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Abstract , 
The ratioriale for using computerprograms ",hen analysing, 
water quality data is given. The first pro!i<:lrll calculates the 

, -perèeiïrerror chemical balance betweenailions-and cations 
of a water sample. The second program presents a graphic 
display of the proportions of ions and labels this dlsplay as 
to date, pond number, location and concentration. 

RésUmé 
Le rapport qui suit justifie cet emplpi.d de programmes 
d'ordinateur. Le premier programme permet le calcul du 
pourcentage d'erreur du bilan chimique des anions et cations 
d'un échantillon d'eau. Le second offre une présentation 
visuelle des proportions d'ions comportant l'énoncé de la 
date du prélèvement du numéro de l'étang ainsi utilis.é ainsi 
que de son site, et de la concentration. 

Diséilssion 
Aquatic biologists conducting water quality monitoring pro· 
grams can establish the accuracy of the results of chemical 
analyses by determining the balance between major anions 
to cations as a percent ereor (Thomas 1953). The analytical 
results are first converted from milligratns per litre or parts 
per million to milliequavalents per litre (meq/I). The miJli· 
equivalent values of individual ionscan be obtained from 
Thomas (1953) or Standard Methods(1965). The difference 
between the sum of total cation concentration, A (meq/I), 
and total anion concentration, B (meq/I), divided by the total, 
ion concentration (meq/l), calculated as a percentage, is the 
percent error of the analysis (equation 1). 

(A) - (B) 
[1] % error = X 100 

(A) + (B) 

The precision of this calculation is set by the investigator. 
, Many biologists consider only the following as major ions in 
a water samp,Ie: calcium, magnesium, sodium, potassium, 
chloride, bicarbonate and sulphate. 

Table i gives an ex ample from a water sample collected at 
Floral"Saskatchewan. Using equation 1 and these data, we 
calculate the per cent error to be 1.37. 

To obt,ain il more complete chemical balance, soluble 
trace elements (copper, zinc, lead, aluminium, phosphate and 
ammonia) and minor constituents (iron, nitrate and fluoride) 
m~y be incorpor,ated into the percent error calculation. 
Usually these trace elements are not sigriificant enough to 
materially affect the overall accuracy of the test. 
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The perëent error can be either positive' or negative, the 
sign indicating a possible source of ereor. One must decide 
whether the analysis is acceptable or not. 

The system adopted by lnland Waters Branch, Depart· 
ment of the Environment, for accepting or rejecting an anal· 
ysis was based on criteria described by Dole and by Smith 
(cited in Thomas 1953). The criteria used by Smith or Dole 
were a range of total dissolved solids (T.D. S.). If the percent 
error exceeded the maximum permissible percent error for 
the range, the sample was rejected. We used a value for our 
maximum permisslhle error midway betweell tbe permissible 
errors established by Dole and by Smith as a criterion for 
aceeptance or rejection (Table 2). 

If specific conductivity had been measured instead of total 
dissolved solids, then it can be converted to parts per million 
or milligrams per litre by multiplying the conductivity by the 
values of the ratio of total dissolved solids to conductivity. 
These converted values can then be compared with values in 
Table 2. In Thomas (1953) the ratios vary from 0.5 to 0.7. 
For data collected in Saskatchewan, a ratio of 0.6 was calcu· 
lated for conductivities less than 600 ~mho/cm2, ratios 0.6 
to 0.75 for conductivities of 600 to 1500 ~mhos/cm2, and 
0.75 to 0.83 for conductivities above 1500 ~mhos/cm2. 

The computer program for the calculation of percent 
error was written in Fortran IV for an IBM 370 (Appendix 
I-Ionic ,Balance). Changes to the program can be made if 
additional ions are to be included. 

