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Introduction 
A good starting point is to make some comments regarding the scientific literature published in peer-

reviewed journal that would lead us to believe that, in error, 1) TCO2 does not change very much 

(FALSE), 2 TCO2 is regulated within narrow limits (FALSE) and 3) a high TCO2 is most likely caused by 

consumption of an alkalinizing agent (FALSE). The studies that have made these types of assertions are 

studies that have been funded by equine racing jurisdictions (mainly in Australia and the USA) and, 

importantly, one or more of the authors was on a racing jurisdiction payroll or personally received funds 

from the racing jurisdiction (Table 1). This raises the question of bias. Importantly, however, the world 

of racing jurisdictions continues to try very hard to maintain control on a tested variable – TCO2 – that 

has no right, and cannot be scientifically justified, to support the likelihood that a horse was 

administered a substance that resulted in an elevated TCO2. The recent statistical models (Auer et al., 

2000; Hibbert et al., 2008, 2011) that have been created to support this contention have an important 

fatal flaw – there has been no validation of the statistical models using horses genuinely known to not 

have been administered alkalizing agents AND known to have been administer alkalizing agents. This is a 

travesty of science, of statistics and horse racing. 

A test to support the certainty that a horse was administered an alkalizing agent requires the 

measurement of 4 variables, 3 in addition to TCO2, as I presented to the Ontario Racing Commission 

prior to the move to TCO2-only testing more than 25 years ago. We had the technology then, and still 

have it now, to determine with 100% certainty if a horse was administered an alkalinizing agent – so 

why are racing jurisdictions not doing this? The instrument currently being used by Racing Forensics, the 

15-plus year obsolete Beckman EL-ISE is one such instrument that is capable of providing the results of 

these needed 4 variables. The answer I was given by the ORC 25 years ago was that they wanted 

something simple, something that could not be misinterpreted. Well, in my professional opinion, all 

racing jurisdictions made a serious error and in the process tainted the regulatory process underpinning 

fair horseracing, and seriously impaired the reputations and livelihood of thousands of horsemen. 

Table 1. Scientific research publications on the topic of bicarbonate or TCO2 testing that are 

associated with racing jurisdictions. 

Dirikolu et al., 2017 Louisiana State Racing Commission, New Orleans, LA, USA 

Heffron et al., 2017 Illinois Racing Board, USA 

Sutton et al., 2014 Australian Racing Forensic Laboratory, Racing NSW, Sydney, Australia 

Hibbert et al., 2011 Racing Science Centre, Queensland, Australia 

Caltabilota et al., 2010 New Jersey State Police Racing Commission 

Jarrett et al., 2010 Racing Science Centre, Queensland, Australia 

Waller et al., 2010 Ontario Racing Commission, Canada (indirectly) 

Lehnhard et al., 2010 New Jersey State Police Racing Commission 

Hibbert et al., 2008 Racing Science Centre, Queensland, Australia 

Kline et al., 2006 Illinois Racing Board, USA 

Szucsik et al., 2006 New Jersey State Police Racing Commission 

Auer et al., 2000 Racing Science Centre, Queensland, Australia 

Frey et al., 1999  Illinois Racing Board, USA 

Soma et al., 1996 New Jersey Racing Commission 

Frey et al., 1995  Illinois Racing Board, USA 
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Lloyd & Rose, 1995a New South Wales Racing Research Fund 

Lloyd & Rose, 1995b New South Wales Racing Research Fund 

Lloyd et al., 1992 New South Wales Racing Research Fund 

Auer et al., 1993 Racing Science Centre, Queensland, Australia 

Irvine, 1992  Racing Science Centre, Queensland, Australia 

 

 

TCO2 is not tightly regulated in horses 
I have been studying acid-base physiology since 1979. The physiological variables in acid-base physiology 

are not ‘tightly’ regulated as so many textbooks state. Statements like this come from writers that do 

not have a solid grounding in acid-base physiology and do not truly understand acid-base physiology. 

Acid-base physiology is arguably the most complicated of physiological topics because multiple 

physiological systems are involved in its control: gastro-intestinal, respiratory, skeletal muscle, renal, 

brain. 

The ‘scientific’ studies relied on and routinely used by racing jurisdictions (Table 1) do not comment or 

make very little mention of change in TCO2 in individual horses over time. This is because nobody has 

done is well except for me. Prior to the study described below, researchers measured acid-base 

variables at intervals several hours apart. 

