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Evaluation of Dairy Waste Treatability
by Gel-Chromatography

Ahmed HAMZA* and Norihito TAMBO**
(Received June 30, 1977)

Abstract

Effluents from dairy processing create some of the most difficult industrial pollution
problems. To minimize water usage and waste load it is often worthwhile to renovate
and recycle the waste water.

A serious obstacle in selecting the proper renovation technique is the lack of infor-
mation concerning the treatability of the constituents of dairy waste by biological and/or
physicochemical methods. Thus in the present paper a gel chromatographic technique
was applied to evaluate the treatability of the dairy effluents according to their elution
characteristics.

The elution characteristics of the water fraction evinces effective removal by biological
treatment. Compounds which absorb in UV are selectively removed by coagulation
and adsorption. In the case of concentrated effluents, it is proposed that biological
treatment in combination with coagulation and adsorption is reguired for effective waste
renovation. However, for dilute efluents coagulation and adsorption are sufficient to
produce water with an acceptable quality for reuse in dairy processing.

Introduction

The increased awarenss of the need to halt the progressive deterioration of
the environment has spawned the rebirth of interest in advanced treatment of
industrial wastes as an important water conservation measure.

The dairy industry uses vast quantities of water in all processing operations.
The effluents contain dilutions of whole milk, separated milk and whey; in
addition to the sanitizers used for the cleaning operations, The waste contains
colloidal matter as well as dissolved organics.

Numerous papers concerning the treatment of dairy waste have been published
recently.  Bebin and Renaudin” suggested that dairy waste can be purified by
means of highly loaded activated sludge process with pure oxygen supply.
Sullins et al.¥ proposed a multi-biological system for treatment of dairy wastes.
Tanaka® reported on a 2-stage aerated lagoon which achieved substantial reduction
in BOD; and NH,-N. The results of Tuwiner®? indicated that electrolysis can be
used to reduce the COD of cheese whey wastewater. Anderson® discussed
coagulation with Al,(SO,),, FeCl, and Ca(OH),, Coagulation of effluents having
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BOD; of 800-970 mg/1 was not effective except in combination with biological
treatment. » . ,

An approach to the evalution of soluble organics removal from wastewater
based on molecular size distribution was récently suggested by Tambo®. He
proposed the use of TOC and UV-absorbance at 260 and 220 nm in connection
with Gel Chromatography [GC] for the evalution of the treatability of domestic
wastes.

Gel chromatography has long been recognized as a valuable technique for
fractionation of materials that differ from each other in molecular size. Usually,
the first substances to pass through the GC column are those having a molecular
size which prevent them from entering into the gel micropores. Smaller molecules
penetrate the gel particles to a varying extent dependig upon their size and
shape. They are eluted in the sequence of their decreasing molecular size. In
some instances, substances with a strong affinity to the gel are not eluted easily
with water. In interpreting the GC data both molecular size and affinity to the
gel must be considered.

This investigation was stimulated by the interest in applying the GC techniques
for assessing the treatability of dairy wastes.

Materials and Methods

DAIRY EFFLUENTS: Samples were collected from Snow Brand Dairy Plant
[SBDP] in Sapporo, Japan; during a period from Nov. 1976 to March 1977. The
plant generates 2,000 cubic meters of wastewater during a daily operation period
of 10 hours. Wastewater pretreatment at SBDP is limited to simple aeration
which reduces the COD and BOD; by 40-5025. The samples selected for the
study were; butter processing waste, yogurt processing waste, clean-up waste, and
the final effluent (Dairy Waste).

PREPARATION OF SAMPLES FOR THE GC STUDY: All samples were
filtered through a 0.45 yum wembrane filter.  Samples having less than 200 mg/1
dissolved organic carbon [DOCT], were concentrated by rotary evaporators at 30°C.
The samples were refiltered to remove any precipitates formed during the concen-
tration process.

PROCEDURE OF GEL CHROMATOGRAPHY : Sephadex G-15 (Pharmacia,
Uppasala, Sweden) was used as molecular size exclusion material in the study.
The gel was prepared by equilibrating 145 g of the dry Sephadex G-15 in water
for 24 hrs., then applied to 2.5x 90 cm column. The samples were placed at the
top of the column in 10 m/ portions. The retained substances were eluted by a
two-stage process. In the first stage, distilled water was passed through the column
at a constant rate of 1.2 m//min. and the effluent was collected in 10 m/ fractions
by an automatic fraction collector. In the second stage, 0.IN-NH,OH was added
for the elution of the constituents which possess a high affinity to the gel. A
preliminary investigation indicated that elution with 400 m/ distilled water and
500 m/ of 0.IN-NH,OH were necessary to recover all retentates.

