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This study aimed at using surrogate parameters for rapid monitoring of contaminant removed of
activated sludge treatment plant for para rubber and seafood industries in Southern Thailand. Wastewaters
from these industries contain high organic concentrations and chemicals. The activated sludge process (AS)
is usually applied as a treatment process. However, plant operators generally lack the understanding and
means to control the treatment plants because of a continuous monitoring system is not employed and the
monitoring parameters are time consuming. UV absorbency at various wavelengths was used in this study
as a surrogate parameters, for predicting the removal capacity of each plant. COD, BOD, suspended solids
and nitrate-nitrogen concentrations could be estimated reliably without being time consuming. The results
showed that UV absorbency at 220 nm can be used as a parameter to predict nitrate-nitrogen concentrations
which less than 15 mg/L. That at 550 nm is for predicting suspended solids concentration and that at 260 nm
is for COD predict.

Key word : activated sludge process, industrial wastewater, surrogate parameter

Ph.D.(Environmental Engineering), Faculty of Environmental Management, Prince of Songkla University,
Hat Yai, Songkhla 90112 Thailand.

E-mail: panalee.c@psu.ac.th

Received, 21 June 2004  Accepted, 1 September 2004



Songklanakarin J. Sci. Technol.
Vol.27 No.2 Mar. - Apr. 2005

418

UNAAYD
=S S A
NUIa BINAINIT
=) [4 1 1 o w w o w ‘g’ o LY 1
MNLABIPE1INY WSuMIaIamsmaa 15dudleululsantianvunznautsa
vaalsanungavuaz lsanuamInzalununmalavesilszinalng
3. UAIUASUNS M. 2548 27(2) : 417-424

msannluadaiiiilefinsanmsidenlmniimesesnshislunmsasa sumsiniiatnt svasszuy
i suuuazneuinnlsanumnwn ez Gan snnlsanumni annduduvea
sduniduaz aailauq o Fallssaumaiisadeniioslfvmhimin  suuaznemds  ud
agdlsimugmvuszvmntadinanininlanazdla mﬁnﬁmmuqmmnﬁﬁﬂLmumnamﬁ'ﬂé’i
edihlsz ndamuhiians  dlesmnnauaaudeyauazanu unsalumsdamuszuvessladauas
Ui mmsgaduu qg%ﬁmmmmﬁ‘wﬁw fwiminiie fewmnimesesahelumainnels:zns-
ammanndah svesudazlsnnda manudaduvesilled maled 1suviuass wazluasalulasiou
nnsafiezgnilszanamiliesanai uasdimundedeld demslimgaduu s¥anan mnramamanea

1 ! U ld' ‘ﬂ' o 1 v v li'd
NUNNNTAAFULL INANNEIINAU 220 1 luuns NsaMINMANTNTHVEI lutasa-lulasiaund

Surrogate parameters for AS
Chevakidagarn, P.

v v v 1
ANNLUNIUUBYINI 15 un./a.

wazianNueInay 550 nluLuns

WBTANINYAMANMUNTUUBL 15

° U d' p:’ o 4 v v X v
WMy wsufianueaau 260 MluLas 1AM IMANUYNTUYIT LA LA

ANZMIIAMS - IWIAdEN HMINGITY WA ruATUNS artnemalug J9ia va1 90112

Activated Sludge (AS) process is one of the
most efficient biological processes currently used
for effluent treatment. It is very flexible and can be
adapted to almost any type of biological wastes.
In Southern Thailand industry is based mainly on
para rubber and seafood processing. The waste-
waters from such factories contain high organic
carbon and nutrient levels, and have special
characteristics containing specific chemicals. AS
is frequently applied to treat effluent from these
factories in order to increase their treatability using
a limited land area for treatment plant. However,
little information on the process is available to
the operators as a result of a lack of continuous
monitoring.

It appears that carbon and solids removal
(measured as COD, BOD, and suspended solids)
are the major concern of plant operators. However,
COD and BOD; are aggregate parameters which
only provide limited qualitative information and
require the use of time consuming and complicated
chemical analytical techniques. Plant operators
who need to control the process removal capacity

require fast and simple methods in order to achieve
optimal treatment. For these reasons UV absorp-
tion has long been used as a surrogate parameter
to estimate organic carbon content in the water
treatment field. This technique is quick and in-
expensive and allows rapid monitoring of the
removal efficiency of wastewater and water
treatment.

