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Supplementary Material

Table A: Astrocal Thermal showing how seasonal variations in pCO, correlate inversely with
variations in carbonate and calcite solubility. Data are shown graphically in Figure 4

up 1=12,M=0.0000005,U=0.0025615,T=0.000000075,P=8.05,5=35,7=0.00042 co2MOoD2

Mauna Loa Manua Loa pCO, in response to seawater temperature at Hilo, Hawaii

up 5TK 1 2 3 4 5 6 7 8 9 10 11 12 13
a 9.843 9901  9.959 10.018 10.077 10.137 10.198 10.258  10.32 10.382 10.444  10.507 10.57
b 1658.081 1663.553 1669.042 1674.547 1680.069 1685.607 1691.163 1696.735 1702.325 1707.931 1713.554 1719.195 1724.852
¢ 218.753 218.235 217.716 217.195 216.674 216.151 215.627 215.102 214.576 214.049 213.521 212.992  212.461
€ "1886.677”1891.689”1896.717” 1901.76” 1906.82”1911.895”1916.988”1922.095”1927.22171932.362”1937.519” 1942.694 1947.883
Ac 2095.597 2107.086 2104.474 2108.937 2113.417 2117.909 2122.417 2126.939 2131.477 2136.029 2140.596 2145.179 2149.774
Ab 2190.651 2194.795 2198.954 2203.127 2207.315 2211.518 2215.736 2219.968 2224.216 2228.478 2232.756 2237.049 2241.357
Ksp 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.27E-07 4.27E-07 4.27E-07 4.27E-07 4.27E-07 4.27E-07 4.27E-07 4.27E-07 4.28E-07
K [Ca®)[cO,?) 4.336-07 4.326-07 4.31E-07 4.30E-07 4.29E-07 4.28E-07 4.27E-07 4.26E-07 4.25E-07 4.24E-07 4.23E-07 4.22E-07 4.21E-07
a 1.016673 1.013928 1.011184 1.008441 1.005698 1.002956 1.000216 9.97E-01 0.994737 0.991999 9.89E-08 0.986526 0.9837902
pH 8.05 8.05039 8.05077 8.05115 8.051537 8.05192  8.0523 8.05E+00 8.05306 8.05344 8.05E+00 8.05419  8.05457
Temperature K 299.8 299.617 299.433  299.25 299.067 298.833  298.7 2.99E+02 298.333  298.15 2.98E+02 297.7833 297.6
pCO2 ppmv 420 420575 42115 42175  422.3 422.875 423.45 424.025 4246 425175 42575 426.325 426.9

5C02

a 9.857 9914  9.973 10.032 10.091 10.151 10.211 °10.272 10.334 10.396 10.458  10.521  10.584
b 1661.826 1667.304 1672.799 1678.31 1683.837 1689.382 1694.943 1700.521 1706.117 1711.729 1717.358 1723.004 1728.668
c 219.442 218921 218.399 217.875 217.351 216.825 216.298 21577 215241 214711 214.18 213.648  213.115
c 1891.125 1896.139 1901.171 1906.217 1911.279 1916.358 1921.452 1926.563 1931.692 1936.836 1941.996 1947.173 1952.367
Ac 2100.711 2105.146 2109.596 2114.06 2118.539 2123.032 2127.54 2132.061  2136.6 2141.151 2145718  2150.3 2154.898
Ab 2195776 2199.92 2204.078 2208.252 2212.44 2216.642 2220.86 2225.092 2229.34 2233.603 2237.88 2242.173 2246.482
Ksp 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.27E-07 4.27€-07 4.27E-07 4.27E-07 4.27E-07 4.27E-07 4.27E-07 4.27E-07 4.28E-07
K [Ca?][cO;7] 4.34E-07 4.33E-07 4.32E-07 4.31E-07 4.30E-07 4.29E-07 4.28E-07 4.27E-07 4.26E-07 4.25E-07 4.24E-07 4.23E-07 4.22E-07
a 1.019875 1.017115 1.014356 1.011598 1.008841 1.006085 1.00333 1.000576 0.997822 0.99507 0.992318 0.989567 0.986818
pH 805039 8.05077 8.05115 8.05154 8.05192 8.0523 8.05268 8.05306 8.05344 805382 8.05419 8.05457  8.05494
Temperature K 299.8 299.617 299.433  299.25 299.067 298.833  298.7 298.517 298.333 298.15 297.9777 297.783 297.6
pCO2 ppmv 420575 42115 42175 4223 422.875 423.45 424,025  424.6 425175 425.75 426325 4269  427.475
DOWN  1=12,M=0.0000005,U=0.0025615,T=0.000000075,P=8.0482,5=35,2=0.00042195 co2mop3