An extension of this program, and the data is a graphic 
presentation of the percent inilliequivalents of anions and 

Table 1 
Results of analysis of water sample taken from pond C5 
on 16 May 1968 at Floral, Saskatchewan. 
Conductivity 1830 ~mhos 

meq mgll meq/l 

Cations (A) 
Calcium 0.04990 X 167 8.3333 
Magnesium 0.08224 X 50 = 4.1120 
Sodium 0.04350 X 177 7.6995 
Potassium 0.02558 X 37 = 0.9465 

Total A 21.0913 

Anions (B) 
Sulphate 0.02082 X 717 = 14.9279 
Chloride 0.02820 X 42 1.1844 
Bicarbonate 0.01639 X 269 = 4.4089 

Total B 20.5212 
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cations (Fig. 1). The upper panel represents cations and the 
lower panel anions in percent miIIiequivalents. The program 
a1so plots date, pond number, location and conduc~ivity and 
patterns are<lS for calcium, magnesium, sodium, potassium, 
bicarb,,?nate, sulphate and chloride. 

This progfam is also in Fortran IV and is designed to run 
on the IBM 370 which utilizes Overall Plottïrig System de­
signed by Stanford University with modifications by the 
University of Saskatchewa.n Computer Centre (Appendix 11-
Water Quality Bat Diagrams). Agairi, addition of other ions 
and data external to the plot are possible. 
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Print-.out of water quality bar diagrams 
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Appendix 1 
Percent error deterrriination. Ionie balance. Program listing. 

---_._---- ---,- -- --- _._--_.- -_._- -: - -,- --_._---_._--_._-_._-------------------------------- . 

/IJONBAl JuB '999999. 'C.I:I.S. l, D.C.FOWL.,ER 
Il 1.51.D.C.fOWLER.ClAS5=A 
Il EX~C FÙRTG(lG 
IIFORT.SYSIN Où ~ 

C 

I~ 

REAL . PO~D(2),MG.NAoK 
1 N THE R * 2 0·'(. MN, Y K ,1 

le REAOCS,100,ENO:SOI (P(Jf\j[)ll),1:1,2),DY,P'N,YR,CnW,CA,MG.NA,K, 
1 ~C03,CL,S04 

100 FORMATI2A3,lX,312,SF8.0) 
WRlTElf,2001 (PONUIIJ,I:1,21,DY.MN.YR,CUND 
XCA=CA*0.04990 
X MG ==H G J) 0 • 08224 
XNA=NA~O.043~J 

XK=K ç O.ù2558 
XHC03=HC03~0.Olb3g 
XCl:Cl'>O.Q2820 
XSr4=jr4~O.020é2 
SUMC:CA+MG+NA+K 
SUMA=XLA+XMG+XNA.X~ 
SU~D=HCD3+Cl.~D4 

SUMB=XHC03+XCL+XS04 
Y:SUMC-SUMD 
PER(=15UMA-SUMBI/ISUMA+SUMBI~lCO.O 

WRlTEI6,201) CA,XCA,MG.XM{;,NA,Xi'iA,K,XK,.5UMC.5U~A 
WRITElf,2011 HC03,XHC03,CL.XCl,SC4,XS04,SUMU,SLMB 
W RITE 16 ,203 1 Y 
WRITE(6,204) PERë 
GO TD, la 

200 FeR HA T l '1 ' • 1 0 X;, 'P 0 ND: '. 2 A :3 , 1 OX , ' 0 A TI:: '. 1 2 , 1 -, • 1 2 • a - •• 1 2 • 1 0 X .• 
l'C[lNDUCTIVITY: ',1:'9.0/' ',16X,6('-'1,16X.81'-'),24X,91'-')) 

201 FURMATI ' O'.38X.'PPM'/'O',l2X. ' CAI,5X. ' O.04990 X '.FIO.4. ' = " 
1FIO.4/'O'.12X,'MG'.5X.'O.08224 X '"F10.4,D = ',FIO.4/'O'o 
21 of X , ' NA 1 , 5 X , 1 0 .043 50 XI .. fI 0 • 4 , ' == 1 • FI 0 .41 '0 ' el 3 X', ' K ' • 5 )( , 
3 ' 0 • 02 5 5 8 XI, FI 0 • ,+, , = , • F 1 Ù • 4 / 1 '. 31 X • 10 ( D_' ) • 5 X d 0 ( • - D) 1 
4' '.26X.'ICI'.F12.4.5X,F12.4.' lA)') 

