








Technical Reports of the MRI, No. 57  2008 

- 13 - 

4.2  Perturbation of pHT caused by addition of saturated HgCl2 solution 

 The pHT measurements of 27 bottle samples collected from various depths at a given station took 

about 8 hours. If a sample is not sterilized, its pHT and its TCO2 could change owing to biological activity 

occurring prior to measurement. Therefore, bottle samples must be sterilized with saturated HgCl2 solution. 

However, the addition of saturated HgCl2 solution may affect pHT because of hydrolysis of HgCl2 and 

dilution of the sample. To evaluate the perturbation of pHT caused by the addition of HgCl2 solution and to 

correct for this perturbation empirically, we compared the pHT values of 14 pairs of samples taken from 

several ocean layers ranging from the surface to a depth of 794 m in the equatorial Pacific Ocean (from 

170° W to 165° W) during the cruise MR02-K06. Duplicate samples were collected at each depth, and 

different volumes of saturated HgCl2 solution (0.2 and 0.4 cm3) were added to each of a given pair of 

samples. 

 The injection of additional 0.2 cm3 saturated HgCl2 solution to each sample already containing 

0.2 cm3 saturated HgCl2 caused pHT changes (pHT(0.4) – pHT(0.2)) ranging from –0.0024 to –0.0003 (Fig. 

8, closed circles). These changes appeared larger for samples with higher pHT values, but the correlation 

was insignificant ( 2 = 0.17, p > 0.1). Therefore, we corrected for perturbation caused by HgCl2 addition by 

adding a constant value of 0.00123 (average of pHT(0.4) – pHT(0.2)) to measured pHT values. The cause of 

this perturbation is discussed later in Section 7.2. 

4.3  Storage of samples 

 We investigated whether it was possible to store seawater samples for pHT analysis for a period 

of a few months. To monitor the change in pHT of seawater samples stored in borosilicate glass bottles, we 

collected approximately 20 litters of surface water at 4° 10’ N, 156° 40’ E during the cruise MR02-K06. 

This large sample was subsampled into 30 borosilicate glass bottles 250 cm3 each and then sterilized with 

0.2 cm3 of saturated HgCl2 solution before being plugged with a greased ground-glass stopper. The sealed 

samples were stored at room temperature. The mean pHT for samples stored for 50 days was 8.1252 ± 

0.0011 (1 , n = 21; Fig. 9). There was no significant temporal change ( 2 = 0.06, p > 0.2). This result 

suggests that surface water samples can be stored for pHT analysis with a precision that is comparable to 

the repeatability of pHT measurements of samples without HgCl2 addition (±0.0011).  

 For deep-water samples, 42 pairs of duplicate samples were collected at layers ranging from the 

surface to a depth of 5104 m at 0°, 160° W during the cruise MR02-K06. One of the duplicate samples was 
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analysed within 15 hours after bottling (referred to as 

“asap”), and another was analysed 50 days later at a 

laboratory on land (referred to as “stored”). The 

changes in pHT ranged from –0.001 to +0.007 after 50 

days of storage (Fig. 10). The change in pHT was larger 

at 400–1500 m, where pHT was lower than 7.5. The 

negative correlation between the change in pHT (= 

pHT(stored) – pHT(asap)) and pHT(asap) (Fig. 10b) and 

the positive correlation between the change in pHT and 

pCO2 (Fig. 10c) suggest the possibility of CO2 gas 

exchange between ambient air and samples taken at 

depth, where pHT was lower than 7.5. A change in pHT

of +0.005 corresponds to a change in TCO2 of –4 mol 

kg–1 at constant TA. However, TCO2 values previously 

have been observed to remain unchanged when 

samples are stored by the method described here (Ishii 

et al., 2000). Since pCO2 is high in deep-water samples 

with lower pHT and higher TCO2 than those in 

near-surface seawater, CO2 could escape from 

deep-water samples during sampling and measuring 

processes. Further studies are needed regarding the 

storage of seawater for pHT analysis. 