Mauna Loa Manua Loa pCO, in response to seawater temperature at Hilo, Hawaii

DOWN &§TK 26 25 24 23 22 21 20 19 18 17 16 15 14
a 9.889  9.943  9.998 10.054 1011 10.166 10.222  10.28 10.338 10.396 10.455 10.514  10.574
b 1658.89 1664.263 1669.652 1675.058 1680.481 1685.92 1691.376 1696.849 1702.338 1707.845 1713.368 1718.908 1724.466
c 217.955  217.49 217.025 216.558 216.089 215.619 215.148 214.675 214 213.726 213.349 212.771  212.291
c "1886.73471891.6961896.675” 1901.67” 1906.68”1911.705”1916.746” 1921.804” 1926.877"1931.96771937.172” 1942.193 1947.331
Ac 2094.8 2099.243 2103.702 2108.174 2112.659 2117.158 2121.672 2126.199 2130.74 2135.297 2140.066 2144.45 2149.048
Ab 2189.559 2193.735 2197.924 2202.127 2206.344 2210.575 2214.82 2219.08 2223.353 2227.641 2231.943 2236.259  2240.59
Ksp 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.27E-07 4.27E-07 4.27E-07 4.27€-07 4.27E-07 4.27E-07 4.27E-07 4.27E-07 4.28E-07
K [Ca?][cO;7] 4.326-07 4.31E-07 4.30E-07 4.29E-07 4.28E-07 4.27E-07 4.26E-07 4.25E-07 4.24E-07 4.23E-07 4.22E-07 4.21E-07 4.20E-07
a 1.012961 1.010468 1.007975 1.00548 1.002985 1.00049 0.997993 0.995497 0.99299 0.990501 0.988003 0.985504 0.983004
pH 80482 8.04872 8.04923 8.04975 8.05026 8.05077 8.05128 8.05179 8.05229 805281 8.05331 8.05382  8.05431
Temperature K 299.8 299.617 299.433  299.25 299.067 298.833  298.7 298.517 298.333 298.15 297.783 297.967 297.6
pCO2 ppmv 42195 422375  422.8 423225 423.65 424.075  424.5 424.925 42535 425775  426.2 426.625  427.05

5C02

a 9.899  9.953 10.008 10.064  10.12 10.176 10.233  10.29 10348 10.406 10.465  10.525  10.584
b 1662.535 1667.914 1673.309 1678.721 1684.15 1689.595 1695.057 1700.535 1706.03 1711.543 1717.072 1722.618 1728.182
c 218.693 218226 217.758 217.288 216.816 216.343 215.869 215393 214.916 214.438 213.958 213.478  212.995
c 1891.127 1896.093 1901.075 1906.073 1911.086 1916.114 1921.159 1926.218 1931.294 1936.387 1941.495 1946.621 1951.761
Ac 2099.922 2104.366 2108.825 2113.297 2117.782 2122.281 2126.795 2131.321 2140.419 2140.419 2144.988 2149.574 2154.172
Ab 2194.683 2198.859 2203.048 2207.252 2211.469  2215.7 2219.945 2224.204 2232.765 2232.765 2237.067 2241.384 2245.714
Ksp 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.27E-07 4.27E-07 4.27€-07 4.27E-07 A4.27€-07 4.276-07 4.27E-07 4.27E-07 4.28E-07
K [Ca][cO;7] 4.336-07 4.326-07 4.31E-07 4.30E-07 4.29E-07 4.286-07 4.27E-07 4.26E-07 4.26E-07 4.25E-07 4.24E-07 4.23E-07 4.22E-07
a 1.016395 1.013887 1.011379 1.00887 1.00636 1.00385 1.001339 0.998828 0.996316 0.993803 0.99129 0.988777 0.9862628
pH 8.04872 8.04923 8.04975 8.05026 8.05077 8.05128 8.05179 8.0523 8.05281 805331 8.05381 8.05432  8.05482
Temperature K 299.8 299.617 299.433  299.25 299.067 298.833  298.7 298.517 298.333 298.15 297.783 297.967 297.6
pCO2 ppmv 422375 4228 423.225 42365 424.075 4245 424925 42535 425775 4262 426,625 427.05 427.475 Rup

