct name is noted with each chamber), project number, name of the experimenter and a description of the experiment in the logbook, allow at least 6 min after closing the door for this step and before proceeding with the next step (clicking start). You can use this time to already note the most significant numbers of the gas meters in the logbook, so you will only have to note the last digits at start time. Gas meter readings are noted in litres, on the gas meter you will find m³ in black and litres digits after the comma in red. Always note 3 digits after the black numbers without using a comma (litres).

11. On the computer screen find the button labelled start experiment, click start, the computer will wait up to a maximum of 5 minutes (synchronizing with its 5 min cycle) and then tells you with audio (voice) to start the experiment. At that moment note down the exact gas-meter readings in the logbook. 

12. The computer screen now shows fields that allow you to enter the values just noted in the logbook (start values), copy the values from the logbook into these fields. Note that now the start button is replaced by a stop button for ending the experiment.

13. Because of the way the system processes the data, always  make sure to start  the experiment at least 6 minutes prior to each half, or full hour. This way no data will be lost and the entire experiment is recorded properly without any  data losses. This is because of the systems 6 x 5 minute measuring cycle, synchronised with half and full hours.
The experiment is now started!!
During the experiment the researcher should write any abnormal observations or general remarks in the logbook, problems must also be reported to the lab manager. Never remove the logbook from the lab, also do not use loose sheets of paper or tear pages from log book
What happens next is depending on what you want to measure in your experiment. Usually the first 12 hours in the respiration chamber are used for determination of a subject’s sleeping metabolic rate (SMR). The amount of energy given to feed a subject in balance is calculated form SMR.

Blood-sampling:
Working with blood in the lab is only allowed near the blood sampling airlock and by using a small table/cart suitable for this kind of work. It is NOT allowed to use the other laboratory tables and carts for this kind of work.

· check if the manchetes are clean and air-tight prior to the experiment, if not, replace them;

· the subject opens the airlock from the inside, subsequently he/she puts his/her arm through the plastic bag and closes the bag all around his/her arm with the other hand using a elastic band or tourniquet;

· the experimenter opens the airlock from the outside of the respiration chamber and is able to sample blood;

· after taking a blood sample close the airlocks in reverse order, i.e. first close the outside lock. 

Exertion tests:
Exertion tests follow the same rules as if conducted in our other labs and may only be done by qualified personnel and after checking with the lab manager for required air flow rates and setup of calorimeter(s).

Exchanging food, faeces and urine:
There are separate air locks to exchange food (clean upper airlock) and faeces / urine (waste lower airlock). The procedure is comparable. Food: open the airlock from the outside, insert the food, and close the airlock. The subject can, per instruction open the inside airlock to get the food.

Faeces: the subject, per instruction opens the airlock from the inside, inserts faeces and urine, and closes the airlock. The experimenter opens the airlock from the outside to get the faeces and urine.

Always make sure the airlocks are normally closed and never opened from both sides, subjects should only use the airlocks when instructed to do so. Working with faeces and urine in the lab is only allowed near the lower airlock. It is NOT allowed to use the laboratory tables and carts for this kind of work. Waste items as well as unused food must always be cleared away instantly.
Ending the experiment:

1. On the computer screen find the button labelled stop experiment, click stop, the computer will wait up to a maximum of 5 minutes (synchronizing with its 5 minute cycle) and then tell you with audio (voice) to stop the experiment. At that moment note down the exact gas meter readings in the logbook.

2. The computer screen now shows additional fields that allow you to enter the value just noted in the logbook (end values), copy the values from the logbook in these fields. Note that now the start button is replaced by a ready button for finalizing the experiment. After carefully checking your entries, click ready.

Cleaning the respiration chamber:
After each use, the laboratory must be cleaned by the user(s). Apparatus must be cleaned in according to the SOP of the concerning apparatus. Remove bloodstains and sweat after each experiment with enough water and cleaner. Replace sheets on the beds in the respiration chambers after every experiment. The intern sanitation department cleans flours twice a week. For cleaning of the respiration chambers the experimenter applies by Email Iss-rw@fd.unimaas.nl, but this service is only available during morning working hours (between 08.00 and 09.00 hours) and when requested well in advance. At all other times the researcher must do the cleaning. The researcher takes care of correct process of human and house waste. The deep-freeze toilets and chambers are also cleaned by the cleaning company if subscribed. Please note that during weekends or holidays, i.e. longer periods outside normal working hours, special care must be taken to store human waste until it can be removed.

10. Results processing
Progress of the experiment can be monitored online on the computers screen(s), all raw data and intermediate results are automatically saved and can be accessed by the lab manager. Periodically all files are batch processed and final results are published on the departmental web server www.hb.unimaas.nl, access to these results is restricted to registered users.

11. Validity and accuracy
For validation, alcohol combustion is used as it tests VO2 and VCO2 simultaneously and researchers themselves can do the experiments. However, for troubleshooting CO2 and N2 infusion is the method of choice as it is independent of a chemical reaction. Accuracy  must  be  1 ± 2 % ( mean ± SD, P = 0,05)  for a  burning  level  of  

500 ml / min / 24 hr.