Fig. 9 Time course of pHT of surface water samples 
stored in glass bottles with HgCl2. The mean (solid line) 
and the standard deviation (broken line) were 8.1252 
and 0.0011, respectively.

Fig. 10 Difference between the pHT values measured on 
board as soon as possible after water samples arrived on 
deck, pHT(asap), and after 50-day storage, pHT(stored), 
versus a) depth, b) pHT(asap) and c) pCO2 calculated 
from TCO2 and pHT(asap). 0.2 cm3 of saturated HgCl2 
solution was injected into each sample.
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4.4  Uncertainty in pHT measurements of bottle samples 

 The pHT values of bottle samples agreed reasonably with the values measured onboard. The 

precision of bottle sample measurements as estimated from duplicate sample measurements was 0.0011 

(Fig. 5 in Section 4). Taking into account the perturbation due to storage, the uncertainty of bottle sample 

measurements was 0.001 for surface waters (Fig. 9 in Section 4.3) and a maximum of 0.006 for deep waters 

(Fig. 10 in Section 4.3) over a period of 50 days. 

5.  Consistency of measured and calculated pHT values for CRMs and 
comparability of pHT data among several cruises 

 We measured pHT values of several batches of CRMs used as standards for TCO2 and TA 

analyses to investigate the consistency of pHT measurements obtained by means of our system with the 

calculated pHT values of CRMs certified for TCO2 and TA. Although the CRMs were not certified for pHT,

their pHT values could be calculated from the certified TCO2 and TA values because these values are stable. 

We compared our measured pHT values with the values calculated from the certified TCO2 and TA values 

of the CRMs using the dissociation constants of carbonic acid in seawater reported by Lueker et al. (2000). 

We adopted the dissociation constants of Lueker et al. (2000) for the following reasons:  

a) The fugacity of CO2 (fCO2) calculated from TCO2 and TA using these dissociation constants agreed 

well with measured values in the range up to 500 atm (Lueker et al., 2000).  

b) The dissociation constants of Lueker et al. (2000) are based on the data of Mehrbach et al. (1973). Lee 

et al. (2000) reported that fCO2 calculated from pHT and TCO2 using dissociation constants based on 

the data of Mehrbach et al. (1973) agreed well with measured fCO2 values. 

 The pHT values of CRMs measured during several cruises agreed well with pHT values calculated 

from the certified values of TCO2 and TA (Table 2). Although the difference between the measured and 

calculated pHT values for batch 65 was larger than for any other batch, this difference was within the range 

of experimental error (mean ±2 ). We concluded that the pHT values obtained by our measurement system 

were consistent with certified TCO2 and TA values and that the pHT measurements we obtained during the 

different cruises (in which different dye solutions and working standards were used) were comparable. 
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6.  Procedure to measure pHT with high comparability and precision 

 On the basis of our experimental results, we recommend the following experimental procedure 

for pHT measurements at sea and on land. CRMs should be measured at the beginning and the end of a 

cruise or a series of experiments. Working standards should be measured at the beginning and the end of 

each day of pHT measurements during a cruise. Prior to data collection during a cruise, we recommend 

making a property control chart of measured pHT values (SOP 22 in DOE (1994)) and calculating the mean 

and standard deviation from at least 12 data points obtained from working standards measurements. If a 

newly measured value is out of the range of mean ± 2 , an additional bottle of working standard should be 

analysed. If a couple of measured values are out of the range of mean ± 3 , another batch of working 

standards or CRMs should be analysed. If the results are out of the range of each mean ± 3 , the apparatus 

or reagents should be checked to determine the reason for discrepancy. The mean and standard deviation 

are updated by adding newly accepted data. 

 The following data processing method is recommended:  

1) pHT is calculated from spectrophotometric data by means of Eqs. (4) and (5). 