Let us look at what happens when more frequent measures of TCO2 or HCO3 are taken. HCO3 

(bicarbonate) forms about 90% of the TCO2 (total CO2), and that is the variable reported in many 

studies. There is a direct proportionality between TCO2 and HCO3. 

Daily variation in TCO2 
In this study a standardbred racehorse that tested high for TCO2 by the ORC was brought to the Equine 

Research Centre (ERC) at the University of Guelph. The research questions were: 

1. Was a high TCO2 normal for this horse? 

2. Was there something in the diet (including supplements) that contributed to a high TCO2? 

3. How much did the TCO2 vary during the course of a day?  Surprisingly, nobody had done this 

type of research previously. I knew, from my experience in acid-base in other animals, that 

many factors affected TCO2 and that TCO2 can change markedly over time. 

On arrival at the ERC on the afternoon of the day preceding the actual study, the horse received a 

veterinary health check, and a catheter was inserted in a jugular vein so that blood samples could be 

taken at 1-hour intervals. The feeding regimen was maintained as it had at the training facility (three 

times daily) and the trainer / owner brought the same feeds (unopened bags) and hay (complete bales) 

that the horse normally consumed. Only the water and the environment were different. Only the 

researchers and barn security were allowed access to the horse for in excess of a consecutive 30-hours 

of time. Blood samples were analyzed on-site within 5 minutes of sampling using electrodes (Nova 

StatProfile, Nova Biomedical, Mississauga, ON). Calibrations and quality control checks were performed 

prior to the initial sample and at 6-hour intervals thereafter. 
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As can be seen in Figure 1 the first blood sample was taken at 7 am, just prior to the morning feeding. 

Feeding was associated with a sharp decrease in TCO2 and then the TCO2 oscillated around 37 for 8 

hours, i.e. until 4 pm. Afternoon feeding was at 1:30, and this did not result in an immediate decrease in 

TCO2 and TCO2 did not drop until 4:30 pm. TCO2 then rose and oscillated between 35 and 37 for the 

remaining 18 hours of the study. The highest TCO2 of 39.3 occurred at 11 am the morning of the 2nd day, 

4 hours after the morning feeding. The total time spent at a TCO2 at or above 37 was 12 hours. 

The oscillation of TCO2 shown in Figure 1 is normal for all animals that have been studied with frequent 

sampling time courses such as this one. Most studies only report the averages and standard errors from 

many horses, and the oscillations are completely lost when one does this. 

What is unusual about this horse is that the TCO2 was so high for such a long time. This is not normal. 

The horse was not dehydrated, did not have any issues eating drinking, urinating, defecating and no 

behavioural issues. One must conclude that a high TCO2 was ‘normal’ for that horse ‘at that time’. The 

reason(s) remain unknown. We have measured TCO2 as high as 43 in racehorses that have not been 

administered alkalizing agents, so while the TCO2 in this horse was high for some time, it was not 

surprising to us. 

 

Figure 1. Time course of change of total carbon dioxide (TCO2) in a Standardbred racehorse kept under 

controlled conditions for 40 hours. Source: Lindinger, MI, University of Guelph. 

In another study performed at the University of Guelph we studied 10 Standardbred horses that were 

not in training – these horses were part of the University’s research herd. They were studied in two 

conditions, with a one-month period between studies. In one condition the horses were fed twice daily 
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as normal (Figure 2), and in the 2nd condition (Figure 3). The results are presented as averages and 

standard errors – individual oscillations in horses are lost. The research as been published as (Amanda 

Waller et al., 2005, 2006). 

Three main points arise: 

1) TCO2 is not constant over time, rather it fluctuates by more than 10 mmoles / L over the course 

of a day in groups of horses; individual oscillations were sometimes greater. 

2) Some horses (designated as group 2 horses in Figures 2 and 3) showed more of a diurnal (effect 

of time of day) response than a feeding response. 

3) There is a clear feeding response when one compares the group 1 horses in figure 2 (fed at 6 am 

and 5 pm) with those in Figure 3 (feed with-held). 

 

Figure 2. The time course of plasma [TCO2]. Horses were fed immediately prior to the 0 and 11 h 

samples (dashed line). Solid square denotes Group 1 horses (n = 4); solid circle denotes Group 2 horses 

(n = 5). Values are mean + SE. Some error bars have been omitted for clarity. *, #, significantly different 

from 0 h for Groups 1 and 2, respectively. 
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Figure 3. The time course of TCO2. Feed was withheld for the 25 h sampling period. Four horses 

responded by maintaining a relatively stable TCO2 over time (squares) and 5 horses responded dropping 

the TCO2 (circles) for 8 hours and then remained stable with the exception of a uniform (all horses) 

increase 19 hours into the study (at 4 am).  ҉ denotes sunrise; the moon denotes sunset.  