The DOC of the collected fractions was measured by a TOC analyzer (Beckman-
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Toshiba Model 102) according to the procedure of the Standard Methods”. The
UV absorbance were measured at 260 and 220 nm using 1cm cell (E,, and E,y).
In a previous study by Dobbs et al.”, they indicatzd that inorganics are generally
absorbed at wave lengths below 235 nm, while organics are absorbed in 254 nm.

THE COAGULATION STUDY : Treatment of the final efflent was performed
by coagulation using 100 to 600 mg/1 A1,(SO,)-18HO, at pH 3 to 8. All experi-
ments were carried out by using a standard jar test in 1 /-beakers. The pH of
the samples was adjusted by 0.5 N HCI or 0.5 N NaOH. Alum was then added
and the suspensions were stirred for 5 min at 150 rpm and 15min at 40 rpm.
After a sedimentation period of 30 min the supernatant was homogenized and the
following parameters were measured : Residual turbidity by a photoelectric turbid-
emeter (Nihon Seimitsu Kogaku Co.), colloid charge according to the method
developed by Kawamura and Tanaka®, pH, DOC, E,, and E,,.

THE ADSORPTION STUDY : Samples of the final effluent were pretreated
by coagulation before their use in the adsorption study. Adsorption was performed
at 12°C in a non-flow system with constant agitation at 120 rpm. A 100-150
mesh activated carbon (Grade S. S., Taiyo Koken Co.) was added in doses from
100-1,000 mg/1 to 1] samples. After a contact period of 2 hours, the filtered
samples were tested for their DOC, E,, and E,,  Another series of samples
were treated for various contact periods using 1000 mg/1 activated carbon. The
GC patterns after adsorption for 1, 3, 8 and 24 hours were investigated to evaluate
the effect of adsorption on the removal of soluble organics of the dairy waste.

Discussion of Results

TYPICAL CHROMATOGRAMS OF DAIRY EFFLUENTS : Chromatograms of
the dairy effluents are shown in Figures 1, 2, 3 and 4. The elution patterns
indicate the presence of two groups, namely, the water eluted group [Group I7]
and the NH,OH eluted group [ Group II'].

Numerical evalution of the GC data was based on the determination of the
following parameters:

1) the peak ratio of DOC to E,, [ R

2) the DOC content in Group II to total DOC [#].

3) the volume required for elution of pollutants in maximum concentration

LV ‘

4) the exclusion parameters K, and K.

The parameter K, is defined as the fraction of the inner volume of the gel
available for diffusion, whereas K, is defined by Laurent and Killander” as the
fraction of the total gel available for diffusion.

_V.-V, Ve—V,

N Vi Vt"Vo

where, V,=void volume between gel grains (1.1 ml/g for Sephadex G-15).
V,=inner volume of the gel bed (3.0 ml/g for Sephadex G-15).
V,=total volum of the gel bed.
V.=elution volume.

Ky and K=
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Table 1 Elution parameters of the Dairy effluents
Source Parameter Group I Group 11
R 2200 36
¥ 4.4%
Dairy waste Ve ml 310V 440
Ka 0.354 0.644
Kav 0.533 0.993
R 4630 138
v 8.9%
Butter Waste' Ve ml 3601 430
Ka 0.471 0.662
Kav 0.711 0.958
R EH 360
¥ 7.6%
Yogurt waste Ve ml 320 450
Ka 0.378 0.684
Koy 0.561 1.028
R 2200/2000% 199/300%
7 6.7%
Clean-up waste Ve ml 310/340 430/470
Ky 0.355/0.408 0.662/0.714
Kav 0.533/0.638 0.958/1.099
1) DOC peak 2) Group LA 3) Group I-B

Evaluation of Dairy Waste

Treatabllity by Gel-Chromatograohy

4) Group II.-A 5) Group 1I.B EH=Extremly High
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The numerical values of R, #, V., K, and K,, obtained for the dairy effluents
are shown in Table (1).