with CO2MOD2 (ascending temperature) and CO2MOD?3 (descending temperature). Models are run assuming
temperature as K, initial pCO values and rates of pCO, variations. Alkalinity (Ac, Ab) and dissolved inorganic
carbon (C or DIC) is generated in the model thermodynamically.
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thermo

Table B. Year 2000 DIC values at Point Barrow, Alaska for atmospheric pCOz, modelled with Thermal,

from temperature data; alkalinity and dissolved inorganic carbon and pH values were generated by

model; bold values for Q represent increased aggregation for calcite

400

3751

3501

CO,

3251

300-

Point Barrow Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

a 8TK 22.139 22.139 22.139 22.139 22139 22139 20.286  18.189 17.856 19.584 20.704 21.903
b 2944.164 2944.164 2944.164 2944.164 2944.164 2944.164 2890.089 2778.621 2734.484 2802.185 2856.641 2912.173
c 201.358 201.358 201.358 201.358 201.358 201.358 217.458 230.467 227.37 211.768 205.388 199.128
C 3167.661 3167.661 3167.661 3167.661 3167.661 3167.661 3127.833 3027.277 2979.71 3033.537 3082.733 3133.204
Ac 3346.88 3346.83 3346.88 3346.88 3346.88 3346.88 3325.005 3239.555 3189.224 3225.721 3267.417 3310.429
Ab 3418.16 3418.16 3418.16 3418.16 3418.16 3418.16 3400.664 3319.911 3269.732 3258.644 3341 3381.698
Ksp 4.28E-07 4.28E-07 4.28E-07 4.28E-07 4.28E-07 4.28E-07 4.29E-07 4.30E-07 4.30E-07 4.29E-07 4.29E-07 4.28E-07
K [Ca™][CO5") 3.99E-07 3.99E-07 3.99E-07 3.99E-07 3.99E-07 3.99E-07 4.31E-07 4.56E-07 4.50E-07 4.19E-07 4.07E-07 3.94E-07
(o] 0.931524 0.931524 0.931524 0.931524 0.931524 0.931524 1.003477 1.061241 1.04696 0.977122 0.948928 0.921211
pH 8.26 8.26 8.26 8.26 8.26 8.26 8.26 8.26152 8.26259 8.2619 8.2609  8.25991
Temperature K 270.95 270.95 270.95 270.95 270.95 270.95 27315 275.35 275.35 273.15 272.05 270.95
pCO2 ppmv 375.2 375.2 375.2 375.2 375:2 375.2 375.2 366.15 359.45 362.35 366.85 371.35
a 8CO2 22.139 22.139 22.139 22.139 22139 22139 19.797 17.863 18.007 19.835 20.967 22.089
b 2944.164 2944.164 2944.164 2944.164 2944.164 2944.164 2830.285 2735.618 2753.301 2831.639 2886.253 2932.06
c 201.358 201.358 201.358 201.358 201.358 201.358 213.706 227.46 228.566 213.503 207.043 200.159
C 3167.661 3167.661 3167.661 3167.661 3167.661 3167.661 3063.788 2980.941 2999.874 3064.977 3114.263 3154.308
Ac 3346.88 3346.88 3346.88 3346.88 3346.88 3346.88 3257.698 3190.538 3210.433 3258.644 3300.338 3332.378
Ab 3418.16 3418.16 3418.16 3418.16 3418.16 3418.16 3333.358 3270.894 3290.948 3334.575 3373.923 3403.647
Ksp 4.28E-07 4.28E-07 4.28E-07 4.28E-07 4.28E-07 4.28E-07 4.29E-07 4.30E-07 4.30E-07 4.29E-07 4.29E-07 4.28E-07
K[Caz'][CO,z'] 3.99E-07 3.99E-07 3.99E-07 3.99E-07 3.99E-07 3.99E-07 4.23E-07 4.50E-07 4.53E-07 4.23E-07 4.10E-07 3.96E-07
o] 0.931524 0.931524 0.931524 0.931524 0.931524 0.931524 0.986164 1.047392 1.052484 0.985224 0.956574 0.925978
pH 8.26 8.26 8.26 8.26 8.26 8.26 8.26152 8.26259 8.2619  8.2609 8.25991 8.2592
Temperature K 270.95 270.95 270.95 270.95 270.95 270.95 273.15 275.35 275.35 273.15 272.05 270.95
pCO2 ppmv 375.2 375.2 375.2 375.2 375.2 375.2 366.15 359.45 36235 366.85 371.35 374.35
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Appendix 4.2 equations were employed in CO2MOD2 THERMAL
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APPENDIX 4.1 CARBONATE SYSTEM EQUATIONS 129