202 FOR MA Til - , , 1 0 X • ' H C C3' • 5 X , , fi .0 1639 X', F lO .4 , , : 1 , F 1 D .4 / 
l'OI,12X,'Cl'.5X, ' O.02820 X '.flO.4. ' = '.F10.4/ ' O'.11X. DS04'. 
25X.'O.02082 X '.FIO.4,· : ',FlO.4/ 1 ·,31XolOI'-'1.5X.IQ(D-'I/ 
3' ',2oX,'ID)',Fl?4,5X,F12.4.' (E)') 

2.03 FORM.ATI'-'.10X,·Y: (() - (0) ='oFIO.4. ' PPM') 
204 F[]RMATI'-'.20X.'IA)- (B)'/' I.lUX,'); ERRpR = --------- X ioo ='. 

1 F.9.4/ ' ',2GX,'IA) + (B)'I 
SO CONTiNUE 

SH'P 
END 

IIGU.SYSIN DD ~ 

&5 160568 le30 167 50 177 37 269 42 
1* 

717 

------------------_._------------------ --------------.-- -- ----.-- -------- ---- -------
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Appendix II 
Water quality bar diagrams. Program listing. 

----~-------------------------~~------------------------------------------------
IIBARS JOB (999999. ·C.W.S. " D.C.FO~LER 
Il 1.5).0.C.FOWLER.CLASS=A 
IISTEP2 EXEC PLOT,DSN='A900723.WAIQUAT.BAR' 
IIFORT.SYSIN DO * 
C - -----,...------ -- ------------- ----- ------- --------- ---------- ----- ----_ ---___ _ 
ç 
( 

( PLOttlNG WATER ~UAlITY BAR DIAGRAM5 
( 

( 

(-----------------------------------------------------------------------
( 

(----------DECLARE TYPES AND ARRA't5: 
( 

REAL 
1 

AMOOESI~OO)DDATE(3).NUMBl2).NAME'4).HGPLI7).BOXXI7).ÈMP(7). 
BOX Y ( 7 ). P E R C (7 ) , CON S T f 7 J , X 1 t 9 J , X 2 ( 9 ) ,Y 1 1 9) , y 2 C 9) , ( (j ND C 2) , 

2 l P • T 1 T LE ( 7) ,B [) X A ( 5 ) • E 0 XE 15 ) , T Xl C 5) , T X 2 t 5 ) • T Y 1 C 5 ) , T Y 2 ( 5 ) • 
3 K E Yl 1 3) ,K E Y 2. K H 312' , K E Y4 C 2' ,K E Y5 C3 ) • Kt Y6 t 4 ) 

C 
INTE~ER*2 CTR.l.K 

( 

C----------l~ITlALIlE (ONSTANT DATA: 
( 

1 

( 

DATA 
DA TA 
DATA 

DA TA 
DATA 
DATA 
DA TA 
DATA 
DATA 

BOXX/2*8.0.2*28.0.2*S.C.28.01 
BDXY/10.0.2*12.0.2*S.Q,2*IC.OI 
COi~S T 10.04990, 0.08224. 0.04348. 

0.01639, 0.02U82. 
BOXA/7.0,2*29.0,2*7.01 
BOXB/2 0 31.0.2 0 29.0,31.01 
TXl/13.0,18.0,23.0.14.5.l1.51 
TYI/3 0 12.0,2*10.01 
T X 2/ 13 .0 ,}fj .0 .23 .0 ,14 .5 .21 • 51 
TY2/3*10.0,2*8.01 

(----------FORMAT DICTIONARY 
( 

IODe FORMATI2CA41 
1001 FORHATC7FIO.O) 