2) pHT should be corrected for the perturbation induced by the addition of dye and saturated HgCl2

solutions to the sample. Dye correction is expressed by the term R and expressed as a quadratic 

function of R1 (Eqs. (7) and (8)). The coefficients in equation (8) should be determined for each batch 

Experiment
periods

(ddmmyy) 

Apparatus Dye soln. 
batch

WS
batch

Batch 58 Batch 62 Batch 65 Batch 72 

140103-190303 1 784C V  7.9118 ± 0.0007 
 (2, 4) 

     

301003-111103 1 826C W   7.8760 ± 0.0011 
 (3, 8) 

170304-210404 1 826C W   7.8740 ± 0.0007 
 (3, 6) 

270804-100904 2 837C W,X   7.8747 ± 0.0007 a
 (1, 2) 

241004-271204 1 837C X   7.8709 ± 0.0014 
 (3, 6) 

180805-180805 2 957C X,Y   7.8747 ± 0.0005 a
 (1, 2) 

091105-290306 2 957C Y   7.8712 ± 0.0016 
 (3, 6) 

 7.9155 ± 0.0006 
 (2, 4) 

 7.9009 ± 0.0001 a
 (1, 2) 

130706-140806 2 957C Y,Z   7.8690 ± 0.0001 a
 (1, 2) 

 7.9079 ± 0.0001 a
 (1, 2) 

 7.8962 ± 0.0006 a
 (1, 2) 

131206-200107 2 957C, 
1058C

27     7.8949 ± 0.0022 
 (3, 7) 

 Whole period  7.9118 ± 0.0007 
 (2, 4) 

 7.8731 ± 0.0025 
 (16, 34) 

 7.9129 ± 0.0039 
 (3, 6) 

 7.8956 ± 0.0027 
 (7, 15) 

 Calculated from TCO2 and TA b  7.9119 ± 0.0010  7.8735 ± 0.0014  7.9189 ± 0.0015  7.8986 ± 0.0017 
 Measured – Calculated –0.0001 –0.0005 –0.0059 –0.0029 

a Mean ± standard deviation for the difference in analytical results between duplicate measurements.
b Means ± standard deviations of pHT calculated from certified values of TCO2 and TA using dissociation 
constants for carbonic acid in seawater reported by Lueker et al. (2000). 

Table 2 pHT of CRMs.
Mean ± standard deviation (bottles, measurements) during individual cruises
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of indicator solution. To correct for the perturbation caused by the addition of saturated HgCl2 solution, 

the constant value of 0.00123 is added to the pHT data of a sample that has been sterilized with HgCl2.

3) pHT measured at temperature t (°C) is normalized at temperature of 25.00 ºC by means of Eq. (9). 

7.  Discussion 
7.1  Standard deviation of pHT in reference materials 

 The averages and standard deviations of the pHT values of CRMs and working standards for a 

single cruise and for several cruises are listed in Tables 2 and 3, respectively. The standard deviations for 

working standards (0.0004–0.0059) during each cruise were on the whole larger than those for CRMs 

(0.0006–0.0022), except the values from duplicate measurements. The standard deviations were somewhat 

larger than the repeatability of bottle sample measurements described in Section 4.3 (0.0011). This result 

indicates that the CRMs and, in particular, working standards were somewhat inhomogeneous. Working 

standard batch W is likely to be more inhomogeneous than others, because the standard deviation of pHT

for working standard W was larger than that for working standard V and X, which was measured in the 

same periods of experiments with same apparatus (Table 3). If we exclude the results of working standard 

batch W, we can conclude that the repeatability of our measurements within a cruise or a series of 

experiments was better than 0.002.  

Table 3 pHT of working standards.
Mean ± standard deviation (bottles, measurements) during individual cruises

Experiment
periods

(ddmmyy) 

Apparatus Dye soln. 
batch

Batch V Batch W Batch X Batch Y Batch Z 

140103 –190303 1, 784C 7.7776 ± 0.0011 
 (43, 43) 

    

171003 –221003 1 826C 7.7756 ± 0.0015 
 (7, 9) 

7.8613 ± 0.0059 
 (7, 9) 

   

301003 –111103 1 826C 7.7810 ± 0.0025 
 (4, 4) 

7.8704 ± 0.0057 
 (40, 41) 

   

170304 –210404 1 826C  7.8640 ± 0.0038 
 (45, 45) 

   

270804 –100904 2 837C  7.8718 ± 0.0040 
 (3, 5) 

