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EFFECT OF SALINITY ON THE BIOLOGICAL TREATMENT OF
WASTEWATER FROM FISH PROCESSING INDUSTRY

ABSTRACT

The fish processing industries produce large volumes of saline wastewater with high
organic and nutrient concentrations. This research was aimed to study the effect of salt
(NaCl) concentration on the biomass yield and biodegradation of fish processing
wastewater in batch and continuous flow system by natural biodegradation. Three
categories of synthetic wastewater were prepared according to random concentration
which was diluted from the average concentration of fish processing wastewater; with
the dilution at 30, 50 and 100 fold dilution. Each concentration of synthetic wastewater
was later added with 12 series of salt concentration ranging from 0.0 g/L to 70.0 g/L of
NaCl. All synthetic wastewater including the control were tested in the lab using 2.0 L
bioreactor (oxygenated continuous stirred) with agitation speed at 250 rotation per
minute (rpm) and operating temperature at 30°C. Studies were carried out using batch
and continuous operation with a 5-day cycle treatment. In continuous flow system, the
first phase of the experiments were focused towards the evaluation of system
performance via evaluating biomass yield and substrate removal at 9 different operating
hydraulic retention time (HRT) range of 2-10 day in the 30-, 50-, and 100-fold diluted
wastewater without salt content in the reactor. The second phase of the experiments was
to investigate the effects of eleven different salt content (NaCl: 0.5-7%) in the 30-, 50-,
and 100-fold diluted wastewater at the obtained optimal HRT of 10, 9 and 8 day. In
each run of continuous system, daily samples are taken at set time to analyze the
concentration of biomass and substrates for study the biomass growth and substrate
removal efficiency. Organic and nutrient removal together with biomass yield were used
indicators for its performance efficiency. In the batch operation, the efficiency of

substrate removal and biomass yield dropped at 2.5% NaCl for all types of synthetic
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fish processing wastewater. The efficiency of substrate removal and biomass yield
dropped for continuous operation after 3.0% NaCl. The most efficient substrate removal
and biomass yield took place at the salt concentration of 1.0% salt for batch and
continuous operation in all types of synthetic fish processing wastewater. Continuous
operation has shown that the longer hydraulic retention time (HRT) give the better
efficiency of substrate removal up to 10-day HRT. Meanwhile for biomass yield, the
HRT eight days has given the best results with 49.0% growth percentage found in the
30-fold diluted fish processing wastewater. The biomass yield and the substrate removal
were decreased with bigger dilution factor of the diluted influent in both of the batch
and continuous flow system. Results from this study could potentially increase fish
processing saline wastewater handling and the treated wastewater reuse as an
environmental friendly liquid fertilizer in agriculture, which is expected to yield high

economic value.

Keywords: fish processing wastewater, salt concentration, batch and continuous

operation, biodegradation, biomass yield
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KESAN PARAS KANDUNGAN GARAM KE ATAS RAWATAN BIOLOGIKAL
AIR SISA DARI INDUSTRI PEMPROSESAN IKAN

ABSTRAK

Industri pemprosesan ikan menghasilkan air sisa bergaram yang besar kuantiti dengan
kepekatan organik dan nutrien yang tinggi. Penyelidikan ini bertujuan untuk mengkaji
kesan kepekatan garam (NaCl) ke atas penghasilan biojisim dan biouraian air sisa
pemprosesan ikan dalam sistem sesekumpul dan sistem selanjar secara proses biouraian
semulajadi. Tiga kategori air sisa sintetik telah disediakan mengikut kepekatan rawak
yang telah dicairkan dari kepekatan purata air sisa pemprosesan ikan, dengan 30, 50 dan
100 kali ganda pencairan. Setiap kepekatan air sisa sintetik kemudian ditambah dengan
12 siri kepekatan garam antara 0.0 g/L hingga 70.0 g/L NaCl. Semua air sisa sintetik
termasuk kawalan diuji di makmal menggunakan 2.0 L bioreaktor (pengudaraan
oksigen dan dikacau berterusan) dengan kelajuan penggoncangan pada 250 putaran per
minit (rpm) dan operasi suhu pada 30°C. Kajian telah dijalankan dengan menggunakan
operasi sesekumpul dan selanjar dengan satu kitaran tempoh rawatan 5 hari. Dalam
sistem selanjar, fasa pertama eksperimen difokuskan terhadap penilaian prestasi sistem
melalui penilaian kadar penghasilan biojisim dan penurunan substrat pada 9 operasi
masa penahanan hidraulik (HRT) yang berlainan dengan julat masa 2-10 hari dalam air
sisa tanpa kandungan garam yang dicairkan 30-, 50-, dan 100-kali dalam reaktor. Fasa
kedua eksperimen adalah untuk mengkaji kesan sebelas kandungan garam yang
berlainan (NaCl: 0.5-7%) dalam air sisa yang dicairkan 30-, 50-, dan 100-kali pada HRT
paling baik yang diperolehi iaitu HRT 10, 9 dan 8 hari. Dalam setiap operasi sistem
selanjar, sampel harian diambil pada masa yang ditentukan untuk analisa kepekatan
biojisim dan substrat bagi menganalisis keupayaan pertumbuhan biojisim dan
penurunan substrat. Penurunan organik dan nutrien bersama dengan penghasilan

biojisim merupakan penunjuk yang digunakan bagi penilaian prestasi sistem. Dalam



operasi sesekumpul, prestasi penurunan substrat dan penghasilan biojisim menurun pada
2.5% NaCl untuk semua jenis air sisa pemprosesan ikan sintetik. Prestasi penurunan
substrat dan penghasilan biojisim menurun selepas 3.0% NaCl untuk operasi selanjar.
Penurunan substrat dan penghasilan biojisim yang paling berkesan berlaku pada
kepekatan garam sebanyak 1.0% bagi operasi sesekumpul dan operasi selanjar dalam
semua jenis air sisa pemprosesan ikan sintetik. Operasi selanjar telah menunjukkan
bahawa masa penahanan hidraulik (HRT) yang lebih lama akan memberi kecekapan
penurunan substrat yang lebih baik sehingga HRT 10 hari. Manakala dalam penghasilan
biojisim, HRT lapan hari telah memberikan hasil yang terbaik dengan 49.0%
pertumbuhan biojisim didapati dalam air sisa pemprosesan ikan yang dicairkan 30-kali.
Penghasilan biojisim dan penurunan substrat berkurang dengan faktor pencairan influen
yang lebih besar dalam kedua-dua sistem sesekumpul dan selanjar. Keputusan daripada
kajian ini berpotensi boleh meningkatkan pengendalian air sisa bergaram pemprosesan
ikan dan penggunaan semula air sisa terolah sebagai baja cecair mesra alam dalam

pertanian, yang dijangka menghasilkan nilai ekonomi yang tinggi.

Kata kunci: Air sisa pemprosesan ikan, kepekatan garam, operasi sesekumpul dan

selanjar, penghasilan biojisim, proses biouraian
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CHAPTER 1

INTRODUCTION

1.1 World Fisheries Production and Consumption

The world fish processing industry plays a significant role in the economic and social
well-being of nations, as well as in the feeding of a significant part of the world’s
population. As a highly perishable commodity, fish has a significant requirement for
processing for human and animal consumption or non-edible purposes. World per capita
apparent fish consumption increased from an average of 9.9 kg in the 1960s to 19.2 kg
in 2012 (preliminary estimate) (FAQO, 2014). Fish is versatile as it can be processed into
a wide array of products to increase its economic value. In 2000, more than 60% of total
world fisheries production underwent some form of processing (FAO, 2002). 1t is
generally distributed as live, fresh, chilled, frozen, heat-treated, fermented, dried,
smoked, salted, pickled, boiled, fried, freeze-dried, minced, powdered or canned, or as a

combination of two or more of these forms (FAO, 2002; Garibaldi, 2012).

1.1.1 Fisheries Production and Consumption in Malaysia

Malaysia is one of the few countries in world that consume more than 50 kg of fish
per person per year (Department of Fisheries Malaysia, 2017). Fish processing industry
has grown in Malaysia which is enriched with its fish resources since year 2006 during
the implementation of the ninth Malaysian Plan (RMK®9) (2006-2010) (Ali ef al., 2008).
Malaysia is an important producer, market and trading nation for fish and fishery
products in the region. In the year 2013, the fisheries’ sector contributed RM 11.5
million to the nation’s economy. The fisheries sector in Malaysia produced more than

1.5 million tonnes of fish, of which marine fisheries contributed more than 75% and the



balance was contributed by aquaculture (Department of Fisheries Malaysia, 2017;
Department of Statistics Malaysia, 2017). The food fish sector which comprises of
marine capture fisheries, inland fisheries and aquaculture (excluding seaweed) produced
1,749,314 tonnes worth RM 10,818.60 million (Department of Fisheries Malaysia,
2017). Malaysia’s total export of fish and other seafood exceeded RM 2.5 billion per

annum (MIDA, 2017).

The fish processing industry in Malaysia is largely export-oriented and encompasses
the processing of prawns, the canning of fish, and the production of surimi products.
Fish processing, such as the making of pickled fish, frozen fish, salted fish, dried fish,
smoked fish, fermented fish, fish crackers, fish sauce, fish noodle, fish satay, fish
powder, fish balls, fish cake, and shrimp paste, was traditionally a family-operated
industry in fishing villages. However, the trend toward commercial operations has
increased lately with industrial-scale setups. The trend is likely to continue with the
slow phase out of small family businesses in the coming years. For example, the making
of fish balls and surimi is mostly industrial in nature now (Department of Fisheries

Malaysia, 2017).

1.2 Wastewater from Fish Processing

The opportunities for wastewater discharge from a fish processing plant are
recognized as either discharge to a municipal system or discharge directly to a stream,
estuary or the ocean (Boopathy et al., 2006). The fish processing wastewater are
primarily generated from the operations of ice preservation, cleaning and grinding
process in the fish processing plants. The wastewater has high loads of organic nutrients
that originate primarily from carbonaceous compounds and nitrogen-containing

compounds (protein, peptide, and volatile amines). In addition, the effluent may contain



suspended and dissolved solids, microbes, and variable pH. Another important aspect of

this industrial wastewater is its high salinity (Na+, CI’, SO42').

The characteristics and generation rates of fish processing wastewater are highly
variable, depending on the specific types of fish-based product processing operations,
and the types of fish-based product’s production processes vary widely (Suzuki, 1981).
Characterization of wastewater is an important part of the initial work in the design of a
treatment process. The characteristic and nature of the wastewater need to be understand
and evaluated properly to determine the good treatment method with high efficiency.
The wastewater can be categorized according to their characteristics such as physical,

chemical and biological (Hammer, 2005).

1.2.1 Biological Treatment of Fish Processing Wastewater

Biological treatment technologies are in favor of wastewater treatment from fish
processing industries since the wastewater rich in nutrients (Grady et al., 1999). The
biological processes used for the treatment of wastewater are derived from processes
occurring in nature. Agro-food wastewater treatment has been extensively studied in
conventional biological treatment systems, mainly under aerobic conditions, in order to
understand the process mechanisms and to improve the biodegradation efficiency of the
system (Eric & Ronald, 2014). In most cases the substrates were not readily
biodegradable and therefore high biomass concentrations and hydraulic retention times
were required for degradation (Oren ef al., 1992; Abbasi et al., 2015). Biodegradation is
the most important process contributing to the natural attenuation of contaminants in

wastewaters (FAO, 2016).



Aerobic natural biodegradation in batch and continuous system would be applied as a
treatment option at small scale fish processing industries for the achievement of
treatment technology and economics (Knapp, 2014). There are several benefits in
utilizing natural biodegradation processes for the treatment of wastewaters. It can be
implied potential benefits to the environmental, operational, and economic in reference
to the optimal operational cost of the fish processing industry in our country. The
research in this field is very beneficial in the future especially when energy cost and
demand for water are steadily increasing; meanwhile environmental quality is degrading
at exponential rate. Some action shall be taken to strike the balance between need to live

and quality of life.

1.3 Problem Statement

The intensive production of fisheries products have carried an environmental burden,
as some of the fish processing factories in this region discharge untreated or partially
treated effluents into the receiving streams and rivers have resulted in water pollution
problems. In addition, fish processing industries have been known to pollute nearby
beaches and shores by releasing wastewater. In terms of numbers, small and medium-
sized firms dominate the food industry in Malaysia. Noncompliance is a direct result of
the lack of appropriate treatment technology, over utilized capacity, and poor
maintenance of the treatment systems (Tay et al., 2006; Eric & Ronald, 2014). This
industry is now facing both high treatment costs and problems in the operation of
conventional wastewater treatment plants. These operational problems are linked to

high organic loading, high salt content and bad smell (Len ef al., 2008).

The fish processing wastewater is subject to bacterial decay, causes heavy pollution

and bad smell to receiving water. The pollutants contained in wastewater can cause



eutrophication and oxygen depletion. Continual depletion of the oxygen in these waters
would starve aquatic life of the oxygen it needs, and anaerobic decomposition of
organic matter leads to the breakdown of proteins and other nitrogenous compounds,
releasing hydrogen sulphide, methane, amines, diamines, and sometimes ammonia, all
of which are potentially hazardous to the ecosystem, toxic to aquatic life in low
concentrations, and also give rise to the development of obnoxious odors and unsightly
scenes (Mostafa et al., 2006; Sherly et al., 2015). Odors are very important to the public
perception and acceptance of any fish processing wastewater treatment plant. Although
relatively harmless, it may affect general public life by inducing stress, nausea or
sickness. The spatial and temporal scale of the impacts of fish processing wastewater
may vary depending on the amount and nature of the waste output (Tay et al., 2004,
2006; Liu, 2007; Alrumman et al., 2016). However, local impacts are particularly
obvious because wastewaters from fish processing industries are generally produced
throughout the year, giving no chance for the environment to recover. Impacts are more
likely to be detrimental when the same ecosystem receives wastewater from the cluster

of processing industries.

