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a b s t r a c t
This research aimed at treating condensate wastewater from the by-product of production processes 
in the canned tuna factories for recycling into fish oil production by reducing pH and deodoriza-
tion using activated carbon, Eunicarb ID 900. The research began with batch adsorption to study the 
effect of pH 7–9 on the chemical oxygen demand (COD) removal (parameters representing odor) fol-
lowed by continuous adsorption at the production plant using 15 cm diameter and 150 cm height 
adsorber. The result showed that a faster initial adsorption rate was achieved at lower pH while 
higher equilibrium COD removal was obtained at higher pH with the highest 90% COD removal. 
The adsorption was fitted well with Pseudo-second-order kinetic and Freundlich’s isotherm. It was 
found that this treatment could not only removed the odor but also produced higher water qual-
ity which meets the limitation of water for fish oil extraction manufacturing. Subsequently this 
research suggested a six-month operation cycle based on the result operated at an actual conden-
sate production rate of 2.5 m3/h. No effect in both quantitative and qualitative quality of fish oil 
was observed after processing with the treated condensate. The economic assessment for the exist-
ing plant evaluates a payback period of 2.86 y, reveals it is readiness to be adopted for the factory.
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1. Introduction

The overall demand for canned tuna products has 
increased remarkably. The global canned tuna market was 
about USD 8.44 billion in 2021 and is expected to grow at a 
compound annual growth rate (CAGR) of 4.7% during the 
period 2023–2028 [1]. Thailand is one of the leading coun-
tries for tuna processing. However, the tuna canning indus-
try generates a considerable number of by-products which 
are mainly utilized as tuna meal, tuna oil and tuna soluble 
concentrate [2]. The oil can be produced from tuna head 
and skin by hot water extraction. While the soluble residue 
from tuna steaming or oil extraction process can be con-
centrated using evaporation unit (as described in diagram 
shown in Fig. 1) to produce concentrated fish protein solu-
tion, the by-products for further higher value-added such 
as local delicacy or fish sauce. Therefore, condensate is the 
only wastewater generated from this process. Although 
typically the condensate water condensed from evapora-
tion unit should not have much impurity, however since 
the condensate has a fishy smell, therefore it is not suitable 
to recirculate it to the process as feed water or even use 
for cleaning purposes without proper deodorization.

Fig. 1 indicates the solid lines as current production 
process while the dotted line represents the concept of con-
densate treatment and recycling. Several advanced technol-
ogies, including adsorption, chemical oxidation, catalytic 
and biological methods, have been applied to remove odor 
compounds. Among them, adsorption by activated carbon is 
well known as one of the most utilized methods because it 
is a highly effective incurs moderate costs, easy to operate 
and hassle-free approach [3]. There are a number of research 
revealing that adsorption technology using activated car-
bon represents excellent performance for water odorization. 
Siwila and Brink [4] improved drinking water quality by 
using powdered activated carbon (ProCarb-900), whereby it 
was found that color and odor could be eliminated, as well 
as eliminating turbidity by more than 99%. Feng et al. [5] 

used nanofiltration in combination with activated carbon to 
remove 10 odor compounds contain in drinking water and 
found that more than 90% of the odor can be eliminated. 
Xia et al. [6] also found that the use of ozone followed by 
activated charcoal can eliminate odors in drinking water 
effectively. However, related literature concerning deodor-
ization of condensate water from tuna by-product pro-
cessing, has been rarely found.

Based on a case study of the production of canned tuna 
of Chotiwat Industrial Manufacturing Public Company 
Limited, located in Thailand’s Songkhla province, 35 m3/d 
water is required for feeding to the by-products produc-
tion line, while a total of 50 m3/d of condensate wastewa-
ter is generated. Thus, the pretreated condensate is con-
sidered sufficient for recycling to replace the feed water. 
Therefore, this study aimed at investigating the suitable 
operating condition and efficiency of using activated car-
bon for treating condensate wastewater in both batch 
and continuous adsorption in the real plant for long term 
operation. Moreover, the results of the experiment were 
later used to estimate the cost and saving of the entire  
by-product line.

2. Materials and methods

2.1. Properties of condensate wastewater

The condensate wastewater was collected from the 
by-product production process of Chotiwat Manufacturing 
Industry Public Company Limited, Thailand. The chem-
ical and physical properties of condensate wastewater 
and the limitation of water for fish oil extraction manufac-
turing are shown in Table 1.

2.2. Activated carbon

Activated carbon (Eunicarb ID 900), the commer-
cial activ ated carbon was normally used for tap water 

 
Fig. 1. Simplified diagram of by-product production of canned tuna factory.
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production of Chotiwat Manufacturing Industry Public 
Company Limited, Thailand to treat the condensate in this 
study. Eunicarb ID 900 produced from coconut shell was 
purchased from Qualitech Supply Limited Partnership, 
Thailand, and its properties are presented in Table 2. 
The porous structure parameters were determined from 
the nitrogen adsorption isotherm using an automatic 
Micromeritics ASAP 2460 surface area and porosity ana-
lyzer. The specific surface area was calculated using 
Brunauer–Emmett–Teller method. Total pore diameter was 
determined by estimating the amount of nitrogen adsorbed 
at a relative pressure of p/p° 0.99. Adsorption and desorp-
tion isotherm of nitrogen gas at a temperature of 77.3 K is 
shown in Fig. 2. It was found that when the relative pres-
sure increases, the amount of adsorption also increases, 
and the hysteresis loop was observed after the desorption. 
According to the IUPAC (International Union of Pure and 
Applied Chemistry) classification, the adsorption isotherm 

thus can be classified as type IV (Freundlich adsorption 
isotherm) mesoporous type adsorbent [7].