Kpz = m_]— (4A1.6)
Kw = [OH™] [H*] (4A1.7)
4A1.2

The following Matlab function program finds the root of the cubic
equation for [H*] in terms of Acgp and DIC resulting from the combin-
ation of the equations in 4A1.1 (a) and (b) above (Zeebe and Wolf-
Gladrow, 2000). Input values are temperature, salinity, depth, Acgs
and DIC and the outputs are feo,, pH, [CO,], [HCO3] and [COZ7]. Units
and equilibrium constants used are indicated in the comment state-
ments, which are preceded by a % sign.

function [fco2, pH, co2, hco3, co3] = co3eq (temp, s, z, alk, dic)
% Function to calculate fCO2, HCO3, and CO3 from ALK and DIC as a
% f{temp,sal,Z)
% temp = temp(deg C),
% sal = salinity(ppt),depth = z(m),alk = ALK(microeq/kg),
% dic = DIC(micromol kg™?)
% HCO3, CO3, and CO2 are returned in mol kg™ !, fCO2 in atm
% This program uses the equations in Zeebe and Wolf-Gladrow (2000) and
% Matlab’s root finding routine
% checked for fCO2 against Luecker et al. (2000), May 2002;
% Depth dependence has not been checked
t=temp + 273.15;
Pr=2z/10;
alk=alk *.000001;
dic =dic *.000001;
R=83.131;
% Calculate total borate (tbor) from chlorinity
tbor=.000416 *s | 35.0;
% Calculate Henry’s Law coeff, KH (Weiss, 1974)
U1 =—60.2409 + 93.4517 * (100/t) + 23.3585 * log(t/100);
U2 =s*(.023517 — .023656 * (t/100) +.0047036 * (£/100) * 2);
KH =exp(U1 + U2);
% Calculate KB from temp & sal (Dickson, 1990)
KB = exp((—8966.9 —2890.53 * s A0.5 —77.942 * s + 1.728 * sA1.5
— 0.0996"s72)[t ... +148.0248 + 137.1942 * sA0.5 4+ 1.62142 * 5
— (24.4344 +25.085 * s10.5 + ...0.2474 * 5) * log(t) + 0.053105 * sA0.5 * t);
% Calculate K1 and K2 (Luecker et al., 2000)
K1 =10/(—(3633.86/t — 61.2172 + 9.67770 *
log(t) — 0.011555%s + 0.0001152 * 5A2));
K2 = 107(—(471.78/t 4 25.9290 —3.16967 *
log(t) — 0.01781%s + 0.0001122 * sA2));
% Pressure variation of K1, K2, and KB (Millero, 1995)
dvB = —29.48 4+ 0.1622 * temp — .002608 * (temp)A2;
dvl=-25.50+0.1271 * temp;
dv2 =-15.82 —0.0219 * temp;
dkB = —.00284;
dk1 =-.00308 + 0.0000877 * temp;

ttps://doi.org/10.1017/CBO9780511793202.005 Published online by Cambridge University Press