Tambo and Kamei (1978) used UV absorb-
ance at 260 and TOC to evaluate the treatability of
the organic material by biological treatment plants.
James et al. (1985) suggested UV absorbance at
254 nm as an excellent surrogate parameter for
estimating the raw water concentrations of organic
carbon and THM precursors. Jun (1995) combined
the uses of UV absorbances at 220, 260 and 500
nm as a tool to monitor jar test performance, and
confirmed his idea by monitoring a full-scale water
treatment plant.

However, no experiments on UV absorption
have been conducted under conditions of high BOD
concentration. It is well known that wastewater
concentrations from the para rubber and seafood
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industries are very strong. Not only are organic
concentrations in terms of BOD, and COD very
high, but also to are nutrients and sulfate concen-
trations. There is doubt whether the correlation
between conventional measures and UV absorp-
tion still holds under these conditions.

The main objective of this study was
therefore to investigate the relationship between
conventional analytical parameters and surrogate
parameters for treatment of wastewater from the
para rubber and seafood industries, not only to
reduce the cost of chemical analysis but also to
create an innovative option to allow plant operators
to control the capacity of their treatment plants.

Schematic diagram of plant A

Schematic diagram of plant A

Methodology

Wastewater samples were collected from
four treatment facilities representing both para
rubber (Plants A and B) and seafood industries
(Plants C and D) in Songkla, Thailand, over the
period May 2003 - January 2004 (once per month
for each plant). All treatment plants used activated
sludge processes with various modifications.
Figure 1 shows the schematic diagram of each plant.

Plant A is from the latex industry. Its waste-
water concentration is very strong and contains a
high concentration of sulfate. The treatment plant
starts with two aeration tanks, two settling tanks

Aeration tank 1 Aeration tank 2 Settling Settling Pondsz
tank tank O
’_, 1 5 series
Schematic diagram of plant B
Dzora ion Aeration Settling - - -
. Pre- Aerabic HAerobic Facultawe
treatrre rt pond pond —* tak Fond Fand Fond
Schematic diagram of plant C
UASE
—s EO Dre ritrification Mitrification Settling o] Constructed
tank tank tank witla rid
Schematic diagram of plant D
Anaerbic Activate d Settlin o
Pre- q .| Polishing
— treatment pond ’—" dudge ta nk tank - pand

Figure 1. Schematic diagram of plants A, B, C and D
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and ponds, after the settling tanks, in series. Plant
capacity is currently 3,500-5,000 kg BOD/d. Plant
B is also from the latex industry. The treatment
plant consists of aeration tanks, a very small settling
tank and ponds in series, after the aeration tanks.
Plant capacity is currently 750-1,000 kg BOD /d.

Plant C is from the frozen seafood industry
(shrimp processing). Its wastewater concentration
has a high concentration of nitrogen. The treatment
plant is a complete ASP designed for both carbon
and nitrogen removal. The facility consists of
a nitrification tank, a denitrification tank and a
settling tank. Plant capacity is currently 1,000-
1,400 kg BODS/d. Plant D is also from the frozen
seafood industry (fish processing). Its wastewater
contains a high concentration of carbon and grease.
The treatment plant consists of an aeration pond
and a settling tank and anaerobic pond as pre-
treatment. Plant capacity is currently 1,000-2,000
kg BOD /d.

In each of the four plants, the AS is equipped
with other pre- and post-treatment units, such as
upflow anaerobic sludge blanket (UASB), ponds,
or wetland. Because of the high concentrations of
influent, AS process alone is unlikely to be a single
solution able on its own to reduce contaminant
levels.

Wastewater characteristics from influents
and effluents of the whole treatment processes,
and mixed liquor were analyzed by both laboratory
and onsite measurements. All chemical tests in
laboratory were performed according to Standard
Methods for the Examination of Water and Waste-
water (APHA, 1998) BOD, and COD analysis
was undertaken for both filtered and non-filtered

samples.

