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Abstract
Purpose An inter-method variation experiment to evaluate visible spectrophotometric methods for determining carboxy-
hemoglobin (CO-Hb) in blood was performed in 17 different forensic science laboratories.
Methods Three reference samples were prepared and the actual percentages of CO-Hb (%CO-Hb) in reference samples 
were determined with gas chromatography. The %CO-Hb values in reference samples were measured via four procedures: 
(1) the “Standard method of chemical analysis in poisoning 2017” (edited by the Pharmaceutical Society of Japan), (2) the 
isosbestic point method (developed by the Department of Forensic Medicine, Kagawa University), (3) the alkaline condition 
method, and (4) ISO 27368 with a slight modification.
Results Procedures (1) and (2) gave results approximately the same as the actual values in low-%CO-Hb samples, but both 
methods underestimated %CO-Hb levels in blood samples with high %CO-Hb. Using a formula reported by Katsumata et al., 
procedure (3) overestimated %CO-Hb levels in blood samples with low %CO-Hb, while using the modified formula, gave 
underestimates in all samples. Procedure (4) gave %CO-Hb values relatively close to the actual values. Thus, an accuracy 
evaluation test was performed for this procedure and the values obtained were close to the actual CO-Hb content levels.
Conclusions Procedure (4) was considered sufficiently accurate and thus recommendable for use in forensic science 
laboratories.

Keywords Carboxyhemoglobin · Carbon monoxide · Blood · Spectrometric · Gas chromatography

Introduction

Many poisoning accidents caused by carbon monoxide (CO) 
have occurred in Japan, and a total of 2008 accidents were 
reported to the National Research Institute of Police Sci-
ence (NRIPS) in 2016 [1]. Charcoal burning was frequently 
used as a means of suicide in the 2000s [2], and the highest 
number of CO poisoning cases since the first annual report 
(in 1957) reached 4963 in 2005 [3]. Although CO poisoning 
accidents have decreased recently, the relative number of 
CO poisoning cases is still much higher than those of other 
toxic compounds. Thus, it is very important to examine CO 
poisoning cases in forensic science laboratories.

CO poisoning is caused by an abrupt increase in blood 
carboxyhemoglobin (CO-Hb) produced by CO bound to 
hemoglobin. The degree of CO poisoning is related to the 
CO-Hb concentration in blood [4, 5]. Hence, the relative 
concentration of CO-Hb to whole hemoglobin (CO-Hb 
saturation; %CO-Hb) is measured to estimate the degree 
of CO toxicosis. Many spectrophotometric methods have 
been reported for measuring %CO-Hb, including measure-
ments of absorption at the Soret band [6, 7], measurements 
of absorption at the α and β bands in the presence of a reduc-
ing agent [8–12], and the use of commercially available oxi-
meters [13, 14]. Currently, methods based on measuring the 
difference in the visible spectrum (α and β band) between Hb 
and CO-Hb in the presence of a reducing agent are mainly 
used in forensic science laboratories in Japan.

Several different procedures for this visible spectropho-
tometric method based on α and β bands have been reported 
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to date. These procedures differ in parameters such as wave-
length, composition of the reaction mixture, and calculation 
formula. We have reported the results of a comparison of 
several procedures previously reported in Japan [15]. These 
experiments were performed as inter-laboratory proficiency 
tests in consideration of proposing an universal procedure 
independent of laboratory skill level. As a result, these pro-
cedures gave different values for %CO-Hb, but we could not 
estimate their accuracy, because we could not determine in 
advance the exact %CO-Hb values of the test blood samples 
used in the study. Thus, we considered that an evaluation 
of the procedures with reference to the %CO-Hb values 
obtained from a gas chromatography (GC) method [16] was 
required. An inter-method variation experiment to evaluate 
the four procedures was performed to assess their accuracy 
in 16 forensic science laboratories using three blood sam-
ples with different %CO-Hb values determined by GC. An 
accuracy evaluation test was then performed in 17 forensic 
science laboratories against the most suitable procedure 
selected through the inter-method variation experiment.

