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Abstrac't

The increased discharge of industrial effluents into the natural water bodies have led to
the deterioration of their physio-chemical and technological characterisiics and in
particular caused a remarkable change in the pH value. Analyses have shown that the
level of acidification is dependent on the extent of hydrolysis. This paper investigated the
possibility of developing a model equation for assessing the overall brewery effluent’s
pH value via contributions of various pollutants and environmental, condition. using the
Jeast square method. Parametric coefficients in the model equation &nain,ed showed that
the effect of some of the measured parameters on the overall pH value could be

represented in the following order:

Temperature > Hardness > COD > CI' >TSS (pH) Mg < Ca™

- »
Order of increasing acidification = Order of increasing alkalization
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1. Introduction

Water borne diseases such as typhoid, cholera, dysentery, malaria etc. are direct result of

polluted water sources. Other Jess apparent disease in human may be the accumulation of

toxic substances in the food chain and other natural cycles frequently used by man
(Eckenfelder, 1989). The discharge of large amount of industrial effluent into patural
bodies has led to the contamination of arable farmland and water bodies (Odigure 1998,
Nikoladze 1989, Jenkins 1978). It may also cause serious reduction in the soil potency

and productivity.
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The law of active mass is applicable to dilute solutions of weak electrolyte and non-
electrolvtes. The ionization constant K of an electrolyie is dependent on the concentration
of the ions in solution. That is: K=RC)

The equivalent electroconductivity of strong electroiyte increases with dilution due 1o the
reduction of the jon association phenomena. Molecules of acid, base and salt dissociate m
water. However production of their dilute solutions with constant pH is practically
impossible 1o obtain. This could be attributed to the facts that the presence of
insignificant quantity of atmospheric CO;. the alkaline composition of the glassware and
other impurities in solution can seriously affect the pH value (Karapetyant, 1981). 1t can
be said that the concentration of a solution or its pH value is a reflection of prevailing
conditions in which the solution exists.

For brewery effluent, the prevailing pH value is therefore the resultan% of the dissociation
of the organic and inorganic compounds and their subsequent hydrolysis. Commeonly
measured water quality parameters are in principle targeted at measuring characteristics
that could evaluate the extent or possibility of dissociation of organic or inorganic
compounds and their subsequent hydrolysis. In order words, measured water quality
characteristics are inter-related but are not additive functions. Effluents from breweries
can be characterized based on the relatively oxygen demand expressed as Biochemical
Oxygen Demand (BOD) or Chemical Oxygen Demand (COD), suspended solids (SS),

pH, temperature and flow parameter (Iyowun 2000, Lmre 1984, Suess 1982, Lugiyen
1995).

The pH of a solution can be considered as a function of all measured characteristics;
pH = f{Temperature, TSS, COD, hardness, Ca’*, Mg™*, CI)
The major objective of this work is to develop 2 mode] equation for the assessment of
water quality. . 19
2. Experiment

The samples were collected at the point of discharge from the factory. The sampling

bottles were first rinsed with concentrated hydrochjoric acid and then with distilled



waters and allowed to dry. The dried sampling bottles were again rinsed with the sample
twice before being filled, corked and then placed in refrigerator at a temperature of 4°C
for a maximum holding period of 6 hours. The samples were then analyzed for their
physical and chemical characteristics such as temperature, total suspended sohids (TSS),
pH, total hardness, biochemical oxygen demand (BOD), COD, -and the ions of ca™,
Mg, CT (lyowum 2000, Kemmer 1988, Metcalf 1978). The results of the analyses are
presented in Teble 1.

2.1 Modeling For Water Quality Using pH As The Optimization Criteria

The pH of a solution is a reflection of the resultant effects of TSS, COD hardness and the
various jons present. The pH is modeled using the empirical methad of the least square
method (Carnahan et al. 1969, Himmelblau 1987). Mathematically;

pH = f (Temperature, TSS, COD, hardness, et ¥ s ) RS RS 1
Let Temperature = T, TSS =1, COD = C,, hardness = H, calcium = C,, Magnesium =M
and chloride = Cs, then equation 1 becomes;

pH = f(aT+ bt+cCy +dH+eCot MM+ gCs) covvssssssssssssssssssssseoseee 2
Where the pH is the dependent variable in the equation and ab.c,defg are the
coefficients (constants) which need to be determined and T,t,Ci,H,C; M,C; are the
independent variables for the desired pH.