2.3. Chemical oxygen demand removal from condensate 
wastewater by batch adsorption

The treatment of condensate using batch adsorption was 
carried out in a 250 mL Erlenmeyer flask. Each flask con-
tained 100 mL of condensate which was adjusted to the pH 
of 7, 8 or 9 by 0.1 M HCl. Different activated carbon load-
ings at 25, 50, 100, 125, and 150 g/L were studied. The flask 
was covered by parafilm before being placed in thermostatic 
shaker and operated at 150 rpm and 30°C. The condensate 
sample was withdrawn every hour for 4 h for chemical 
oxygen demand (COD) determination. COD was chosen 
as a representative parameter for tracking the adsorption 
efficiency since the odor of condensate is generated from 
volatile organic compounds and COD determination is 
considered as being more reliable than the manual determi-
nation, using nose as the odor detector by the expert.

2.4. Condensate wastewater treatment by continuous adsorption

The condensate wastewater treatment system was 
installed at the by-product plant of Chotiwat Manufacturing 

Table 1
Chemical and physical properties of condensate wastewater 
and the limitation of water for fish oil extraction manufacturing

Properties Condensate 
wastewater

Limitation of 
water for the fish 
oil extraction 
manufacturing

pH 9.12–9.83 6.5–8.0
Total iron (ppm as Fe2+) 0.09–0.16 ≤0.3
Total hardness (ppm as 
CaCO3)

3.6–13.4 ≤60

Chloride (ppm as Cl–) 11–19 ≤200
Residual free chlorine (ppm) 0.14–0.23 0.2–2.0
Conductivity (µS/cm) 378–496 Not assigned
Odor Abnormal 

(fishy)
Normal

Table 2
Properties of activated carbon (Eunicarb ID 900)

Particle size* Mesh 8 × 16
Iodine number* 900
Bulk density*, kg/L 0.5
pH* 9–11
Surface area, m2/g 1,086
Total porous volume, cm3/g 0.40
Average pore size, nm 3.7

*from the technical specification document.
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Industry Public Company Limited, Thailand. The system 
size and configuration were designed to follow the guid-
ance of the supplier. The system mainly consists of a coarse 
filter unit inserted with a 3 mm hole sieve, a 100-L plas-
tic drum of acid tank, 15 cm diameter and 150 cm height 
adsorption column packed with 12 kg, or 24 L activated 
carbon, as shown in Fig. 3. The condensate was pumped 
through the filter and mixed with the acid line to adjust the 
pH to 7.3 ± 0.1 before entering the bottom of the adsorber. 
The flow rate of condensate was measured by rotary flow-
meter. While the pressure inside the adsorption column 
was monitored by pressure gauge. The experiment was 
divided into two parts, described as follows.

2.4.1. Effect of flow rate on the quality of treated condensate

The effect of condensate flow rates of 0.5, 1.0, 1.5, 2.0, 
and 2.5 m3/h on the quality of treated condensate were 
investigated. Each flow rate was operated continuously 
for 3 h. 18 replicates were done for this experiment. The 
effluent samples were withdrawn every 1 h for analyz-
ing total iron, total hardness, chloride, residual free chlo-
rine, turbidity, conductivity, COD, and odor whereby their 
measuring values were reported in average.

2.4.2. Long-term operation

For the long-term operation of condensate treatment, 
the adsorber was continuously operated at 2.5 m3/h, 18 h/d 
for 180 d. The original and treated condensate samples were 
withdrawn every 10 d for analyzing total iron, total hard-
ness, chloride, residual free chlorine, turbidity, conductivity, 
COD, odor, turbidity, and dissolved oxygen (DO). Ammonia 
nitrogen, namely the total suspended solid, and chemical 
compound using gas chromatography–mass spectrome-
try, GC-MS (GC 7890B, MSD 5977A, Agilent Technologies, 
USA) of condensate samples were checked for original and 
treated condensate after one-month operation. While the 
original and one month used activated carbon was sam-
pled for analyzing the appearance of surface morphol-
ogy and elements using scanning electron microscopy and 
the element composition using energy-dispersive X-ray 

spectrometer, SEM-EDX (JSM-5800LV, Jeol, Japan). The col-
umn pressure drop was also monitored every 10 d.

2.5. Recycling of the treated water for oil extraction from fish 
residue

The nine treated condensate samples of adsorption 
operation were recycled and fed to the by-product produc-
tion process (the confidential method of the production is 
not provided). The physical properties (color, odor, and 
appearance), chemical properties (moisture, free fatty acid 
(FFA), and acid value), and specific properties (confiden-
tial), and production yield of fish oil as a representative 
product were compared to the acceptable value assigned 
from the company.