130 | CARBONATE CHEMISTRY

dk2 = +.00113 —.0001475 * temp;
KB = (exp( — (dvBJ(R*t))*Pr + (0.5 * dkB/(R*t))"Pr"2)) * KB;
K1 = (exp(— (dv1/(R*t))Pr + (0.5 * dk1/(R"t))"Pr2)) * K1;
K2 = (exp( — (dv2/(R*t))"Pr + (0.5 * dk2/(R"t))*Pr’2)) * K2;
% temperature dependence of Kw (DoE, 1994)
KW1 = 148.96502-13847.26t-23.65218"log(t);
KW2 = (118.67/t-5.977 + 1.0495%log(t))’s * .5-0.01615"s;
KW = exp(KW1 +KW2);
% solve for H ion (Zeebe and Wolf-Gladrow, 2000)
al=1;
a2 = (alk+KB +K1);
a3 = (alk’KB—KB*tbor—KW + alk*K1 + K1*KB + K1*K2—dic*K1);
a4 = (—KW*KB + alk"KB*K1—KB*tbor’K1-KW-K1 + alk*K1*K2
+ KB*K1*K2—dic*KB*K1-2*dic*K1*K2);
a5 = (—KW*KB*K1 + alk*KB*K1*K2 ~KW"K1"K2 —KB*tbor*K1*K2 -2*dic*KB*
K1*K2);
a6 = —KB*KW*K1°K2;
p=[ala2a3a4a5a6];
r=roots(p);
h = max(real(r)); .
% calculate the HCO3, CO3 and CO2aq using DIC, AlK and H +
format short g;
hco3 =dic/(1 + h/K1 + K2/h);
co3 =dic/(1 + h/K2 + h*h/(K1*K2));
co2 =dic/(1 + K1/h + K1*K2/(h*h));
fco2 = co2 [ KH;
pH = —log10(h);
% calculate B(OH)4— and OH
BOH4 = KB*tbor/(h -+ KB);OH = KW/h;
% recalculate DIC and Alk to check calculations
Ct=(hco3 + co3 + co2)*1e6;
At = (hco3 + 2%co3 + BOH4 + OH-h)"1e6;

Appendix 4.2 Equations for calculating
the equilibrium constants of the carbonate
and borate buffer system

Constants are based on the “total” pH scale, pHr (Dickson, 1984, 1993).
Values are first presented at 1 atm pressure and then equations are
given for calculating the pressure effect on K. Tis temperature in either
degrees Kelvin (T), or degrees centigrade (Tc). Salinities are on the
practical salinity scale. Equilibrium constants for the equilibria other
than Ky, K4, K5, K4, and Kiy given in Appendix 4A1.1(c) can be found in
DOE (1994) and in Zeebe and Wolf-Gladrow (2000).

4A2.1. Values at | atmosphere

(a) The Henry’s Law constant for CO, in seawater
(mol kg *atm™"), Eq. (4.14)
Source: From Weiss (1974) as reported in DoE (1994).
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APPENDIX 4.2 EQUILIBRIUM CONSTANTS 131

345.
In Ky = 9 > 17

T
— 60.2409 +23.35851n | —
60.2409 + 23.358 n(100>

100
= —3.5617 (T = 25 (T = 298.15),S = 35). (4A2.1)

2
+§10.023517 — 0.000236 56T + 0.004 7036 <l> }

(b) The first (Eq.' (4.11)) and second (Eq. (4.9)) dissociation
constants for carbonic acid in seawater (mol kg™?)
Mehrbach’s constants are given on the total pH scale (Luecker et al.,

2000).
3633.86
pKj ==—5— - 612172+ 9.6777In(T) — 0.011555S + 0.000 11525
=5.847 (T = 25, S = 35) (4A2.2)
pK!, = 47178 | 95.9290 — 3.169671n (T) — 0.017 81S + 0.000 11225

=8.966 (T, =25, S = 35). (4A2.3)

(c) Boric acid in seawater, mol kg~* (Egs. (4.19 and 4.20))
Based on Dickson (1990) as reported in DoE (1994).

Br = [B(OH),] + [B(OH);] = 4.16 x 10~* (S = 35) (4A2.4)

—8966.90 — 2890.535/2-77.9425 + 1.7285%/% — 0.09965>
T
+ 148.0248 + 137.1942S'/2 1 1.621 425

= (24.4344 +25.08551/2 4 0.24743) In(T) + 0.053 10581/2T
= —19.7964 (T = 25, S = 35). (4A2.5)

IIIKB:

(d) The dissociation constant of water, mol® kg~!
From Dickson and Riley (1979) as reported in DoE (1994).