Let 1 represent the square of the error between the observed pl-_l:nd its predicted value

(P), using the experimentally obtained data of T, t, Ci;, H, C2, M, Cs.
I=P-(aT+bt+cC1+dH+eC2+fM+gC3)1 ................................. 3

For n experimental values of P and T, C, H MG, G
n_1=2-_(Pi-_aTs-bti-cc,i_-dm-ecli-ﬂm_gcsi)l ........................... 4

To minimize n/ with respect 10 the coefficients 2. b, ¢, 4, & fand g using the first partial

" derivatives of nl with respect to these constant and equating these to zero we obtain the

necessary condition for a minimurm, so from equation (4);

8(nl)i5a = -25Ti (Pi- aTi - bti - cCy; - dHi - eCai - Mi—gC5) =0 SRS



S(nl)/db = -2t (Pi- aTi - bti - ¢Cyi - dHi - eCai - M —£Cs) = 0 G 6

8(nl)/oc = -22Cy; (Pi-aTi- bt - ¢Cy; - dHi - eCai - Mi —£Ca1) = 0 7
S(nl)/5d = -22ZHi (Pi- 2T3 - bti - <Cy; - dHi*- eCai - Mi—2Ca) = 0 gt

§(nl)/de = -22.Cai (Pi- aTi - bti- <Cy; - dHi - €Cai - tMi —£C3) =0 o
5(nl)/df = -22Mi (Pi-aTi- bti - ¢Cy; - dHi - eCai - Mi—£C3) = ey 10
5(nl)/dg = -22Csi (Pi-. aTi - bli- cCy; - dHi - eCyi - M —oCa) =0 ceeeemene 11

When rearranged, these sets of linear equations become;

S Tipi = ax(Ti)* + bSUTi+ ST Cy+ dEHITi + eZCalTi + £EMiTi + g=TiCsi-(12)
Tipi=artiTi +b(ti)? + cZTi Ci+ Gt + eXCati + LMt +¥Etic3;... .(13)
TC,Pi=azCyiTi + BLCyiti + cZ(Cy) + dZCiHi + 3.CyiCart £EMi Ci+gZCi Cin(14)
4ipi = ATHTi + bEHiHi + cZHi G dX(H + oS0, Hi + {EMiHi+ gZHICsi. ~(13)
3.CyiPi = aXTiCyi +bZtICai T CyCyr AT HICs, + e2(Cai) * T MiCy+ g2CaCi-- (16)
TMiPi = aXMiTi +bIMiHi +eZMi Cit S MiH: +eZC,Mi +HZ(Mi)+ g T MiC3.(17)
TCyPi = aZTiCsrt, bZiCsi + ZCiCirt ASHICs; + e2CaiCyi + (ZMICsr g2(Ca)..(18)

where £ = > ;=1 and n= 12 and the sum is obtained from the experimemal data using
basic program. The output of summation s as;

>(Ti)* =7819.6 T(t1)? =128426.28 T(Cy) =82613.3032 T(H) =14312.os'
T(Cyi)* =65789.4109 T(Miy? =15239.48 T(Cai)? =171752.77 Y TiPi=2825.74
$.C,Pi=9190.052 TtiPi=11420.82 THiPi=120954 TC,Pi=8198.894

ZMiPi=3896:8 $CsPiF13227.18 ZCii ‘=163479.67 Eé,ic2;=73655L6349 B

M C,; =34826.41 ZC;y; Cai =118686.076 THiTi=31538.74 TTiCyi =253412:‘526

SHITi = 33360.41. TC,Ti=22619.443 IMiTi=10741 7 T TiCs, =36489



.CoHi = 96832.25, ZMiHi =46283.28 S HiCs =156579.5 LZMiCy; =31045.045
3CaiCai =105790, Z2C4;T1 =102803.662 T HiTi=134745.4 LC,Ti =91614.376