7.9576 ± 0.0020 
 (23, 27) 

300904 –011004 1 837C   7.9494 ± 0.0013 
 (6, 6) 

041004 –081004 2 837C   7.9550 ± 0.0020 
 (8, 11) 

241004 –271204 1 837C   7.9504 ± 0.0015 
 (31, 32) 

180805 –180805 2 957C   7.9550 ± 0.0004 
 (7, 7) 

091105 –290306 2 957C  7.9177 ± 0.0021 
 (93, 101) 

7.8356 ± 0.0013 
 (7, 7) 

130706 –140806 2 957C    7.9187 ± 0.0010 
 (5, 5) 

7.8348 ± 0.0021 
 (40, 40) 

131206 –200107 2 957C, 
1058C

   7.9169 ± 0.0001 a
 (2, 2) 

7.8358 ± 0.0021 
 (6, 6) 

 Whole period 7.7776 ± 0.0017 
 (54, 56) 

7.8667 ± 0.0061 
 (95, 100) 

7.9537 ± 0.0037 
 (75, 83) 

7.9177 ± 0.0021 
 (101, 109) 

7.8330 ± 0.0024 
 (54, 54) 

a Mean ± standard deviation for the difference in analytical results between duplicate measurements.

－ 17－



Technical Reports of the MRI, No. 57  2008 

- 18 - 

 In contrast, cruise-to-cruise differences were observed in the pHT measurements. The standard 

deviations in pHT measurements of CRMs for the whole period (0.0007–0.0039) were larger than those for 

each cruise (0.0006–0.0022) (Table 2). For example, the standard deviations of the pHT values in CRM 

batch 62 and in working standard batch X measured during the same cruises were 0.0025 and 0.0037, 

respectively. When we analysed the CRMs and working standards at the same time, both pHT values tended 

to change similarly. This result suggests that the variations of pHT were caused not by changes in the 

quality of the CRMs or working standards but by changes in the conditions of apparatus or indicator 

solutions. If we corrected the pHT values to reflect the amount of change we commonly observed for the 

CRM and working standard measurements, the standard deviation of the measured pHT values of working 

standard batch X decreased from 0.0037 to 0.0023; therefore we can expect to obtain more precise 

measurements than present measurements. However, there is no guarantee that we can apply this correction 

to the whole pHT range in seawater, because the pHT range of the CRMs or working standards was limited 

between 7.8 and 7.9. We would be able to confirm the possibility to correct for the cruise-to-cruise 

difference by measuring several sets of working standards with different pHT values. 

 For precise pHT measurements, it is important to satisfy the requirements for analyses of 

reference materials before measuring a series of samples, as described in Section 6. Our experimental 

results suggest that the procedure described here for analysing reference materials effectively enables us to 

obtain pHT measurements with an uncertainty of less than 0.003 during different cruises. 

7.2  Origin of the pHT perturbation caused by the addition of HgCl2

 To determine the reasons for the pHT decrease of –0.0024 to –0.0003 caused by the addition of 

HgCl2 solution (see Section 4.2), we calculated pHT from TCO2 and TA before and after addition of the 

HgCl2 solution. In this calculation, we took into account the effect of dilution and the effect of 

complexation of Hg2+ with OH– and with CO3
2– ions (see Appendix B for details). 

The result of this calculation supports the experimental results that the addition of HgCl2 solution 

reduced the pHT in seawater. The change in pHT calculated for the addition of 0.2 cm3 of saturated HgCl2

solution to 250 cm3 of seawater ranged from –0.0039 to –0.0015, depending on the combination of the 

values of TCO2 and TA of seawater (Fig. 8). These calculated results of the negative differences and the 

negative correlation to pHT were consistent with experimental results. Although the calculated results 

differed significantly from the experimental results at a 99% confidence level (p = 6 × 10–9), the magnitude 

of the calculated change in pHT was within the same order as that of the experimental data. A change in TA 
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(–3.8 mol/kg) due to hydrolysis of Hg2+ and HgCO3 formation corresponded to a change in pHT of 

–0.0025. Most of the experimentally observed changes in pHT caused by HgCl2 addition could be 

accounted for by the change in TA and dilution. The difference between experimental and calculated values 

might be derived from uncertainty in the stability constants of Hg2+ complexes. 

