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Metals exist both as free metal ions and combined
chemical forms in natural waters. Copper is of special
interest to aquatic biologist because there may be only
small differences between the concentrations required
for growth and those having an adverse effect (Harrison
1986). Copper ion has been considered as the toxic
form, although one or more of the hydroxides may also
be toxic (Alabaster and Lloyd 1980). Recent reports
seem also to demonstrate the toxicity of copper-amino
acid complexes (Borgmann and Ralph 1983; 1984).

The use of models for heavy metals speciation is
difficult for toxicologists not familiar with computer
models. Many computer models have hardware requirements
that are not usual in personal computers ( i.e. the US
EFA*s MINTEG model needs a 8087 mathematical
coprocesor). General speciation models are required in
natural waters, because factors 1like absortion and
humic acid complexes must also be considered. But in
bipassays for experimental toxicity purposes,
speciation may be accomplished by handling only
homogeneous equilibria in solution (Chakoumakos et al.
1979).

This paper is an attempt to provide a simple computer
program for both total and ion copper speciation, with
low hardware requeriments. This program can be used and

xpanded by users without any knowledge about water
quality modelling.

MATERIAL AND METHODS

The program was developed as an interative one and was
written in “generic® BASIC. The model calculates the
chemical equilibria for carbonate, then for copper,
calcium and magnesium. The adequacy of the result is
tested comparing the total concentrations with the sum
of the concentrations of each specie (copper ion, three
copper hydroxides and three copper carbonates). The
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user selects the maximum error that the program can
accept. Equilibria equations appear in the model as
algebraic equations where the variables are the molar
concentrations. The model uses the equations and
constants described by Chakoumakos et al. (1979), but
both can be easily changed.

The adequacy of the model has been tested comparing the
results described by Chakoumakos et al. (197%9) with the
results obtained using this model with a selected error
of 0.5 4.

RESULTE AND DISCUSSION

Copper speciation is calculated from values of
alkalinity (total carbaonates), pH, calcium, magnesium
and total dissolved copper. Both molar or ppm
concentrations can be used. Data can be entered

manually or stored in a DATA file.

Results obtained with this program were similar to
those described by Chakoumakos et al. (197%2) (Table I).
These results are also useful as a sample output in
order to test the installation of the program.

The source listing of the program appears in Table 2.
It is easy to make changes in this spource listing in
order to change the eguilibria constants or to include
other equations. Table 2 shows an example of the
changes that are needed to include a copper—amino acid
complex.

At times it is important to make the inversed
calculations (i.e. copper speciation when copper ion
concentrations are available), that is not posible to
make in other speciation programs. Table 4 shows the
changes that are needed in the program for copper ion
speciation.

Table 2. Source listing for total copper speciation.
2 CLS
5 REM PROGRAM FOR TOTAL COFPER SFECIATION
& REM THIS FPROGRAM CALCULATES THE DISSOLVED COFPFER
SPECIATION BASED UFON PFHISICO-CHEMICAL FPARAMETERS
ENTERED BY THE USER
7 REM FROGRAM AUTOR J.V. TARAZONA
8 REM INSTITUTO NACIONAL DE INVESTIGACIONES ABRARIAS,
SFAIN
9 CLB:FRINT "
LEE S LRSS TS EIS LRSS ST LIRS ESTSSIELIE TSRS TS
RERRERRKERERK

INSTITUTO NACTIONAL DE
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INVESTIGACIONES AGRARIAS

22022220000 0028223¢ 0003030352800 23333 3000338232303 8822¢;
b 222220222229

10 PRINT " DEFARTMENT OF TOXICOLOGY,
MADRID, SFAIN

11 FRINT:FRINT "WELCOME TO THE TOTAL COFPER SFECIATION
FROGRAM"

12 PRINT:FRINT "THIS FROGRAM CALCULATES THE INORGANIC
FORMS OF COFFER BASED UFON DATA SUFFLIED BY THE USER"
13 PRINT:FRINT "SIMFLY ANSWER THE GQUESTIONS"