Two postulated approaches are developed to assess the treatability of the dairy
effluents :

1) Both K, and K,, possess a negative relationship to the molecular radius 7
as stated by Determann®,

KY*=const. —const. x 7 and (— K,,)Y/*=const. +const X 7

Therefore, the greater the K, and K, values, the smaller the molecular size
of the pollutants and the easier the assimilation of these pollutants by biological
treatment.

2) Most complex organics have an absorbance in wave lengths near 254 nm.
However, sugars, simple aliphatic and amino acids together with alcohols are not
absorb in UV. These simple organics are readily assimilated through the bacterial
cell walls during biological treatment processes. Therefore, as the R values of
the wastewater increase, soluble organics become amenable to biological treatment
due to the predominancy of simple compounds. According to the same hypothesis,
low R-values indicate less amenability to biological treatment. For fractions
with low R-values, it is postulated, that their removal would be achieved effectively
by physico-chemical treatment processes.

Unfortunately, the elution parameters can not be used as absolute measures
of treatability since their values depend on the type of eluant, gel material,
affinity of the constituents to the gel and instrumental accuracy.

Despite these restrictive factors, elution parameters, and in particular the R
value can offer valuable information concerning the treatability of dairy effluents.

As shown in Table I, the constituents of Group I for all wastes are expected
to be easily removed by biological treatment, due to their very high R values
(R > 2000). It is interesting to note that all parameters are consistently higher
for butter waste in comparison with other effluents. The R value for the yogurt
waste should be excluded from this comparison due to the inaccuracy involved
in its estimation at DOC <300 mg/1 and E,, < 0.015.

Constituents of Group II for dairy and butter wastes possess low R, K, and
K,, values, in comparison with the yogurt waste. They are expected to respond
poorly to biological treatment. In this case, complete treatment can be achieved
by biological treatment for the removal of soluble organics in Group I and
physico-chemical treatment for the removal of organic constituents in Group II.

The gel chromatograms of the dairy effluents shown in Figures 1, 2, 3 and 4
reveal some interesting characteristics :

1) Compared to the complex GC patterns of sewage* and leachate'”, dairy
effluents have simple elution patterns, which indicate a fair homogeneity of the
constituents, except for that of the clean-up waste.

2) The percentages of the compounds with high affinity to the gel are rela-
tively low.

3) All chromatograms of Group II possess unusually high E,, peaks.  This
high peak was also identified for the sanitizer used at SBDP as shown in Figure
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6.  Since cleaning operations are continuously carried out during processing, it
may be expected to find the sanitizing materials to be a common constituent of
all processing effluents.

Typical chromatogram of the yogurt waste is illustrated in Figure 2. Both
Group I and II of this waste showed minute adsorption in E,,, due to the pre-
dominancy of the non UV-absorbing compounds in this waste. Group I of the
yogurt waste resemble the GC pattern of lactic acide shown in Figure 5, while
Group II is similar in its pattern to that of the sanitizer used at SBDP. The
high elution parameters for both groups indicate the amenability of the yogurte
waste to biological treatment processes.

The chromatogram shown in Figure 4, illustrates an example of the GC pattern
of the clean-up waste. Two different regions were identified in the water and
NH,OH elution groups. Group I-A of Figure 4 is similar to Group I of the
yogurt waste, while Group I-B has a relatively similar pattern to that of Group I
of the butter waste. On the other hand, the pattern of Group II-A resembles
the GC pattern of the sanitizer.  Group II-B of the clean-up waste has a large
portion of non-UV absorbing soluble organics. The observed heterogeneity of the
clean-up pattern is typical of the cleaning wastes due to the great variations in
the type and concentration of their constituents.

DAIRY WASTE TREATMENT BY COAGULATION: The effect of alum
dosage and pH on residual turbidity is shown in Figure 7. The formation of
soluble species of alum [AI(OH);] at pH 3 to 4 have an insignificant destablizing
effect on the colloidal and suspended particles of the dairy waste. The noticeable
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increase in the turbidity at pH 3 was contributed by the partial precipitation of
dissolved organics at this low pH. The polymeric species of AL(OH);! formed at
pH 4 to 6", resulted in neutralization of the negatively charged colloids and
their coagulation. At pH 7 to 8 neutral complexes of AI(OH), were predominant™®.
These complexes are generally ineffective for charge neutralization.
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The change of colloid charge at different pH and alum dosage is demonstrated
in Figure 8. Initial charge of the dairy waste was about —35meq/1-107%
Addition of alum reversed the charge at pH 3 to 5. The highest increase in the
charge was associated with the highest alum dosage. The zone of positive charge
was expanded with the increasing alum dosage due to the existance of excess
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aluminum complex ions. Significant drop in the positive charge was observed at
pH higher than 5. The charge was changed to negative at pH 5.5 to 6.