Materials and methods

Materials

Intravenous blood samples were drawn from 10 healthy vol-
unteers (9 men and 1 woman, including 1 smoker and 9 non-
smokers) at the NRIPS into tubes containing ethylenediami-
netetraacetic acid as an anticoagulant. The volunteers were 
in their 50s (n = 3), 40s (n = 2), 30s (n = 3), and 20s (n = 2).

Standard CO gas and oxygen gas (both 99.9% purity) 
were purchased from GL Sciences (Tokyo, Japan). Sodium 
dithionite (practical grade), purchased from Wako Pure 
Chemical Industries, Ltd. (Osaka, Japan), was subdivided 
into small tubes and tightly stoppered until use. This reagent 
was sent to each laboratory for use in the tests. Potassium 
hexacyanoferrate (III), potassium dihydrogenphosphate, 
potassium cyanide, sodium carbonate anhydrate, and sodium 
hydroxide (all guaranteed reagents) were purchased from 
Wako Pure Chemical Industries, Ltd. Saponin (1st grade) 
was purchased from Kanto Chemical (Tokyo, Japan).

Preparation of test samples

In the inter-method variation experiment, test samples for 
evaluating the procedures were prepared as follows. The 
blood samples from donors were pooled and 10 mL of CO 
gas was gently bubbled into 25 mL of the pooled sample 
9 times. This blood sample and the residual pooled blood 
sample were mixed at the following ratios: sample A, 4:25; 
sample B, 11:17; and sample C, 1:0. The %CO-Hb val-
ues of these three samples were determined using GC as 

described in the section “Determination of %CO-Hb by 
GC” below. Because the blood samples from nonsmoking 
donors were regarded as containing almost 0% CO-Hb, 
the blood from only nonsmokers was pooled to prepare 
“sample O” as described in the section “Spectrophotomet-
ric procedure for the determination of %CO-Hb in a blood 
sample” below. These four samples were immediately fro-
zen at −30 °C after preparation and sent to each laboratory 
under refrigeration.

The test samples for the accuracy evaluation test were 
prepared as follows. CO gas (40 mL) was introduced into 
7 mL of the pooled blood. This blood sample and the blank 
pooled blood sample were mixed at the following ratios: 
sample L (low), 1:11; sample M (medium), 1:2; sample 
H (high), 4:1.

The test samples were prepared at the NRIPS.

Determination of %CO‑Hb by GC

CO analysis was performed by GC with barrier dis-
charge ionization detection [16]. Determination of CO 
in the blood samples was performed using the method of 
Seto et al. [17] with slight modification. Blood samples 
(0.1 mL) were added into screw-cap septum vials (9.0 mL, 
GL Sciences) with the same volume of 20% (w/v) potas-
sium hexacyanoferrate (III) containing 5% (w/v) saponin, 
and 0.8 mL of distilled water to adjust the total volume to 
1.0 mL. Vials were immediately sealed, capped tightly, 
and incubated for 90 min at 30 °C. Next, 0.1 mL of gas 
from the headspace in the vial was injected by using a gas-
tight syringe into a gas chromatograph (Shimadzu Tracera; 
Shimadzu Corporation, Kyoto, Japan) with a molecular 
sieve 5A mega-bore capillary column (30 m × 0.53 mm, 
film thickness 50 μm; Restek, Bellefonte, PA, USA). The 
carrier gas was helium (flow rate: 4.4 mL/min). The injec-
tor temperature was 250 °C, and the samples were injected 
in the split injection mode (split ratio 1:7). The column 
oven temperature was held at 100 °C and the detector tem-
perature was 280 °C.

The %CO-Hb was calculated from the CO concentration 
in the headspace (8.0 mL) and the concentration of heme 
in the blood samples [16]. Heme in the blood sample was 
determined via the cyanmethemoglobin method [12, 18]. 
Potassium hexacyanoferrate (III) (25 mg), potassium dihy-
drogenphosphate (3.5 mg), and potassium cyanide (1.25 mg) 
were added to diluting reagent (25.0 mL), and 0.1 mL of a 
blood sample was added. After 15 min, A540 was measured 
and the heme concentration was calculated based on ε540 
(11.0 mM−1 cm−1) [19]. All measurements were performed 
in triplicate.
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Spectrophotometric procedure 
for the determination of %CO‑Hb in a blood sample

We evaluated four procedures for the determination of 
%CO-Hb as described below. Because two different for-
mulae were proposed for procedure (3), the analysts used 
both formulae and submitted both sets of results.

