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Equation S1 

𝐴0,𝑠𝑎𝑚𝑝𝑙𝑒 =
𝐴𝑠𝑎𝑚𝑝𝑙𝑒 ∗  λ

𝑒−λ∗𝑡𝑝𝑎𝑠𝑠𝑒𝑑 ∗ [1 − 𝑒−λ∗𝑡𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡]
 

Equation S2 

𝑅 =
𝐴0,𝑠𝑎𝑚𝑝𝑙𝑒

𝐴0,𝑠𝑡𝑑.
∗

𝑚𝐻𝑔,𝑠𝑡𝑑.

𝑚𝐻𝑔,𝑠𝑎𝑚𝑝𝑙𝑒 
∗ 𝑓𝑑𝑖𝑙𝑙𝑢𝑡𝑖𝑜𝑛 ∗ 100 

where: 

A0, sample is the sample activity at the reference time t=0 [Bq], 

A0, std is the standard activity at the reference time t=0 [Bq], 

Asample is the sample activity at the time of measurement [Bq], 

λ is the decay constant [s-1]  

t1/2 is the half-life of 197Hg [s], 

tpassed is the time passed since reference time t=0 until the start of measurement [s], 

tmeasurement is the time passed during the measurement [s], 

R is the recovery [%], 

mHg,std. is the mass of Hg used for the standard [pg], 

mHg,sample is the mass of Hg used for the sample, assuming 100% recovery [pg], 

fdillution is the dilution factor in case the sample and standard were not diluted in the same way. 

Equation S1 was applied to calculate both A0 (activity at reference time) of the sample and A0 of the standard. 

The recoveries were calculated using Equation S2. 

Equation S3 

𝑢(𝑅𝑚) = 𝑅𝑚 × √(
𝑠𝑜𝑏𝑠

2

𝑛 × 𝐶𝑜𝑏𝑠
2 ) + (

𝑢(𝐶𝑐𝑎𝑙𝑐)

𝐶𝑐𝑎𝑙𝑐
)

2

 

where: 

u(Rm) is the uncertainty of the mean recovery, 

Rm is the mean recovery, 

Sobs is the standard deviation of the observed values, 

Cobs is the observed gas concentration, 

n is the number of observed values, 

u(Ccalc) is the uncertainty of the calculated (theoretical) gas concentration obtained from the manufacturer, 

Ccalc is the calculated (theoretical) gas concentration. 

 



The standard uncertainty of mean recovery was then incorporated into the combined standard uncertainty by 

Equation S4. As all other relevant uncertainty components were already included in the calculation of calibrator 

the uncertainty by the manufacturer; only the uncertainty of the mean recovery had to be added to get the new 

evaluation of total uncertainty. 

 

Equation S4 

𝑈 = 2 𝑢𝑐 = 2 √𝑢𝑐𝑎𝑙
2 + 𝑢𝑅𝑚

2 

Where: 

U is the expanded uncertainty with a coverage factor k = 2, 

ucal is the standard uncertainty of the calibrator obtained from manufacturer, 

uRm is the standard uncertainty of the mean recovery, 

uc is combined standard uncertainty of the calibrator. 

 

Text S1. The calculation of the concentration of HgClx2-x and HgBrx2-x species present in the calibrator standard 

solution. 

As the calculation was the same for the HgClx2-x and HgBrx2-x species (the only exception were the values of 

constants), we will only demonstrate the calculation for the HgClx2-x species. Four values of equilibrium constants 

(k) for the formation of the HgClx2-x species and the complex formation constant (β) were obtained from the 

literature (also for HgBrx2-x) [1, 2]. 

k1 =
[HgCl+]

[Hg2+][Cl−]
   k2 =

[HgCl2]

[HgCl+] [Cl−]
   k3 =

[HgCl3
  −]

[HgCl2][Cl−]
   k4 =

[HgCl4
  2−]

[HgCl3
  −][Cl−]

        𝛽 =  
[𝐻𝑔𝐶𝑙2

  2−]

[𝐻𝑔2+][𝐶𝑙−]4 

where:  

log k1 = 6.72, log k2 = 6.51, log k3 = 1.00, log k4 = 0.97, log β = 15.2 

The total concentration of Hg ([HgT]) and Cl ([ClT]) species was known; therefore, two additional equations were 

obtained: 

[𝐻𝑔𝑇] = [𝐻𝑔2+] + [𝐻𝑔𝐶𝑙+] + [𝐻𝑔𝐶𝑙2] + [𝐻𝑔𝐶𝑙3
  −] + [𝐻𝑔𝐶𝑙4

  2−] 

[𝐶𝑙𝑇] = [𝐻𝑔𝐶𝑙+] + 2[𝐻𝑔𝐶𝑙
2
] + 3[𝐻𝑔𝐶𝑙

3
  −] + 4[𝐻𝑔𝐶𝑙

4
  2−] + [𝐶𝑙−] 

Since we had 7 equations (equations for k1, k2, k3, k4, β, [HgT] and [ClT]) and 6 variables ([Hg2+], [HgCl+], [HgCl2], 

[HgCl3-], [HgCl42-] and [Cl-]), the analytical solution for this system of equations was obtainable. Using the described 

system, we could then calculate the concentration of all HgClx2-x species for each [HgT] (which varied over the 

conducted experiments). As already mentioned in the manuscript, the total chloride concentration exceeded the 

total mercury concentration by over 3 orders of magnitude; therefore, varying the total Hg concentration did not 

result in considerably different calculated values of HgClx2-x. 

