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Meta ls  e x i s t  both as f r e e  metal i ons  and combined 
chemical  forms i n  n a t u r a l  wa te rs .  Copper i s  o f  s p e c i a l  
i n t e r e s t  t o  a q u a t i c  b i o l o g i s t  because t h e r e  may be o n l y  
smal l  d i f f e r e n c e s  between the  c o n c e n t r a t i o n s  r e q u i r e d  
f o r  growth and those hav ing  an adverse e f f e c t  (Ha r r i son  
1986). Copper i on  has been cons ide red  as the  t o x i c  
form~ a l t h o u g h  one or more of  t he  h y d r o x i d e s  may a l s o  
be t o x i c  ( A l a b a s t e r  and L loyd  1980). Recent r e p o r t s  
seem a l s o  t o  demonstrate the  t o x i c i t y  o f  copper-amino 
ac id  complexes (Borgmann and Ralph 1983; 1984). 

The use of  models f o r  heavy meta ls  s p e c i a t i o n  i s  
d i f f i c u l t  f o r  t o x i c o l o g i s t s  not  f a m i l i a r  w i t h  computer 
models. Many computer models have hardware requ i remen ts  
t h a t  a re  not  usual  i n  persona l  computers ( i . e .  the  US 
EPA's MINTEQ model needs a 8087 mathemat ica l  
cop roceso r ) .  General s p e c i a t i o n  models are r e q u i r e d  i n  
n a t u r a l  waters~ because f a c t o r s  l i k e  a b s o r t i o n  and 
humic ac i d  complexes must a l s o  be cons ide red .  But i n  
b ioassays  f o r  expe r imen ta l  t o x i c i t y  purposes~ 
s p e c i a t i o n  may be accompl ished by h a n d l i n g  o n l y  
homogeneous e q u i l i b r i a  i n  s o l u t i o n  (Chakoumakos e t  a l .  
1979). 

This paper is an attempt to provide a simple computer 
program for both total and ion copper speciation~ with 
Iow hardware requeriments. This program tan be used and 
e• by users without any knowledge about water 
quality modelling. 

MATERIAL AND METHODS 

The program was developed as an i n t e r a t i v e  one and was 
w r i t t e n  i n  " g e n e r i c "  BASIC. The model c a l c u l a t e s  the  
chemical  e q u i l i b r i a  f o r  carbonate~ then f o r  copper,  
ca l c i um and magnesium. The adequacy of  t he  r e s u l t  i s  
t e s t e d  comparing the  t o t a l  c o n c e n t r a t i o n s  w i t h  t he  sum 
of  t he  c o n c e n t r a t i o n s  of  each spec ie  (copper i o n ,  t h r e e  
copper h y d r o x i d e s  and t h r e e  copper c a r b o n a t e s ) .  The 
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user s e l e c t s  the  maximum e r r o r  t h a t  the  program tan 
accept .  E q u i l i b r i a  e q u a t i o n s  appear i n  the  model as 
a l g e b r a i c  equa t i ons  where t he  v a r i a b l e s  a re  t he  molar  
c o n c e n t r a t i o n s .  The model uses t he  e q u a t i o n s  and 
cons tan ts  desc r ibed  by Chakoumakos e t  a l .  (1979),  but  
both tan  be e a s i l y  changed. 

The adequacy o f  t he  model has been t e s t e d  comparing the  
r e s u l t s  desc r ibed  by Chakoumakos e t  a l .  (1979) w i t h  the  
r e s u l t s  ob ta i ned  us ing  t h i s  model w i t h  a s e l e c t e d  e r r o r  

o$ 0 .5  %. 

RESULTS AND DISCUSSION 

Copper s p e c i a t i o n  i s  c a l c u l a t e d  f rom v a l u e s  of 
alkalinity (total carbonates), pH, calcium, magnesium 
and total dissolved copper. Both molar or ppm 
c o n c e n t r a t i o n s  can be used. Data tan  be en te red  
manua l ly  or  s to red  i n  a DATA f i l e .  

Results obtained with this program were similar to 
those described by Chakoumakos et al. (1979) (Table I). 
These results are also useful as a sample output in 
order to test the installation of the program. 