1. Procedure described in the “Standard Method of Chemi-
cal Analysis in Poisoning 2017” (edited by the Pharma-
ceutical Society of Japan) [12] 

 (i) Sample O was diluted 200-fold with 0.1% (w/v) 
 Na2CO3.

 (ii) Sodium dithionite (5 mg) was added to 5 mL of 
the diluted sample O solution.

 (iii) After 15 min, absorbances at 538 nm (A538) and 
555 nm (A555) were measured and the A538/A555 
value (A0) was calculated.

 (iv) CO gas (5 mL) was introduced into this solution.
 (v) A538 and A555 were measured and the A538/A555 

value (A100) was calculated.
 (vi) Samples A, B, and C were diluted 200-fold with 

0.1% (w/v)  Na2CO3.
 (vii) Sodium dithionite (5 mg) was added to 5 mL of 

each diluted solution.
 (viii) A538 and A555 were measured and the A538/A555 

value (Ax) was calculated.
 (ix) %CO-Hb was obtained by the formula described 

below.

2. Procedure measuring isosbestic point [15] 

 (i) Samples A, B, and C were diluted 200-fold with 
0.1% (w/v)  Na2CO3.

 (ii) Sodium dithionite (25 mg) was added to 10 mL 
of each diluted solution.

 (iii) A539 and A579 were measured and the A539/A579 
value (Ax) was calculated.

 (iv) %CO-Hb was obtained by the formula described 
below.

3. Procedure under alkaline conditions reported by Kat-
sumata et al. [8] 

 (i) Sodium dithionite (2 mg) was added to 2.5 mL 
of 0.1% (w/v)  Na2CO3.

(1)
%CO-Hb =

(

A
x
− A

0

)

∕
(

A
100

− A
0

)

× 100

(2)%CO-Hb = 208.5A
x
− 232.2

 (ii) Samples A, B, or C (each 10 μL) and 0.2 mL of 
5 M NaOH were added to this solution.

 (iii) After 5 min, A532 and A558 were measured and 
the A558/A532 value (Ax) was calculated.

 (iv) %CO-Hb was obtained by the formulae 
described below.

   Katsumata’s formula [8]:

   Modified Katsumata’s formula [15]:

4. ISO 27368 procedure [9] with a slight modification

 (i) Sample O (15 μL) was diluted with 3 mL of 
0.1% (w/v)  Na2CO3 and 10 mL of oxygen gas 
was introduced into this solution by bubbling 
for 5 min with occasional shaking.

 (ii) To this solution, 30 mg of sodium dithionite was 
added. Immediately, A540 and A579 were meas-
ured and the A540/A579 value (A0) was calculated.

 (iii) Sample O (15 μL) was diluted with 3 mL of 
0.1% (w/v)  Na2CO3, and 5 mL of CO gas was 
introduced into this solution for 1 min.

 (iv) To this solution, 30 mg of sodium dithionite was 
added. A540 and A579 were immediately meas-
ured and the A540/A579 value (A100) was calcu-
lated.

 (v) Samples A, B, and C (each 15 μL) were diluted 
with 3 mL of 0.1% (w/v)  Na2CO3.

 (vi) Sodium dithionite (30 mg) was added to this 
solution.

 (vii) A540 and A579 were immediately measured and 
the A540/A579 value (Ax) was calculated.

 (viii) %CO-Hb was obtained by the formula described 
below. 