13 847.
InKw =148.965 02 — % —23.65211In (T)
118.
+ ( ?67 — 5.977 + 1.0495111(T)>sl/2—0.016 158
= -30.434 (T, = 25, S = 35). (4A2.6)

4A2.2 The pressure dependence (from Millero, 1995)
The effect of pressure can be calculated from the molal volume, AV,
and compressibility, Ax, changes for any given reaction

Ke  (AV 0.5Ak) ,
an—0_~(ﬁ)P+( - )P, (4A2.7)
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Table 4A2.1. | Parameters for calculating the effect of pressure change on carbonate buffer system reactions
and values of equilibrium constants at P=0 and 300 bar

Constant o a, 4, x 103 box 10° by x10° P=0 P=300 KUK
pK| 2550 —0.1271 00 3.08 —0.0877 5847 5726 132
pKJ 15.82 00219 00 =].13 0.1475 8966 8.883 121
pK 2948  —0.1622 2608 284 0.0 8.598 8.455 139
pKiy 25.60 02324 —3.6246 5.3 00794 13217 13106 143

where Kp and K are equilibrium constants for the reaction of interest
at pressure P and at 0 bars (1 atm), respectively. P is pressure in bars,
R=83.131 (cm® bar mol~! K™?!) and T is in degrees Kelvin. The molar
volume (cm® mol) and compressibility can be fit to equations of the

form (S = 35)
—AV =ag + a1Tc + a2T%; (4A2.8)
—Ak =bg +b1Tc, (4A29)

where T¢ is now temperature in degrees C. Values for the coefficients
aandD are presented in Table 4A2.1 along with calculated differences
in pK’ and K’ at two different pressures (Tc =25 °C, $=35).
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Print alkalinity = Ac+Ab
3848 119 print
3849 107 STO MEM

Solve quadratic Ax"2+Bx+C=0
Set Ab"2+Bb+C=0
c=b"~2K2/akKi=(A-b)/2

3850 048 0 A=2Z, B=1, C=—Ac

3851 049 i Solve Ab"2+Bb+C=0 equating c’s
3852 040 ( 2Zb"2+b-A=0

3853 109 RCL MEM x=—B+—- (B"2-8ZA)"0.5/41Z
3854 057 9 4421 040 (
3855 057 9 4422 040 (
3856 043 + 4423 109 RCL MEM
3857 109 RCL MEM 4424 048 0
3858 055 7 4425 053 5
3859 056 8 44246 111 +/-
3860 043 + 4427 064 Inverse
3861 109 RCL MEM 4428 108 LOG 10
3862 049 1 4429 041 )
3863 056 8 4430 047 /
3864 041 ) 4431 040 (
Print and stow next pCO2 4432 109 RCL MEM
3905 119 print 4433 048 0
3906 107 STO MEM 4434 052 4
3907 049 i 4435 111 +/~
3908 056 8 4436 064 Inverse