Figure 9 shows the effect of coagulation at different pH and alum dosages on
the residual DOC. In general, coagulation resulted in some but not significant
reduction in the DOC of dairy waste. The increase of alum dosage from 100 to
600 mg/1 did not bring a noticeable decrease in the DOC. An interesting effect
of the alum dosage on the UV-absorbance is shown in Figure 10. Within the
range of the experimented pH and alum dosage, coagulation produced an excellent
removal of the UV absorbing compounds. This led to the conclusion that soluble
organics removed by coagulations were generally of high molecular weight
compounds which absorb in E,, The finding by Brodsky and Prochdzka', agrees
with the above conclusion. They reported that coagulation is a highly selective
process for removal of large molecular weight organics from river waters. The
results of Figures 7, 8, 9 and 10 concurrently suggest optimum coagulation of
dairy waste with 300 mg/1 alum at pH 5.
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different contact periods [Conc.x5]
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CARBON ADSORPTION OF DAIRY WASTE: The surpernatant formed by
coagulation with 300 mg/l alum at pH 5 was subjected to adsorption in a non-flow
system.  As seen in Figure 11, the residual DOC continuously decreassed by
increasing the carbon dosage from 100 to 1000 mg/l. The UV-absorbing compounds
remained after coagulation were removed by adsorption using 100 mg/l activated
carbon.  Higher carbon dosage removed the non UV-absorbing costituents. The
study by Tambo et al.*, supports this finding. They reported that trisaccharides
and disaccharides are preferentially removed by adsorption with a small carbon
dosage. Smaller molecular weight compounds which do not absorb in UV are
removed by a much larger carbon dosage.

The residual DOC and UV-absorbance as functions of adsorption contact time
are shown in Figure 12. Here again, a major portion of the UV-absorbing organics
was removed effectively in a short time. The results suggest that an alternative
to the removal of non UV-absorbing organics by biological treatment would be
adsorption using a high carbon dosage.

Schematic GC patterns of the dairy
waste after adsorption for different
contact periods are shown in Figure
13. All UV-absorbing compounds wete
removed by adsorption for 3 hrs using
1000 mg/1 activated carbon. The non
UV-absorbing compounds in Group 1 7
as well as the constituents of Group II
were successively removed by increasing
the contact time to 24 hours. As seen
in Figure 14, most of the DOC removal
by adsorption for periods longer than “w L
8 hours was mostly contributed by the
constituents of Group IL Almost
complete removal of DOC was attained
by prolonged adsorption up to 72 hrs
using 3,000 mg/1 activated cabon. In w ff
case of water renovation and recycling
in dairy processing, prolonged adsorp- o1 3 s e m a e e
tion using a large dosage of carbon is Figure 14 Removal of DOC from Group 1
not necessary since traces of DOC are and II by adsorption
acceptable in process water as well as drinking water supplies.

100 1+

—— Total DOC

DOC Removal by Adsorp.

Percencage

—=~-= Group I DOC

—+— Growp 11 oC

66 [

50

Conclusions

Based on the results of this study, the following conclusions can be drawn:

1) Gel chromatography offers a reliable technique for evaluating the treat-
ability of soluble organics in dairy wastes. Most of the organic constituents can
be easily eluted by water. The chromatographic pattern of these constituents
evinces their amenability to biological treatment. A minor portion of the organic
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constituents possess a high affinity to the gel. This portion can be eluted by
NH,OH. The chromatographic pattern of this portion in dairy and butter wastes
reveal a predicted low response for removal by biological processes. A combina-
tion of biological treatment and activated carbon adsorption is needed for effective
treatment in this case. This would be particularly essential in the case of
renovating wastewater for the purpose of recycling.

2) Coagulation preteatment of dairy wastes 300 mg/l alum at pH 5 is
suggested to enhance the efficiency of the final treatment by adsoption. Coagulation
is selective towards the removal of soluble organics with high molecular weights.

3) Coagulation and adsorption with 100 mg/1 activated carbon is sufficient
for the removal of organics which absorb in UV. The non UV absorbing costituents
in the water elution fraction as well as the constituents of the NH,OH elution

fraction require a carbon dosage of 1,000 mg/1 and extended contact periods for
their removal.
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