14 Aim and Objectives

This research designed to study the effect of salt (NaCl) concentration on the
treatment efficiencies of fish processing wastewater in batch and continuous flow
system by natural aerobic biodegradation. The aim was to develop a low cost, simple
operation and using biological process for wastewater treatment system that is needed by
the local fish processing industries for the treatment of fish processing wastewater and

the treated fish processing wastewater can be reuse as liquid fertilizer in agricultural.

Therefore, this research effort was undertaken to address the following objectives:



(1) To relate the substrate strength with the biomass yield in the biological
treatment process of fish processing wastewater at different concentration of

fish processing wastewater.

(i1) To study the effect of sodium chloride (NaCl) concentrations to substrate
(organic and nutrient) removal and biomass yield using batch operation at

different concentration of fish processing wastewater treatment.

(iii))  To determine optimum operating HRT for continuous operation system by
evaluate the pollutants removal and biomass growth at different
concentration of fish processing wastewater at nine different operating HRT

conditions.

(iv)  To study the effect of sodium chloride (NaCl) concentrations to substrate
(organic and nutrient) removal and biomass yield using continuous operation
in three different concentration of fish processing wastewater treatment at

the optimum HRT obtained.

1.5 Scope of Study

This study focused on the use of lab scale bioreactor, which was operated in aerobic
batch and continuous flow systems for the treatment of three different concentrations of
fish processing wastewater with salt concentrations varying from 0.0% — 7.0% w/v
NaCl using naturally occurring microorganisms present in the fish processing

wastewater.

Wastewater characterization study for the prepared raw concentrated synthetic

wastewater, diluted influent and the final treated effluent of each operational cycle for



the batch and continuous flow system were performed. Parameters studied include
measurement of organic matter together with solids matter and nutrients. Experiments
were to be carried out using batch and continuous operation. Meanwhile the operational
variable which were to be studied are substrate and salt concentration, and hydraulic
retention time (HRT). The effect of operational variables would be observed on the

removal efficiency, biomass yield and odor.

1.6 Importance of the Research

The fish industry is seeking cost effective ways including recycling options to treat
wastewaters generated during fish processing (Tay et al., 2006; Knapp, 2014). The
social and economic requirement for a low-cost, simple operation and a practical
environmental technology wastewater treatment system has stimulated this study for
designing an efficient, cost-effective, and low-maintenance requirement wastewater
treatment system for fish processing industries; and the treated fish processing
wastewater has high potential to be reused as a useful product in agriculture. Most small
and medium enterprises (SMEs) of fish processing industries do not have treatment
equipment installed or lack of proper wastewater treatment system. Those who have
treatment systems face operation and maintenance problems and the systems often do
not work efficiently (Lim et al., 1996; Tay et al., 2006; Len at al., 2008; Eric & Ronald,
2014). The stirred tank batch reactor is still the most widely used reactor type both in
the laboratory and industry. Batch operation often are used because of their suitability
and convenient use (Ferraro et al., 2011). Industrial practice generally favors processing
continuously rather than in single batches, because overall investment and operating
costs usually are less (Mojiri et al., 2014). Results from this study would be useful in
determining the optimum operational conditions for fish processing wastewater

treatment in biological treatment processes of batch and continuous operation, and



designing an efficient and cost-effective biodegradation system for the fish processing
wastewater treatment in a biological treatment processes. The natural biodegradation in
the continuous operation can be applied as a treatment option in small-scale fish
processing industries. Utilizing natural biodegradation processes for the treatment of
wastewater has several reasons or benefits that can be classified as environmental,
economical, and operational benefits. The biological system should minimize the
amounts of pollutants in the effluent water for reduction of environmental contaminant
levels and improve the fish processing effluent water quality so that it can be reused
satisfactorily as a liquid fertilizer for sustainable agriculture and the protection of

environment quality (Oliver & Rene, 2006).

1.7 Outline of Thesis Structure

This thesis consists of seven chapters.

Chapter 1 Introduction

The introduction provides information on the world fisheries production and
consumption, fisheries production and consumption in Malaysia, wastewater from fish
processing, biological treatment of fish processing wastewater, identified problems
associated with the wastewater produced from fish processing, introduce the aim and
objectives of the research project, the scope of the study, the importance of the research,

and the thesis outline.

Chapter 2 Literature Review
Literature review on fish processing, fish industry in Malaysia, wastewater from fish
processing, environmental problems relating to fish processing wastewater, fish

processing wastewater characteristic, the role of biological treatment technology in fish



processing wastewater, various published works about the effects of high salinity on
biological wastewater treatment processes, and the reuse potential of the treated fish

processing wastewater.

Chapter 3 Materials and Methods

This chapter describes and explains the materials and research methodology used to
collect the data and generate the findings reported in this study. The preparation of
synthetic fish processing wastewater, reactor set up and operating condition,
experimental design and treatment operation methods, analytical methods for the
measurement of wastewater parameters, materials (chemicals and reagents, apparatus
and equipments) used in the experiments, and experimental procedures for this study are

reported.

Chapter 4 Results

This chapter contain results for the characteristics of the fish processing wastewater
used in the experimental works for this research; the system performance’s results for
three different concentrations of diluted fish processing wastewater (30-, 50-, and 100-
fold) operated in batch operation with 0.0% - 7.0% w/v salt content, continuous
operation of fish processing wastewater without salt addition at nine different operating
HRT that range from 2-10 days, and continuous operation at the optimal HRTs obtained
(HRT of 10, 9, and 8 days) with 11 different salt concentrations (0.5% -7.0% w/v NaCl)

were reported in this chapter.

Chapter 5 Discussion

This chapter discuss all the results that have presented in chapter 4: Results.
Observation of the pH value for the wastewater daily sample taken out from the reactor
along the operation of batch and continuous system; the effects of different substrate

concentration and salt concentration on the efficiency of biomass yield and pollutants



removal in three different concentration of diluted fish processing wastewater in batch
and continuous operation, and the effects of different HRT on the efficiency
performance of the continuous operation in three different concentration of diluted fish
processing wastewater were presented. The findings from the experimental results are
discussed and compared with those of previous studies presented in the literature

review.

Chapter 6 Conclusion
In this chapter, the findings from the experimental results are summarized. Concluding

remarks is presented.

Chapter 7 Recommendations for Future Works

Suggestion for future research works.
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CHAPTER 2

LITERATURE REVIEW

2.1 Fish Processing Industry

Fishery industry represent one of the most-traded segments of the world food sector,
with about 78 percent of seafood products estimated to be exposed to international trade
competition (FAO, 2016). In 2012, about 200 countries reported exports of fish and
fishery products (FAO, 2014). The fishery trade is especially important for developing
nations, in some cases accounting for more than half of the total value of traded
commodities. In 2012, it represented about 10% of total agricultural exports and 1% of
the world merchandise trade in terms of value (FAO, 2014, 2016). The share of total
fishery production exported in different product forms for human consumption or non-
edible purposes grew from 25% in 1976 to 37% (58 million tonnes, live-weight
equivalent) in 2012. In 2012, of the fish marketed for edible purpose, 46% (63 million
tonnes) was in live, fresh or chilled forms, which in some markets are often the most
preferred and highly priced products forms. In addition, 12% (16 million tonnes) was
utilized in dried, salted, smoked or other cured forms, 13% (17 million tonnes) in
prepared and preserved forms, and 29% (40 million tonnes) in frozen form. Freezing is
the main processing method for fish for human consumption, accounting for 54% of
total processed fish for human consumption and 25% of total fish production in 2012

(FAO, 2014, 2016).

2.1.1 Fish Industry in Malaysia
Fisheries product in Malaysia includes processed seafood products such as frozen

and canned fish, dried fish, salted fish, pickled fish, fermented fish, smoked fish, fish
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ball, fish cakes, fish powder, fish crackers, fish sauce, fish maruku, fish noodle, fish
satar, fish satay, amplang, otak-otak, surimi, crustaceans and mollusks, shrimp and

shrimp products (Department of Fisheries Malaysia, 2017).

2.2 Wastewater from Food Processing Sector

Wastewater is sewage, storm water and water that has been used for various purposes
around the community and contains organic and inorganic materials in the form of
dissolved and suspended particles (Pankaj et al., 2010). Unless properly treated,
wastewater can harm public health and the environment. Most communities generate
wastewater from both residential and nonresidential sources. A large percentage of the
country’s total wastewater effluent is released by food processing companies (Nadiah
K., 2012). In terms of numbers, small and medium-sized firms dominate the food
industry in Malaysia. Food processing sector accounts for about 10% of Malaysia's
manufacturing output, the major sub-sector is the fish and fishery products, livestock
and livestock products, processed fruits and vegetables and cocoa. Fish processing
industry is one of the sub-sectors in the processed food and beverages industry which is

an important component of the agro-based industry (MIDA, 2017).

The treated/processed effluent is referring to the cleaned wastewater whereby the
water returns to nature. It can be discharged into local surface waters where it may be

reused (Water Pollution Control Federation, 1994; Andreas & Shane, 2015).

2.3 Wastewater from Fish Processing

Fish processing requires large amounts of water for the operations of ice
preservation, cleaning and grinding process in the fish processing plants. Washing is
one of the most important steps in fish-based product processing. The cyclic washing

and rinsing of the raw fish and fish mince with water are the central process in fish
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processing. The washing process improves gel-forming ability due to leaching of a
considerable amount of fat and sarcoplasmic proteins (Huidobro et al., 1998; Luo et al.,
2010; Ismail et al., 2011). Washing also separates myofibrillar proteins (Huidobro et al.,
1998; Luo et al., 2010), enzymes (proteases), blood and haem compounds causing lipid

oxidation leading to protein denaturation (Hall & Ahmad, 1992; Kolhe & Pawar, 2011).

2.3.1 Salted Fish Processing

The typical processing of dried salted fish is schematized in Figure 2.1. Slime, blood
and other contaminating substances of raw fish are washed off using a 3% solution of
salt in water (Dan et al., 2003; Lliyasu et al., 2011). This reduces bacterial loads on the
fish during subsequent salting. Large fish like mackerel are split open at the ventral side
from the head down. All visceral matter and blood are removed. The fish is then cut into
large pieces. Fishes have an odor of ammonia, the dressed fish, or fish fillets, are soaked
in mild brine (10%) and crushed iced for 6 to 10h. This may be followed by salting.
After washing in clean brine solution, the eviscerated fish is salted in 21% brine for
about 15h. Salted fish is placed on bamboo trays and sun dried for two to three days in
full sunshine, depending on the size of the fish. Salted fish can also be dried in ovens.

Fishes are then packed and stored (Dan et al., 2003).

The characteristics of wastewater from the dried salted fish plant are shown in Table
2.1. This wastewater contains very high salt content, ranging from 17 g to 46 g NaCl/L.
A large volume of wastewater is produced from soaking and washing operations. The
volume ranges from 10 to 12 m’/ton of preprocessed fish, and 20 - 30 m’/ton of iced or
fresh fish. The preprocessed fish, namely, is eviscerated or beheaded and cleaning at
fishing boats or villages in coastal zone before it is transported to sea-food processing

plant (Dan et al., 2003; Lliyasu et al., 2011; Ferraro et al., 2011)

13



t RECEIVING wastewater
water THAWING
-_—> Ice, debris
energy ‘1'
water, ice EVISCERATION wastewater, bloog
eviscera
i 9 ki 9
f.____e_vlsfe_ri‘__s_ m
I
E LML) FILLETING wastewater
: LA > meat particles
I
! meat particles
:< ________________
: . wastewater, salt
water, ice WASHING
Meat particles
Offal recovery
(animal feed)
v
wastewater, salt
—water 5 | SOAKING -5
10% salt organics
water Y wastewater, salt]
—_3 | SALTING
21% salt organics
Energy Y WWY’T
DRYING for high salinity
‘1' wastewater
GRADING
. v
jersy PACKING
E ‘L WWP¥ (*)
nergy
> COOLING For combined
wastewater

v

Product

(*) WWPT- Wastewater treatment plant

Figure 2.1: Flow diagram of dried and salted fish processing.
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Table 2.1: Characteristics of wastewater from the dried salted fish plant (Dan, 2000;
Ferraro et al., 2011).

Parameter Unit Concentration
Washing + soaking tank Combine Wastewater

Chemical Oxygen mg/L 5,250 873
Demand (COD)
Suspended Solids mg/L 371 119
(8S)
Total Disolved mg/L 46 17
Solids (TDS)
Chloride (CI) g/L 27 10
Sulfate (SO,”) mg/L 1,240 164
Total Kjeldal mg/L 747 128
Nitrogen (TKN)
Phosporus (P) mg/L 5 5

2.3.2 Steamed Canned Shrimp Processing

Process for canning shrimp is shown in Figure 2.2. In this process, receiving, peeling
and washing discharge large quantities of wastewater containing 90% of total COD.
High salinity wastewater is generated from precooking or brine treatment. In the
precooking operation, shrimp is boiled in brine solution for 3 - 5 minutes, or it is
steamed. These operations curl the meat, extract moisture and develop the pink or red
color of the finished product. The salt content of precooking wastewater is in range of 2

- 3% (UNEP, 1999; Ferraro et al., 2011).

The canning process for mollusks such as mussel, oysters, clams or scallops also
generates large quantities of wastewater with salt content above 2%. The mollusks are
shelled and washed with 3 to 6% salt solution. Then they are drained and steamed or
cooked for 10 to 15 minutes at 100°C. After inspection and grading, the cooked
mollusks are packed in cans with 1 to 2% brine. Mendez ef al. (1992) reported that
wastewater from processing mollusks contained very high organic, nitrogen and salt

content (18.5 g COD/L, 4.0 g N/L and above 2% salt).
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2.3.3 Commercial Fish Processing Industry

The commercial fish-processing industry generates large quantities of solid waste
and wastewater. Solid waste includes whole waste fish, offal containing viscera and fish
scrap, which are residues from filleting (Hwang & Hansen, 1998). Wastewater comes
mainly from factory cleaning operations and washing of raw materials and contains
organic contaminants in soluble, colloidal and particulate form. This wastewater has to
be treated properly before discharge (Chowdhury et al., 2010). Because factories
process a broad range of products with large seasonal variation, pollution characteristics
vary significantly from plant to plant, and even within the same plant. Within a given
fish processing plant, the wastewater discharged from different unit operations may vary
with respect to flow rates and compositions. One important attribute is the general scale
of the operations, since fish processing extends from small, local operations to large-
scale national or international producers. This difference in scale is relevant not only in
identifying sources of wastewater, but also in determining appropriate reduction or
recycling options. Although the volume and characteristics of fish processing effluents
often exhibit extreme variability, waste and wastewater production in fish processing

industries are usually high in volume.