A Shimadzu UV 1601 spectrophotometer
was used to measure the absorbance of unsaturated
organics at wavelengths of 220, 254, 260, and 550
nm (E220, E254, E260, and E550) in a 1 cm quartz
cuvette cell. To avoid interference from particulate
material in wastewater samples, samples were
filtered through a 0.45 pm pore size cellulose
nitrate filter membrane (Sartorious AG.) to remove
all suspended solids.

Results and Discussion

Treatability Evaluation: In this study, the
total removal efficiencies of BODS, COD, total
nitrogen and total suspended solids are defined by
the following equation.

(Influent concentration — Effluent concentration)

Influent concentration 100

Where R = Total removal efficiency. Table 1
presents the total removal efficiencies of each
treatment plant for the several parameters in-
vestigated.

As the AS of these plants A, B and D are
conventionally designed for carbon removal
whereas plant C has tertiary treatment for nitrogen
removal. The removal of BOD, and COD was
between from 96 and 99 percent (see Table 1).
Nitrogen removal of plant C was higher than those
in plants A, B and D. However, without nitrogen
removal units the total nitrogen removal in these
plants was higher than 50 percent. This might
possibly be the result of unexpected simultaneous
nitrification-denitrification processes occurring in

Table 1. Average removal efficiencies, calculated from non-filtered samples
for each treatment plant with their standard deviations.

Removal efficiency Plant A Plant B Plant C Plant D

BOD, 99.53+0.22 99.53+0.19 99.77£0.08  99.45+0.39
COD 98.5240.42 98.60+0.51 97.85+1.11  96.73+1.05
SS 87.15+7.08 78.05+4.85 93.63+3.53  93.89+7.60
Total nitrogen 69.02448.88  54.00+19.25  83.64+6.32  64.66124.11

(All units are in percent)
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the aeration tanks at these plants.

Using surrogate parameters to estimate sus-
pended solids (SS)

It is well known that E550 can show a good
correlation with suspended solids. In this study,
samples of influent, and effluent from biological
treatment processes were selected for which
suspended solids (SS) measurements using the
standard method ranged from 3 to 2,375 mg/L.
E550 was measured for these samples and Figure
2 shows the results of the experiments for both
seafood and para rubber industries. The results
show a close relationship between E550 and
suspended solids when segregated into influent
and effluent from biological processes.

It can be concluded that E550 may be used
as a surrogate parameter for estimating suspended
solids concentrations. Filtration of wastewater
through a membrane filter is not required for this
method. In only a few minutes the SS concentra-
tion can be derived at a low cost.

Using surrogate parameters to estimate nitrate-
nitrogen
Wang and Hsieh (2001) concluded that the

58, mgl

2300

Influent *

2000

0.00 1.00 2.00 3.00

E3550

presence of NO-N in water causes major inter-
ference with absorbance measured at low wave-
lengths (< 250 nm). Therefore in this stage of the
study the correlation between E220 and NO,-N
was investigated. The results are presented in
Figure 3.

The result shows a close correlation between
NO,-N and E220. However, the correlation equa-
tions, which are shown in Figure 3, can be used
for estimation only when the nitrate-nitrogen
concentration is less than 15.0 mg/L. At concen-
trations higher than 15.0 mg/L, the E220 will be
higher than the detection limit of the spectro-
photometer.

Using surrogate parameters to estimate COD
and BOD,

No correlation was found for the full COD
and BOD, data set, for non-filtered samples. Data
were separated into two groups for further analysis:
one from samples obtained from the influent into
wastewater treatment facilities and the other from
samples obtained from effluent flows from
biological treatment processes. Only filtered BOD,
and COD (FBOD, and FCOD) were analyzed.
Samples were also separated between seafood and

33, mg/L
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1200
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300

0.00 050 100 150 200

E550

Figure 2. Correlations between SS and E550 for both industries, segregated into influent
and effluent from biological treatment processes.
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Figure 3. Correlations between NO,-N and E220 for the para rubber industry at NO,-N

levels less than 15.0 mg/L.

para rubber wastewaters as each kind of wastewater
contains different groups of organic materials.
Figures 4 and 5 show a close relationship
between lumped organic parameters (FCOD) and
E260 for each kind of industry. In summary, FCOD
gave a better correlation with E260 than FBOD..
Both gave good correlation coefficients (R) rang-
ing from 0.89 to 0.96. For UV absorbance at 254
nm, E254, coefficients were less than those from

FCOD, mgll
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E260 and so E260 was therefore selected as a
surrogate parameter for prediction of FCOD.