7.3  Internal consistency of CO2 system parameters 

 When we measure three of four parameters controlling the CO2 system (TCO2, TA, pHT and 

pCO2), we can examine each data point by comparing measured values and the one parameter calculated 

from the other two parameters (e.g., Lee and Millero, 1995; McElligott et al., 1998; Lee et al., 2000). We 

calculated pCO2 from measured pHT and TCO2 and compared the results with measured pCO2 using the 

calculation procedure described in DOE (1994). Various dissociation constants for carbonic acid, including 

those reported by Lueker et al. (2000), Mojica Prieto and Millero (2002), Roy et al. (1993), Dickson and 

Millero (1987), Goyet and Poisson (1989), Mehrbach et al. (1973) and Hansson (1973), were used for these 

calculations and were compared on the scale of pHT.

 The pHT, TCO2 and pCO2 values in 

surface water were measured simultaneously 

during the cruise MR02-K06. Seawater 

samples for onboard measurements of these 

three parameters were obtained from the same 

onboard pumping system. TCO2 was 

determined by the coulometric method 

described by Ishii et al. (1998) and calibrated 

with the same CRMs described above. pCO2

was measured by the method described by 

Inoue (2000) and was calibrated by the MRI87 

scale that is traceable to the WMO scale. 

 The difference between measured 

and calculated pCO2, pCO2 = pCO2
meas – 

pCO2
calc, ranged from –6 to +18 atm (< 4%), 

depending on the dissociation constants used 

(Fig. 11). The pCO2 value calculated with 

Fig. 11 Comparison of pCO2 values observed and 
calculated from measured pHT and TCO2 using dissociation 
constants for carbonic acid given by Mehrbach et al. 
(1973; diamond), Hansson (1973; bar), Dickson and 
Millero (1987; plus), Goyet and Poisson (1989; circle), 
Roy et al. (1973; triangle), Lueker et al. (2000; box) and 
Mojica Prieto and Millero (2002; cross).
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dissociation constants reported by Lueker et al. (2000) was in the middle of these differences. Taking into 

account the uncertainties of ±2 atm for pCO2
meas and ±2 atm for pCO2

calc derived from onboard 

measurements of pHT (±0.0002) and TCO2 (±2 mol kg–1), pCO2
calc calculated with dissociation constants 

reported by Lueker et al. (2000) was approximately equivalent to pCO2
meas.

 Lee et al. (2000) reported that pCO2 and TA calculated from measured TCO2 and pHT showed the 

best agreement with measured values when the dissociation constants of Mehrbach (1973), which were 

given as functions of temperature and salinity by Dickson and Millero (1987), were used. In the study of 

Lee et al. (2000), the difference in fugacity, fCO2 = fCO2
meas – fCO2

calc, was +1.4 ± 1.4 (1 ) % (+5.2 ± 5.2 

atm at 370 atm) for seawater collected at the 170° W meridian. For our pHT results, the calculation with 

dissociation constants of Mehrbach (1973) gave pCO2 of +2.3 ± 0.4 (1 ) % (+8.7 ± 1.4 atm). This value 

of pCO2 differed insignificantly from the value described by Lee et al. (2000). 

 Although further consideration may be required to the comparability of pHT measurements and to 

the variability of calculation caused by the uncertainty of dissociation constants of carbonic acid, the pCO2

values measured in the equatorial Pacific Ocean were reproduced within the range of ±11 atm by 

calculation from our measured pHT and TCO2 values. 

8. Summary 

 We developed an automated, precise pHT measurement system based on a spectrophotometric 

technique with the indicator dye m-cresol purple. We proposed a procedure for precise pHT measurement 

involving the analysis of reference materials, and we evaluated the uncertainty of the pHT values obtained 

with our analytical procedure. We also examined the effects of bottling and storage, as well as the effect of 

the addition of HgCl2 solution, on the pHT measurements obtained from bottle samples. 