The wastewater generated by fish processing factories has high loads of organic and
nutrients that originate primarily from carbonaceous compounds and nitrogen
containing compounds (protein, peptide and volatile amines). In addition, effluent may
contain suspended and dissolved solids, microbes, and variable pH. The presence of
high chemical oxygen demand (COD) and organic nitrogen concentrations characterizes
the wastewater produced in fish processing (Sirianuntapiboon & Nimnu, 1999;
Alrumman et al., 2016). In general, the wastewater of fish processing wastewater can be
characterized by its chemical and physical characteristics. Important pollutant

parameters of the wastewater are chemical parameters of pH, five-day biochemical

17



oxygen demand (BODs), chemical oxygen demand (COD), ammoniacal nitrogen (NH3-
N), nitrate nitrogen (NOs™-N), phosphorus (P); and physical parameter of temperature,
odor, colour, and solids content (Mitchell, 1974; Mojiri et al., 2014; Abbasi et al., 2015;
FAO, 2016). A comparison of wastewater pollutants concentrations in effluent from
each fish processing stage has been presented in Table 2.2. Despite the substantial
variation in results, these data provide a useful guideline for wastewater treatment
system design and act as a starting point for wastewater minimization.

Table 2.2: Characteristics of raw wastewater at each step of seafood processing in
North Carolina seafood processing plants (Carawan, 1991; Chowdhury

et al., 2010).
Parameter Rinsing Scaling Filleting Cleaning Total
Water Flow 5.5 32 4.6 0.16 13.4
(WF)
Total Solids (TS) 2.08 4.74 3.44 0.27 10.53
Organic Solids 1.71 2.6 2.08 0.15 6.54
(0S)
Total Suspended 0.38 2.59 0.86 0.09 1.96
Solids (TSS)
Total Dissolved 0.71 1.85 2.96 0.13 5.65
Solids (TDS)
Biochemical 0.59 0.56 0.86 0.1 2.11
Oxygen Demand
(BOD)

(Water flow is in liter and the other parameters are in g/kg of raw fish processed)

2.4 Fish Processing Wastewater Characteristics

In general, fish processing wastewater can be characterized by its chemical and
physical characteristics. The presence of high chemical oxygen demand (COD) and
organic nitrogen concentrations characterizes the wastewater in fish processing
(Sirianuntapiboo & Nimnu, 1999). The important pollutant parameters of the
wastewater are the chemical parameters of pH; the five-day biochemical oxygen
demand (BODs); the COD, ammoniacal nitrogen (NH3-N), nitrate nitrogen (NOs™-N),

and phosphorus (P); and the physical parameters, such as temperature, odor, color, and
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solid contents (Mitchell, 1974; Mojiri et al., 2014). Therefore, a review of fish

processing wastewater characterization studies is very important in this research project.

24.1 Physicochemical Parameter
(a) Temperature

With the exception of wastewaters from cooking and sterilization processes in a fish
canning factory, fish processing industries do not discharge wastewater above ambient
temperatures (Elena et al., 2007). The temperature of the receiving waterbody must not
increase by more than 2°C or 3°C, since greater increases in temperature may affect the
population balance and also reduce the solubility of oxygen, thereby threatening the
survival of some forms of aquatic wildlife. Wastewaters from canning operations should
be cooled if the receiving waterbody is not large enough to restrict the change in

temperature to 3°C (Ferraro et al., 2011).

(b) pH value

The pH analysis is used to determine if the process is operating within the acceptable
range of pH (Metcalf & Eddy, 1991; APHA, 1995, 2005; Radojevic & Bashkin, 1999).
pH serves as one of the important parameters because it may reveal contamination of a
wastewater or indicate the need for pH adjustment for biological treatment of the
wastewater. It is possible to treat organic wastewater over a wide pH range; however the
optimum pH for microbial growth is between 6.5 and 7.5. Bacteria grow best at slightly
alkaline water. Similarly, algae and fungi grow best in slightly acidic water (Miroslav &
Vladimir, 1999; Sagar & Pratap, 2012). The pH of wastewater needs to be remained in
the range of 6-9 for organism’s protection (Metcalf & Eddy, 1991; Efremenko et al.,

2006; Zhao et al., 2013).
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Effluent pH from seafood processing plants is usually close to neutral. For example,
a study found that the average pH of effluents from blue crab processing industries was
7.63, with a standard deviation of 0.54; for non-Alaska bottom fish, it was about 6.89
with a standard deviation of 0.69 (Carawan et al., 1979; USEPA, 2010). The pH levels
generally reflect the decomposition of proteinaceous matter and emission of ammonia

compounds (Sagar & Pratap, 2012).

(¢) Solids Content

Fish processing wastewater contains variety of solid materials. The solids consisted
of blood, flesh, oil, and fat. Solids content in a wastewater can be divided into dissolved
solids and suspended solids. However, suspended solids are the primary concern since
they are objectionable on several grounds. Settleable solids may cause reduction of the
wastewater duct capacity; when the solids settle in the receiving water body, they may
affect the bottom-dwelling flora and the food chain. When they float, they may affect
the aquatic life by reducing the amount of light that enters the water. Soluble solids are
generally not inspected even though they are significant in effluents with a low degree
of contamination. They depend not only on the degree of contamination but also on the
quality of the supply water used for the treatment. In one analysis of fish filleting
wastewater, it was found that 65% of the total solids present in the effluent were already
in the supply water (Tay et al., 2006; Sagar & Pratap, 2012). A summary of the raw
wastewater characteristics for the canned and preserved seafood processing industry is

presented in Table 2.3.

20



Table 2.3: Solids content of the raw fish processing wastewater from various seafood
processing industries.

Subcategory TS TS?mg /Ll VSS | TDS Reference
Fish Processing Del Valle &
4721 918-1000 700-900 Aguilera, 1990;
Jemli et al., 2015
Fish Processing 2905 -15600 875 488 Sagar & Pratap,
2012
Fish Processing 220-790 Avsan & Rao,
2001
Seafood processing 3640 -17000 | 900-1000 Cristovao et al.,
2015
Fishes and shrimps 235 3100 1276 Zeinaddine ef al.,
processing 2013.
Herring 6966 1150-5310 Riddle & Shikaze,
1973
Herring 30000 600-5000 Cristovao et al.,
2015
Breaded/Non- 200 Muthukumaran &
Breaded Shrimp Baskaran, 2013
Tuna processing 17900 500-1091 Tay et al., 2006
Tuna - processing 10002100 | 700-1000 | 73-83 %‘&gaa etal,
Salmon 1030-2500 320-1100 225-855 Battistoni & Fava,
1995
Salmon 88-3422 40-1824 Stone et al., 1981
Salmon 220-3640 11-2180 NovaTec & EVS,
1994
Salmon 120 -1400 Jemli et al., 2015
Nile perch fish 5580-6350 4500-5150 900 Gumisirizal et al.,
2009
Fish salting 200 - 6,000 371 46 Ferraro et al., 2011
Fish Meal 70-20000 Carawan et al.,
1979;
Sunny & Mathai,
2013
Surimi 5120-7790 Green et al., 1984
Surimi - 1500-2000 Olumura &
Uetana, 1992
Surimi 5500 330-5300 Aquametrix, 1993
Surimi 3920-10800 Tay et al., 2006

1) Total Solids (TS)

There was significant variation for TS value between the samples studied where it
ranges from 1,800 to 30,000 mg/L. The average value of TS was 17,900 mg/L in tuna
fish processing of which 40% was organic, and the herring processing wastewater

contained total solids concentration of 30,000 mg/L (Tay et al., 2006). While Sagar and
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Pratap (2012) have reported the TS value ranges from 2,905 mg/L to 15,600 mg/L in the

fish processing effluent released in Mirkarwada and Mandavi beach.

i1) Total Suspended Solids (TSS)

In fish processing wastewater, total suspended solids are primarily bacteria and
bacterial flocs, algae and protozoa, and organic debris. Suspended solids can lead to the
development of sludge deposits and anaerobic conditions when untreated wastewater is

discharged in the aquatic environment (Porntip et al., 2014).

Fish meal plants wastewater were reported to have a TSS of 70 to 20,000 mg/L, and
bottom fish was found to have a TSS of 100800 mg/L (Carawan et al., 1979). Seafood
processing plant wastewaters were reported to have a TSS of 3,640 to 17,000 mg/L of
TSS (FREMP, 1993). Effluents from fish and crustacean processing plants are generally
characterized by high total suspended solids concentration as high as 125,000 mg/L

(AMEC Earth and Environmental Limited, 2003).

iii)  Total Dissolved Solids (TDS)
Total dissolved solids are physical characteristics of wastewater, and also inorganic
indicators of water quality chemical characteristics of wastewater. TDS is a measure of

salt dissolved in a water sample after removal of suspended solids (Kuhn ef al., 2007).

Wastewater from fish processing industries contain high fraction of dissolved solids.
The size of colloidal particles in wastewater is typically in the range from 0.01 to 1.0
micrometer. Sagar and Pratap (1994) reported that total dissolved solids in range 488

mg/L in the wastewater.
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vi)  Volatile Suspended Solids (VSS)

Biomass in the bioreactor was mostly organic materials, thus an increase in biomass
could be measured by volatile suspended solids (VSS) or particulate COD (total COD
minus soluble COD). Other parameter that could be used to indicate biomass growth

was protein content.

VSS was the parameter used most commonly to follow biomass growth in full-scale
biological wastewater treatment system because its measurement was simple and
minimal time was required for analysis. The biomass yield was determined as gram of
VSS produced per gram of COD removed. Nevertheless, VSS measured include other
particulate organic matter in addition to biomass. However, the VSS measurement was
used as an apparent indicator of biomass production and also provided a useful

measurement of reactor solids in general (Sharrer et al., 2007; Knapp, 2014).

VSS play an important role in wastewater treatment. VSS test results are routinely to
assess the performance of conventional treatment processes and need for effluent
filtration in reuse application. VSS is an indication of bacteria or biomass content in the
wastewater, it is important for characterizing wastewater treatment basins (APHA,
2005). VSS are the samples under suspension and remains in water sample. The VSS
analysis is applied mainly to wastewater sludge to measure their biological stability on

the basis of their volatility at 550+/- 50°C.

Sagar et al. (2006) has reported that the average VSS from fish processing
wastewater was 875 mg/L. While Avsan and Rao (2001) observed the fish processing

wastewater contained 220 to 790 mg/L VSS.
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2.4.2 Organic Matters

The organic components in fish processing wastewater are highly biodegradable
indicates by the COD/BODs ratio in the range from 1.5 to 2 (Abbasi et al., 2015). In
waterways, bacteria will consume the organic components of the waste. The process of

biodegradation in waterways consumes oxygen according to Equation (2.1):

Organic Material + O, — CO; + H,O + Bacteria 2.1

Organic compounds normally are some combination of carbon, hydrogen, oxygen,
nitrogen, and other elements. Many organics are proteins, carbohydrates, or fats and are
biodegradable, which means they can be consumed and broken down by organisms.
However, even biodegradable materials can cause pollution. In fact, too much organic

matter in wastewater can be devastating to receiving waters (APHA-AWWA, 2005).

It is clear that the main impact will be due to high organic loads. The organic
material in wastewater stimulates the growth of bacteria and fungi naturally present in
water, which then consume dissolved oxygen. The concentration of oxygen in a river
depends on both the rate at which oxygen is consumed by microorganisms and the rate
of reaeration from the atmosphere. As a result of falling oxygen levels, fish and other
creatures can suffocate (Mueller & Spahr, 2005; Olivier & René, 2006). A series of
organic matters of the raw fish processing wastewater from the canned and preserved

seafood processing industry is presented in Table 2.4.
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Table 2.4: Organic matters of the raw fish processing wastewater from the canned and

preserved seafood processing industry.

BOD COD
Subcategory (mg/L) (mg/L) References

Fish Canning 10000-50000 700 Mendez et al., 1992

Fish Canning 5100 6000-9000 Chowdhury ef al., 2010

Fish Processing 3300 3261-1432 Del Valle & Aguilera,
1990

Fishes and

shrimps 1050-1250 1730-1790 Zeinaddine et al., 2013.

Processing

Mechanized 600 1000 Andreas & Shane, 2015

Blue Crab

Breaded/Non- 720-1000 12002300 | Noukeu et al., 2016

Breaded Shrimp

Fish Salting 2300 5400 Ziminska, 1985

Tuna processing 3300 5553 Chowdhury et al., 2010

Tuna Tay et al., 2006;

Processing 700 1300-3250 Noukeu et al., 2016

Tuna Artigaa et al., 2008

Brine 8000-12000

Steam injection 17000-26000

Fish Meal 100-24,000 150-42,000 Carawan et al., 1979

All Salmon 253-2600 300-5500 Cristovao et al., 2015;
Riddle & Shiikaze, 1973

All Salmon 665-2315 902-3177 Battistoni & Fava, 1995

Bottom & Finfish 200-1000 400-2000 Carawan et al., 1979,

(all) Sunny & Mathai, 2013

Herring 20-1745 25-4864 NovaTec, 1994

Mechanical 500-1200 700-1500 Tay et al., 2006;

Clams Noukeu et al., 2016

All Oyster 250-800 500-2000 Tay et al., 2006

Surimi 5000-5500 1600-2200 Okumura & Uetana,
1992

a)  Biochemical Oxygen Demand (BOD)

BOD estimates the degree of contamination by measuring the oxygen required for
oxidation of organic matter by aerobic metabolism of the microbial flora. In seafood-
processing wastewaters, this oxygen demand originates mainly from two sources. One
is the carbonaceous compounds that are used as substrate by the aerobic
microorganisms; the other source is the nitrogen-containing compounds that are
normally present in seafood-processing wastewaters, such as proteins, peptides, and

volatile amines. Standard BOD tests are conducted at 5-day incubation for
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determination of BODs concentrations (APHA, 1995, 2005; Sherly 2015; Zhao et al.,

2013).