*, #: significantly greater than the minimum value for Groups 1 and 2, respectively. From Waller et al. 

(2006). 

 

TCO2 is highly variable in racehorse populations 
A review of the literature shows a large range of natural variability in Standardbred racehorses: 

• Auer et al., (1993): TCO2 27-33; 192 horses in stable; Australia; * study flawed by obvious data 

manipulation – the manipulation is described in the paper → note the truncation of the normal 

distribution at 33 mmol/L. 
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Figure 4. From Auer et al. (1993) 

• Auer et al., 1993): TCO2 27-36; 61 horses on raceday, after bicarbonate testing implemented; 

Australia 

 

Figure 5. From Auer et al. (1993). 

 

Kallings & Persson (1994): TCO2 31.4 – 35.2; 6 trotters, Sweden 

Irvine (1992): HCO3 27-37; 205 trotters and pacers; New Zealand 

”data from a large group of horses under race day conditions in which there is reasonable assurance 

that no bicarbonate was given.” 

Lloyd et al., (1992): [HCO3
-] 25-33; 95 racehorses; Australia 

Soma et al., (1996): [HCO3
-] 24.6-33.6; 30 racehorses, Pocono Downs, nonrace day. 

Soma et al., (1996): [HCO3
-] 28.1-34.6; 30 racehorses, Meadows, nonrace day. 

Frey et al. 1995b: [HCO3
-] 33-36, mean = 34.5; 12 racehorses in controlled research trial; USA. Therefore 

TCO2 in 2 of these 12 horses would be between 37 and 38. 

Waller & Lindinger (2005): TCO2 of 30-39, mean 35; 13 standardbred racehorses on training days at 

rest, prior to exercise and after morning feeding. Conducted at Tom Rankin’s facility. 



FACTORS CONTRIBUTING TO (HIGH) TCO2 IN HORSES 

Michael I. Lindinger, PhD.  Feb. 2021 

8 
 

 

Figure 6. Circles are measured values; squares are values calculated from the independent acid-base 

variables. There is excellent agreement, demonstrating we can account for the main factors contributing 

to TCO2. From Waller and Lindinger 2005). 

 

Nostell et al., (2006): Blood from 5 trained Standardbred horses at rest was 32.6 mmoles, with a range 

between 30 and 35 mmol/L. 

Szucsik et al. (2006): In 10 untrained Standardbred horses the TCO2 averaged 35.5 mmol/L with a range 

from 33.5 to 37.5 mmol/L. 

Balaskonis et al. (2010): Using 10 standardbred horses, the TCO2 averaged 35 mmol/L with a range from 

33 to 37 mmol/L. 

Waller et al. (2010): On nonracing days, blood from 211 horses at rest, from 9 training facilities, was 

analysed on-site within 30 minutes of sampling. Range of TCO2 was 25.7 to 42.9. 
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Figure 7. Frequency distribution of plasma TCO2 in Ontario Standardbred racehorses at rest on non-race 

days. Data from 211 horses (Waller et al. 2010). 

 

Lehnhard et al. (2010): measured TCO2 in untrained Standardbred horses and reported average and 

TCO2 of 34.4 with a standard error of 1 using 10 horses, indicating a minimum range between 32.4 and 

36.4 mmol/L. A separate group of 17 trained Standardbred horses has an average TCO2 of 31.4 with a 

standard error of 1.9 mmol/L, indicating a minimum range from 27 to 35 mmol/L. 

Bergstrom et al. (2014): Measured within day and inter-day variability in plasma TCO2 in 8 horses, but 

sampled only 3 times daily, for 5 consecutive days. Individual TCO2 ranged as high as 6 mmol/L (26 to 32 

mmol/L) and the narrowest range was 3 mmol/L. The highest reported TCO2 was 34 mmol/L and the 

lowest was 26 mmol/L). 

Dirikolu et al. 2017: In this study the researchers studied 4 Thoroughbred horses, and sampled blood for 

TCO2 at one-hour intervals for 8 hours. Values averaged between 28 and 32 mmol/L with a standard 

deviation of + 3 mmol/L. Individual results were not reported. 
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Conclusion 
From these published, peer-reviewed, scientific research studies it is apparent that plasma [HCO3

-] and 

TCO2 have a wide range of ‘normal’ values within racing and non-racing populations of Standardbred 

and Thoroughbred horses. This range for TCO2, taken from normal horses across several studies and 

countries from the published literature, is 25 to 38 mmol/l. In Ontario racehorses, the normal range is 

24 to 39 mmol/l, with an average of 33 mmol/L. 