14 PRINT:PRINT "IF ¥YOU WANT, YOU CAN ENTER ALL DATA IN
SUBRRQUTINE 10000"

1% PRINT:PRINT "YOU CAN CHODSE THE MAXIMUM ERROR YOU
WANT ADMIT™

16 DIM CALL1O) ,C(10),CEB(4) ,,CC(4)

17 DIM CD(4) ,CHM{4) ,CEL(7), QU7

20 FPRINT:FRINT:FRINT "ARE DATA ENTERED IN SUBRROUTINE
100007 (Y/7N)Y": INFUT A%

20 IF A%s="Y" THEN GOTO 10000

25 PRINT "ENTER MAXIMUM ERROR FOR  DIFFERENCES BETWEEN
REAL AND CALCULATED CONCENTRATIONS": INPUT E

40 FRINT "ARE DATA EXFRESED A4S MOLAR CONCENTRATIQNE?
(Y/N) "z INFUT EB%$

50 IF B$="Y" THEN GOTO 1000

60 CLS:FRINT "INFUT CONCENTRATIDNS (ppm) OF:2"

70 FRINT "CALCIUM": INFUT C

80 FRINT "MAGNESIUM": INFUT ™

0 FRINT "ALCALINITY OR CARBONATES+BICARBONATES": INFUT
A

100 FRINT "pH": INFUT F

1160 PRINT "TOTAL COFPPER": INFUT CU

120 CA=LOGIC/400000) /LOGI1OD)

120 MA=LOGM/ 24300 /LOGLIM

140 AA=LOG(A/H1000) /LOGILD)

150 CUA=LOG(CU/6I5401) /LOGIIO)

160 CE=CA:MB=MA: AB=A0: CUR=CUA

170 GOTO 1100

1000 CLS:FRINT"INFPUT MOLAR COMCENTRATIONS OF: ™

1010 FPRINT "CALCIUM": INFUT C

102G FRINT "MAGNESIUM": INFUT M

10720 PRINT  YALCALINITY OR CARBONATES+RICARBONATES":
INFUT A

1040 FPRINT "pH": INFUT F

1030 FPRINT “"TOTAL COPFER": INFUT CU

1060 CA=LDG(C) /LOG(10) : CR=CA

1070 MA=LOG (M) /LOG(10) : MB=MA

1080 AA=LOG (A 7LOG(10) : AR=AA

1090 CUA=LOG(CLD /LOG (10) : CUBR=CLIA

1095 REM LETTERS ARE CONCENTRATIONS, LETTERS +A ARE
LOGARITHMES OF MOLAR  CONCENTRATIONS, LETTERS +B ARE
CONTROL COFRIES

1100 REM
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1102 AM=10"AB: CM=10"CE: MM=10"MR: CUM=10"CUR
1103 E1=AMXE/100:E2=CMXE/100: EZ=MMXE/100: E4=CUMXE/ 100

1110 CA(1)=AA

1111 PRINT "ESTIMATING VALUES FOR CARBONATE SFECIATION®

1120 CA(2I=CA(1)—-10,.3I3+F
1130 CAGY=CA(2)Y-2XP+16.68
1140 CA(4)=CA(2)+CA-F+11.33
1150 CA(S)Y=CA(2)+CA+3.15
1160 CARSY=CA(2)+MA-F+11.28
1170 CA(TY=CA(R)+MA+2.88
1175 GOTD &000

1180 CA{BY=CA(2)+CUA-P+12.3
11920 CA()=CA(2)+CUA+L.73
1200 CA(10)=2XCA(2)+CUA+2.92
1205 CT=0

1210 FOR I=1 TO 10

1220 C(I)=10"CA(TY:CT=CT+C(I)
270 NEXT 1

1275 60TO F00Q

1260 CLS:LFRINT" RESULTS"

1270 LFRINT " MOLAR CONCENTRATIONGSY

1280 LPRINT "HCOS3- ="3;C(1y3" Ca++ ="3;CC(1)
1290 LPRINT "COZ—— =" 02" CaoH+ ="3 CC(2)
1700 LPRINT "HZCOZ ="sC({3)s" Mg++ ="3CM{1)
1310 LFRINT "CaHCO3+ ="3;C(4) ;" MgOH+ =" CM{2)
1320 LFRINT "CaCO3 =" C(E) " CuOH+ ="3;CUD)
1330 LPRINT "MgHCO3Z+ =";C(6) 3" Cu(OHY 2 ="; CU(E)
1340 LPRINT "MgCOZ =" C(7ys" CuZ (OH) Z2++ ="3;CU4)
1350 LPRINT “CuHCO3+ =";C(8) ;" Cu(C03y2—— =";C10)
1360 LPRINT "CuCOZ ="sC(P) " Cu++ =" CU1)

1375 IF A%$="Y" THEN GAQTO 10000
1380 END
FOO0G REM ESTIMATE CALCIUM SFECIATION

3001 PRINT"ESTIMATING VALUES FOR CALCIUM SFECIATION"

Z010  REM DIMENSIONATED VARIABLES:
CC=MOLAR CONCENTRATIONS

FOZ0 CR(1)=CA

IOZO CR(2)=CA+F-12.7

F040 CR(Z)=CA(4)

Z0350 CE(4)=CALD)

J0&0 CRT=0

JO70 FOR I=1 TO 4

F080 cC(I)=10"CR(1)

TOF0 NEXT I

Z095 CRT=CC{1) +CC{2I+CL {3 +CL(4)