The BOD is generated primarily from the butchering process and from general
cleaning (Sherly et al., 2015). Bottom fish was found to have a BODs of 200-1,000
mg/L; fish meal plants were reported to have a BODs of 100-24,000 mg/L, while the
average BODs value for fish processing stick water has been listed as ranging from
56,000 to 112,000 mg/L (Carawan et al., 1979). White fish filleting processes typically
produce 12.5-37.5 kg BODs for every ton of product. Fish canning industries have a
high concentration of BODs pollutants in the range of 10,000-50,000 mg/L (Mendez et
al., 1992). Wastewaters from seafood-processing operations can be very high in BOD:s.
Literature data for seafood processing operations show a BODs production of one to

72.5 kg of BODs per ton of product (Tay et al., 2006).

b) Chemical Oxygen Demand (COD)

Organic matter is the major pollutant in wastewater. The chemical oxygen demand
(COD) is used as a measure of the oxygen equivalent of the organic matter content of a
sample that is susceptible to oxidation by a strong chemical oxidant. The COD test is
used to determine the degree of pollution in both wastewater and natural water (HACH,

1999; Miroslav & Vladimir, 1999).

The COD is an important pollutant parameter for the seafood industry. This method
is more convenient than BODs since it needs only about 3 hours for determination
compared with 5 days for BODs determination. The COD analysis, by the dichromate
method, is more commonly used to control and continuously monitor wastewater
treatment systems. Because the number of compounds that can be chemically oxidized

is greater than those that can be degraded biologically, the COD of an effluent is usually
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higher than the BODs. Hence, it is common practice to correlate BODs vs. COD and
then use the analysis of COD as a rapid means of estimating the BODs of a wastewater.
Depending on the types of seafood processing, the COD of the wastewater can range
from 150 to about 42,000 mg/L.. One study examined a tuna-canning and byproduct
rendering plant for five days and observed that the average daily COD ranged from
1,300-3,250 mg/L (Tay et al., 2006; Noukeu et al., 2014). Sagar et al., (2012) have

reported 1,825 mg/l of COD in fish processed wastewater.

Basically, the higher the COD value, the higher the amount of pollution in the test
sample (APHA, 2005; Andreas & Shane, 2015). This test allows measurement of a
wastewater in terms of the total quantity of oxygen required for oxidation to carbon
dioxide and water. The principal reaction using dichromate as the oxidizing agent may

be represented in a general way by the following unbalanced Equation (2.2):

(C.Hp0,) Organic matter + Cr,07> + H™ ----- catalysts & Heat ---=> Cr™ + CO, + H,0

(2.2)

The measured wastewater sample is heated with a known amount of potassium
dichromate-sulfuric acid solution, after which the concentration of unreacted oxidizing
agent (chromate remaining) is determined by a redox back-titration or the amount of
reduced chromium produced is determined colorimetrically (HACH, 1999; Miroslav &
Vladimir, 1999; Andreas & Shane, 2015). Some of the dichromate is consumed in the
oxidation of organic wastes. The quantity of oxidant consumed is expressed in terms of

its oxygen equivalence.

Chloride is the primary and the most common interference when determining COD
concentration. It has the greatest effect on COD test results. The theoretical oxygen

demand of chloride is expressed by the following Equation (2.3):
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Cl +0,+4H——>2H,0+2ClL (2.3)

One molecule of oxygen consumes 4 molecules of chloride ions. On a weight basis,
the theoretical oxygen demand for chloride is 0.226 mg O, per mg Cl. A sample
containing 1000 mg/L chloride will have a theoretical oxygen demand of 226 mg/L

COD (Wayne, 1997; Andreas & Shane, 2015).

Chloride reacts with silver ion to precipitate silver chloride, and thus inhibits the
catalytic activity of silver. Bromide, iodide, and any other reagent that inactivates the
silver ion can interfere similarly. Such interferences are negative in that they tend to
restrict the oxidizing action of the dichromate ion itself. However, under the rigorous
digestion procedures for COD analyses, chloride, bromide, or iodide can react with
dichromate to produce the elemental form of the halogen and the chromic ion. Results
then are in error on the high side. The difficulties caused by the presence of the chloride
can be overcome largely, though not completely, by complexing with mercuric sulfate
(HgSO4) before the refluxing procedure. Although 1 g HgSO; is specified for 50 mL
sample, a lesser amount may be used where sample chloride concentration is known to
be less than 2000 mg/L, as long as a 10:1 weight ratio of HgSO4: CI” is maintained. This
ties up the chloride ion as a soluble mercuric chloride complex and greatly reduces its
ability to react further. Techniques designed to measure COD in saline waters are

available (Ruttanagosrigit & Boyd, 1989; Wayne, 1997; HACH, 1999).

Mercuric sulfate is the most widely used reagent for masking chloride interference
and is most effective when the ratio of mercuric sulfate to chloride is 10:1. For example,
a 2 mL sample containing 2000 mg/L chloride (4 mg CI") will require 40 mg mercuric
sulfate to effectively mask the chloride interference. Hach Dichromate COD Reagents

contain enough mercuric sulfate to eliminate the interference up to 2000 mg/L chloride.
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The ultra high range COD procedure will eliminate up to 20,000 mg/L chloride, because
the sample size used is 0.20 mL rather than the standard 2.00 mL (Wayne, 1997;

HACH, 1996, 1999).

2.4.3 Nutrients

Nitrogen and phosphorus are nutrients that are of environmental concern. They may
cause proliferation of algae and affect the aquatic life in a water body if they are present
in excess (Chowdhury et al., 2010; Sherly et al., 2015). However, the concentration of
nitrogen and phosphorus in the seafood-processing wastewater is minimal in most cases.
It is recommended that a ratio of N to P of 5:1 be achieved for proper growth of the
biomass in the biological treatment (Sherly ef al., 2015). Sometimes the concentration
of nitrogen may also be high in seafood-processing wastewaters. One study shows that
high nitrogen levels are likely due to the high protein content (15-20% of wet weight)
of fish and marine invertebrates (Sherly et al., 2015). Similarly, Sagar et al. (2012) has
reported 150 mg/l of nitrate in fish processed waste water. Beside that, seafood-
processing wastewater was noted to sometimes contain high concentrations of chlorides
from processing water and brine solutions, and organic nitrogen of up to 300 mg/L from
processing water. Phosphorus also partly originates from the seafood, but can also be
introduced with processing and cleaning agents. Table 2.5 shows the nutrient contents

from various types of seafood processing wastewaters.
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Table 2.5: Nutrient contents of the raw seafood processing wastewater from different

seafood processing industry.

Nitrogen | Phosphorous
Subcategory Process (mg/L) Reference
Blue crab Conventional 1000 Del Valle & Aguilera,
1990;
Mechanical 3700 Sagar & Pratap, 2012
. Breaded 5900 Cristovao et al., 2015
Shrimp Canned 9500
Frozen 10000
Tuna Conventional 2100 Cristovao et al., 2015
Tuna Brine 1200-1800 Artigaa et al., 2008
Steam injection 2500-4000
. Muthukumaran &
Catfish Conventional 650 Baskaran, 2013
Salmon Conventional 0.26-1.12 113;1 ;t;stom & Fava,
Nile perch fish Conventional 61-340 9-20 2G(;1(;191151rlza1 etal,
Fishes Conventional 150-300 Jemli et al., 2015
processing
Fishes and Conventional nitrate = 14-22 108-146 Zeinaddine et al.,
shrimps nitrite= 5.5-6.0 2013.
processing
Fishes Conventional 4.79 0.72 Danh et al., 2013
processing

Nitrogen is a very important component of the fish factory wastewaters. Some
protein will lose to the waste streams. Bacteria convert the nitrogen in proteins to the
inorganic forms including ammonia, and the ammonium, nitrite and nitrate ions. Each
of these inorganic forms of nitrogen has different environmental effects. The
nitrification process is used to convert the ammonia in the wastewater to nitrate.
Nitrification is a two steps biological process utilizing two species of nitrogen
converting bacteria. These species of bacteria are more active in the pH range of 7 to 8.
During the nitrification process, hydrogen ions are released and alkalinity is consumed
as the acid is neutralized (Ruiz et al., 2006; Zhao et al., 2013). For every 1.0 mg of
ammonia converted to nitrate, 8.14 mg of calcium carbonate (CaCOs) equivalent are

consumed. The generation of acid during ammonia conversion, and the need to maintain
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the proper pH, is the reason why an alkali is added to the system (Zhao ef al., 2013).
Nitrification of the wastewater is the single largest factor which leads to the
consumption of alkalinity and the need to add alkali to the treatment system (Uygur &

Kargi, 2004; Daniels et al., 2012).

Nitrogen pollution in water resources is a long existing environmental and public
health problem. Nitrate ions are toxic in high concentrations to both humans and
livestock. In young infants, nitrate can be converted to the nitrite form, absorbed into
the bloodstream and convert haemoglobin to methaemoglobin (Alrumman et al., 2016).
Methaemoglobin cannot transport oxygen. The condition of methaemoglobinaemia
affects infants less than six months in age because they lack the necessary enzyme to
reconvert the methaemoglobin back to haemoglobin. High levels of nitrates pollution in
drinking water supply have been associated with (blue-baby) syndrome in infants
(Susquehanna River Basin Commission, 1991). To protect humans the usual limit
placed on drinking water supplies is 10 g/m’ of nitrate-nitrogen. Livestock can also
suffer from methaemoglobinaemia (Kavitha et al., 2012). Since ruminants have a more
neutral stomach pH and rumen bacteria that reduce nitrates to nitrite, deaths from
methaemoglobinaemia can occur. This usually results from the consumption of nitrate
rich feed; although a limit of 30 g/ m’ nitrate-nitrogen on drinking water for stock has

been suggested (Lefebvre & Moletta, 2006; Pramanic et al., 2012).

Inorganic forms of nitrogen (nitrate, nitrite and ammonium ions) and inorganic
phosphates act as plant nutrients and increase the chance of eutrophication occurring in
waterways (Cho et al., 2006; Ferraro et al., 2011). This can result in an abundance of
opportunistic algae, weeds and plants. The increase in total biomass also increases the
amount of microorganisms, which are involved in breaking down dead matter. The

overall result is a decrease in the amount of dissolved oxygen present in the water due to
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the decomposition of plants, algae, bacteria and other microorganisms. This therefore
has an adverse effect on any other organisms that reply on the dissolved oxygen to

survive (Mueller & Spahr, 2005; Cho et al., 2006; Garibaldi, 2012).

High levels of phosphorus cause a similar impact on waterways to nitrogen. Nitrogen
is more often the problem in salt waterways whereas phosphorus tends to affect fresh
waterways. Phosphorus is found mainly in detergents (Amir et al., 2013). Phosphorus
concentration in wastewater is also one of the parameter that needed to be monitored in
the wastewater. An excess of phosphorus, however, can cause eutrophication of natural
waters. This issue has become one of the most worrisome environmental problems
worldwide. U.S. Environmental Protection Agency discussed on eutrophication as
basically a problem caused by nutrient enrichment in surface water. Phosphorus, which
has been identified as a nutrient limiting primary production is usually responsible for

algal blooms and invasions of exotic species in most surface water ecosystems.

2.5 Environmental Impacts of Fish Processing Wastewater

The increased production of fish processing products may generate various types of
environmental problems such as excessive nutrients and short oxygen levels in both the
receiving soil and water body (Igbinosa & Okoh, 2009). The environmental
consequences in not adequately removing the pollutants from the waste stream can have
serious ecological ramifications (Amir et al., 2013). For example, if inadequately
treated wastewater were to be discharged to a stream or river, an eutrophic condition
would develop within the aquatic environment due to the discharge of biodegradable,
oxygen consuming compounds. If this condition were sustained for a sufficient amount
of time, the ecological balance of the receiving stream, river or lake (i.e., aquatic

microflora, plants and animals) would be upset. Continual depletion of the oxygen in
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these water systems would also result in the development of obnoxious odors and
unsightly scenes (Kincannon & Gaudy, 1968; Carawan et al., 1979; Chowdhury et al.,
2010; Cui et al., 2016). High organic pollution affects human and livestock health, the
fisheries and aquaculture industries in Malaysia. General or common indicators, such as
fish killing, odor generation, contamination of ground water and the decrease of crop
production, occur because of improper management of agricultural and fish processing
wastewater. These problems in environmental quality are closely associated with the

wastewater from the agricultural and food production system (FAO, 2014, 2016).

2.6  Biological Treatment Processes

Biological treatment uses microorganism to remove organic solids and nutrients from
wastewater. It is generally considered to be more cost effective and interesting method
since it is friendly to the environment in treating high organic strength wastewaters,
such as fish processing wastewater, as compared with physical and chemical treatment
methods (Tay et al., 2006; Zhao et al., 2013; Sherly et al., 2015). Biological treatment
involves the use of a biological reactor that contains wastewater rich in biodegradable
organics and nutrients, in which organic matter is utilized by microorganisms for life-
sustaining processes and as produce cell growth and reproduction. The nutrients
available in the wastewater enhanced the growth of microorganisms and allow the
biological treatment to be effective (Tay et al., 2006; Mojiri et al., 2014). The
assimilatory pathway occurs when microorganisms utilize nitrate to produce ammonia,
which is then utilized as a nitrogen source to generate biomass (Tay et al., 2004; Tay et
al, 2006; Liu, 2007; Alrumman et al., 2016). Biological treatment technologies are in
favor of wastewater treatment from fish processing industries since the wastewater is
rich in nutrients. Biodegradation is often the most important process contributing to the

natural attenuation of contaminants in wastewaters. Many different types of organisms
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live in wastewater and some are essential contributors to treatment. A variety of
bacteria, protozoa, and worms work to break down certain carbon-based (organic)
pollutants in wastewater by consuming them (Igbinosa & Okoh, 2009; Knapp, 2014).
Through this process, organisms turn wastes into carbon dioxide, water, or new cell
growth. Bacteria and other microorganisms such as viruses and protozoa are particularly
plentiful in wastewater and accomplish most of the treatment. Most wastewater
treatment systems are designed to rely in large part on biological processes (Bassin et
al., 2012; Eric & Ronald, 2014; Cui et al., 2016). In a single aerobic system, members
of the genera Pseudomonas, Nocardia, Flavobacterium, Achromobacter, and Zooglea
may be present, together with filamentous organisms (Andreas & Shane, 2015). In a
wellfunctioning system, protozoas and rotifers are usually present and are useful in
consuming dispersed bacteria or nonsettling particles (Tay et al., 2006; Andreas &

Shane, 2015).