( 

0.02.5 58, 
0.028201 

( (ne. * 0 *-0 * >:< * * * * * * * * * 0 * 0 * 0 0 0 * ** 0 0 * * * 0 0 (10 * 0 *;;, (10 * * * * * * * * * (10 (1< 0 (1< * .;. (10 ::'-(10 * ::. *:::. (1< * * * * 0 ** * 
( 

( INITIALIlE THE PlUTTING SYSTEM AND PREDUCE THE TITLE PACE 
( ---------------------------------------------------------
( 

(ALL MOOESGIAMODES,DD.FUWL~R.~~~EKS.999999',22) 
C 
C----------REAO IN CONSTANT DATA USEO I~ PLDTTI~G TrlE 
C TITlE PAGE FRUM UNIT #2 
C 

c 

READI2,1000) 
l 
2 

C Tl TlE Il J,} = 1,7 1. lK E Y III I.I = 1 • 3) • KEY 2 , 
II<.I:Y3(1) ,1=1,21 ,(t~EY4(.J',1=l,2.), 
IKEY5(II,I=1.3),(KEYbIJ).I=1.4) 

( -- - -- - - -.- - 5 E T FRA MES J lE' , 0 1:3 J fi CT 5 PACt • AND S U B J E C TSF ACE 
( 

(ALL SETSMGtAMDDES.97.800.01 
( AL LOB ... E Ct t At10 0 1: _S ,C .0 ,0 .0 .800 .1) ,1000 .0 ) 

4 

(Cont'd next page) 

1 

ole) 

CALL SUBJEG(AMOOES,O.O,O.O.32.0,40.0) 
C 
(----------INCREASE (HARACTER SllE AND PLUT THE HEADINGS 
C 

( 

(ALL SETSMGtAMODES,40.l2.1 
CALL SETSMG(AMObES,41,21.) 
CAL L V E ( S GIA III 00 ES. 8 '. 0 • 30 .0 • 28 , T H LE: 1 

(----------REDUCE CHARACTER SIlE 10 NURMAl A~D E~Cl[5E 

( THE rlEAOING IN A BOX 
( 

CALL SETSMGCAMODES,40.8.1 
(AlL SETSMGIAMODE5.41.14.) 
CALL LINES(;(AMODES,5,BOXA,BeXB' 

( 

(----------PlûT SAMPLé 6AR DIAGRAM 
C 

CAlL LINESG(AMOUES,7.BOXX,BOXY' 
CAlL SEGMTGCAMODE5.5,TX1,TYl.TX2oTY2) 

( 

C----------PlGT CHARACT~R' STRINGS EXPLAINING BAR DIAGRAM 
( 

( 

CALL VECSG(AMODéS,16.0,18. n ,12.kEY11 
CAlL VECSGIAMUDtS,8.0.14.004.KEYZ) 
CAlL VECS'CAMODES.24.0,14.~,8,KEY3) 
CALL VECSGIAMOOES,8.0.6.0.e,KEY4) 
CAlL VECSGIAMDDEi.20.0,6.0.12,KEY5) 
CAlL SETSMGIAMODES,40.4.) 
CALL SETSMG 1 AMODES ,41 .7.) 
CAlL VECSGCAM~DESD20.0,5.0.1b,KEY6) 
CAlL VECt'IA~ODES,23.36,5.~8.12) 

(~~--~-~---PlGT CHARACTERS WITHIN THE BAR DIAGRAM 
( 

( 

(ALL VECTG(AMOO~S,IO.4.10.86.21 
CALL VECTG(AM~D~S.15.4.10.86.8) 
CAlL VECTGCAMODES,20.4,lO.8602) 
CAll VECTGCAMOOES,11.36,8.8b.521 
CAlL VECTG(AMODES,17.88,8.8b.531 
CAlL SETSMGCAMODES,40,8.) 
(ALL SETSMGCAMODES,ttl.14.) 
CAlL VECTGCAMODES.l0.0,11.0,4) 
CAlL VECTLCAMODES,15.0.11.0.211 
(AlL VECTGCAMODES ,20.0.1l.0,2.2) 
CALL VECTGCAMDDESD~5.0,11.O,19) 
CALL VECTGCAMODES,lO.O,9.0.9) 
CA~L véëTGCAMODéS,10.48.9.0,4) 
CAll VECTGCAMODESDIO.96~9.0,23) 
CAlL VECTGCAMOOES.17.0.9.0 0 35) 
CAlL VECTGCAMOO~S,11.48,9.0,23) 
CALl VECTGCAMODt::S.24.0,9.0.4) 
CAll V'CTGCA~ODES,24.48D9.C.ZO) 