2.6. Analytical methods

pH was measured by pH meter (Toledo, Germany). 
Conductivity was measured by a conductivity meter (Orion, 
USA). Total iron was measured by an iron meter (Orion, 
USA). Residual free chlorine was measured using a chlo-
ride meter (Lovibond, Germany). Turbidity was measured 
by turbidity meter (Thermo Scientific, USA). The olfactory 
or odor of a sample is evaluated by the expert of the com-
pany. The total suspended solids, COD, DO, total hard-
ness, and ammonia nitrogen were measured according to 
standard methods [8]. Chloride FFA, acid value, and mois-
ture were determined by the methods according to AOAC 
official methods of analysis [9].

Statistically significant differences in the results were 
determined using a one-way analysis of variance (ANOVA) 
in SPSS v26.0 (IBM, USA) with statistical significance set 
at 95% confidence level (p < 0.05).

2.7. Costs and savings estimation of the treatment and recycling of 
condensate wastewater

The costs associated with condensate wastewater 
treatment can be divided in capital costs corresponding 
to activated carbon, adsorption column, vessels, pumps, 
piping, measuring devices, etc., whereas operating costs 

 

(b) 

Fig. 3. Condensate wastewater treatment using continuous adsorption (a) diagram and (b) the installed system at the real produc-
tion plant.
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corresponding to chemicals, maintenance, activated car-
bon replacement, energy, and amortization of capital costs. 
The cost analysis was calculated based on the condensate 
generation rate at 2.5 m3/h while the saving cost was the 
difference between the treatment cost and the cost of daily 
supplied water requirement being replaced by the recycle 
of treated condensate.

2.8. Calculations

2.8.1. Removal efficiency

Removal efficiencies were calculated using Eq. (1):

Removal efficiency in out

in

%� � � �
�

V V
V

100  (1)

where Vin and Vout is the inlet and outlet measuring value, 
respectively.

2.8.2. Langmuir adsorption isotherm

The Langmuir adsorption isotherm is expressed by 
Eqs. (2) and (3) [10].

q
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where q is the amount of adsorbate adsorbed at the equi-
librium, qm is the maximum adsorption capacity of the 
adsorbent (mg/g), KL is the Langmuir equilibrium constant 
(L/mg) and C is the supernatant adsorbate concentration at 
the equilibrium (mg/L) assuming a monolayer of adsorbate 
uptake by the adsorbent. Moreover, Nonlinear Langmuir 
isotherm can be applied as a linear model or a linear graph 
by rearranging the equation as follows.
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The linear graph can be plotted by 1/q and 1/c, The 
KL and qm values can be calculated from the slope and 
y-intercept values.

2.8.3. Freundlich adsorption isotherm

The Freundlich adsorption isotherm is represented in 
Eqs. (4) and (5) [10].

q K CF
n= 1/  (4)

where q is amount of COD adsorbed by the activated car-
bon (mg/g), KF is the Freundlich equilibrium constant 
((mg/L)–1/n·mg/g) and n is the Freundlich exponent (dimen-
sionless). In addition, nonlinear Freundlich isotherm can 
be applied as a linear model or a linear graph by rear-
ranging the equation as follows.

log log logq K
n

CF� �
1  (5)

Relations between the logq and logC can be plotted 
through the linear graph. The values of 1/n and logKF can 
be inferred from the slope and interception, respectively.

2.8.4. Adsorption kinetics

Several kinetic models are applied to test the exper-
imental data. For the current study, the simple two kinetic 
models of pseudo-first-order and pseudo-second-order 
models were used as described in Eqs. (6)–(8) [11].

2.8.4.1. Pseudo-first-order kinetics
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A linear model or a linear graph rearrangement of 
Eq. (6) brings about Eq. (7):

log log
.
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k
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2 303
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where qe and qt represent the amounts of adsorbate adsorbed 
(mg/g) at equilibrium and at any time, t is time (min), 
k1 is the rate constant (1/min). The values of qe and k1 can be 
deduced from the intercepts and slopes of the linear plots 
of log(qe –qt) against t.

2.8.4.2. Pseudo-second-order kinetics

dq
dt

k q qt
e t� �� �2

2
 (8)

This can be linearized to Eq. (9) when Eq. (8) is inte-
grated in range t = 0 to t = t and qt = 0 to qt = t.

t
q k q q

t
t e e
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2
2  (9)

where k2 is the rate constant of pseudo-second-order 
adsorption (g/mg·min), The values of qe and k2 can be 
assumed from the slopes and intercept of the linear plots 
of t/qt against t.

3. Results and discussion

3.1. Results on batch adsorption

As shown in Table 1, hardness, chloride, residue free 
chlorine, and total iron meet the limitation of water for 
the by-product manufacturing. Fishy odor detected in the 
condensate needs to be eliminated otherwise it will cause 
strong stinky odor of the by-products when recycle back 
to the process. The pH of approximately 9.2 is higher than 
the limitation set by the company at 6.5–8.0. Therefore, 
reducing the pH of condensate is required before the 
reutilization process to prevent products off specification.