In wastewater treatment, there are three types of bacteria used to treat the waste that
comes into the treatment plant: aerobic, anaerobic and facultative. The three conditions
differ in the way they use oxygen. Aerobic microorganisms require oxygen for their
metabolism, whereas anaerobic microorganisms grow in absence of oxygen; the
facultative microorganism can proliferate either in absence or presence of oxygen
although using different metabolic processes. Both aerobic and anaerobic technologies
and a combination of both technologies have been applied in treating fish processing

wastewaters (Ferraro et al., 2011; Knapp, 2014).

Biological treatment systems can convert approximately one-third of the colloidal
and dissolved organic matter into stable endproducts and convert the remaining two-
thirds into microbial cells that can be removed through gravity separation. The organic

load present is incorporated in part as biomass by the microbial populations, and almost
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all the rest is liberated gas. Carbon dioxide (CO,) is produced in aerobic treatments,
whereas anaerobic treatments produce both carbon dioxide and methane (CHy). In

seafood-processing wastewaters, the nonbiodegradable portion is very low.

2.6.1 Aecrobic Treatment Process

Aerobic treatment is a biological process which uses the application of free or
dissolved oxygen by microorganisms in degradation of organic wastes. The
decomposition of contaminants in wastewater using aerobic method needs aeration;
which will be the oxygen source for the growth of aerobic microbes that will treat the
organic matter and form sludge as the by-product of the process (Yogalakshmi &

Joseph, 2010; Nena et al., 2013).

Biological wastewater treatment with aerobic microorganisms has been performed
for many years. The process was discovered in 1914 by Ardern and Lockett and came
into heavy use throughout the 1950s and 1960s as models and design principles for the
system were developed (Rittmann & McCarty, 2001; Alrmman et al., 2016).
Wastewaters contain organic and other matter that can cause serious environmental
problems if sent directly to natural bodies of water. In an aerobic biological treatment
system, the wastewater is pumped into a tank or pond that contains a suspension of
aerobic bacteria. The aerobic bacteria oxidize the organic matter forming CO,, H,O, and
more bacteria (Campos et al., 2002; Qasim & Mane, 2013). Collectively, all the organic
matter is referred to as BOD of the wastewater. BOD can be determined in the
laboratory by measuring total oxygen consumption of aerobic bacteria digesting a waste

over a defined period of time (Rittmann & McCarty, 2001; Vanerkar et al., 2013).

Aerobic process involves the reaction of the oxidation of organic matter in the

wastes. Thus, the main reaction products for the aerobic process are CO,, H,O and
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microbial biomass. The aerobic systems firstly applied to food processing wastewater
included activated sludge, trickling filters, oxidation ditch, sequencing batch reactor,
lagoons, irrigation and a combination of these processes (Zhu et al., 2008; Bouchra et
al., 2014). The aerobic microorganisms in activated sludge and aerated basins exist in
aggregates called flocs that are held together by biological polymers and electrostatic
forces (Garibaldi, 2012; Eric & Ronald, 2014). The main microorganisms degrading
waste are heterotrophic and are a diverse set of bacteria that breakdown a wide variety
of organic matter. Most of the organisms are secondary consumers, consuming the
products of primary consumers that are actually breaking down the organic matter of the
wastewater (Ferraro et al., 2011). The species composition is continuously changing as
bacteria turn-over and competes for organic matter. Accordingly, there seems to be a
large redundancy in the species of microorganisms those breakdown organic substrates

in wastewater (Zhu et al., 2008; Vymazal, 2014).

In fish processing wastewaters, the need for adding nutrients (the most common
being nitrogen and phosphorus) seldom occurs, but an adequate provision of oxygen is
essential for successful operation. The most common aerobic processes are activated
sludge systems, lagoons, trickling filters and rotating disc contactors. The reactions

occurring during the aerobic process can be summarized as follows:

Organic + O, — cells + CO;, + H,O 2.4)

Apart from economic considerations, several factors influence the choice of a
particular aerobic treatment system. The major considerations are: the area availability;
the ability to operate intermittently is critical for several seafood industries that do not
operate in a continuous fashion or work only seasonally; the skill needed for operation
of a particular treatment cannot be neglected; and finally the operating and capital costs

are also sometimes decisive.
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2.6.2  Effects of High Salinity on Biological Wastewater Treatment Processes
High salinity wastewaters are usually generated from industries such as fish
processing, vegetable canning, pickling, tanning and chemical manufacturing. Fish
processing wastewater was noted to contain high salinity (Na+, CI), caused both by the
raw materials and seawater used in various processes, and salt is usually be added to a
final wash to remove the last traces on the fish and improve water removal (Hall &
Ahmad, 1992; Sherly et al., 2015; Cui et al., 2016), the salinity of the fish processing
wastewater depending on the products or species being processed and type of
processing undertaken. The wastewater generated from precooking or brine treatment
for canning of shrimp process is in the range of 2-3% w/v NaCl (Vymazal, 2014). The
canning process for mollusks such as mussels, oysters, clams or scallops also generates
large quantities of wastewater with salt content above 2%. The mollusks are shelled and
washed with 3 to 6% salt solution (Chowdhry et al., 2010; FAO, 2014). Characteristics
of herring brine waste were found to contain 65 g/L chloride (Balslev et al., 1990).
While the wastewater from the dried salted fish plant contains very high salt contents,
ranging from 17 g to 46 g NaCl/L. A large volume of wastewater is produced from
soaking and washing operations. The raw fish’s slime, blood and other contaminating
substances are washed off using a 3% solution of clean salt in water. The dressed fish,
or fish fillets, are soaked in mild brine (10%). After washing in clean brine solution, the
eviscerated fish is salted in 21% brine (Vallero ef al., 2003; Len et al., 2008; Cui et al.,

2016).

High salinity can cause high osmotic stress or the inhibition of the reaction pathways
in the organic degradation process (Sherly et al., 2015; Cui et al., 2016). This has
resulted in a significant decrease in biological treatment efficiency. In addition, high salt
content induces cell lysis, which causes increased effluent solids. The populations of

protozoa and filamentous organisms required for proper flocculation are also
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significantly reduced by the elevated salt content (Sherly et al., 2015; Cui et al., 2016).
Therefore, high salinity in fish processing wastewater will lead to difficulties in
biological treatment processes (Sherly et al., 2015). In wastewater treatment, conflicting
reports on the influence of salt or sodium chloride (NaCl) on the performance of
biological treatment processes exist. Several reports indicated the adverse effects of
high salinity or shocks of NaCl on organic removal efficiency and sludge settle ability
(Burnett, 1974; Joong et al., 2007; Bassin ef al., 2012). Others reported that the constant
application of NaCl tobiological treatment systems does not upset the organic removal
efficiency, thereby resulting in the good flocculation of the biomass. This shows that
acclimation of the biomass and levels of salt are important factors that may explain
these different observations (Harmoda & Al-Attar, 1995; Lefebvre & Moletta, 2006;

Mostafa et al., 2006; Sherly et al., 2015).

Salt concentrations above 2% (20 g/L NaCl) in the wastewater will affect the growth
of the bacteria. Study from Joong et al. (Joong et al., 2007) in the experiment for
examination of the salt effect on cellular growth show that there is no effect on cellular
growth at concentrations of 1% and 2% NaCl, but observed that there is an effect on
cellular growth at the concentration of 3.5% NaCl. Burnett (1974) reported that
operation of activated sludge process at salt contents higher than 20 g/L is characterized
by poor flocculation, high effluent solids, and a severe decrease in substrate utilization
rate. Hamoda and Al-Attar (1995) published on the effect of standard sodium chloride
on aerobic activated sludge treatment processes. They demonstrate that no decrease in
wastewater treatment performance is observed at concentrations up to 3% NaCl (w/w).
Kargi and Uygur (1996) investigated the effects of high salinity on aerobic attach
growth such as trickling filter and rotating biological contactors. The results indicated
that the rate and efficiency of COD removal decrease significantly with the increase in

salt content above 20 g/L. The COD removal efficiency with salt-free wastewater is
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95%. The COD removal decreases to 60% at 5% salt content due to the adverse effect
of salt on microorganisms. The increase in salt content causes a linear reduction in the
COD removal rate. Kargi and Dincer (1999) reported that saline wastewaters with more
than 2% salt resulted in low BOD removal and flocculation efficiencies of conventional
biological processes such as activated sludge and attach-growth processes. It has been
reported that a critical salinity concentration of approximately 1-2% (w/w) exists at
which the mechanism governing bacteria aggregation and stability of sludge flocs
changes. Below this critical concentration, double layer compression or the hydrophobic
interactions improve inter bacterial interactions. However, as the concentration of
salinity exceeds this limit, the tendency of bacteria aggregation or adsorption decreases
Zhao et al., 2013; Andreas & Shane, 2015). Here, although salt acclimation can be
expected from conventional processes, the extent of adaptation is limited, and thus
conventional processes cannot be used to treat wastewaters containing more than 3%

salt (Bassin et al., 2012; Andreas & Shane, 2015; Cui et al., 2016 ).

In nitrogen removal processes, the oxidation of ammonia to nitrite and then nitrite to
nitrate (nitrification process) occurs under aerobic conditions (autotrophic bacteria), and
the reduction of nitrate to nitrogen gas (denitrification process) occurs under anoxic
conditions (hetetrophic bacteria) (Knapp, 2014). The system configuration, the
instability in the experimental conditions with respect to temperature and pH, and the
presence of inhibitory compounds are the factors that directly influence the extent of
salt effect on the nitrification process (Moussa et al., 2006; Bassin et al., 2012; Cui et
al., 2016). Nitrification is also susceptible to inhibition by salt, which has been
considered as an instability factor in many wastewater treatment plants, especially in
industrial settings (Moussa et al., 2006). Kargi and Dincer (1999) also reported that salt
content reduces the rate and the efficiency of nitrification and denitrification at salt

contents above 2% and 1%, respectively. Nitrobacter was more adversely affected by
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high salinity than Nitrosomonas, resulting in the accumulation of nitrite in the effluent
at salt contents above 2%. The denitrification rate seemed more sensitive to salt
inhibition than nitrification (Ruiz et al., 2006; Andreas & Shane, 2015; Sherly et al,

2015).

Panswad and Anan (1999a) investigated the effects of various salinity levels on
ammonia and nitrate uptake rates of the biological nutrient removal systems
(anaerobic/anoxic/aerobic). In the steadystate, the specific ammonia and nitrate uptake
rates decreased with increase in chloride concentrations. The total nitrogen removal
dropped from 85% to 70% when the salt contents in wastewater have increased from 20
g/L to 30 g/L. Concurrently, when the salt contents in wastewater have increased from 5
g/L to 30 g/L, COD removal of the system also dropped from 90% to 71%. This
indicated that the nitrifying and denitrifying bacteria are very sensitive to sudden high
salt content even with a high degree of pre-acclimation. The phosphorous removal of
this system decreased from 38% to 10% with gradually increase in salt content from 0
to 30 g/L. This indicates that poly-P bacteria have intense sensitivity to high salinity
condition. As the summary, all the researchers agree that the salt concentration affects
the effectiveness of the biodegradation process. Where there is a difference is the
limiting salt concentration. This may be related to the differences in the properties of the

aqueous system.

Currently, many saline wastewater treatment plants are able to overcome the
technical problems associated with high salinity by diluting the saline waste stream with
freshwater. Nevertheless, this practice is unsustainable due to the continuous pressure
on industries to reduce freshwater consumption (Eric & Ronald, 2014). The fish
processing industry seeks cost-effective reduction and recycling technologies for fish

processing wastewaters (Chowdhury et al., 2010). Industrial practice generally favors
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continuous processing rather than processing in single batches for relatively low overall
investment and operating costs (Eric & Ronald, 2014). Aerobic natural biodegradation
in continuous systems would be applied as a treatment option in small-scale fish
processing industries to achieve treatment technology and economics (Chowdhury et
al., 2010, Andreas & Shane, 2015). The social and economic requirements for a low
cost, simple operation, and a practical environmental technology wastewater treatment
system inspired this study to design an efficient, cost-effective, and low-maintenance
wastewater treatment system that is required by local fish processing industries for the
treatment of fish processing saline wastewater, and the treated fish processing

wastewater has high potential to be reused as liquid fertilizer in agriculture.

2.7 Fish Processing Effluent Reuse

Water use has been growing at more than twice the rate of population increase in
the last century (Andreas & Shane, 2015). Thus, the need for new water resources is
inevitable. The reuse of treated wastewater is one of the permanent water resources that
may have numerous applications (Amir et al., 2013). In addition to reusable water
production, wastewater treatment is important for health and environment protection
through the reduction of waste and production of natural fertilizer, energy and many
other advantages (Igbinosa & Okoh, 2009; Abbasi et al., 2015). We can reuse the
treated wastewater for beneficial purposes such as landscape irrigation and agricultural,
toilet flushing, industrial processes, and replenishing a ground water basin. The reuse of
treated wastewater offers water resource and financial savings. Wastewater treatment
can be tailored to meet the water quality requirements of a planned reuse (Andreas &

Shane, 2015).
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The effluent of fish processing wastewater which contains organic matter, nitrogen,
phosphorus and potassium may serve as plant nutrients when applied as irrigation water
which discharged directly to the environment (Elena et al., 2007; Pankaj et al., 2010;
Alrumman et al., 2016). Besides that, the organic matter that added through wastewater
irrigation serves as a soil conditioner over period time which increases its water holing
capacity. In addition through the soil humus build-up, preventing of land erosion and
soil conservation could be achieved (Igbinosa & Okoh, 2009). Therefore this reduces
requirements for artificial fertilizers or chemical fertilizers with a concomitant reduction

in energy expenditure and industrial pollution elsewhere (Andreas & Shane, 2015).