 

Factors affecting TCO2 concentration 
 

As described above, several researchers have shown that 1) some individual horses have naturally high 

TCO2 levels and 2) the natural TCO2 level of an individual horse rises and falls cyclically over the course 

of a day, week, month, etc. In addition to feeding and diurnal variation (Lindinger et al., 2004; Waller et 

al., 2005, 2006), let us briefly examine other potential causes of altered TCO2. 

 

TCO2 readings high enough to constitute violations may be caused by a number of reasons other than 

the purposeful administration to the horse of a drug, including the following: 

1. ambient environment; 

2. exercise, recovery from exercise, sweating and dehydration; 

3. problems with renal function; 

4. shallow breathing, a number of respiratory or lung problems; 

5. anaemic horses have high TCO2 levels; 

6. diet, including some feeds normally given to most race horses; 

7. ingestion of citrates, phosphate and other electrolytes in feeds and feed supplements; 

and 

8. administration of Lasix, a diuretic drug causing dehydration, which horses are allowed to 

take in some racing jurisdictions. 

 

Furthermore, the procedures involved in testing for the administration of an alkalizing agent are 

potential sources of error that have contributed to falsely high values of TCO2 (false positives; Foreman 

& Foreman, 2014). Foremost among these are incorrect or inadequate calibration of the instrument 

used to measure TCO2 and mishandling of the blood samples. Also, blood samples for testing must be 

kept within a certain temperature and must be tested as soon as possible after being drawn.  Scientific 

research has revealed that tests done as soon as twelve hours after the blood was drawn are unreliable 

as TCO2 levels in the sample may significantly increase or decrease over this period. Results of tests 

performed more than 4 hours after sampling become increasingly unreliable. 
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Clinical and exercise physiology background 
Some researchers have attempted to justify the use of a single measurement, namely TCO2, as a means 

of positively and definitively identifying the administration of alkalinizing substances to racehorses 

(Lloyd et al. 1992; Irvine 1992; Auer et al. 1993).  However, there is by no means consensus amongst 

equine researchers with the majority advocating the need for multiple measurements and other 

controls (see below). Also, such a practice has not been adopted by agencies governing human sport and 

competition (International Olympic Committee, for example) for the reasons that stated above. 

In both the human and clinical and exercise physiology literature it is very well recognized and accepted 

that the causes of acid-base disturbances are complex (Constable, 1997; Johnson, 1995; Lindinger, 2004; 

Lindinger & Waller, 2008; Waller & Lindinger, 2005; Whitehair et al., 1995) and “there are always 

compensating changes”. It is inconceivable that a treating veterinarian or physician would rely on only 

one single acid-base measurement to make a definitive diagnosis of the cause(s) of the acid-base 

disturbance. Johnson (1995) states: “Interpretation of acid-base and blood gas analyses may be 

complicated by the co-existence of both respiratory and metabolic abnormalities. The differentiation 

between respiratory, non-respiratory (metabolic), mixed, and compensatory abnormalities of acid-

base requires an evaluation of a complete arterial blood gas / acid-base analysis, as well as a serum 

electrolyte profile and serum protein concentration.” In this context, Johnson uses the term ‘abnormal’ 

in the clinical sense and not within the context of exercise, recovery and imposed environmental 

conditions. The temperature of the horse of the time of blood sampling also affects blood acid-base 

status (Taylor et al., 1998) and “it is necessary to report the rectal temperature when submitting the 

sample” (Johnson 1995). And Carlson et al. (1992) notes: “there is an extremely close interrelationship 

between electrolyte and acid-base balance in the exercising horse … bicarbonate plays a central role in 

carbon transport and is not simply present to buffer the acid products of metabolism”. This area, and its 

application to performance horses, has been most recently reviewed by myself (Lindinger and Waller 

2021). 