The source l i s t i n g  of t he  program appears i n  Tab le  2. 
I t  i s  easy t o  make changes i n  t h i s  source l i s t i n g  i n  
o rde r  t o  change the  e q u i l i b r l a  cons tan ts  or t o  i n c l u d e  
o t h e r  equa t i ons .  Tab le  3 shows an example o f  the  
changes t h a t  a re  needed t o  i n c l u d e  a copper -amino ac id  
complex. 

At t imes i t  i s  i m p o r t a n t  t o  m a k e  the  i nve rsed  
c a l c u l a t i o n s  ( i . e .  copper s p e c i a t i o n  when copper i on  
c o n c e n t r a t i o n s  a re  a v a i l a b l e ) ,  t h a t  i s  ho t  p o s i b l e  t o  
make i n  o t h e r  s p e c i a t i o n  programs. Tab le  4 shows the  
changes t h a t  a re  needed i n  t h e  program f o r  copper i on  
s p e c i a t i o n .  

Tab le  2 Source l i s t i n g  § t o t a l  copper s p e c i a t i o n .  

2 CLS 
5 REM PROGRAM FOR TOTAL COPPER SPECIATION 
6 REM THIS PROGRAM CALCULATES THE DISSOLVED COPPER 
SPECIATION BASED UPON PHISICO-CHEMICAL PARAMETERS 
ENTERED BY THE USER 
7 REM PROGRAM AUTOR 3.V. TARAZONA 
8 REM INSTITUTO NACIONAL DE INVESTIGACIONES AGRARIAS, 
SPAIN 
9 CLS:PRINT " 

INSTITUTO NACIONAL DE 
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INVESTIGACIONES AGRARIAS 

10 PRINT " DEPARTMENT OF TOXICOLOGY, 
MADRID.. SPAIN 

Il PRINT:PRINT "WELCOME TO THE TOTAL COPPER SPECIATION 
PROGRAM" 

12 PRINT:PRINT "THIS PROGRAM CALCULATES THE INORGANIC 
FORMS OF UOPPER BASED UPON DATA SUPPLIED BY THE USER" 
13 PRINT:PRINT "SIMPLY ANSWER THE QUESTIONS" 
14 PRINT:PRINT "IF YOU WANT., YOU CAN ENTER ALL DATA IN 
SUBROUTINE 10000" 
15 PRINT:PRINT "YOU CAN CHOOSE THE MAXIMUM ERROR YOU 
WANT ADMIT" 
16 DIM CA(10)..C(10).,CB(4):CC(4) 
17 DIM CD(4)..CM(4)..CE(7)..CU(7) 
20 PRINT:PRINT:PRINT "ARE DATA ENTERED IN SUBROUTINE 
10000? (Y/N) ": INPUT AS 
30 IF A$="Y" THEN GOTO 10000 
35 PRINT "ENTER MAXIMUM ERROR FOR DIFFERENCES BETWEEN 
REAL AND CALCULATED CONCENTRATIONS":INPUT E 
40 PRINT "ARE DATA EXPRESED AS MOLAR CONCENTRATIONS? 
(Y/N)": INPUT B$ 
50 IF B$= "Y" THEN GOTO 1000 
60 CLS:PRINT "INPLJT CONCENTRATIONS (ppm) OF:" 
70 PRINT "CALCIUM": INPUT C 
80 PRINT "MAGNESIL]M":INPUT M 
90 PRINT "ALCALINITY OR CARBONATES+BICARBONATES":INPUT 

A 
100 PRINT "pH":INPUT P 
110 PRINT "TOTAL COPPER":INPUT CU 
120 CA=LOG (~/40000!)/LOG (105 
130 MA=LOG (M/243005/LOG (10) 
140 AA=LOG (A/61000!)/LOG (1(�87 
150 CUA=LOG(CU/63540! )/LOG(10) 
160 CB=CA: MB=MA: AB=AA: CUB=CUA 
170 GOTO II00 
1000 CLS:PRINT"INPL]T MOLAR CONCENTRATIONS OF:" 
1010 PRINT "CALCIUM":INPUT C 