2.8 Summary

Fish processing wastewater could be a valuable resource for agriculture. However,
potential utilization of this fish wastewater has been limited because of its bad smell
(Tay et al., 2004; Tay et al, 2006; Liu, 2007). Biological treatment process is a
treatment that can make use of microbiology concept as a beneficial science for the
destruction of contaminants in wastewater. Generally, biological treatment involves the
use of a biological reactor that contains wastewater rich in biodegradable organics and
nutrients, in which organic matter is utilized by microorganisms for life-sustaining
processes and as a food source to produce cell growth and reproduction. The nutrients
available in the wastewater enhance the growth of microorganisms and allow the
biological treatment to be effective. The wastewater generated by fish processing
factories after biological treatment has a high potential to be reused in agriculture since
the main constituents are organic and nutrients substances capable of promoting plant

growth and the wastewater do not contain known toxic or carcinogenic materials.
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Aerobic natural biodegradation in continuous systems would be applied as a
treatment option in small-scale fish processing industries to achieve treatment
technology and economics. The utilization of natural biodegradation processes for the
treatment of wastewaters has several reasons or benefits. It is expected that the use of
aerobic natural biodegradation in continuous systems will bring benefits to the
environment, operations, and economics in reference to the optimal operational cost of

the fish processing industry in our country.
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CHAPTER 3

MATERIALS AND METHODS

3.1 Preparation of Synthetic Fish Processing Wastewater

Fish processing wastewater were collected from the processing of common types of
edible fish species commonly found within the Malaysian region. Fresh whole fish
(white pomfret, fourfinger threadfin, goldstripe sardinella, wolf herring, milkfish, short
mackerel, etc.) were purchased from a local fish market in Selangor and transported on
ice to University of Malaya Environmental Lab. The synthetic raw wastewater with the
same composition, with equivalent to the wastewater from fish industrial has been
simulated in laboratory for the series of experiments in this project. The processing of
fish involves hand-skinning, filleting, and washing with tap water without additional of
salt for the wastewater to be added with various salt concentrations in the series of
experiments to investigate the impact of increased salt concentration on a batch and
continuous treatment operation. The fish processing wash water and fish blood were
collected immediately in a beaker and homogenized by agitation on the stirrer plate for
30 min. The wastewater was then kept in a 1 L size polyethylene bottle and
subsequently stored in the freezer below 0°C for further use. There were around 100 kg
of fish had been collected and processed in this study and the total amount of water
utilized to clean the fish was around 100kg/m3 (Mitchell, 1974; Chapman, 1996; Dan,

2003; Chen et al., 2003).

Preparation of influent for feeding the bioreactor, the raw wastewater was diluted
with distilled water to achieve the required concentration. Preparation included three

different strength of wastewaters (30-, 50-, and 100-fold diluted fish processing
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wastewater) at eleven different salt (NaCl) concentrations (0.5%, 1.0%, 1.5%, 2.0%,
2.5%, 3.0%, 3.5%, 4.0%, 5.0%, 6.0% and 7.0% w/v) and without salt content (0.0% w/v
NaCl). The wastewater used as feed was stored in a refrigerator at 4°C. It was
maintained in a feed reservoir and mixing was applied manually at regular intervals of

feeding.

3.1.1 Wastewater Characterization Study

Wastewater characterization was performed for the prepared raw concentrated
synthetic wastewater, diluted influent, daily withdrawn samples, and also the treated
effluent of each operational cycle. The physicochemical parameter of TS, TDS, TSS,
VSS, and pH; organic contents of BODs and COD; and nutrient contents of NHj-N,
NOs™-N, and P were analyzed as shown in Table 3.1 according to the procedures
outlined in Standard Methods for Water and Wastewater Examinations (APHA, 1995,

2005). All chemicals used were of analytical grade.

Table 3.1: Wastewater characterization study on 10 parameters.

Parameters Unit
Physicochemical TS mg/L
TDS mg/L
TSS mg/L
VSS mg/L
pH pH value
Organic Contents BOD; mg/L
COD mg/L
Nutrient Contents NH;-N mg/L
NH,"
NO;-N mg/L
NO;
P mg/L
PO,>
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3.2 Biological Wastewater Operation

Duplicate study was performed in two identical reactors made of Perspex with a full
volume of 2000 mL (120 mm diameter and 215 mm high), operated at 30°C. The
working volume of the reactor was set to 1800 mL. Both reactors were operated
continuously using an agitation speed of 250 rotations per minute (rpm) for uniform
mixing and were supplied with air aeration using an aquarium air pump to achieve the

aerobic environment as shown in Figure 3.1.
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Figure 3.1: Operation of fish processing wastewater treatment in two identical
laboratory scale bioreactor systems.

A heater in housing and a temperature sensor were embedded inside the reactor. This
sensor is connected to a temperature controller and the reactor temperature was adjusted
via a power control knob and set temperature switch/knob at the temperature controller.
Temperature of the both reactor was set at 30°C for operation, as it is according to the

daytime temperature in Malaysia’s environment. For the convenient of data collection,
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the cycle length of each treatment was set for 5 days (i.e. running the experiment from
Monday to Friday), which inline with other experiment by Burnett (1974), Grady et al.

1999, Sagar and Pratap (2012). Feeding and withdrawal were done manually.

3.2.1 Batch Operation at Various Substrate and Salt Concentrations

In batch system operation, the influent, and the effluent after 5 days operation was
studied by measuring the following parameter: pH value, TSS, TDS, TS, VSS, BODs,
COD, NH3-N, NOs™-N, and P. All the experiments were performed using distilled water
for dilution and final rinsed for the apparatus. All measurements of the parameters were

performed in three replicates to obtain a consistent average value.

3.2.2  Continuous Operation at Various Substrate Concentrations
Continuous operation rans at several hydraulic retention time (HRT) in the
continuous flow system. The first phase of the experiments focused on the evaluation of
system performance by evaluating the biomass yield and the substrate removal at nine
different operating HRTs that ranged from ten to two days of HRT. The experiments
were carried out at different concentration of feed substrate/influent. The HRT was
calculated as HRT = V/Q, where V = volume of the reactor (L), and Q = influent flow
rate (L/day) as stated in Equation 3.1 (Metcalf & Eddy, 1991). Series of HRTs were set
based on the working volume of the bioreactor. Range of the fresh feed flow rates were
from 180 mL/day to 900 mL/day. The performance of the continuous operation was
measured every day using the samples withdrawn daily from each reactor. The fresh
medium was fed into the bioreactor at a specific flow rate based on the operating HRT.
Each operating HRT was kept running for 5 days.
HRT = V/Q (3.1

Where:
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V = volume of the reactor (L)

Q = influent flow rate (L/day)

Nine different operating HRTs were performed in order to determine the optimal
retention time for the biological operation of fish processing wastewater. The degree of

optimization was assed using the biomass yield and substrate removal.

3.2.3  Continuous Operation at Optimum HRT with Various Substrate and Salt
Concentrations

At the second phase, the effects of 11 different salt contents (NaCl: 0.5%—7.0%) in
the 30-, 50-, and 100-fold diluted wastewaters were then investigated in the continuous

flow system at the obtained optimal HRT condition.

3.3 Wastewater Characterization
3.3.1 Physicochemical Parameters

(a) pH Value

Biological treatment processes have their own optimum range of pH (Len et al,
2008; Pankaj et al., 2010; Porntip et al., 2014). The pH analysis is used to determine if
the process is operating within the acceptable range of pH. pH has a significant impact
on wastewater treatment (Metcalf & Eddy, 1991; Radojevic & Bashkin, 1999; APHA,
1995, 2005). Although different processes have varying ranges, generally wastewater
organisms in biological treatment systems function best at pH values from 6.5 to 7.5
(Metcalf & Eddy, 1991). The response to pH is largely due to changes in enzymatic

activity (Pankaj et al., 2010; Porntip et al., 2014).

The pH value in this research was monitored by pH meter model Delta 320 (Mettler

Toledo, Shanghai, P.R. China) using an integrated temperature electrode (ATC probe)
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method with automatic temperature compensation (ATC) measurement. For
measurement, the pH ATC electrode probe was taken out from the 3 mol/L KCL
(Potassium Chloride) storage solution and rinse with distilled water. Two-point
calibration of pH 7.00 and pH 4.01 was done daily using calibration buffer of pH 4.01
and pH 7.00 before measurement of the sample (APHA, 1995, 2005; Mettler Toledo,

2005). The procedure for the measurement of pH is stated in Appendix B-1.

(b) Total Solids (TS)

Total solids are the sum of dissolved and suspended solids in a water or wastewater.
TS was determined by measured a volume of sample and transfer it into a pre-weighed
porcelain. Evaporate to dryness in an oven at 105°C, cool in desiccators with moisture
indicate silica gel. The increase in weight over that of the empty porcelain dish
represents the total solids. Analytically, TS was the matter that remained as residue
upon evaporation at 103 to 105°C (APHA, 1995, 2005). The procedure for the
measurement of TS is stated in Appendix B-2. The TS was calculated using Equation
3.2

TS (mg/L) = {Weight of the dish + dried residue (g)} — Weight of the dish (g)

Sample Volume (mL)
X 1000 mL/L (3.2)
Weight of the residue in mg (to convert W (g) to (mg), multiply w (g) with 1000)
Multiply the weight of the dry solids (in mg) by 1,000 mL/L to convert the sample size

from mL to L.

(c¢) Total Suspended Solids (TSS)
Total suspended solids are typically composed of fine clay or silt particles, plankton,
organic compounds, inorganic compounds or other microorganisms. TSS measure the

particulate matter suspended in a sample of water or wastewater. These suspended
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particles range in size from 10 nm to 0.1 mm, although in standardized laboratory tests,
TSS is defined as the material that cannot pass through a 0.45 pum diameter filter
(Radojevic & Bashkin, 1999; APHA, 1995, 2005). The procedure for the measurement
of TSS is stated in Appendix B-3. Suspended solids were calculated after the soluble
portion of the sample has passed through a filter by using Equation 3.3 (APHA, 1995,
2005).

TSS (mg/L) = (A — B)/C x 1000 mL/L (3.3)

Where A = Mass of nonfilterable residue on Whatman GF/C filter after evaporation
at 105°C (mg)

B = Mass of the filter paper prior to sample filtration (mg)

C = volume of the sample used for filtration (mL)

(d) Total Dissolved Solids (TDS)

Total dissolved solids are physical characteristics of wastewater, and also inorganic
indicators of water quality chemical characteristics of wastewater. TDS is a measure of
salt dissolved in a water sample after removal of suspended solids (Kuhn et al., 2007).
Total dissolved solids (TDS) are the weight per unit volume of all volatile and non-
volatile solids dissolved in water or wastewater after a sample has been filtered to
remove colloidal and suspended solids, the accumulated total of all solids that might be
dissolved in water. TDS is defined (analytically) as all the matter that remains as residue
upon evaporation at 180°C + 2°C. The procedure for the measurement of TDS is stated

in Appendix B-4. The TDS was calculated according to Equation 3.4 (APHA, 1995,

2005).
TDS (mg/L) = (A —B)/C x 1000 mL/L (3.4)
Where A = Mass of dried porcelain plus filtrate after evaporation at
180°C (mg)
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B = Weight of the porcelain dish (mg)

C = volume of the sample used for filtration (mL)

(e) Volatile Suspended Solids (VSS) — Biomass Concentration

Solids remaining after the analysis for total solids, total dissolved solids or total
suspended solids are ignited at 550 +/-50°C to a constant weight. The results are called
total volatile solids (TVS), dissolved volatile solids (DVS) and total volatile suspended
solids (TVSS). The weight loss as a result of the ignition represents the volatile portion
of the solids. The difference in weight of the ash and support vessel remaining after

ignition compared to the empty vessel represents the fixed solids.

VSS is a water quality measure obtained from the loss on ignition of TSS. The VSS
analysis is applied most commonly to wastewater sludge to measure their biological
stability on the basis of their volatility at 550 £ 50 oC. The organic fraction will be
oxidized and will be driven off as gas at temperature of 550 + 50 °C and are termed as
“volatile suspended solids”. The inorganic fraction remains as ash and is termed as
“fixed suspended solids” (or mineral content of the suspended solids). Loss in weight is
due to conversion of organic matter to CO, and H,O (Metcalf & Eddy, 1991; Radojevic
& Bashkin, 1999; APHA, 1995, 2005). The procedure for the measurement of VSS is
stated in Appendix B-5. The VSS was calculated using Equation 3.5 as below (APHA

1995, 2005):

VSS (mg/L) = (A — B)/C x 1000 mL/L (3.5)

Where A = Mass of nonfilterable residue on Whatman GF/C filter after
evaporation at 550°C (mg)

B = Mass of nonfilterable residue on Whatman GF/C filter after
ignition at 150°C (mg)

C = Sample size that have used (mL) for filtration.
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3.3.2 Organic Contents

(a) 5-days Biochemical Oxygen Demand (BODs)

The most widely used parameter of organic pollution applied to both wastewater and
surface water is the 5 day BOD (BODs). This determination involves the measurement
of the dissolved oxygen used by microorganisms in the biochemical oxidation of

organic matter (Middlebrooks, 1965).

BOD test has its widest application in measuring waste loadings to treatment plants
and in evaluating the BOD removal efficiency of such treatment systems. The test
measures the molecular oxygen utilized during a specified incubation period for the
biochemical degradation of organic material (carbonaceous demand) and the oxygen

used to oxidize inorganic material such as sulfides and ferrous iron (APHA, 1998).