For the estimation of FBODS, the relation-
ship between BOD,, FCOD and E260 was investi-
gated. Ping (1996) reported that FBOD, could be
estimated by using FCOD/E260. Her work showed
a reliable correlation between FBOD5 and FCOD/
E260.

In contrast to this study, Ping's work was

FCOD, moil
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Figure 4. Correlations between FCOD and E260 for the seafood industry, segregated into
influent and effluent from biological treatment processes.
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Figure 5. Correlations between FCOD and E260 for the para rubber industry, segregated
into influent and effluent from biological treatment processes.
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Figure 6. Comparison of assay results for filtered BOD, analyzed using standard methods
and with the UV analyzer (para rubber industry samples)

based on samples from the Chao Praya river water
which demonstrated FBOD, in the range of 0-30
mg/L. Wastewater concentrations from the para
rubber and seafood industries examined in the
study varied. The range of filtered BOD, values
obtained using the standard method (direct
measurement) was 0.3-4,762 mg/L. The range of
values measured using UV absorbance (estimate)
was 0.4-5,822 mg/L.

Figures 6 and 7 show the relationship
between directly measured and estimated values

from the para rubber and seafood industries
respectively.

In general, the error (difference between
directly measured and estimated values) ranged
from 0.1 to £560.0 mg/L. Wastewater from the
para rubber industry, separated into effluent BOD,
and influent BOD_, showed average errors of 3.3
and £255 mg/L respectively. Wastewater from the
seafood industry had average errors of £8.1 and
132.4 mg/L. It can be seen that the higher BOD,
was, the higher was the error.
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Figure 7. Comparison of assay results for filtered BOD, analyzed using standard methods
and with the UV analyzer (seafood industry samples)

Conclusion

The following conclusions can be drawn:

1. E260 can be used as a simple surrogate
wastewater quality parameter in the same way as
it can also be used as a surrogate parameter for
water samples. However, the correlation between
E260 and quality parameters differs for each type
of wastewater.

2. Correlation coefficients for E260 with
COD for industrial wastewaters are more reliable
than those for E260 with BOD_, when using E260
alone. To increase reliability, BOD, should be
estimated by using both COD and E260 cor-
relations.

3. E220 can be used as a parameter to pre-
dict nitrate-nitrogen concentration. However, it
may be used only when the nitrate-nitrogen
concentration is less than 15 mg/L.

4. E550 can be used as a rapid surrogate
parameter for predicting suspended solids con-
centration.

Acknowledgement

The authors would like to thank the National
Research Center for Environmental and Hazardous
Waste Management (NRC-EHWM) for providing
fellowship for this study. Special thanks are also
extended to Ms. Warasri Pormhom and Mr. Anan

Mudo for their patience, skill and hard work. Dr.
Peter Burt spent many hours for improving English
in this manuscript.

References

APHA. 1998. Standard Methods for the Examination
of Water and Wastewater, 20" ed. American
Public Health Association, Washington, DC.

James, K.E., William, C.B., and Kevin, L.W. 1985
Surrogate parameters for monitoring organic
matter and THM precursors. J. AWWA. 77(4),
122-132

Jun, H. 1995. Water quality evaluation by simple and
rapid surrogate water quality parameters. Master
thesis, School of Environmental, Resources and
Development, Asian institute of Technology,
Bangkok Thailand

Ping, L. 1996. Development of simple surrogate water
quality parameters for rapid assessment. Master
thesis, School of Environmental, Resources and
Development, Asian institute of Technology,
Bangkok Thailand

Tambo, N. and Kamei, T. 1978. Treatability evaluation
of general organic matter matrix conception and
its application for a regional water and waste-
water system. Wat. Res. 12, 931-950

Wang, G.S. and Hsieh, S.T. 2001 Monitoring natural
organic matter in water with scanning spectro-
photometer. Env. Int. 26(2001), 205-212