 

Ambient environment 
A study by Frey et al. (1995b) on 7,267 blood samples from 2,278 horses, concluded that "the normal 

range limits for blood sodium, bicarbonate and pH used in prerace testing should be adjusted for 

ambient temperature … and prerace exercise." And "these adjustments should improve the precision 

of detecting illegal alkalogenic agents and incidence of false positive and false negative test results."  In 

their discussion, they state: "Assuming a standard distribution of blood pH, bicarbonate and sodium 

values within the population of Standardbreds being studied, the chances of obtaining a false positive 

for 'milkshakes' is about 8 out of every 100,000 samples. Horses under the normal population curve that 

are free of foreign substance and are 2 s.d. [standard deviations] above the mean are understandably 

the ones at greater risk. This group suggests that with adjustments for treatment with furosemide, pre-

race exercise and for ambient temperature, these horses stand a better chance of avoiding a false 

positive." 

 

The conclusions from Frey's study are consistent with the recent descriptions of the sensitivity to acid-

base responses to thermal changes in horses reported by Taylor et al. (1998). 
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Under warm, or warm and humid conditions, horses become dehydrated more easily due to increased 

frequency of rapid, shallow breathing (panting) and through sweating (Marlin et al. 1996; Marlin et al. 

1999; McCutcheon et al. 1999). The combination of a lack of fluid ingestion, exercise warm ups, altered 

respiratory and renal function resulting from exercise and progressive dehydration will conceivably lead 

to situations of increased bicarbonate retention and body CO2 storage, with elevated TCO2. 

 

Season, furosemide 
Heffron et al. (2014) analyzed data from 5,199 racehorses that competed at two tracks in Illinois. They 

demonstrated that sex of the horse, time of year, track temperature, and furosemide use all influenced 

the TCO2. TCO2 test results averaged 1 mmol/L higher in winter months than summer months, and 1.8 

mmol/L higher with Lasix use. Sutton et al. (2014) acknowledges that “TCO2 levels are related to natural 

processes”. These authors reported “a clear seasonal variation” in samples taken from racehorses in the 

area of Sydney, Australia. 

Cohen et al. (2006) analyzed data from 2349 Thoroughbred racehorses in California. They determined 

associations between TCO2 and the sex of the horse, class of the race, distance of the race, ambient 

weather conditions, furosemide and finishing place.  They concluded that: “Regulatory programs based 

on monitoring should consider the influence of other factors on TCO2 concentration”. 

 

Trained state 
Lehnhard et al. (2010) measured TCO2 in untrained Standardbred horses and reported average and 

TCO2 of 34.4 with a standard error of 1 using 10 horses, indicating a minimum range between 32.4 and 

36.4 mmol/L. A separate group of 17 trained Standardbred horses has an average TCO2 of 31.4 with a 

standard error of 1.9 mmol/L, indicating a minimum range from 27 to 35 mmol/L. Two days of rest from 

training had no effect on TCO2. 

 

Exercise, recovery from exercise, sweating and dehydration 
The interactive effects of a slow, progressive dehydration on the time course of acid-base status during 

recovery need to be considered. However, such effects have not been specifically studied. Also, Frey’s 

(1995a) study was conducted under cool conditions (4-10oC) on horses in otherwise controlled 

conditions.  Studies of high intensity exercise in humans (Lindinger et al. 1992) and horses (Waller et al. 

2005) show that complete recovery of acid-base status may require in excess of 90 minutes. While 

recovery processes have not been well studied in horses, it is probable that adequate recovery from 

warm-ups, in dehydrated horses, may require in excess of 1 hour. 

 

Physiological changes in renal function 
It is not unusual to withhold feed and water during race day, even when trailoring, after trailoring and 

after breezing. This practice will lead to a slow, progressive dehydration resulting from water losses 

occurring through ventilation, sweating and the kidneys (Hodgson et al. 1994). Dehydrated horses show 
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reduced renal activity with increased retention of bicarbonate that will result in an increase in TCO2. 

There are also mild renal dysfunctions that may contribute to CO2 retentions, yet not be sufficiently 

severe (i.e. go undetected) to impair the horses ability to train and race. 

 

Shallow breathing, or any of a number of respiratory or lung problems 
It is well accepted in the clinical literature that sub-clinical obstructions of the airways are not unusual 

amongst racehorses, and that these can contribute to increased CO2 retention and elevate TCO2 (see 

Lindinger 2004). 

 

Anemic horses have high TCO2 levels 
The point here is that TCO2 increases as the degree of anemia increases. It is therefore conceivable that 

even mild anemia, in combination with one or more of the factors described above, will produce a TCO2 

of greater than 37 mmol/l in a horse not administered any alkalinizing agents. 