GC-MS chromatrogram of condensate wastewater in 
Fig. 4 shows that methylamine was the main compound 
detected. Methylamine is a component commonly present 
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in seafood generated from the degradation of the fish pro-
tein [12]. It is a low boiling and basic compound thus caus-
ing the condensate to possess a moderately high pH. The 
methylamine bond length is 0.102–0.147 nm [13], hence it 
confirms that this undesired compound could be adsorbed 
on the larger pore size (3.7 nm) of activated carbon Eunicarb 
ID 900. Moreover, other research reported that methyl-
amine cations can be adsorbed on kaolinite basal surfaces 
particularly on kaolinite Si–O surface by electrostatic inter-
action and hydrogen bonds [14]. Therefore, COD can be 
further used as a representative to track the removal of  
methylamine odor.

3.1.1. Effect of pH and activated carbon loading on COD 
removal

Fig. 5 shows a decrease in COD values over the 4 h 
batch adsorption. It was observed that there was a sharp 
decrease in COD in the first 1–2 h and began to decrease 
slowly during the 3–4 h, and with a greater amount of 
activated carbon, it would be possible to reduce the COD 
value in condensate extremely faster and more. pH of the 
solution does not only influence the surface charge of the 
activated carbon but also the ionization of methylamine, 
the adsorbate. At lower pH, the higher ratio of protonated 
amine to free (non-protonated) amine groups are presented 
[15]. Thus, at lower pH of 7 and 8, the COD removal rates 
were more rapid initially due to chemisorption of the posi-
tive charge of protonated amine and negative charge of the 
activated carbon. While, at higher pH of 9 the initial rate 

COD removal was lower, hence describing that the adsorp-
tion mainly occurred among the non-protonated amine 
groups through physical multilayer adsorption which has 
lower initial adsorption rate but able to adsorb more COD 
at the equilibrium. However, the COD removal efficiency 
(Fig. 6) were not much different at the higher activated 
carbon dose of 125 and 150 g/L. This explained that when 
high amount activated carbon was dosed, there were excess 
active surface area for COD adsorption.

 

Methylamine,  

N,N-dimethyl- 

Fig. 4. Gas chromatography–mass spectrometry chromatro-
gram of condensate wastewater before treatment.

 

 

 
Fig. 5. Reduction of chemical oxygen demand in conden-
sate at different activated carbon dose and different initial pH 
(a) pH = 7, (b) pH = 8, and (c) pH = 9.
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Whereas when considering the value of the COD amount 
adsorbed per activated carbon mass (q), it was found that 
when the amount of activated carbon was increased, the 
value of q is reduced (Fig. 7). At pH 7 and 8, there was no 
significant difference of q value for all activated carbon 
doses. While the q value of pH 9 were higher than that at 
pH 7 and 8 for the lowere activated carbon dose at 25 and 
50 g/L. However, for the higher doses, the pH of condensate 
does not obviously affect the q value.

3.1.2. Adsorption isotherms

The Langmuir and Freundlich equation parameters of 
COD adsorption in condensate were evaluated as shown 
in Table 3. The COD adsorption isotherm in condensate 
were more closely fitted to Freundlich’s equation than that 
of the Langmuir, which was identical to the nitrogen gas 
adsorption mentioned earlier. Hence, it can be described 
as a multilayered adsorption process, whereby as the pH 
of condensate increased, the qm value trendily increases 
as the negative anionic content of hydroxide increases, 
encouraging greater adsorption of the ammonium ions. 
This corresponds to the value of the adsorption intensity, 
1/n of Freundlich’s equations which trendily increases with 
the increase in pH. This indicated that the surface volume 
of the adsorbent increases as the value of 1/n increases 
that tend to be adsorbed. The investigation is similar to 
Huang et al. [3]. The researcher reported that most of the 
odor compounds treated with powdered activated carbon 
were well fitted with the Freundlich model [3]. It is worth 

noting that according to the investigation by Huang et al. 
[3], it was indicated that the neglection of odor threshold 
and not very high R2 of the fit models were found in this 
current study, while the adsorption capacities estimated 
from isotherm model predictions may not be suitable for the 
evaluation of treatability of the odor compound. However, 
it can be concluded that the condensate treatment presents 
normal adsorption behavior and the investigation on the 
effect of initial pH of condensate on the adsorption effi-
ciency could be further applied for the continuous process.

3.1.3. Adsorption kinetics

Kinetic constant for COD adsorption of condensate 
wastewater of pseudo-first-order and second-order kinetic 
model are presented in Table 4. From the best values of R2, it 
obviously found that the COD removal fit well with pseudo- 
second-order adsorption kinetic. Many literatures also 
reported that the adsorption kinetic followed more pseudo- 
second-order model than pseudo-first-order model for 
example COD and BOD removal from treated sewage using 
activated carbon prepared from date palm shell waste [16] 
as well as COD and color removal from landfill leachate 
using oat hulls activated carbon [17].

As condensate with pH adjusted to 7–8 gives high 
adsorption rate along with the limitation of process feed 
water assign at pH 6.5–8, then the pH adjustment of con-
densate to average pH of 7.3 before feeding to the adsorp-
tion column was selected for the continuous process.