C*'*****·***·*··**··**··*·*·**·~*·***··**···**······*·.* •••••• ** ••• * •••• 
( 

C 
C 
( 

PLOTTINt WATER QUAlITY ~AR DIAGRAMS 
-----_._-----------------------.-----
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C-------~--SET NEW FRAME SIlE 
C A L,l P 1 CT R Ci ( A l'mD ES! 
CA II SET SMG (AMODiE S. 91.800.0 ) 

C 
(----------READ IN DA TA f'OR A 'Pü/ll:fJ 0 D,E:HRM 1 N'E WH'E THER THE 
( BAR ùIAGRAMSHOI:1t.D GO IN THE U:P'PE,R DR UJWE:R ~E(TID.N. 
( AND SET THl: O;BJECT SPACE AND THE SUBJECT 5PACE 
( N,DiTE.: P·OND ,DATA 15 READ 'FROM UNIT 115 
( 

4 CTR=O 
5 RE A 0 ( 5 , 1000, E 1110=9 99) (DA Tl: ( 1) ,.1 =1,3 ) 0 '1 NUM B fIl. 1 = 1. 2 ) • 

1 ( NA MEl 1 1. 1 = 1 • 4 ) 0 (C uN 0 1 1 1 • 1 = 1 • 2 ) , 

( 

R,E A ill 5 , 1 0 a 1) 1 M (, PLI 1 l , 1 = l , 7 1 
IF 1 CT R. EQ.lI GO Tli 10· 
CAL lOB JE C G 1 AM G OE s,a .0 • 5,0 a • c • 80 C .0 , 10 O'C • C ) 
GO To 11 

10 CALL OBJEC(;(AMOOES,O.0.O.O.SOO.0.500.01 
Il CTR=CTR+l 

CALl SlH3JEGI AMOOE.S ,0.0,0.0 .32.0,20.01 

C ---------- PLOT TH.E BAR STRU( T UR EAN r IC EN TIF 1 CA T lU N 1 NF C R'M A Tl.ON 
( 

( 

CAL l LI NE SG (A M Di) ES, 1, BOX X ,B:l:j X Y 1 
CALl VECSGIAMODES,8.0,14.Q,12,CATEI 
CAL l V ECS" 1 A,., ODE S, 23.0,1:4. 0,8 ,iN U~'B ) 
CALL VEC5GIAMODES,8.0~6.0,164~AhE) 
(A II V Et S GIA MUO E 5 ,23 • a ,6 • Q ,Il • ([HW) 

(----------C AlC ULA TE niE RE QUI RED PERCENT AGES 
( 

( 

DO 12 1= 1,7 
PE Re 1 1 1 =0 .0 

1 2 EM Pli) = MG P L II ) ç CO I~ 5 r 1 1 1 
TOPT=O.O 
DO 131=1,4 

13 TOPT=TOPT+EMPIII 
BOlT= 0.0 
OC 14 1=5,7 

14 BOTT=BOTT+EMPfll 
DO 15 1 = 1,4 
1 F 1 TC PT. G T • 0) P E R C Il 1 = F. "" P 1 r 1 /T 0 ~ T 

1 5 C QiN 1 mu E 
DO 16 1=5.7 
TF·! BDlT.G T.O 1 PERL Il )=,EMP II I/BEITT 

1, é C ON TIN U E 

(----------5ET UP ARRAYS CONTAINrNG lHE POINTS üF THE 
( SEPARATIUN LINES lW T~~ BAR DIAtRAM ANJ PLOl 
C mE SE PA,RA TIN c-. LI N'E S 
( 