 The standard deviations of pHT measurements obtained with our system were 0.0002 for onboard 

measurements, 0.002 for bottle samples of surface waters and 0.006 for deep waters after 50 days of 

storage. Our measured pHT values for CRMs were consistent with those calculated from certified TCO2 and 

TA values with the dissociation constants of carbonic acid reported by Lueker et al. (2000). The onboard 

pHT measurements were consistent with those derived from TCO2 and pCO2 measurements in the field 

study. 
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Appendix A: Calculation of change in pHT due to CO2 gas exchange 
between headspace and seawater sample in a bottle. 

Initial pHT and TCO2 values (pHT,i and TCO2,i) in the seawater samples without CO2 gas 

exchange were chosen arbitrarily so as to reproduce the variety of seawater conditions that were observed 

during cruise MR02-K06. Then, initial pCO2 and TA values in the seawater (pCO2,i
SW and TAi) were 

calculated from pHT,i and TCO2,i using the equilibrium relations for carbonates (DOE, 1994). The initial 

pCO2 in the headspace of the sealed bottle (pCO2,i
HS) was chosen from the values between 350 atm 

(uncontaminated atmosphere) and 1000 atm (room air). The final pCO2 in the headspace (pCO2,f
HS) was 

assumed to be close to pCO2,i
SW. From the initial and final pCO2 values in the headspace, the change in the 

number of micromoles of CO2 ( nCO2) in the headspace with a volume of VHS was calculated with the 

following equation of state (Eq. A.1), assuming that CO2 behaved as an ideal gas:  

RT
fVfpp

n if V
HS

p
HS
2,

HS
2,

2CO
COCO

 .       (A.1)

Variables in Eq. A.1 that have not been defined are as follows: 

fp : Factor to convert pressure unit (101325 Pa atm–1).

VHS  : Volume of the headspace in a bottle (2 cm3).

fV : Factor to convert volume unit (10–6 m3 cm–3).

R : Gas constant (8.31451 J mol–1 K–1).

T : Temperature in K. 

The change in TCO2 in the seawater sample (in mol kg–1) was calculated with the following equation: 

SW
2CO

2,2,2 TCOTCOTCO
V

n
if   ,     (A.2)

where  and VSW are the sample density (in kg dm–3) and volume (0.250 dm3), respectively. Then, the 

perturbed pHT was calculated from the equilibrium relationship for carbonates from perturbed TCO2,f and 

initial TAi, which does not change during CO2 gas exchange. 
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Appendix B: Calculation of the pHT change derived from the addition of 
saturated HgCl2 solution. 

 The Hg2+ ion reacts with various inorganic ligands to form metal complexes. The stability 

constants of major Hg2+ complexes are given in Table B.1 (Stumm and Morgan, 1996). The formation of 

complexes with hydroxide and carbonate affects TA (Eq. B.1) and TCO2 (Eq. B.2) in seawater and hence 

perturbs pHT.

TAmix = [HCO3
–] + 2[CO3

2–] + [B(OH)4
–] + [OH–] – [H+]F – [HSO4

–]

+ [Hg(OH)+] + 2[Hg(OH)2] + [Hg(OH)Cl] + 2[Hg(CO3)]  (B.1)

TCO2
mix = [CO2

*] + [HCO3
–] + [CO3

2–] + [Hg(CO3)]     (B.2)

The basic algorithm for calculating the pHT change caused by the addition of saturated HgCl2 solution 

involves correcting for the consumption of hydroxide and carbonate ions caused by the formation of Hg 

complexes in the calculation of pHT from TCO2 and TA.  

 To use the stability constants in Table B.1, which are given at an ionic strength I = 0 mol kg–1, we 

corrected for the activity coefficient to obtain the constants at the ionic strength of seawater (0.7 mol kg–1).