Two methods are widely used for BOD measurement. One method, the dilution
method, is a standard method of the American Public Health Association (APHA) and is
approved by the U.S. Environmental Protection Agency (USEPA). The other method,
the manometric method, has been used for over 75 years in many sewage plants and
other installations throughout the world. The USEPA denied approval of this method
when it selected methods for wastewater analysis, although in certain cases the USEPA

has approved the manometric method (Clifford et al., 1997).

In this research, BOD was measured in a 5-day test period (BODS) using dilution

method, and manometric method using BOD Trak by respirometric method. The
procedure for the measurement of BODs with dilution method is stated in Appendix C-
1, and the procedure for the measurement of BODs with BOD Trak by respirometric

method is stated in Appendix B-6 and Appendix C-2.
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(i) BOD Measurement with Dilution Method

Since most wastewater has BODs that are much higher than the limited solubility of
oxygen in water (8 mg/L at room temperature), it is necessary to make a series of
dilutions containing varying amounts of sample in nutrient-containing, aerated dilution
water. For samples whose BODs does not exceed 7 mg/L, dilution is not necessary. The
fish processing wastewater sample was diluted with prepared dilution water so that
adequate nutrients and oxygen will be available during the incubation period. Several
dilutions with the calculated dilution factor were prepared to cover the complete range
of possible values. The dilution water was prepared by adding 1 mL of each of the
phosphate buffer solution, magnesium sulfate (MgSOs) solution, calcium chloride
(CaCl,) solution, and ferric chloride (FeCls) solution per liter of aerated water at 20°C

(Metcalf & Eddy, 1991; Radojevic & Bashkin, 1999; HACH, 1995, 2005).

The dilution method is conducted by placing various incremental portions of the
sample into bottles and filling the bottles with dilution water, and measured with
membrane electrode method. The dilution water contains a known amount of dissolved
oxygen. The dilution water contains a portion of inorganic nutrients and a pH buffer.
The bottles are completely filled, freed of air bubbles, sealed and allowed to stand for
five days at a controlled temperature of 20°C (68°F) in the dark. During this period,
bacteria oxidize the organic matter using the dissolved oxygen present in the water. At
the end of the five-day period, the remaining dissolved oxygen is measured. The
relationship of oxygen that was consumed during the five days and the volume of the

sample increment are then used to calculate the BOD (Clifford et al., 1997).

Before starting the BOD test, the amount of dissolved oxygen in the test sample is
measured using Dissolved Oxygen Meter (YSI brand, Model No.: DO 200). At the end

of the test, the oxygen concentration is measured again. To find the oxygen demand,
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subtract the amount of dissolved oxygen on day five from the amount of dissolved
oxygen on day one. Next, multiply the subtracted result with the dilution ratio and get

the biochemical oxygen demand concentration in mg/L.

The wastewater sample that has diluted 50 times or more has insufficient bacteria to
oxidize the organic matter that is present for carrying out the BOD test. Seeding of
dilution water is required to test such sample. To make the seed solution, the contents of
one dehydrated Polyseed capsule (Interlab®, The Woodlands, TX, USA, Environmental
Protection Agency, EPA-approved BODs seed inoculum) was poured into 500 mL
dilution water to dissolve and rehydrate (aerate and stir for one hour, settle 15 min after
aeration has stopped for the bran and undissolved material, decant the supernatant), and
the decanted seeded dilution water (seed solution) was used to dilute the sample for
making up 10% of the overall sample volume. A seed control was prepared by diluting
the seed solution with dilution water for correcting the sample BOD measurement

(Metcalf & Eddy, 1991; Radojevic & Bashkin, 1999; HACH, 1995, 2005).

To calculate the BOD (dilution method) using Equation (3.7) and Equation (3.8)

When dilution water is not seeded:

BOD;s, mg/L = D1 - D2 (3.7)
P

When dilution water is seeded:

BODs, mg/L = (D1 — D2) — (B1 - B2) f (3.8)
P

Where:
D1 = DO of diluted sample immediately after preparation, mg/L
D2 = DO of diluted sample after 5 d incubation at 20°C, mg/L

P = decimal volumetric fraction of sample used
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B1 =DO of seed control before incubation, mg/L
B2 = DO of seed control after incubation, mg/L

f =ratio of seed in diluted sample to seed in seed control =
(% seed in diluted sample) / (% seed in seed control)

(ii) BOD Measurement with Manometric Method

Biochemical Oxygen Demand, BODs was determined by respirometric method using
BOD Trak, and have accuracy check with a mixture of 150 mg/L each of glucose and
glutamic acid. BOD seeding using BOD seed solution, BOD seed control have carried

out for every batch of BOD experiment.

The Hach BOD Trak apparatus is based on the manometric principle of operation.
This apparatus has been compared with the standard dilution method under controlled
test conditions in the laboratory and in routine analysis. Results are equivalent in terms

of both accuracy and precision.

BOD test was conducted at 20°C within a controlled environment, for a period of
5 days. Some of the advantages of using BOD Trak methods over the dilution method

are as follows:

1. The sample is stirred constantly and maintained natural conditions. The BOD
Trak has an initial head space containing 21% oxygen above the water sample.
Continuous stirring replenishes dissolved oxygen to the sample. This makes the
BOD Trak results similar to occurrences found in natural environment. The
dilution method supplies no additional oxygen to the sample, this causes a higher

percentage of oxygen depletion, sometimes as much as 89 %.

ii. The BOD rate can be observed daily without disturbing the sample. Pressure
changes within the closed BOD Trak system are displayed graphically in
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milligrams per liter (mg/L) on an LCD. The system supplies 480 evenly space

data points over the selected period.

iii. The BOD Trak method continuously removes carbon dioxide from the system so
that the pressure difference observed is proportional to the amount of oxygen

used.

iv. Bubbles formed by degassing can cause errors when samples are warmed to the
experimental temperature. The BOD Trak compensates for this occurrence by

starting the test after the equilibrium temperature has been reached.

(b) Chemical Oxygen Demand (COD)

The chemical oxygen demand test is an index of water pollution measuring the mass
concentration of oxygen consumed by the chemical breakdown of organic and inorganic
matter. COD assays are generally used for the estimation of the chemically oxidizable
organic carbon of samples varying and unknown composition, such as domestic and
industrial wastes and natural waters (HACH, 1999). COD is significant in the control of
the total content of pollution and the management of water surroundings (Chapman,

1996).

COD is defined as the amount of a specified oxidant that reacts with the sample
under controlled conditions in an acidic medium. The quantity of oxidant consumed is
expressed in terms of its oxygen equivalence. The COD test is used to determine the
degree of pollution in water (APHA-AWWA, 2005). Either the open reflux method or

closed reactor method is acceptable as the method of COD measurement (APHA, 1998).

In this research project, COD was measured using method 5220 C, closed reflux, and
the titrimetric method according to procedures outlined in Standard Method for the
Examination of Water and Wastewater (APHA, 1995). The procedure for the

measurement of COD is stated in Appendix B-7, In addition, 2 mL diluted wastewater
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sample (for blank - 2 mL distilled water, for check the accur - 2 mL 500 mg/L phthalic
acid (potassium acid phthalate, KHP) solution as COD standard solution)was pipet into
Hach Dichromate COD Reagent vial of High Range type (0 to 1500 mg/L) or 0.20 mL
diluted wastewater sample (blank - 0.2 mL distilled water, accuracy check - 0.2 mL
10,000 mg/L KHP solution) was pipet into Hach Dichromate COD Reagents vial of
High Range Plus type: 0 to 15,000 mg/L. Closed the prepared sample digestion reagent
vial with the vial screw cap tightly. Mix the contents in the vial by shaking and invert
the vial several times. The prepared vials were put into the block digester and heated for
two hours at 150 oC. The digested sample was cooled to room temperature, added with
2 drops of ferroin indicator solution, and then titrated with standard ferrous ammonium
sulphate (FAS) 0.01 M. The sample was titrated until a sharp colour changed from blue-
green to reddish brown. Then the COD value was calculated using Equation 3.9

(APHA, 1995, 2005).

mg/L COD = (A — B) XM X 8000 X Dilution factor 3.9
mL sample

where: A = volume of FAS titrant used for blank, mL

B = volume of FAS titrant used for sample, mL
M = Molarity of FAS solution; 0.01 M was used
8000 = milliequivalent weight of oxygen x 1000 ml/L.

Chloride is the primary interference when determining COD concentration. Each
COD vial contains mercuric sulfate that will eliminate chloride interference up to the
level specified in column 1 in the Table 3.2 below. Samples with higher chloride
concentrations should be diluted. Dilute the sample enough to reduce the chloride
concentration to the level given in column 2. If sample dilution will cause the COD
concentration to be too low for accurate determination, add 0.50 g of mercuric sulfate

(HgSO4) to each COD vial before the sample is added. The additional mercuric sulfate

57



will raise the maximum chloride concentration allowable to the level given in column 3

(HACH, 1996, 1999).

Table 3.2: Each type of Hach COD Digestion Reagent Vial and the maximum
acceptable level of chloride concentration in the sample for pipette into each type of
COD vial to perform COD test.

Column 1 Column 2 Column 3
Vial type Used Maximum CI° Maximum CI’ Maximum CI’
concentration in | concentration of diluted | concentration in
sample (mg/L) samples (mg/L) sample when 0.50
HgSO, added (mg/L)
Low Range 2000 1000 8000
High Range 2000 1000 4000
High Range Plus 20,000 10,000 40,000

3.3.3 Nutrient Contents
(a) Ammoniacal Nitrogen (NH;-N)

Concentration of NH;-N was determined by DR/2000 spectrophotometer (HACH,
Loveland, CO, USA) using the Nessler Method (Method 8038) at wavelength (L) 425 nm,
and this method is applicable over the range of 0 to 2.50 mg/L in 25 mL of water samples.
The matched pair of square glass 25 mL (sample cell) was used, and one sample cell was
filled with the wastewater sample, another sample cell (the blank) was filled with
demineralized water, and both prepared sample cells were added with reagent HACH tests
kits of Nessler reagent, mineral stabilizer, and polyvinyl alcohol dispersing agent. The blank
was used to set the spectrophotometer to zero. A yellow colour was developed in proportion
to the present of ammonia amount in the prepared sample cell (HACH, 2001). This
procedure is equivalent to the USEPA Method 350.2 and Standard Methods for the
Examination of Water and Wastewater, 4500-NH3 B and C for wastewater (HACH, 1995,
2005) (Refer to Appendix C-3 for the analysis method and detail procedure for the

measurement of NH;-N).
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(b) Nitrate Nitrogen (NO; -N)

For this research, NO; -N determination employed Cadmium Reduction, High Range
(HR) method (Method 8039) at wavelength (A) 500 nm. One sample cell was filled with
wastewater sample and added with the contents of one Nitra Ver 5 Nitrate reagent powder
pillow, and another sample cell (the blank) was filled with wastewater sample without
reagent (HACH, 2001). This method is applicable over the range of 0 to 30.0 mg/L in 25
mL of water samples. This procedure is adapted from Standard Methods for the
Examination of Water and Wastewater (HACH, 1995, 2005) (Refer to Appendix C-4 for

the analysis method and detail procedure for the measurement of NO5™-N).

(c) Phosphorus (P)/ Orthophosphate (PO43')

P/PO,> determination applied molybdovanadate method using molybdovanadate
reagent (method 8114) where the wavelength (A) used was 430 nm to detect mg/L PO4 3—
or mg/L P concentration. One sample cell was filled with wastewater sample, another
sample cell (the blank) was filled with demineralized water, and both prepared sample cells
were added with Molybdovanadate reagent. This method is applicable over the range of 0 to
45.0 mg/L in 25 mL of water samples and a yellow colour was developed in proportion to
the presence of phosphate. This procedure is adapted from Standard Methods for the
Examination of Water and Wastewater (HACH, 1995, 2005). The analysis method and

experimental procedure for the measurement of Phosphorus is stated in Appendix C-5.

3.3.4 Analysis of Biomass Yield
Biomass concentrations in this research was measured as VSS. VSS is an indication
of bacteria or biomass content in the wastewater, it is important for characterizing

wastewater treatment basins (APHA, 1995, 2005; Grady et al., 1999; Radojevic &
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Bashkin, 1999; Mettler Toledo, 2005). The biomass yield was determined as g VSS

produced per g COD removed as shown in Equation 3.6 as below:

Biomass Yield = g biomass (VSS) accumulated
g COD removed

g biomass (VSS) accumulated/produced

= VSS at day 5 (mg/L) — VSS at day 0 (mg/L) X 1.8 L = VSS (mg)/1000

g COD removed/utilized

= COD at Day 0 (mg/L) — COD at day 5 (mg/L) X 1.8 L = COD (mg)/1000

Remarks : working volume of the fish processing wastewater in a bioreactor = 1.8 L
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CHAPTER 4

RESULTS

4.1 Fish Processing Wastewater Characteristics

Wastewater characterization was performed for the prepared raw concentrated
synthetic wastewater, diluted influent, daily withdrawn samples, and the final treated
effluent of each operational cycle. Wastewater characteristics of the simulated synthetic
original fish processing wastewater, and the influent of 30, 50 and 100-fold diluted

liquid of the original fish processing wastewater are summarized in Table 4.1.

pH analysis is used to determine if a process is operating within the acceptable range
of pH. In this study, the pH of the raw synthetic fish processing wastewater (simulated
original, without dilution) with pH range of 6.65 + 0.02, while the pH of the diluted raw
wastewater with distilled water (30-, 50-, and 100-fold diluted) for feeding into the
reactor (influent) have pH value ranged from 7.41-7.33. Therefore, the influent feed
into the reactor for treatment processes was in the best pH value range of 6.5 to 7.5 for
the function of biological treatment system (Tay et al., 2006; Zhu et al., 2008; Bassin et

al., 2012).
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Table 4.1: Experimental results for the characteristics of the simulated original (without

dilution) and 30-, 50- and 100-fold diluted fish processing wastewater.