3.2. Results on condensate wastewater treatment by continuous 
adsorption

3.2.1. Effect of feed flow rates on the quality of treated 
condensate

Table 5 shows the quality of treated condensate at dif-
ferent condensate feed flow rates. It was observed that the 
properties of the feed condensate fluctuated. However, 
it can be concluded that all measured parameters in con-
densate including the fishy odor (except DO value) were 
reduced after being treated with the activated carbon for 
all condensate feed flow rate. Therefore, the designed col-
umn size could be effectively operated at the highest flow 
rate of 2.5 m3/h which could support the daily condensate 
volume generated from the existing production plant.

3.2.2. Performance on long term adsorption operation

Condensate properties of the continuous condensate 
treatment at an average flow rate of 2.5 m3/h were monitored 

Fig. 6. Effect of initial pH of condensate and activated carbon 
dose on the chemical oxygen demand removal.

Table 3
Langmuir and Freundlich isotherms parameter for chemical 
oxygen demand adsorption of condensate wastewater

pH of 
condensate

Langmuir isotherm Freundlich isotherm

qm (mg/g) KL (L/mg) R2 KF 1/n R2

7 1.10 0.00399 0.969 0.010 0.74 0.977
8 1.05 0.00472 0.974 0.013 0.70 0.984
9 1.62 0.00452 0.830 0.007 0.96 0.832

 

Fig. 7. Effect of initial pH of condensate and activated carbon 
dose on q-value.
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for 180 d as presented in Fig. 8, and their removal efficien-
cies are summarized in Table 6. The pH of treated conden-
sate was slightly raised to 7.4–7.5, perhaps due to the dis-
solved carbon dioxide and some acidic compounds were 
adsorbed on the activated carbon. All the very low amount 
of iron present in condensate was almost totally removed. 
Chloride and residue free chlorine were also reduced after 
passing through the activated carbon bed. Total hardness 
was about 32% reduction according to the increase of Ca 
on the used activated carbon surface as shown in Table 7. 
Removal of the cations and anion was indirectly confirmed 
by the decrease of conductivity. More than 75% of turbidity 
was removed while the disappearance of total suspended 
solid was found. Reduction of COD and ammonia nitro-
gen related to the deodorization in the condensate and the 
undetected methylamine compound in the treated con-
densate. The reduction of the organic compound was also 

confirmed by the increment of carbon on the used acti-
vated carbon. The reduction of compounds and ions in the 
treated condensate resulting in more oxygen solubiliza-
tion confirmed by the increase of DO value. Moreover, as 
presented in Table 7 it was found that reduction of K and 
Na in activated carbon were observed. There are previous 
studies that reported K and Na can be mainly leached into 
water from the biomass derived-activated carbon and bio-
char [18,19]. However, the leaching process will affect the 
treated condensate contaminant only at the early phase of 
the adsorption operation. In addition, the surface of acti-
vated carbon before and after used of condensate treatment 
were characterized by SEM as shown in Fig. 9. It can be 
observed that the deposit form adsorbed element which 
made the activated carbon to have smaller pore size.

However, for the long term-monitoring, most treated 
condensate properties were slightly constantly fluctuated, 

Table 4
Kinetic constants for chemical oxygen demand adsorption of condensate wastewater

Pseudo-first-order kinetic

Activated carbon dose 
(g/L)

pH = 7 pH = 8 pH = 9

k1 qe R2 k1 qe R2 k1 qe R2

25 1.52 0.01 0.7317 1.12 0.61 0.9999 0.83 1.92 0.9591
50 2.54 1.29 0.9987 0.99 0.24 0.8723 0.89 0.99 0.8191
100 0.38 0.03 0.8467 0.16 0.00 0.4231 1.60 1.01 0.9911
125 2.08 0.00 0.6479 0.74 0.04 0.9969 1.05 0.44 0.9944
150 1.97 0.00 0.5125 1.97 0.00 0.6294 1.13 0.25 0.9144

Pseudo-second-order kinetic

Activated carbon dose 
(g/L)

pH = 7 pH = 8 pH = 9

k2 qe R2 k2 qe R2 k2 qe R2

25 49.37 0.64 0.9905 1.14 0.72 0.9988 0.279 1.752 0.9646
50 2.13 0.46 0.9957 2.35 0.47 0.9971 0.250 0.748 0.9524
100 11.11 0.29 0.9991 3.23 0.30 0.9993 0.007 0.590 0.8421
125 11.58 0.25 0.9997 9.87 0.26 0.9999 0.003 0.513 0.8629
150 4.70 0.22 0.9998 7.08 0.22 0.9997 0.024 0.296 0.9787

Table 5
Quality of treated condensate at different condensate feed flow rate (3 h operation)

Parameters Original 
condensate

Treated condensate at different flow ratea (m3/h)