The thermodynamic stability constant of complex HgLx is expressed by Eq. B.3: 

x
LH

xHgL
x2

x0x2
x

x
LHg

xHgL
xHgL ]L][Hg[

)](HgL[

g

- m
aa

a

.
        (B.3)

       Ligands 
Complexes OH– Cl– CO3

2– SO4
2–

HgL 10.6 7.2 16.1 2.5 
HgL2 21.8 14.0  3.6 
HgL3  15.1   
HgL4  15.4   

HgOHL  18.1   

Table B.1 Stability constants for various Hg2+ complexesa.

a Constants are given by the logarithms of the overall formation constants, β, at 25 °C and an ionic strength of 
zero. The stability constants were corrected to an ionic strength of 0.7 mol kg–1 with activity coeffi cients (–log γ) 
of 0.146 and 0.584 for charges of ±1 and ±2, respectively.
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Variables in Eq. B.3 are as follows: 

aM : Activity of an ion M (dimensionless). 

 [M] : Concentration of an ion M in mol kg–1

m0  : Standard value of concentration (1 mol kg–1).  

M : Activity coefficient of ion M (dimensionless). 

Eq. B.3 can be rearranged to Eq. B.4 to give the stability constant XHgLx:

LHgxHgLxHgL

x2

x0x-2
x

xHgL

logxlogloglog

]L][Hg[
)](HgL[

loglog
m

X

         (B.4)

The values of log HgLx in Eq. B.4 are given in Table B.1. The values of –log  in Eq. B.4 are substituted by 

0.584 or 0.146 depending on the charge of the ionic species (Stumm and Morgan, 1996). For example, log 

XHgLx for HgCl4
2– is calculated as follows: log HgCl4 = 15.4; – log HgCl4 = 0.584; + log Hg = – 0.584; + log 

Cl = – 0.146. Then, log XHgCl4 = 15.4 + 0.584 – 0.584 – 4 × 0.146 = 14.8.  

 We used the following procedure to calculate the pHT in seawater that contained HgCl2:

a) First, TA was calculated from pHT, TCO2, temperature and salinity measured for seawater obtained in 

the equatorial Pacific Ocean during the cruise MR02-K06 with the dissociation constants for carbonic 

acid reported by Lueker et al. (2000). Because the samples were diluted with saturated HgCl2 solution 

by the ratio of volume VSW:VHg, the diluted values of TCO2 (TCO2
mix), TA (TAmix) and salinity (Smix)

were calculated with the following equations: 

TCO2
mix = TCO2 · VSW / (VSW + VHg) , 

TAmix = TA · VSW / (VSW + VHg) , 

Smix = S · VSW / (VSW + VHg) . 

b) The effect of dilution on pHT was then calculated by iterative methods from TCO2
mix and TAmix to give 

pHT
mix after the addition of HgCl2 solution without considering the effect of Hg2+ complexes.  

c) Concentrations of hydroxide ion [OH–] and carbonate ion [CO3
2–] were calculated from pHT

mix and

TCO2
mix. The concentrations of chloride and sulphate ions were calculated from salinity Smix (DOE, 

1994). 
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d) The concentration of each Hg2+ complex was calculated from Eqs. B.5 and B.6, using the result of 

procedure c):  

 [HgLx
2–x ] = XHgLx [Hg2+] [L –]x ,                 (B.5)

CHg = [Hg2+] +  [HgLx
2–x ] = [Hg2+] (1 + X HgLx [L –]x) .   (B.6)

e) Perturbations of TA by HgOH+, Hg(OH)2, Hg(OH)Cl and HgCO3 from TAmix in Eq. B.1 were 

calculated to give a corrected TA value, TA’. This procedure corresponds to the correction for the 

consumption of OH– and CO3
2– caused by HgCl2 addition. 

f) The concentration of HgCO3 was subtracted from TCO2
mix in Eq. B.2 to give a corrected TCO2 value, 

TCO2’. This procedure corresponds to the correction for the consumption of CO3
2–.

g) A corrected pHT value, pHT’, was calculated from TCO2’ and TA’ by the same method described in 

procedure b). 

h) If the difference between pHT’ and pHT
mix was larger than 0.00001, pHT

mix was substituted by pHT’. 

Then procedures c) through h) were repeated. The value of pHT’ converged after two or three 

iterations.  
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