4000 REM ESTIMATE MAGNESIUM SFECIATION

CB=LOGARITHMES,

4001 PRINTYESTIMATING VALUES FOR MAGNESIUM SFECIATION"

4010 REM DIMENSIONATED VARIABLES:
s CM=MOLAR CONCENTRATIONS

4020 CD(1)=MA

4070 CD(2)=MA+F-11.42

{4040 CD(Z)=CA L)

4050 CD4)=CAL(7)

438

CD=LOGARITHMES



4060 CDT=0

4070 FOR I=1 TO 4

4080 CM(I)=10"CD(I):CDT=CDT+CM{I)
4090 NEXT I

S000 REM TEST THE ADEGQUACY OF CO3H~,Ca++ AND Mo++
CONCENTRATIONS

S010 IF ABRS(CT-AM) <E1 AND ABS{CRT-CM)<EZ2 AND
ARS (CDT-MM)<EZ AND ARS(CUT-CUMY<E4 THEN GOTO 1260

5025 IF CUT>CUM THEN CUA=LOG(CU{(1)-CU{1)X.1)/LOG(1O)
S0Z0 IF CUTZCUM THEN CUA=LOG(CU(1)+CU(1)X. 1) /LOG(LO)
SO35 CA=LOG(10™CR+CC{(1)Y~CBT) /LOG(1O)

5045 MA=LOG(10"MB+CM{1}-CDT) /LOG(10)

S050 AA=LDG{(10™AB+C (1) ~-CT) /LOG{1O}

5035 GOTO 1110

6000 REM ESTIMATE COFFER SFECIATION

&001 PRINT "ESTIMATING VALUES FOR COFFER SFECIATION"
6010 CE(1)=CUA

6020 CE(2)=CUA+F-7.7

600 CEA(3)=CUA+2X¥F-14.32

6040 CE(4)=2X%CUA+2XP-10.3

6050 CE(S)=CA{(2)+CUA-F+12.3

&060 CE(&)=CA2)+CUA+6.7T

6070 CE(7)=CA(2)X2+CUA+2.92

&HO7S CUT=0

&£080 FOR I=1 TO 7

6090 CUCI)=10"CE(I) : CUT=CUT+CU(TI)

6100 NEXT I

6110 IF CUM-CUT>CUMX.9? THEN CUA=CUA+1:G0TO &000

6120 IF CUM-CUT>CUMX.S THEN CUA=L DG(CU{(1Y+CU{(1) ¥. 1) /L0OG
(1) : BAOTO 000

6130 IF CUM-CUT>CUMX.2 THEN CUA=LOG(CU(LY+CU(L)X.01) /L0
G(10):60TO 6000

46140 IF CUT-CUM>CUMY.? THEN CUA=LDG(CUC1)-CU(1) X.5) /LDG
(1) :60TO 6000

6150 IF CUT-CUM>CUMX.S THEN CUA=LOG(CU(1)-CU(1)X%.05) /L0
G(10):60TO &OO0

6160 IF CUT-CUM>CUMX.2 THEN CUA=LOG(CU(1)-Cu{(1) ¥.005) /L
OG(10) : 6GO0TA &000

6170 IF CUM+CU(1)<CUT THEN CU{(1)=CU(1)-CU(1)%.01: CUA=L
OG(CU(1)Y)Y /LOGCIO :GOTO 1110

6173 6GOTO 1180

10000 REM ENTER concentration (M=molari;F=ppm),calcium,
magnesium, alkalinity, pH, total dissolved coppetr,
maximum error (per cent)

10010 READ C$,0,M,A,F,CLE

10020 IF Cs="M" THEN GOTO 1040

10030 IF Cs="F" THEN GOTO 120

10035 IF Cs="FIN" THEN END

10040 PRINT "CONCENTRATION NOT ALLOWED, ABORTING......"
10030 END

10100 DATA M,.00124,.000807,,00371,7.73,.00000578,.5
10110 DATA M, .00043539,.000239,.003%54,8,.84, .00000293,.5
10120 DATA FIN,0,0:0:0:0:040,0:040,0,0
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Table 3. Source listing changes for including a
copper—-alanine complex in copper speciation.

i7 DIM CD(4), CMt4), CEL(2), CUB)

1100 PRINT "ENTER ALANINE MOLAR CONCENTRATION": INFUT
ALANINE

1101 LALA = LOG (ALANINE) /LOG (10)

1365 LFRINT "ALA-Cu" =" CUB)

6072 CE(B) = CUA + LALA + 8.5

6080 FOR I=1 TO B
Table 4. Source listing changes +for coppetr ion
speciation.

110 FRINT "COPFER ION": INFUT CU

1050 PRINT "COFFER ION": INFUT CU

1175 REM

1360 LFRINT "CuCO3 =" C();" TOTAL COFFER = ";CUT
4100 GOTO 6000

o010 IF ARBRS (CT-AM) < E1 AND AEBS (CET-CM) <EZ AND ARS
(CDT-MM) <E3X THEN GOTO 1260

5025 REM

S0Z0 REM
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