1020 PRINT "MAGNESIUM": INPUT M 
1030 PRINT "ALCALINITY OR CARBONATES+B I CARBONATES" : 
I NPUT A 
1040 PRINT "pH":INPUT P 
1050 PRINT "TOTAL COPPER":INPUT CU 
1060 CA=LOG(C)/LOG(10) :CB=CA 
1070 MA=LOG(M)/LOG(10) :MB=MA 
1080 AA=LOG(A)/LOG(10) :AB=AA 
1090 CUA=LOG(CU)/LOG(105 :CUB=CUA 
1095 REM LETTERS ARE CONCENTRATIONS., LETTERS +A ARE 
LOGARITHMES OF MOLAR CONCENTRATIONS., LETTERS +B ARE 
CONTROL COPIES 
1100 REM 
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1102 AM=10"AB:CM=10'y171 
1103 E1=AM*E/100:E2=CM*E/100:E3=MM*E/100:E4=CUM*E/100 
1110 CA(1)=AA 
IIII PRINT "ESTIMATING VALUES FOR CARBONATE SPECIATION" 
1120 CA(2)=CA(1)-IO.33+P 
1130 CA(3)=CA(2)-2*P+I6.68 
1140 CA(4)=CA(2)+CA-P+II.33 
1150 CA(5)=CA(2)+CA+3.15 
1160 CA(6)=CA(2)+MA-P+II.28 
1170 CA(7)=CA(2)+MA+2.88 
1175 GOTO 6000 
1180 CA(8)=CA(2)+CUA-P+12.3 
1190 CA(9)=CA(2)+CUA+6.75 
1200 CA( �9 
1205 CT=O 
1210 FOR I=l TO 10 
1220 C(I)=IO'"CA(I):CT=CT+C(I) 
1230 NEXT I 
1235 80T0 3000 
1260 CLS:LPRINT" RESULTS" 
1270 LPRINT " MOLAR CONCENTRATIONS" 
1280 LPRINT "HC03- =";C(1);" Ca++ =";CC(1) 
1290 LPRINT "C03-- =";C(2);" CaOH+ =";CC(2) 
1300 LPRINT "H2C03 =";C(3);" Mg++ =";CM(l) 
1310 LPRINT "CaHC03+ =';C(4);" MgOH+ =";CM(2) 
1320 LPRINT "CACO3 =";C(5);" CuOH+ =";CU(2) 

--1,. ,! ~la 1330 LPRINT "MgHC03+ - ,C(6); Cu(OH)2 - ;CU(3) 
1340 LPRINT "MgC03 - ,C(7); Cu2<OH)2++- ~CU(4) 
l.Jo(. LPRINT "CuHC03+- ,C(8), Cu(C03)2-- - ;C(10) 
1360 LPRINT "CuC03 =";C(9) ; "  Cu++ =";CU(1) 
1375 IF A$="Y" THEN GOTO 10000 
1380 END 
3000 REM ESTIMATE CALCIUM SPECIATION 
3001PRINT"ESTIMATING VALUES FOR CALCIUM SPECIATION" 
3010 REM DIMENSIONATED VARIABLES: CB=LOGARITHMES, 
CC=MOLAR CONCENTRATIONS 
3020 CB(1)=CA 
3030 CB(2)=CA+P-12.7 
3040 CB(3)=CA(4) 
3050 CB(4)=CA(5) 
3060 CBT=O 
3070 FOR I=l TO 4 
3080 CC(I)=IOy 
3090 NEXT I 
3095 CBT=CC(1)+CC(2)+CC(3)+CC(4) 
4000 REM ESTIMATE MAGNESIUM SPECIATION 
4001PRINT"ESTIMATING VALUES FOR MAGNESIUM SPECIATION" 
4010 REM DIMENSIONATED VARIABLES: CD=LOGARITHMES 
,CM=MOLAR CONCENTRATIONS 
4020 CD(1)=MA 
4030 CD(2)=MA+P-II.42 
4040 CD(3)=CA(6) 
4050 CD(4)=CA(7) 
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4060 CDT=O 
4070 FOR I=I TO 4 
4080 CM(1)=IO �87 
4090 NEXT I 
5000 REM TEST THE ADEQUACY OF 
CONCENTRATIONS 
5010 IF ABS(CT-AM)<EI AND 
ABS(CDT-MM)<E3 AND ABS(CUT-CUM)<E4 