Oxygen gas volume required to provide 0% CO‑Hb 
from control blood

When oxygen gas was introduced into the blood to prepare 
the 0% CO-Hb sample, the required volume of oxygen gas 
should depend on the initial CO-Hb percentage of the blood. 
Thus, we examined the oxygen gas volume required to pro-
vide 0% CO-Hb using various blood samples. The respec-
tive blood samples (15 μL) were diluted by 3 mL of 0.1% 
(w/v)  Na2CO3. Three blood samples, namely, the smoker’s 
blood (%CO-Hb ~ 3%), samples M, and sample H, were 
used in this examination. Various volumes of oxygen gas 

(3-1)%CO-Hb =
(

2.44 − A
x

)

× 67

(3-2)%CO-Hb =
(

2.30 − A
x

)

× 75.6

(4)
%CO-Hb =

(

A
x
− A

0

)

∕
(

A
100

− A
0

)

× 100
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were bubbled through each diluted blood solution at 2 mL/
min. The concentrations of CO-Hb in the oxygen-introduced 
blood solutions were measured by procedure (4). All assays 
were performed in triplicate.

Inter‑method variation experiment

The inter-method variation experiment for evaluation of the 
procedures was performed at 16 forensic science laborato-
ries in Japan (Hokkaido Hakodate area Police Headquarter 
(H.Q.), Aomori, Miyagi, Ibaraki, Gunma, Chiba, Yama-
nashi, Shizuoka, Toyama, Fukui, Okayama, Yamaguchi, 
Kagawa, Nagasaki and Kagoshima Prefectural Police H.Q., 
and the NRIPS). The analysts at each laboratory determined 
the %CO-Hb of samples A, B, and C using the four proce-
dures described above. All assays were performed in tripli-
cate. The analysts were not informed of the actual %CO-Hb 
of the test samples.

The spectrophotometers used at each laboratory was as 
follows: a V-660 UV–visible spectrophotometer (JASCO 
Corporation, Tokyo, Japan) was used at the NRIPS, a 
UV-1800 UV–visible spectrophotometer (Shimadzu Corpo-
ration, Kyoto, Japan) was used at Miyagi Prefectural Police 
Headquarters, and V-630 UV–visible spectrophotometers 
(JASCO Corporation) were used at the other laboratories.

Accuracy evaluation test

The accuracy evaluation test was performed only for pro-
cedure (4); it was performed by 17 forensic science labora-
tories in Japan (16 forensic science laboratories described 
in “Inter-method variation experiment”, plus Saitama Pre-
fectural Police H.Q.). The analysts of each laboratory also 
determined the %CO-Hb of samples at the L, M, and H 
concentrations by procedure (4) described above. All assays 
were performed in triplicate.

The spectrophotometers used at each laboratory were 
the same as those described in “Inter-method variation 
experiment”.

Results

%CO‑Hb levels in the test samples determined by GC

The actual %CO-Hb levels of the samples used in this study 
were measured by GC. The concentrations of CO liber-
ated from 0.1-mL samples were determined. The %CO-
Hb levels were calculated from CO concentrations and the 
concentrations of heme in the blood samples. The %CO-
Hb levels of samples O (nonsmokers), A, B, and C were 
1.4 ± 0.0, 7.5 ± 0.2, 26.6 ± 1.7, and 77.6 ± 4.1%, respec-
tively. The %CO-Hb levels of samples L, M, and H for the 

accuracy evaluation tests were 14.4 ± 0.3%, 36.5 ± 3.0%, and 
67.3 ± 5.3%, respectively.

Results of the inter‑method variation experiment

The results of the inter-method variation experiment are 
shown in Fig. 1. All data reported from the laboratories were 
plotted in this figure, and crosses indicate mean values. The 
%CO-Hb levels determined by GC were used as reference 
values.

Procedures (1) and (2) gave values close to the reference 
values for samples A and B, but both methods clearly under-
estimated %CO-Hb for sample C.

Procedure (3-1) (Katsumata’s formula) gave an over-
estimate for sample A, which had a low concentration of 
CO-Hb. However, the procedure gave values that were close 
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Fig. 1  Results of carboxyhemoglobin (CO-Hb) measurements of the 
test samples. All results from 16 laboratories were plotted. Crosses 
indicate mean values and the dotted line indicates the reference value 
[obtained by gas chromatography (GC)]. a Sample A; b sample B; c 
sample C. Details of procedures (1)–(4) and GC were described in the 
text
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to the reference values for sample B and underestimates for 
sample C. The values obtained by procedure (3-2) (modified 
Katsumata’s formula) were underestimated in all samples.