12. Quality control 

Each month, an independent check of the whole system is obtained by combusting alcohol inside the chamber or, in some instances, by injecting gas with a known composition into the chamber. The alcohol (99.9% methanol pro analyse; Merck) is combusted by using an alcohol burner. The burner is placed on a calibrated balance (Mettler, 16 kg ± 0,1 grams) and may be connected to a computer to measure the rate of combustion during the experiment. When alcohol is combusted, O2 is consumed and CO2 is produced, mimicking normal measurement. With the use of gas injection with CO2, N2, or a combination of both, the accuracy of CO2 and O2 measurement can be checked. The duration of validation experiments is 24 hours (low level flow) or 2-3 hours (high level flow); both time intervals are relevant to actual experiments. The users execute these tests.

13. Accompanying documents
· Guide line ‘Arbeidsomstandigheden en Milieu’ nr AM/RL 3/4 -16 located on the glazed cases in laboratory UNS 50 2.353

· Example sheet on how to log an alcohol experiment, Enclosure 1
· Use of the log book instructions, Enclosure 2
14. Comments
The respiration chamber system is being replaced. Please be aware that changes may occur and that the accuracy of the older system is now 2% for CO2 and 0,5% for O2
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16. Enclosures

1. Example sheet on how to log an alcohol experiment:
Write down the same data as in a normal experiment 

Start the combustion and wait for a while for it to stabilize.

Start the validation by writing down the starting (system) time and weight.

Stop the validation by writing down the ending (system) time and weight.

Calculate the combustion and write down the following data:
· The type of alcohol combusted (when different from the usual Methanol ≥99,9%
· Burned weight in grams and the duration of the combustion in seconds
O2    ml/min alcohol
O2     ml/min measured

∆ml/min
∆%

CO2 ml/min alcohol
CO2 ml/min measured

∆ml/min
∆%

RQ  measured


∆RQ

For example:

23-09-2009
Paul Schoffelen Alcohol combustion   11:30 till 12:30

Start

11:55:04 
36.04 grams
End  

12:15:09 
31.07 grams
Combusted
1205 sec
  4.97 grams

ml/min
alc.
ml/min measured
∆ml/min
∆%

O2
259.7

258.1


-1.6

-0.62

CO2
173.1

173.2


+0.1

+0.06

RQ


0.671


0.004




Formula for Methanol Combustion:
CO2 litre 
= grams combusted x 22.41383 / 32.04

CO2 ml/min
= CO2 litre x 1000 x 60 /  combustion in seconds
O2 ml/min 
= 1.5 x CO2 ml/min

Other formulas:

∆ml/min = ml/min measurement  - ml/min combustion  
(measurement ≥ combustion => ∆ positive)

∆% = 100 x ∆ml/min / ml/min combustion  

(measurement ≥ combustion => ∆ positive)

RQ = CO2 ml/min measurement / O2 ml/min measurement
∆RQ = RQ – 0,6667



(RQ of alcohol combustion is 0,6667)

2. Use of the log book instructions:
The use of the logbooks:

For good order, a list of 'requirements' which the notes in the logs must meet:

· Main rule: notes have to be made directly, not afterwards!

· Date of the experiment or test (dd / mm / jjjj);

· Name and Surname of the examiner;

· In case of an intern or AIO etc, Name and Surname of the supervisor or superior;

· Name of the project, educational block or research;

· Starting and ending time (preferably system time) of the usage of the installation. 

For the use of the respiration chambers there are the following additions:

· The subject (number) according the chamber number;

· The gas meter values according the correct chamber;

· The CO2% value of the span gas cylinder (located on the label of the bottle in the right cabinet);

There are some additions when performing an alcohol combustion:

· Beginning and ending values of the weight measured (separately for each measurement). Always check if the values are according the correct Hood / Chamber;

· Measured, calculated, difference and difference in percentage values of the measurement. Also see Enclosure 1.
In the log above information should be recorded. It is also desired to record any events, jammings, problems with subjects, etc. in the log book. Also an example on the recording of the alcohol combustion and the calculations involved will be applied to each log book. Also see Enclosure 1.
It is of importance that the log is kept clear and simple, in chronological order and that alcohol combustion tests occur on a regular basis to be able to check the operation of the installation. As a rule: 1 alcohol combustion per month. The installation has an assigned person who should coordinate the installations planning and alcohol combustions, however each researcher is deemed to check this.

Finally, a call on everybody for observing the following points:

· All records in the log have to be written down, instead of inserting loose sheets of paper (even not the ones bearing a staple). This way the chance of the loss of records is much smaller;

· Do not use the logs pages as scrap- or tearing paper, also not the last pages! 

· Avoid writing down measurements in advance (e.g. ending values). This does not improve the clarity of the log. Notes have to be chronological.

· Each test or research has to have its own note in the log, even though they take place simultaneously.

· After the test or research is finished draw a line under the note in the log! This way it is clear to us and to other researchers when a certain test begins or ends.

Any comments and / or technical problems regarding the installation can also be recorded in the logbook. A brief but complete description of the problem or comment will be appreciated. Any larger problems should also be personally indicated so that appropriate measures can be taken as soon as possible.

For any questions or remarks regarding the installations and / or the use of the log you can contact Laurens or Paul and Loek any time. 
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