TMiTi =43134, ZTiCs; =147645.7 2MiCs; =50813.25

Substituting these into 12 10 18 vields;
7819.6a + 31538.74b + 25341.526¢c + 33360.43 + 22619.543e + 10741.71 + 36489¢

315338.74a + 128426.28b + 102803.662c + 134745.4d + 91614.376e + 43134{ +
JAT6AS Tg=TIAZED <o fioemsicmmnomnenemseontassis st (20)
15341.526a + 102803.662b + 82613.3032¢ + 108479.62d + 73655.6349¢ + 34826 411 +
1188686.0768 = 9190.052 1-.eveermmummmsssmsinnesnssis s creneeanennens (21)

-33360:4a + 134745.41) + 108497.62c + 143112.084 + 96832453 + 46283.28f +
P re D e R 22)
72619.5432 + 91614.376b + 73655.6349¢ + 96832.25d + 65789.4101e + 31045.045f +
1057908= 8198894 ..unermunsessssssammamsnnasesneansassonsnsisdaiansiiaszanistatesiasinns (23)
10741.7a + 43134b + 34826.41c + 46282.28d + 31045.045¢ + 15239.48f + 50813.25¢g
P e e L e (24)

" 364892 + 147645.7b + 118686.076c + 156579.5d + 105790e + 50813.25f + 171752.77¢
IR e R e R i O e S U 25)
Equations 19 to 25 form-a 7x7 symmetric matrix. A computer program using the Gauss-
Jordan elimination m_etbod 1o obtain the ooﬁstant coefficients also solved this:
a=0.1 1379493997, b =0.0220990051, ¢ = 0.083265244986, d = 0.0932383375,
e=-0.080762128, f=-0.0735273196, g= 0.00034813083356

" And the model obtained can be represented as:

L= pH= 0.11379493991T + 0.0220992051t + 0.083265244986C, + 0.09372383375H

# “0.080762186C, - 0.073521273196M + 0.003481 BER3C 26

The comparative values of the experimémal results and the modeled pH values are

presented in Table 2.
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Table 1: Experimental effluent charact

i e s v M W

enistics for Jan — Dec 1999

T PH TC) Ss & H me/) | Ca M
\ (mg/l) | (mgh) (mg/l) | (mgh)
Jan 9.50 lzs.so 97.0 134.17 121.00 ‘75.00 ‘\46.00
| Feb 920 j 3620 980 \83.00 105.00 | 72.50 \32.50
2550 | 115.0 8—:_1% 705.00 | 7250 |32.50 ‘\m_so
\ 23.00 |985 8163 |109.80 |78.00 \ 31.80 | 120.00
26.30 \ s 500|150 [73.50 (4130 125.00
Jun 980 |2810 |992 083 11500 | 7350 4150 312500
2350 |97.0 5217 | 121.00 |75.00 |46.00 135.00
\26.20 98.0 \83.00 \105.00 \72.50 \32.50 112.00
7\23.50 115.0 ‘85.13 10300 | 7000 |3300 | }122.50
123‘00 98.5—\ ST65 (10000 |7500 | 25.00 100.10
\28.10 92 |3083 77500 |73.55 |41.50 & |125.00
\28.10 992 J'so.93 | 11500 7355 | 41.50 | |125.00
FEPA* | 5.40 3700 [33.00 |4200 |58.00 |34.00 20.00 ~ | 130.00
Avelyr. | 923 26130 18320 \82.96 10897 |74.00 13497 {11910

Temperature = T, TSS = £, COD = Cy, hardness = H. calcium = C, Magnesium = M and chloride = C3
sFEPA - FEDERAL ENVIRONMENTAL PROTECTION AGENCY 3

Table 2: Comparative pH values for experiments and developed model

\ Observed pH value

\ Model pH value ‘ Percentage Error (%) !