Procedure (4) gave overestimates for sample A; how-
ever, the values derived for samples B and C were almost 
the same as and slightly lower than the reference values, 
respectively. Of the four procedures tested in this study, this 
procedure gave %CO-Hb values that were relatively similar 
to the actual values.

Taking note of data dispersion, the data points calculated 
by procedure (4) were most widely spread out. In contrast, 
the results calculated by procedure (1) showed the least dis-
persion (Fig. 1).

The %CO-Hb levels measured by spectrophotometric pro-
cedure and the reference values (GC) are plotted Fig. 2. If 
the measured values and reference values are identical, the 
plotted line should overlap the dotted line in the figures. Pro-
cedures (1) and (2) gave nearly correct values in low-CO-Hb 
samples, but the measured values tended to diverge from the 
reference values in high-CO-Hb samples. In procedure (3), 
Katsumata’s formula (3-1) gave overestimates in low-CO-Hb 
samples, but underestimates in high-CO-Hb samples. On the 
other hand, the values obtained by the modified Katsumata’s 
formula (3-2) were underestimated. Procedure (4) gave the 

values close to the actual values, except for the values of 
low-CO-Hb samples.

To evaluate these procedures, we calculated the square of 
the difference between the CO-Hb content measured spec-
trophotometrically and the CO-Hb content determined using 
GC (Table 1). The values obtained from procedure (4) were 
more accurate than those obtained by the other procedures.

Oxygen gas volume required to provide 0% CO‑Hb 
in various blood samples

Figure 3 shows the relationship between the initial CO-Hb 
concentration and the necessary oxygen gas volumes needed 
to provide 0% CO-Hb. Oxygen gas (80 mL) reduced the 
CO-Hb concentration from 62 to 3%, but could not eliminate 
it completely. In the 38% CO-Hb sample, 45 mL of oxygen 
gas was not enough to eliminate CO-Hb completely. How-
ever, 3% CO-Hb was reduced to 0.1% by 10 mL of oxygen 
gas. This result showed that it is difficult to prepare nearly 
0% CO-Hb from a high percentage CO-Hb blood sample. If 
the initial %CO-Hb of blood sample was lower than 3%, a 
nearly 0% CO-Hb sample could be obtained by introducing 
oxygen gas.

Fig. 2  %CO-Hb measured by 
spectrophotometric proce-
dure versus reference values 
obtained by GC. The results of 
procedures (1)–(4) are shown 
in each panel. In procedure 
(3), two results are indicated 
as obtained by Katsumata’s 
equation (opened circle) and 
modified Katsumata’s equation 
(filled circle). The averages of 
the results from 16 laboratories 
were plotted and the error bars 
indicate standard deviations. If 
a measured value and reference 
value are identical, the plotted 
line should overlap the dotted 
line
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Results of accuracy evaluation test

Because the values obtained by procedure (4) were more 
accurate than those obtained by the other procedures, we 
attempted to perform the test again to confirm the accuracy. 
The results of the accuracy evaluation test are shown in 
Fig. 4 and Table 2. Values close to the actual CO-Hb con-
tent levels were obtained by procedure (4) in the second test 
(accuracy evaluation test). Compared with the result of the 
first test (inter-method variation experiment), the accuracy 
and deviation were improved in the second test. To evaluate 
this procedure, we calculated the square of the difference 
between the CO-Hb content measured spectrophotometri-
cally and the CO-Hb content determined using GC.

Discussion

Procedures (1) and (4) calculated the %CO-Hb levels based 
on positive (100% CO-Hb) and negative (0% CO-Hb) con-
trol values. In procedure (1), blood taken from nonsmokers 
was used as a negative control. Because the blood of non-
smokers has been reported to contain 1.22% [20], 1.5% [21], 
1.6% [15], and 2% [5] CO-Hb, the CO-Hb concentration of 
this negative control sample is not strictly 0%. On the other 
hand, in procedure (4), oxygen gas was introduced into the 
negative control sample in order to prepare a 0% CO-Hb 
sample (Fig. 3). Therefore, we thought that procedure (4) 
may give more accurate values than procedure (1). In the 
original procedure of ISO 27368 [9], the test sample was 
diluted, and the diluted solution was divided to three tubes. 
Oxygen gas was introduced into one of the three tubes to 
give 0% CO-Hb, and CO gas was introduced into another 