0.5 1.0 1.5 2.0 2.5

pH 9.12–9.83 7.3 7.3 7.4 7.5 7.4
Total iron (ppm as Fe2+) 0.09–016 0.08 0.1 0.04 0.02 0.02
Total hardness (ppm as CaCO3) 3.6–13.4 8.5 4 3.7 3.6 3.2
Chloride (ppm as Cl–) 11–19 19 18 11 9 12
Residual free chlorine (ppm) 0.14–0.23 0.1 0.11 0.08 0.06 0.08
Chemical oxygen demand (mg/L) 281–394 68.5 115 96.5 71.8 79.3
Turbidity (NTU) 4.32–6.91 0.62 0.76 0.68 0.72 0.64
Conductivity (µS/cm) 378–492 252 321 372 287 326
Odor Fishy Normal Normal Normal Normal Normal

aThe averaged values.
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Fig. 8. Condensate properties during long term operation of the adsorber (a) total iron, (b) total hardness, (c) chloride, (d) residual free 
chlorine, (e) conductivity, (f) chemical oxygen demand, (g) turbidity, (h) dissolved oxygen, and (i) column pressure.
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the turbidity and hardness obviously dropped after 160 d 
but the quality of treated condensates is still at acceptable 
levels. The column pressure increased slightly and more 
rapidly after the 150 d of operation and reached 1.8 bar at 
the 180 d. Moreover, at the duration of 150–180 d, the foul-
ing accumulation in the column was observed. Therefore, 
a maximum operation of 180 d of the adsorber should 
be suggested for the plant. Then the activated carbon 
replacement can be simply scheduled twice a year.

3.3. Effect of using treated condensate for oil extraction from fish 
scraps

Production yield, physical, chemical, and specific prop-
erties of the fish oil after using treated condensate as feed 

water are presented in Table 8. The quality of the fish oil 
meets all the specification requirements of the factory. It 
reveals the success in the condensate treatment using the 
pre-pH adjustment and adsorption process.

3.4. Costs and savings of the treatment and recycling of 
condensate wastewater

A preliminary economic estimation was conducted, 
considering the adsorption plant to treat the condensates 
wastewater. The basic assumptions considered in the cal-
culations are summarized in Table 9. The cost was assessed 
based on 2.5 m3/h condensate wastewater. The size of col-
umn was raised to support the higher activated carbon 
volume of 35 L calculated by safety factor of 1.4. A total 
investment cost of 7,757 USD was calculated from the cost 
of activated carbon, adsorber, pipes and valves, instru-
ments and controls, tanks and frames, and miscellaneous. 
While the variable cost of 2,095 USD/y was calculated from 
the cost of chemical, energy, activated carbon replacement, 
and maintenance. The savings cost calculated from the 
supplied water and ordinary condensate wastewater treat-
ment to be 5,938 USD/y. Then the payback period of 2.86 y 
was estimated for the designed plan capacity.

The operating costs per unit volume of treated conden-
sate was 0.24 USD/m3. Water treatment and recycling costs 
vary depending on the original condensate quality, facilities, 
the scale, and final application of the plant. It is not easy to 
find the application of condensate treatment and recycling 
similar to this study, thus direct comparison in term of cost 
is difficult. However, mainly due to the proven technol-
ogy of adsorption by activated carbon in this research in 
treating and recycling the condensate, the operating cost 
was found to be lower than others. 0.97 USD/m3 of operat-
ing costs was attained in flash cooler condensate treatment 
to produce reusable water using nanofiltration with plant 
capacity 20 m3/h [20]. Chmiel et al. [21] obtained a cost of 

Table 6
Summary of the treated condensate quality at condensate feed flow rate 2.5 m3/h (after 6-month continuous operation)

Parameters Original condensatea Treated condensatea Removal efficiency (%)

pH 9.58b 7.45 –
Total iron (mg/L as Fe2+) 0.15 0.03 80.00
Total hardness (mg/L as CaCO3) 6.2 4.2 32.26
Chloride (mg/L as Cl–) 13 9 30.77
Residual free chlorine (mg/L) 0.19 0.04 78.95
Chemical oxygen demand (mg/L) 381 85.2 77.64
Turbidity (NTU) 5.64 1.38 75.53
Conductivity (µS/cm) 405 329 18.77
Dissolved oxygen (mg/L) 2.6 4.2 –
Total suspended solidsc (mg/L) 10 <0.5 >99.9
Ammonia nitrogenc (mg/L) 128.14 8.95 93.02
Odor Fishy Normal –
Detected compounds by GC-MSc Methylamine None –

aThe averaged values;
bThe pH of condensate was adjusted to 7.3 ± 0.1 before feeding to the adsorber.
cThe parameter collected after one-month operation.

Table 7
Elements composition (% by weight) in activated carbon be-
fore and after use for condensate treatment (after one-month 
continuous operation)

Element Original activated  
carbon

One month used 
activated carbon

C 92.71 ± 0.83 93.59 ± 0.59
O 4.34 ± 0.40 4.42 ± 0.52
Na 0.24 ± 0.07 Not detected
Mg 0.11 ± 0.03 0.10 ± 0.02
Si 0.15 ± 0.07 0.12 ± 0.03
P 0.15 ± 0.03 0.25 ± 0.02
Cl 0.19 ± 0.04 0.17 ± 0.03
K 1.63 ± 0.50 Not detected
Ca 0.12 ± 0.05 0.23 ± 0.05
Cu 0.19 ± 0.04 0.50 ± 0.08
Zn 0.17 ± 0.04 0.42 ± 0.08
S 0 ± 0.00 0.20 ± 0.03
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Fig. 9. Scanning electron microscopy images of activated carbon (a) original and (b) after one-month continouos operation for 
treatment of condensate.

Table 8
Production yield, physical, chemical, and specific properties of fish oil after using treated condensate as feed water

Run 
no.