A similar calculation was also performed for the formation of HgBrx2-x. 

Table S1. The calibrator output composition during the time-trend experiment using 1178 ng m-3 HgCl2 gas 

concentration. Columns “KCl 1,” “KCl 2,” and “KMnO4” represent the first KCl impinger (197HgCl2 retention), the 

second KCl impinger (197HgCl2 retention, breakthrough), and KMnO4 impinger (197Hg0 retention), respectively, and 

are presented in relative terms as a percentage of the whole e mass balance (% of X for convenience). 

time passed 

since calibrator 

start-up [h] 

mass balance, 

X [%] 
KCl 1 [% of X] KCl 2 [% of X] KMnO4 [% of X] 

0 88.5 97.4 1.41 1.19 



1.00 81.0 96.8 1.63 1.60 

20.2 88.7 95.4 2.04 2.60 

22.1 90.7 95.2 1.61 3.21 

25.0 84.9 94.1 1.63 4.23 

43.7 96.2 94.6 1.76 3.62 

44.7 89.8 93.9 1.69 4.40 

Table S2. The calibrator output composition during the time-trend experiment using 289 ng m-3 HgCl2 gas 

concentration. Columns “KCl 1,” “KCl 2,” and “KMnO4” represent the first KCl impinger (197HgCl2 retention), the 

second KCl impinger (197HgCl2 retention, breakthrough), and the KMnO4 impinger (197Hg0 retention), respectively, 

and are presented in relative terms as a percentage of the whole mass balance (% of X for convenience). 

time passed 

since calibrator 

start-up [h] 

mass balance, X [%] KCl 1 [% of X] KCl 2 [% of X] KMnO4 [% of X] 

0.0 73.7 98.4 0.57 1.04 

0.83 83.6 98.0 0.92 1.11 

4.50 85.1 97.8 0.81 1.42 

23.6 90.0 98.5 0.76 0.74 

27.0 86.9 99.0 0.45 0.54 

47.0 89.0 99.1 0.43 0.50 

47.7 92.5 99.3 0.29 0.41 

71.0 83.5 99.1 0.59 0.36 

71.7 82.3 98.0 0.28 1.72 

Table S3. The calibrator output composition the during time-trend experiment using 20.4 ng m-3 HgCl2 gas 

concentration. Columns “KCl 1”, “KCl 2,” and “KMnO4” represent first KCl impinger (197HgCl2 retention), the 

second KCl impinger (197HgCl2 retention, breakthrough), and the KMnO4 impinger (197Hg0 retention), respectively, 

and are presented in relative terms as a percentage of the whole mass balance (% of X for convenience). 

time passed 

since calibrator 

start-up [h] 

mass balance, 

X [%] 
KCl 1 [% of X] KCl 2 [% of X] KMnO4 [% of X] 

0.00 54.4 73.3 0.98 25.7 

1.42 55.6 77.5 0.78 21.8 

3.75 58.9 80.4 1.06 18.5 

22.7 64.3 90.5 1.98 7.56 

25.2 65.4 90.8 1.90 7.34 

26.8 61.2 90.6 1.35 8.05 

27.9 58.1 88.0 3.74 8.27 

48.3 65.1 90.8 1.83 7.35 

49.1 69.2 90.8 1.75 7.44 

51.8 70.9 83.5 8.71 7.77 

Table S4. The calibrator output composition during the time-trend experiment using 5.90 ng m-3 HgCl2 gas 

concentration. Columns “KCl 1,” “KCl 2,” and “KMnO4” represent the first KCl impinger (197HgCl2 retention), the 



second KCl impinger (197HgCl2 retention, breakthrough), and the KMnO4 impinger (197Hg0 retention), respectively, 

and are presented in relative terms as a percentage of the whole mass balance (% of X for convenience). 

time passed since 

calibrator start-up 

[h] 

mass balance,  

X [%] 
KCl 1 [% of X] KCl 2 [% of X] KMnO4 [% of X] 

0.0 35.9 69.7 3.37 26.9 

20.3 35.3 79.2 3.75 17.0 

21.6 33.8 79.2 3.99 16.8 

24.2 32.7 78.2 5.10 16.7 

44.1 47.7 85.5 2.26 12.3 

45.4 46.3 85.2 2.62 12.2 

48.2 44.2 63.3 3.00 13.6 

68.4 53.8 86.9 1.48 11.6 

69.2 53.2 84.4 1.32 14.3 

72.2 47.2 87.6 2.01 10.4 
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