tube to provide 100% CO-Hb. The third tube was not treated 
with any gas before the CO-Hb concentration was measured. 
In this case, the necessary oxygen gas volume to provide a 
0% CO-Hb solution should depend on the initial CO-Hb 
concentration of the test sample. However, the CO-Hb con-
centration of a test sample is, of course, unknown. As shown 
in Fig. 3, we needed a larger volume of oxygen gas to reduce 
the concentration of CO-Hb in the high-CO-Hb blood to 
nearly 0%. Furthermore, 10 mL of oxygen gas was enough to 
reduce a 3% concentration of CO-Hb to 0.1%. Therefore, we 
considered that the blood of nonsmokers (CO-Hb concentra-
tion lower than 2% [5, 15, 20, 21]) was able to be converted 
to nearly 0% CO-Hb by bubbling of 10 mL of oxygen gas. 
We recommend preparing 0% and 100% CO-Hb for calibra-
tion standards from the blood of a nonsmoker.

Procedure (4) gave %CO-Hb values relatively close 
to the actual values at first test, but standard deviation 
(SD) of data obtained was large (Fig. 2). However, the 
SD became smaller for the second test (Fig. 3). Focus-
ing on the dispersion of the measurement values, A0, A100 
and Ax, only A100 value gave remarkable large dispersion 
flor the first test (data not shown). Because procedure (4) 
calculates the %CO-Hb levels of unknown sample based 
on A0 and A100 values, A100 value should affect the %CO-
Hb value of an unknown sample. Procedure (4) may be 
little bit complicated, compared to the other procedures 
which have been examined frequently in the forensic sci-
ence laboratories, and has been tried by the laboratories 
for the first time. So the large dispersion may be due to 
the untrained operation of this newly examined procedure. 
The dispersion of A100 value became smaller for the sec-
ond test; thus, we thought that the SD of %CO-Hb was 
improved by improved technical operation.

Table 1  Differences between the measured content and actual content of carboxyhemoglobin (CO-Hb) of three samples, comparing several pro-
cedures in an inter-method variation experiment

Procedure (1): “Standard method of chemical analysis in poisoning” (edited by the Pharmaceutical Society of Japan)
Procedure (2): isosbestic point method (developed by Kagawa Univ. Department of Forensic Medicine)
Procedure (3-1): alkaline method (reported by Katsumata et al.)
Procedure (3-2): modified alkaline method
Procedure (4): modified ISO 27368
SD standard deviation
a The actual content of CO-Hb was determined by gas chromatography (GC)

Sample (actual con-
tent of CO-Hba)

Difference (measured content – actual content)

Procedure (1) Procedure (2) Procedure (3-1) Procedure (3-2) Procedure (4)

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

Sample A (7.5%) 0.5 ± 1.5 2.0 ± 2.3 13.8 ± 2.3 −2.5 ± 2.5 3.7 ± 4.0
Sample B (26.6%) −3.0 ± 2.2 −2.7 ± 2.8 0.9 ± 2.0 −6.2 ± 2.3 0.1 ± 4.4
Sample C (77.6%) −6.4 ± 3.8 −9.1 ± 6.1 −9.1 ± 5.5 −10.8 ± 6.2 −4.1 ± 11.2
Σ(difference)2 50.2 94.1 274.1 161.3 30.5
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Equations for calculating CO-Hb concentrations are 
provided below for procedures (2) and (3).

The formula for procedure (2) was introduced from the 
ratio of optical density of two components at two wave-
lengths (Eq. 5) [22].

(5)
c
2

c
=

�
�2

(

�
�1

2
− �

�1

1

) ×
A
�1

A
�2

+
�
�1

1
(

�
�1

2
− �

�1

1

)

(c, total concentration of two components; c2, concentration 
of target component; λ1 and λ2, wavelengths for measure-
ments, λ2 is the isosbestic point; ε1 and ε2, extinction coef-
ficient of two components; Aλ1 and Aλ2, absorbance at λ1 
and λ2).