Condensate 
flow fed to 
adsorber (m3/h)

Yield (% fish  
oil/raw 
material)

Physical properties Chemical properties Specific propertiesc

Color Odor Appearance Moisture 
(%)

Free fatty 
acid (%)

Acid 
value (%)

x xx xxx

Required specification >5.89% Good Good Good <0.5% <5% <10% >30% >25% >5%
1 2.61 6.32 Gooda Good Goodb 0.08 2.8808 5.7328 35.24 25.19 6.38
2 2.53 5.90 Gooda Good Good 0.11 3.2439 6.4554 n.d. n.d. n.d.
3 2.48 6.05 Gooda Good Good 0.10 2.7816 5.3540 n.d. n.d. n.d.
4 2.66 6.32 Good Good Goodb 0.07 2.8732 5.7177 34.88 25.29 6.03
5 2.53 5.97 Gooda Good Goodb 0.06 2.9505 5.8715 n.d. n.d. n.d.
6 2.56 6.17 Good Good Goodb 0.10 3.4848 6.9348 n.d. n.d. n.d.
7 2.55 6.11 Good Good Good 0.08 2.4635 4.9074 33.76 25.48 5.79
8 2.53 5.94 Good Good Goodb 0.08 2.0447 4.0960 n.d. n.d. n.d.
9 2.52 6.25 Good Good Good 0.06 2.5198 5.0144 n.d. n.d. n.d.
Untreated condensate 5.8%–6.2% Good Fishy Good n.d. n.d. n.d. n.d. n.d. n.d.

aslightly darkened b slightly thick;
cconfidential;
n.d. = not determined.

Table 9
Economic estimation of condensate treatment to produce reusable water for the oil extraction process

Category Cost

Investment costs (USD)
Stainless steel adsorption column: size 20 cm × 150 cm 821
Piping and instruments (PVC) for adsorption system 205
Piping and instruments (stainless-steel) for delivering treated water to the production process, distance 40 m 880
Pressure water pump (900 W) 880
Chemical injection pump 5–6 bar (250 W) 293
Air pump (80 W) 29
Polyethylene plastic tank for acid solution: size 100 L 29
Stainless steel tank for condensate storage: size 1,000 L 440
Stainless steel tank for treated water storage: size 10,000 L 3,519
Miscellaneous equipment and spare parts 73
Installation 587
Total 7,757

Table 9 (Continued)
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1.25 USD/m3 in a nanofiltration plant for treating vapor 
condensate from milk processing to boiler makeup water.

4. Conclusions

According to this study, the condensate wastewater 
generates from the production process of fish extract and 
feed protein, which are the by-products of canned tuna 
plants, requires pH reduction and deodorization before 
being used as a recycling water in the process. It has been 
found that pH adjustment contributes to faster adsorption 
rates. A 15 cm diameter and 150 cm height adsorbent col-
umn packed with commercial activated carbon, Eunicarb ID 
900 ASTM mesh size 8 × 16 was designed to treat the pH 
adjusted condensate at 2.5 m3/h which is the actual flow 
rate of condensate generated from the process. The exper-
iment run at the production site of the factory guaranteed 
a duration of up to 6 months operation that could main-
tain the treated condensate water to meet the water stan-
dards set by the company, before being able to be recycled 
back as feed water to produce fish oil without the effect 
on the product quality and yield. In addition, economic 
assessments have shown that it can reduce 5,938 baht/y in 
terms of the cost of the process feed water and condensate 
wastewater management using ordinary technology of the 
factory with a payback period of 2.86 y. This research has 
confirmed the prompt condensate recycling technique to be 
further used by the represented researched factories.

Acknowledgments

This study was granted by Pattani Campus Research 
Fund, Prince of Songkla University under contract no. 

SAT6403055S. The authors would like to thank Chotiwat 
Manufacturing Co., Ltd., Songkla, Thailand for provid-
ing materials and location to our research. In addition, the 
authors are also grateful to the Language Center, Prince of 
Songkla University, Pattani campus, for proofreading the 
drafted manuscript.

Declaration of competing interest

The authors declare that they have no known compet-
ing financial interests or personal relationships that could 
have appeared to influence the work reported in this paper.

References
[1] Expertmarketresearch (EMR), By-products of Tuna Processing, 

2023. Available at: https://www.fao.org/in-action/globefish/
market-reports/resource-detail/en/c/1632777/ (Accessed 10.1.23).

[2] FAO, Frozen Skipjack Prices Start to Soften, Food and 
Agriculture Organization of the United Nations, 2023. Available 
at: https://www.fao.org/in-action/globefish/market-reports/
resource-detail/en/c/1632777/ (Accessed 14.2.23).

[3] X. Huang, Q. Lu, H. Hao, Q. Wei, B. Shi, J. Yu, C. Wang, Y. Wang, 
Evaluation of the treatability of various odor compounds by 
powdered activated carbon, Water Res., 156 (2019) 414–424.

[4] S. Siwila, I.C. Brink, A novel low-cost multi-barrier system for 
drinking water treatment in rural and suburban areas, Water 
Pract. Technol., 15 (2020) 48–65.