X 1111:/\.0 
Xl'51=28.û 
Xl'ô):8.C 
XlI <) 1 = 2'8 .0 
TOT=('.IJ 
DO 40 1: l ,4 
T 0 T= TOT + P E R ( ( r. 1 

4C PEH (1 1 =TOT 

(Cont'd next page) 
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( 

TOT=,O .C 
DO 41 1=501 
TOT=HIT+PERC (11 

41 P ER CIl' = TOT 
00 42 1=1,3 

42 X l( 1 + 1 , = 1 20.0 *p ER C , 1 1 ) +,8 .0 
DO 43 1=500 

43 Xl n-+21=(2·0.IJ*PER( Il »+8.0 
DO 19 1=1,9 

19 )(2111=)(1(11 
OC 20 1=1,5 
Y l , 1 ,= 12. a 

20 Y21 11=-10.0 
DO 21 1=6,9 
YI' 1)=10.0 

21 V2( 11=8.0 
( A L.l SE GMT(; (A MO;) E 5 ,9 , XI, YI, X2 , y 2 ) 

(----------TI] SrlADE SE:CTlONS 2 0 3050+6 OF THE BAR DIAGRAM 
( WITH HORIZUNTAl lINES 
( 

( 

K=2 
A 5 S 1 GN 23 T'O M 

22 Al=XIIKI 
BI = YI 1 KI 
A:3=X2IK) 
B3=Y2IKI 
K=K +1 

'A2=XIIKI 
B2=YlIKI 
A4=X2IK) 
B4=Y2IKI 
( A II ML T PL G ( A MOU ES. 7 • AI, B .L • A 2 , B 20 A 3, e :3, A 4 ,.B 4 1 
GO. TO M,(23,24,25,2b) 

2. 3 K=:3 
A 5 5IC> N 2.4 TOM 
GO TO 22-

24 K = é 
AS51GN 25 TO M 
GO To 22 

25 K=7 
ASSIGN 2b TOM 
GU To 22 

26 CONTINUE 

(----------TO SHADE StCTIONS 3,4.+5 rf THt BAR ùlAGRAM 
( VI 1 TH VE RTl ( Al liN ES 
C 

K=3 
ASSIGN 28 TU MM 

27 A1=;(I'K) 
IH=YlI K) 
A2=/.2'K) 
B 4= Y 21 K ) 
I<=K+l 
A3=)(1 (KI 
B 3,= YI (K , 
A4=X2.!KI 

(Cont'd next page) 
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C 

B4=Y2(K) 
N LI NE = IF 1 X ( (A 3- AlI /0 .2 5 + 0 .5 1 
CAll MlTPLG(AMOOE5,~LINt.Al,Bl.A2,82.A3.B3.A4.B4) 
GD TO MM,(28,29,301 . 

28 K=4 
A551GN 29 TO MM 
GO TO 27 

29 K=6 
A551GN 30 TO MM 
GO TO 27 

3C CONTINUE 

(-----~----IF ANOTHER OIAGRAM (AN BE PluTTED ON THIS PAGE 
( THEN DG sa, IF NOT T~E~ ACVA~(E T~E Fl(TTER TU 
( A NE~ PAGE 
C 

( 

1 If ( (T R • E Q .1) GO Til 5 
CAll PICT&GIAMODESI 
(AlL SETSMG(AMOJES,97.800.0) 
GO TO 4 

(----------TE R~lIllA TE niE PLOTTER 
( 

/* 

999 CAlL EXITGIAMODESI 
5TCP 
END 

I/GO.FT02FOOl 00 * 

( 

WATER QUALITY BAR OIAGRAM5 ** K~~ *­
(! 41 25 ( 

DATE PCNO # lctATIONCONDU(TIVITYMICRO MH 

/* 
//GO.SYSIN DO * 
~AY Ib.l9b8 G5 

167 50 
/* 

flORAL 
177 

1.830 
37 269 717 42 

------------------------------------------------------------------------~-~-----
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