 

Diet, including some feed and other natural items inadvertently ingested 
It is recognized that feeding of the horse is the horseman’s responsibility, and there are systematic 

effects of diet on acid-base balance and TCO2 they need to know. Several studies have examined the 

effects of dietary cation-anion balance (DCAB) on various physical and physiological parameters of 

performance horses (see Waller et al 2004 for review), and acid-base balance has been partially 

characterized (Waller et al 2005b, 2006; Kauffman et al. 1999). The pasture horses in Kauffman’s study 

were not on a particularly high DCAB yet showed elevated TCO2. Also, the absence of increased TCO2 

seen with horses with a DCAB diet of 307, compared to 110 (controls) in Cooper et al.’s  study (Cooper 

et al., 1998) is surprising in view of the well known decrease in pH and bicarbonate in horses fed low 

DCAB diets (Baker et al., 1993; Stutz et al., 1992). Feeding results in a transient decrease in TCO2 and, in 

some horses, TCO2 increases to above pre-feeding levels (Bergstrom et al., 2014; Waller et al., 2005). 

In Popplewell et al.’s study (Popplewell et al., 1993), horses on a high DCAB (295), versus control (DCAB 

= 95), had a significantly elevated bicarbonate (by about 3 mmol/l) both at rest and 1 hour after short-

term (less than 3 minutes) high-intensity exercise. 

 

Ingestion of citrates, phosphate and other electrolytes in feeds and feed supplements 
Electrolyte supplements can be used to increase DCAB and, in these situations, as described above, 

increases in TCO2 may be expected. It is not unusual to supplement diets with potassium in areas where 

forage potassium contents are low, such as in the north east USA (personal communication - Don 

Kapper, Buckeye Feed Mills, Inc., Dalton, Ohio). Dietary supplementation of potassium as a phosphate or 

acetate would increase DCAB. 
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Excitement / Transport 
The effects of excitement have not been well studied. Irvine (1992) reports no data, and Slocombe et al 

(1995) tried to simulate excitement by injection of adrenaline. More germaine to this issue is what 

happens with acid-base state as the ‘excitement’ subsides and respiration rates slow. The answer to this 

question is not known. 

Slocombe et al’s (1995) transportation data are based on blood samples taken at 12 hour intervals. The 

duration, mode of transport, environmental conditions are also not reported. It is noted that TCO2 was 

modestly increased immediately after arrival, but this was not monitored over the critical 3-6 hour time 

frame to determine the nature of this increase in TCO2. 

 

Race day influences 
In the Standardbred horse being prepared on race day, a number of factors may contribute to altered 

acid-base state, including altered / reduced feeding in the morning, withholding of feed for the 

remainder of the day, withholding of water after the morning feeding, trailoring the horse to the track, 

and one or more warm ups prior to the race, and handling of the horse to obtain a blood sample. Each 

of these practices alone is sufficient to produce acid-base disturbances, let alone the combined effects 

of this sequence. On top of this, one may add the effects of the ambient environment which has marked 

effects on fluid and electrolyte balance, particularly when combined with exercise (Frey et al. 1995; 

Lindinger et al. 1995; Harris et al. 1995; Marlin et al. 1999; Lindinger et al. 2000b). 

Horses are typically breezed at the track, repeatedly, prior to being cooled down in preparation for the 

race. Gary Carlson, an imminent equine clinician and physiologist, notes “tremendous amounts of CO2 

are generated in the working muscles of horses exercising at maximal intensity. While venous PCO2 may 

become spectacularly high with marked differences between arterial and venous PCO2, most of the CO2 

carbon is transported in the venous circulation as bicarbonate” (Carlson et al.1992). Much of the CO2 

produced during exercise is ‘stored’ in the body through various biochemical reactions (Clode et al. 

1965) and slowly released during recovery. If the rate of CO2 elimination by the lungs is slowed, for any 

reason, blood TCO2 may remain elevated for extended periods. Stressful conditions, elevated 

temperature and humidity may produce shallow panting in horses (Marlin et al. 1996, 1999) with 

reduced rates of elimination of CO2. This produces what is known as a ‘respiratory acidosis’ with a 

compensatory response of increased plasma bicarbonate and TCO2 (Whitehair et al. 1995; Corley and 

Marr 1998). I have race track data that supports this scenario, where, upon looking past the TCO2 / 

bicarbonate the remainder of the acid-base profile (pH and PCO2), let alone the electrolyte profile, 

absolutely refutes administration of an alkalinizing substance. 
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Equipment 
In a recent study (Foreman & Foreman, 2014) analyzed 24,000 results from racing jurisdictions in New 

York, Maine and California. They concluded that day-to-day instrument variability significantly 

contributed to positive plasma TCO2 test results. 
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