\9.50 9.52 QLI
\-920 \ 9.25 0.54 _J
\ 9.00 \ 9.00 0.00
Eo \8.70 2.25
\9.00 9.08 ﬂ
Jun ‘ 9.80 9.53 2.76
Jul \9.50 9.52 021 . 4
Aug \9.20 9.25 0.54 -
Sep [9.00 0.00 _j
Oct '38490
| Nov 1 9.00
Dec ‘

l 6.80




Verification Of Result

in other 1o verify the correciness of the modeled equation. the percentage error wes

calculated for each of the months and compared with the corresponding experimental

values. The percentage deviation ranged from 0 to .3 02%.

4. Discussion Of Result

Water is the most effective solvent. In principle all compounds — salts, hydrocarbon,

protein, ester, fats, etc., can be hydrolyzed by water. That is the lons of these compounds

can be exchanged with water molecules. This exchange reaction ofien results in shift of
" the water dissociation equilibrium constant. The extent or possibility of hydrolysis of the

compound cation K™ and anion A" is dependent on the electropositivity or negativity

and atomic (molecular) radius. It is pow established that hydFolysis of various

compounds could take place in solution according to the following types (Karapetyant,

1981):

Type 1. Cation K™ and anion A™ with small charge and large alomic radius are
insignificantly polarized by water molecules. In other word cation of strong base such as
- X, Ca®* and anion of strong acid CI, NO’; are not hydrolyzed by water. Consequently
& _the pH of the solution is relatively neutral (pH = 7).
';--- T&pe 2. Salts, whose cations are from strong base and anion from weak acid, can
[ hydrolyze only to produce alkaline solution. The reserve is also true strong acid and weak
.. base will préducc acidic solution.

;I‘yp; 3. Salt w’w—xtgboth cation and anion from weak acid and base will hydrolyze to

.—M,——-,.,\., s

rodiice weak acxdlc or w&k -alkaline solution.

3 Consequently, ‘pollutants present in water can seriously affect the resultant pH. The extent
" of acidification or alkalization of the sohmon by pollutants is dependent, not only on the
chemical nature of the compounds present, but also the prevailing technological

conditions. From the calculated coefficients, it can be seen that the pH is most affected by
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the temperature of the wastewaier and least CI' content. Cations of base metals — Mg*~
and Ca®* possess negative Sign. This might be attributed 10 possibility of their being
precipitated from the solution or the basicity nature. 1n principle they contribute little to
the overall pH value because they cannot be hydrolyzed. However the effect of the
presence of Cz2 is higher than that of Mg?* due to its high electropositivity. The effect
of the presence of dissolvable solids predominantly of organic origin on the solution’s
pH. can be associated with a 1ype 3 hydrolysis. Complex organic compounds are
converied to less complex soluble ones by enzymatic hydrolysis. Most organic
compounds such as carbobydrate and protein, on hydrolysis produce organic weak acid
or weak base. The extents of these reactions depend on the prevailing environmental
condition.

Analysis of the obtained coefficients for the various optimized van'at%e show that the
obtained values and signs to a great extent is a reflection of the chemical nature of the
poliutants constituents. The efiect of the measured pararneters on the overall pH can be
represented in the following order:

Temperature > Hardness > COD > CI'> TSS (pH) Mg™ < Cat

Order of increasing acidification Order of increasing alkalization

The results obtained from the model equation show that the pH of the effluent is much
more higher than the standard stipulated by the Federal Environmental Protection Agency
(FEPA). The average yearly pH was found to be 9.1 where as the maximum Limit by
FEPA is 5.6, this suggests that the effluent was not well treated.

5. Conclusion

The developed model showed that the pH value of industrial effluent &5 2 reflection of the
prevailing physio-chemical and technological parameters. Parametric ooeﬂi.ciems in the
model equation obtained showed that the effect of some of the measured parameters on
the overall pH value could be represented in the following order:

Temperature > Hardness > COD > Cr> TSS pH) _Ild__g:* <Ca”

Order of increasing acidification Order of increasing alkalization



~ This is 2 reflection of the influence of the prevailing parameters.
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