[5] G. Feng, R. Jia, S. Sun, M. Wang, Q. Zhao, X. Xin, L. Liu, 
Occurrence and removal of 10 odorous compounds in 
drinking water by different treatment processes, Environ. Sci. 
Pollut. Res., 27 (2020) 18924–18933.

[6] P. Xia, S. Zhang, J. Yu, H. Ye, D. Zhang, L. Jiang, Z. Wang, D. Yin, 
Complex odor control based on ozonation/GAC advanced 
treatment: optimization and application in one full-scale water 
treatment plant, Environ. Sci. Eur., 32 (2020) 1–12.

Category Cost

Variable costs (USD/y)
Eunicarb ID 900 activated carbon replacementa 88
Acid solutionb 78
Electricity costc 779
Labor wagesd 374
Maintenance costs (10% of the investment cost) 776
Total 2,095
Total cost per year (USD)
Salvage valuee 717
Depreciation costf 704
Interest on investmentg 424
Fixed costh 1,128
Variable costs 2,095
Totali 3,223
Cost per volume of treated condensate producedj 0.24
Savings cost (USD/y)
Water used in the processk 3,959
Condensate treatment using the central wastewater treatment systeml 1,979
Total 5,938
Profitm (USD/y) 2,715
Payback timen (y) 2.86

Table 9



187S. Baidugem et al. / Desalination and Water Treatment 311 (2023) 175–187

[7] D. Do Duong, Adsorption Analysis: Equilibria and Kinetics, 
Imperial College Press, London, United Kingdom, 1998.

[8] APHA, Standard Methods for the Examination of Water and 
Wastewater, 22nd ed., American Public Health Association, 
Washington D.C., USA, 2012.

[9] AOAC, Official Methods of Analysis of Association of 
Official Analytical Chemists, 18th ed., Association of Official 
Analytical Chemists, Gaithersburg, MD, 2005.

[10] B. Subramanyam, A. Das, Linearised and non-linearised 
isotherm models optimization analysis by error functions and 
statistical means, J. Environ. Health Sci. Eng., 12 (2014) 1–6.

[11] É.C. Lima, M.A. Adebayo, F.M. Machado, Kinetic and 
Equilibrium Models of Adsorption, C. Bergmann, F. Machado, 
Eds., Carbon Nanomaterials as Adsorbents for Environmental 
and Biological Applications, Carbon Nanostructures, 
Springer, Cham, 2015, pp. 33–69. Available at: https://doi.
org/10.1007/978-3-319-18875-1_3

[12] R. Stute, K. Petridis, H. Steinhart, G. Biernoth, Biogenic amines 
in fish and soy sauces, Eur. Food Res. Technol., 215 (2002) 
101–107.

[13] National Institute of Standards and Technology,  
Computational Chemistry Comparison and Benchmark 
DataBase, Standard Reference Database 101, 2022.  
Available at: https://cccbdb.nist.gov/bondlength model2x.
asp?method=10&basis=7&fbclid=IwAR3d7irBRzuOHEn 
Mx2J63K0s7EDb7THFUf2KTSXF0TMxl3jM4URHC68UXCg  
(Accessed 11.1.23).

[14] J. Chen, F. Min, L. Liu, F. Jia, Adsorption of methylamine 
cations on kaolinite basal surfaces: a DFT study, Physicochem. 
Probl. Miner. Process., 56 (2020) 338–349.

[15] R. Navarro, J. Guzmán, I. Saucedo, J. Revilla, E. Guibal, Recovery 
of metal ions by chitosan: sorption mechanisms and influence 
of metal speciation, Macromol. Biosci., 3 (2003) 552–561.

[16] A.E.A. Nayl, R.A. Elkhashab, T. El Malah, S.M. Yakout, 
M.A. El-Khateeb, M.M.S. Ali, H.M. Ali, Adsorption studies 
on the removal of COD and BOD from treated sewage using 
activated carbon prepared from date palm waste, Environ. Sci. 
Pollut. Res., 24 (2017) 22284–22293.

[17] F.M. Ferraz, Q. Yuan, Performance of oat hulls activated carbon 
for COD and color removal from landfill leachate, J. Water 
Process Eng., 33 (2020) 101040, doi: 10.1016/j.jwpe.2019.101040.

[18] D. Neina, S. Faust, R.G. Joergensen, Characterization of charcoal 
and firewood ash for use in African peri-urban agriculture, 
Chem. Biol. Technol. Agric., 7 (2020) 1–10.

[19] N. Prakongkep, R. Gilkes, W. Wisawapipat, P. Leksungnoen, 
C. Kerdchana, T. Inboonchuay, E. Delbos, L.-J. Strachan, 
P. Ariyasakul, C. Ketdan, Effects of biochar on properties of 
tropical sandy soils under organic agriculture, J. Agric. Sci., 
13 (2020) 1–17.

[20] F.A. Riera, A. Suárez, C. Muro, Nanofiltration of UHT flash 
cooler condensates from a dairy factory: characterisation and 
water reuse potential, Desalination, 309 (2013) 52–63.

[21] H. Chmiel, V. Mavrov, E. Belieres, Reuse of vapour condensate 
from milk processing using nanofiltration, Filtr. Sep., 
37 (2000) 24–27.