4437 108 LOG 10 4653 049

i
—A438—041 ) 465 041 e

4439 041 ) 4655 047 /
4440 047 / 4656 040 (
4441 109 RCL MEM 4657 052 4
4442 049 1 4658 042 ®
44473 051 3 4659 109 RCL MEM
44404 041 ) 4660 057 2
Print Z 4661 056 8
4485 119 print 4662 041 )
44864 107 STO MEM 4663 041 )
4487 057 9 Print and stow b
4488 056 8 4704 119 print
Get new DIC alkalinity 4705 107 8TO MEM
4529 040 ( 4706 049 1
4530 109 RCL MEM 4707 052 4
4531 049 1 Compute y=C-a=b+c
4532 052 4 4748 040 (
4533 043 + 4749 109 RCL MEM
4534 050 2 4750 048 0
4535 042 X 4751 056 8
4536 109 RCL MEM 4752 045 =
4537 049 1 4733 109 RCL MEM
4538 053 5 4754 049 1
4539 043 + 4755 051 3
4540 050 2 4756 041 )
4541 042 X Print y=b+c=C-a
4542 109 RCL MEM 4797 119 print
4543 056 8 4798 107 8TO MEM
4544 057 ? 4799 057 Q
4545 045 = 4800 055 7
4544 048 0 Compute pH
4547 046 . 4841 040 (
4548 048 0 4842 040 (
4549 041 ) 4843 109 RCL MEM
4550 119 print 4844 048 0
4551 107 STO MEM 4845 052 4
4552 055 7 4846 043 +
4553 057 9 4847 040 (
Solve c=Zb”2=(Ac-b)/2 4848 109 RCL MEM
So 2Zb"~2+b-A=0 to solve 4849 049 i
4634 040 ( 4850 052 A
4635 040 ( 4851 047 /
4636 049 1 4852 109 RCL MEM
4637 043 + 4853 049 1
4638 040 ( 4854 051 3
4639 056 8 4855 041 )
4640 042 ® 4856 108 LOG 10
4641 109 RCL MEM 4857 041 )
4642 057 9 4858 041 )
4643 056 8 Print and stow pH
4644 042 ® 4899 119 print
4645 109 RCL MEM 4900 107 STO MEM
4644 055 7 4901 048 0
4647 057 9 4902 051 3
4648 041 ) Compute c=[C032-1
4649 041 ) 4943 040 (
4650 064 Inverse 4944 109 RCL MEM
4651 113 Square 4945 049 1

4652 045 = _ 494646 052 4




4947 113 Square

—4948 42 ® 5281 Q40
4949 109 RCL MEM 5282 049
4950 057 ? 5283 046
4951 056 8 5284 054
4952 041 ) 5285 053
Frint c 5286 101
4993 119 print 5287 051
4994 107 STO MEM 5288 111
4995 049 1 5289 042
499646 053 5 5290 109
Compute C=a+b+c 5291 049
5037 040 ( 5292 053
5038 109 RCL MEM 5293 042
5039 049 1 5294 049
5040 051 3 5295 101
5041 043 + 5296 051
5042 109 RCL MEM 5297 111
5043 049 1 5298 041
5044 052 4 5299 119
5045 043 + 5300 107
5046 109 RCL ME 5301 057
5047 049 | 5302 054
5048 053 5 5303 040
5049 041 ) 5304 109
Print and stow C 3305 057
5090 119 print 5306 054
5091 107 STO MEM 5307 047
5092 048 0 5308 109
5093 056 8 5309 049
Compute A=b+2c 5310 055
5134 040 ( 5311 041
5135 109 RCL MEM Frint Omega
5136 049 1 5352 119
5137 052 4 5353 109
5138 043 + 5354 048
5139 040 ( 5355 048
5140 050 2 5356 039
5141 042 X 5357 104
5142 109 RCL MEM 5358 049
5143 049 i 5359 107
5144 053 5 5360 048
5145 041 ) 5361 048
5146 041 ) 5362 039
Print alkalinity Ac 53463 104
5187 119 print 5364 040
5188 107 STO MEM 5365 053
5189 048 0 5366 046
5190 049 1 5367 048
Compute and print Ac+Ab 5368 047
5231 040 ( 5369 049
5232 109 RCL MEM 5370 050
5233 048 0 5371 041
5234 049 1 5372 064
5235 043 + 5373 117
5236 109 RCL MEM 5374 048
5237 056 8 5375 055
5238 055 7 5376 040
5239 041 ) 5377 109
5240 119 print 5378 048

Get [Ca2+1LC032-1 product
(

A}

5
EE
3
+/-
b
RCL MEM

E

(A [T == X L] =

+/=-

)
print
STO MEM

9

6

¢
RCL MEM

9

6

/

RCL MEM

1

7

)

solubility
print
RCL MEM

0

0
Dec JPNZ
Hyperbol

i
STO MEM

0

0
Dec JPNZ
Hyperbol

(

5

~N=\NO-"

Inverse
SUM MEM
0
7
(
RCL MEM
0




- 3379

0355 7 2384 055 Z
—5380—119 print 5385 041 )
3381 045 = 5386 0z8 If zero
5382 109 RCL MEM 5387 115 8ine
5383 053 5388 002 HALT

5




K

=
-