When Eq. 5 was applied to measure the ratio of CO-Hb 
in the blood sample by procedure (2), the wavelengths for 
the measurements were 539 nm and 579 nm (isosbestic 
point). The ratio of CO-Hb  (c2) to total Hb concentration 
(c) is indicated by Eq. 6.

(X, A539/A579 of unknown sample; X100% and X0%: A539/A579 
of the 100% and 0% CO-Hb sample, respectively).

Thus, a higher-precision measurement of X100% and 
X0% can give an accurate equation for the calculation of 
CO-Hb.

On the other hand, Katsumata’s equation (3-1) was 
introduced as follows [8]. When the percentage of CO-Hb 
in the blood sample is indicated by the equation Y (%CO-
Hb) = (a − A558/A532) × b, the constant a is identical to 
A558/A532 of 0% CO-Hb. The constant b is easily obtained 
from A558/A532 of 100% CO-Hb [8]. The constants of modi-
fied Katsumata’s equation (3-2) was reset as a result of 
reexamination. The results in this study indicated that 
the modified Katsumata’s equation (3-2) was improved to 
provide greater accuracy, but these values were not still 
accurate enough. The exact values of A558/A532 for 0 and 
100% CO-Hb are needed to introduce the correct equation.

In both procedures (2) and (3), the exact measured val-
ues of absorbance for 0% and 100% CO-Hb were necessary 
to introduce the correct equation. We considered that the 
preparation of absolute 100% and 0% CO-Hb samples is 
most important for that purpose. Further improvement of the 
equations is necessary to obtain measured values sufficiently 
close to the actual values.

As for the laboratory differences in reported values, a cer-
tain tendency was observed (data not shown). The number of 
the laboratories presenting more than two of three of %CO-
Hb values outside of the average ± SD within three concen-
tration samples in the respective procedures were 1, 3, 5, 5 
and 3 within 16 laboratories for the procedures (1), (2), (3-
1), (3-2), and (4), in the inter-method variation experiment, 
and 4 within 17 laboratories in the accuracy evaluation test. 
The different characteristics of the operation techniques and 
equipment in the laboratories may influence the above ten-
dency, but this tendency was not extreme. Really, there was 
no laboratory which presented results all outside of the aver-
age ± 2SD values in the respective procedures. Therefore, 
the %CO-Hb values are regarded to be randomly distributed, 
not depending on the laboratory difference.

(6)
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Fig. 3  Reduction of %CO-Hb with increasing volume of bubbled 
oxygen gas. Oxygen gas was bubbled through diluted blood sample 
solutions (3 mL) at 2 mL/min. Initial concentrations of CO-Hb were 
62 (filled diamond), 38 (filled triangle), and 3% (filled circle)

y = 1.017x - 0.0726
R² = 0.9938

0

20

40

60

80

100

0 20 40 60 80 100Sp
ec

tr
om

et
ric

 C
O

-H
b 

m
ea

su
re

m
en

t  
(%

) 

CO-Hb measured by GC (%) 

Fig. 4  Result of the accuracy evaluation test of procedure (4). Meas-
ured %CO-Hb values are plotted against actual %CO-Hb values 
obtained by GC. The averages of the results from 17 laboratories 
were plotted, and the error bars indicate standard deviation
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Conclusions

Procedure (1), the “Standard Method of Chemical Analysis 
in Poisoning 2017”, and procedure (2), the “isosbestic point 
method” (developed by Department of Forensic Medicine, 
Kagawa University), gave results close to the actual %CO-
Hb values from low-%CO-Hb samples, but both of these 
methods underestimated the %CO-Hb value from high-
%CO-Hb blood samples. Procedure (3) using the formula 
proposed by Katsumata gave overestimates for blood sam-
ples with low %CO-Hb, while using modified Katsumata’s 
formula, underestimated the values in all samples. Procedure 
(4), ISO 27368 with a slight modification, gave %CO-Hb 
values relatively close to the actual values. The results of 
the accuracy evaluation test showed again that procedure (4) 
gave results closest to the actual values.
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