C03H-,Ca++ AND Mg++ 

ABS(CBT-CM)<E2 AND 
THEN 50T0 1260 

5025 IF CUT>CUM THEN CUA=LOG(CU(1)-CU(1)~.I)/LOG(IO) 
5030 IF CUT<CUM THEN CUA=LOG(CU(1)+CU(1)~.I)/LOG(IO) 
5035 CA=LOG(10~CB+CC(1)-CBT)/LOG(10) 
5045 MA=LOG(IOy 
5050 AA=LOG(IO^AB+C(1)-CT)/LOG(10) 
5055 GOTO III0 
6000 REM ESTIMATE COPPER SPECIATION 
6001PRINT "ESTIMATIN5 VALUES FOR COPPER 
6010 CE(1)=CUA 
6020 CE(2)=CUA+P-7.7 
6030 CE(3)=CUA+2~P-14.32 
6040 CE(4)=2~CUA+2~P-10.3 
6050 CE(5)=CA(2)+CUA-P+I2.3 
6060 CE(6)=CA(2)+CUA+6.75 
6070 CE(7)=CA(2)~2+CUA+9.92 
6075 CUT=O 
6080 FOR I=l TO 7 
6090 CU(I)=IO~ 
6100 NEXT I 
6110 IF CUM-CUT>CUM~.9 THEN CUA=CUA+I:GOTO 6000 
6120 IF CUM-CUT>CUM~.5 THEN CUA=LOG(CU(1)+CU(1)~.I)/LOG 
(10):GOTO 6000 
6130 IF CUM-CUT>CUM~.2 THEN CUA=LOG(CU(1)+CU(1)~.OI)/LO 

SPECIATION" 

G(IO):GOTO 6000 
6140 IF CUT-CUM>CUM~.9 THEN CUA=LOG(CU(1)-CU(1)~.5)/LOG 
(IO):GOTO 6000 
6150 IF CUT-CUM>CUM~.5 THEN CUA=LOG(CU(1)-CU(1)~.O5)/LO 
G(IO):GOTO 6000 
6160 IF CUT-CUM>CUM~.2 THEN CUA=LOG(CU(1)-CU(1)~.OO5)/L 
OG(10):GOTO 6000 
6170 IF CUM+CU(1)<CUT THEN CU(1)=CU(1)-CU(1)~.OI: CUA=L 
OG(CU(1))/LOG(10):GOTO III0 
6175 GOTO 1180 
10000 REM ENTER concentration (M=molar;P=ppm),calcium, 
magnesium, alkalinity, pH, total dissolved copper, 
maximum error (per cent) 
10010 READ C$,C,M,A,P, CU,E 
10020 IF C$="M" THEN GOTO 1060 
10030 IF C$="P" THEN GOTO 120 
10035 IF C$="FIN" THEN END 
10040 PRINT "CONCENTRATION NOT ALLOWED, ABORTING ...... " 
10050 END 
I0100 DATA M,.00124,.000807,.00371,7.73,.00000578,.5 
10110 DATA M,.000459,.000239,.00354~8.54,.00000293,.5 

! Q ! ~ Q _ . ~ ~ I B . . . ~ ! ~ J . Q ~ . Q ~ . Q J . Q J . Q ~ . Q j . Q j . Q J . Q J . Q ~ . Q ~ . Q  .................................................. 
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Table 3. Source l i s t i n g  changes f o r  i n c l u d i n g  a 
coppe r -a lan ine  compley i n  copper s p e c i a t i o n .  

�9 �9239239 ;.....-~~�9239203239239239 ................................................................. 
11OO PRINT "ENTER ALANINE MOLAR CONCENTRATION": INPUT 
ALANINE 
1101LALA = LOG (ALANINE)/LOG (10) 
1365 LPRINT "ALA-Cu" =";CU(8) 
6072 CE(8) = CUA + LALA + 8.5 

Table 4. Source l i s t i n g  changes f o r  copper ion 
s p e c i a t i o n .  

................................................................................................................................................................................................. II0 PRINT "COPPER ION": INPUT CU 
1050 PRINT "COPPER ION": INPUT CU 
1175 REM 
1360 LPRINT "CuC03 =" C(9);" TOTAL COPPER = ";CUT 
4100 GOTO 6000 
5010 IF ABS (CT-AM) < E1 AND ABS (CBT-CM) <E2 AND ABS 
(CDT-MM) <E3 THEN GOTO 1260 
5025 REM 
5030 REM 
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