Fish processing wastewater concentration
Parameter Simulated 30-fold 50-fold 100-fold
original dilution dilution dilution
A. Physicochemical
Parameter
TSS (mg/L) 5,530 + 638 184 + 21 110 + 13 55+6
TDS (mg/L) 2,590 =450 86+ 15 52+9 26+5
TS (mg/L) 22,350 +480 750 £ 16 450+9 225+£5
VSS (mg/L) 905+5.5 30+ 0.20 18 +0.10 9+0.06
pH (value) 6.65 +0.02 7.36 £0.03 7.38 £ 0.02 7.40 £0.01
B. Chemical Parameter
Organic
Contents
BOD (mg/L) 18,419 + 660 614 +22 368 + 12 184 +7
COD (mg/L) 30,000 + 2,000 1,000 + 66 600 + 40 300+ 20
C. Chemical
Parameter:
Nutrient Contents
NH;-N (mg/L) 504 £ 30 17+1 10+ 0.6 5£03
NH," (mg/L) 650.16 £38.7 | 21.93+£1.29 12.9+£0.77 6.45 £ 0.39
NO;'N (mg/L) 51+5 24+0.2 1.0£0.1 0.5+0.05
NO; (mg/L) 2244 +22 7.48 +£0.88 4.4+0.44 22+022
P (mg/L) 95.5+6.5 32+0.20 1.91+£0.15 0.96 £ 0.06
PO,> (mg/L) 293.19+19.96 | 9.82+0.61 586+0.46 | 295+ 0.18
4.2 Batch Operation at Various Substrate and Salt Concentrations

4.2.1 Solids Removal
(a) Total Solids (TS)

Figure 4.1 shows the TS removal in the batch system with three different
concentration of fish processing wastewater. After 5 days of batch system operation, TS
removal showed the highest percentage of TS removal of 30% in the 30-fold diluted fish

processing wastewater at 7% salt content. The lowest percentage of TS removal of 4.5%

was found in 30-fold diluted wastewater with 1% salt content.
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Figure 4.1: TS removal percentage in a batch treatment system for 30-,
50-, and 100-fold diluted fish processing wastewater with
0.0-7.0% of NaCl concentrations.

(b) Total Suspended solids (TSS)

Figure 4.2 shows the TSS removal percentage in batch system after 5 days of
treatment operations. TSS has the lowest removal percentage of 5.0% in batch system at
1% salt content in 30-fold diluted fish processing wastewater. The highest percentage

removal of 38.0% was found in 100-fold diluted fish processing wastewater at 7% salt

contents.
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Figure 4.2: TSS removal percentage in a batch treatment system for 30-,
50-, and 100-fold diluted fish processing wastewaters with
0-7.0% of NaCl concentrations.

(¢) Total Dissolved Solids (TDS)
Figure 4.3 shows the TDS percentage removal after 5 days of batch system operation
for the three concentrations of fish processing wastewaters at twelve different

concentration of NaCl.

The lowest percentage of TDS removal was 9.0% in 30-fold diluted fish processing

wastewater containing 1% salt content. The highest percentage of TDS removal of

40.0% was found at 7% salt content in 100-fold diluted fish processing wastewater.
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Figure 4.3: TDS removal percentage in a batch treatment system for three
different concentrations of 0-, 50-, and 100-fold diluted fish
processing wastewaters with 0-7.0% of NaCl concentrations.

(d) Volatile Suspended Solids (VSS)
Figure 4.4 shows the VSS increase percentage after 5 days of batch system operation

for the three different type concentration of fish processing wastewaters at twelve

different concentrations of NaCl.

The lowest increase percentage of VSS of 8.0%, was found in 100-fold and 50-fold
diluted fish processing wastewater containing 7% of salt content. While the highest

increase percentage of VSS of 46.0% was observed in 30-fold diluted fish processing

wastewater at 1% salt content.
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Figure 4.4: VSS increase percentage in a batch treatment system for three
different concentrations of diluted fish processing wastewater with
0-7.0% of NaCl concentrations.

4.2.2  Organic Contents Removal
(a) 5-day Biochemical Oxygen Demand (BODs)

Figure 4.5 shows the BODs removal percentage after 5-day batch system operation
for the three different concentrations of fish processing wastewaters at twelve different

NaCl concentrations.

In batch treatment system, the highest BODs removal of 80.00% was achieved in 30-
fold diluted wastewater at 1% NaCl content. The lowest BODs removal of 11.54% was

found in 100-fold diluted wastewater at 7% of salt content.
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Figure 4.5: 5-day BOD removal percentage in a batch treatment system
for three different concentrations of diluted fish processing
wastewaters with 0-7.0% of NaCl concentrations.

(b) Chemical Oxygen Demand (COD)

Figure 4.6 shows the COD removal percentage after 5 days of batch system
operation for the three different concentrations of fish processing wastewater at twelve

different NaCl concentrations.

In batch treatment operation, COD removal achieved the highest value of 85.20% in
30-fold wastewater at 1% NaCl content. The lowest COD removal of 11.86% was found

in 100-fold diluted wastewater at 7% salt content.
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Figure 4.6: COD removal percentage in a batch system treatment for three
different concentrations of diluted fish processing wastewater with
0-7.0 of NaCl concentrations.

4.2.3 Nutrient Contents Removal
(a) Ammoniacal Nitrogen (NH;3-N)

Figure 4.7 shows the percentage of ammoniacal nitrogen removal found in the
effluent after 5 days of batch system operation of the three different concentrations of
fish processing wastewaters with eleven different salt concentrations and without salt

content as control.

After 5 days of batch system operation, the highest percentage of NH3;-N removal,
68.93% was found in 30-fold diluted fish processing wastewater at 1% NaCl. While
NH;-N removal showed the lowest value of 10% in 100-fold diluted fish processing

wastewater at 7% of salt content.
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Figure 4.7: Ammoniacal nitrogen removal percentage in a batch treatment
system for 30-, 50-, and 100-fold diluted fish processing wastewater
with 0-7.0% of NaCl concentration.

(b) Nitrate Nitrogen (NO; -N)

Figure 4.8 shows the percentage of nitrate nitrogen removal found in the effluent
after 5 days of batch system operation of the three different concentrations of fish
processing wastewaters with eleven different salt concentrations and without salt

content.

After 5 days of batch system operation, the highest percentage of NO; -N removal
was 66% removed in 30-fold diluted fish processing wastewater containing 0.5% and
1.0% salt content. While the lowest percentage of NO;-N removal was 10% found in

100-fold diluted fish processing wastewater at 7% salt content.
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Figure 4.8: NO; -N removal percentage in a batch treatment system for
three different concentrations of diluted fish processing
wastewaters with 0-7.0% of NaCl concentrations.

(¢c) Phosphorus (P)
Figure 4.9 shows the percentage of phosphorus removal found in the effluent after 5
days of batch system operation of the three different concentrations of fish processing

wastewaters with various salt contents.

After 5 days of batch system operation, the highest percentage of phosphorus
removal of 61% was found in 30-fold fish processing wastewater with the addition of
1.0% salt content. The lowest percentage of P removal was 4% had been recorded in

100-fold diluted fish processing wastewater at 7% salt content.
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Figure 4.9: Phosphorus removal percentage in a batch treatment system for
three different concentrations of diluted fish processing
wastewater with 0-7.0% of NaCl concentrations.

4.2.4 Biomass Yield
Figure 4.10 shows the percentage of biomass yield obtained in the effluent after 5-
day batch system operation of the three different concentrations of fish processing

wastewater with eleven different salt concentrations and without salt content as control.

After 5 days batch system operation, the highest biomass yield percentage, 60.0%
was found in 50-fold fish processing wastewater at 1.0% salt content. While the lowest
percentage of biomass yields percentage of 8.0% was found in 100-fold diluted fish

processing wastewater at 7% salt content.
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Figure 4.10: Biomass yield percentage in a batch treatment system for 30-,
50-, and 100-fold diluted fish processing wastewater with
0-7.0% of NaCl concentration.

4.3 Continuous Operation at Different Substrate Concentrations and HRTs

4.3.1 Solids Removal

(a) Total Solids (TS)

Figure 4.11 shows the TS removal in the continuous system at various HRTs. For the
continuous system at nine different operating HRT, the highest percentage of TS
removal, 32.0% was found in 50-fold diluted fish processing wastewater at 2-day HRT,
and the lowest percentage of removal, 5.0% was found in 30-fold diluted fish

processing wastewater at 8-day HRT.
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Figure 4.11: TS removal percentage in a continuous treatment system
for three different concentrations of diluted fish processing
wastewaters with nine different operating HRTs.

(b) Total Suspended solids (TSS)

Figure 4.12 shows the TSS removal percentage in the effluent of the continuous
system without salt content at nine different operating HRTs after the 5-day treatment
operations. The lowest percentage of TSS removal (7.0%) was found at the 8-day HRT
in the 30-fold diluted fish processing wastewater. The highest percentage of TSS

removal was 33.0% found in the 100-fold diluted wastewater at the 2-day HRT.
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Figure 4.12: TSS removal percentage in a continuous treatment system
for three different concentrations of diluted fish processing
wastewaters with nine different operating HRTs.

(c) Total Dissolved Solids (TDS)

Figure 4.13 shows the percentage removal after 5 day continuous system operation
with nine different operating HRT range from 10 to 2 days HRT (10,9, 8, 7, 6, 5, 4, 3, 2

day) for the three different concentration of fish processing wastewater.

The lowest percentage removal of TDS, 9.0% was found at 8 days HRT in 30-fold
diluted fish processing wastewater. While the highest percentage of TDS removal of

35.0% was found in the 100-fold diluted fish processing wastewater at 2-day HRT.
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Figure 4.13: TDS removal percentage in a continuous treatment system for
three different concentrations of diluted fish processing
wastewaters with nine different operating HRTs.

(d) Volatile Suspended Solids (VSS)

Figure 4.14 shows the VSS increase percentage after five days of continuous system
operation with nine different operating HRTs (10, 9, 8, 7, 6, 5, 4, 3, and 2 days) for the
three different concentrations of fish processing wastewaters. In the reactor with
continuous feeding and removal of substrates, the lowest VSS increase percentage of
9.0% was found at the 2-day HRT in the 100-fold diluted fish processing wastewater,
while the highest VSS increase percentage of 49.0% was found at the 8-day HRT in the

30-fold diluted fish processing wastewater.
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Figure 4.14: VSS increase percentage in a continuous treatment system for
three different concentrations of diluted fish processing
wastewaters at nine different operating HRTs.

4.3.2 Organic Contents Removal

(a) S-day Biochemical Oxygen Demand (BODs)

Figure 4.15 shows the BOD removal percentage after five days of continuous system
operation at nine different operating HRTs for the three different concentrations of fish
processing wastewaters without salt content. In the continuous system treatment, 10-day
HRT attained the highest BOD removal rate of 81.0% in the 30-fold diluted wastewater
and the lowest removal rate of 15.0% was found at the 2-day HRT in the 100-fold

diluted wastewater.
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Figure 4.15: BODs removal percentage in a continuous treatment system for
three different concentrations of diluted fish processing
wastewaters with nine different operating HRTs.

(b) Chemical Oxygen Demand (COD)

Figure 4.16 shows the COD removal percentage after five days of continuous
system operation at nine different operating HRTs for the three different concentrations
of fish processing wastewaters without salt content. In the continuous flow treatment
system, the 10-day HRT attained the highest COD removal rate of 85.5% in the 30-fold
diluted wastewater and the lowest removal rate of 16.0% was found at the 2-day HRT in

the 100-fold diluted wastewater.
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Figure 4.16: COD removal percentage in a continuous flow treatment
system for three different concentrations of diluted fish
processing wastewaters with nine different operating HRTs.

4.3.3 Nutrient Contents Removal

(a) Ammoniacal Nitrogen (NH;-N)

Figure 4.17 shows the percentages of NH3-N removal found in the effluent after five
days of continuous flow system operation for the three concentrations of fish processing
wastewaters without salt content at nine different operating HRTs. The efficiency of
NH;-N removal decreased with the increasing dilution fold of the original fish
processing wastewater and decreasing of HRT from 7-day HRT to 2-day HRT. At
HRTs of 8, 9, and 10 days, the removal of NH3;-N was more than 70.0% in 30-fold
diluted fish processing wastewater. The highest percentage of NH3-N removal, 72.5%
was found in 30-fold diluted fish processing wastewater at 10 day HRT, while the
lowest percentage of NH3-N removal, and 14.0% was found in 100-fold diluted fish

processing wastewater at 2-day HRT.
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Figure 4.17: NH3-N removal percentage in a continuous treatment system for
three different concentrations of diluted fish processing wastewaters
with nine different operating HRT conditions.

(b) Nitrate Nitrogen (NO3 -N)

Figure 4.18 shows the percentage of NO; -N removal found in the effluent after five
days of continuous flow system operation of the three different concentrations of fish
processing wastewaters at nine different HRT conditions. After five days of continuous
flow operation, the highest percentage of NO;3 -N removal of 70.0% was found in the
30-fold diluted fish processing wastewater at the 10-day HRT. The lowest percentage
of NOs3 -N removal of 10.0% was found in the 30-fold diluted fish processing

wastewater at the 2-day HRT.
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Figure 4.18: NOs -N removal percentage in a continuous treatment system
for three different concentrations of diluted fish processing
wastewaters with 9 different HRT operating conditions.

(¢) Phosphorus (P)

Figure 4.19 shows the percentages of phosphorus removal found in the effluent after
five days of continuous system operation of the three different concentrations of fish
processing wastewaters without salt content. After five days of continuous flow
operation, the highest percentage of P removal of 62.0% was found in the 30-fold
diluted fish processing wastewater at the 10-day HRT, while the lowest percentage of P
removal of 4.0% was found in the 100-fold diluted fish processing wastewater at the 2-

day HRT.
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Figure 4.19: P removal percentage in a continuous treatment system for
three different concentrations of diluted fish processing
wastewaters at nine different HRT operating conditions.

4.3.4 Biomass Yield

Figure 4.20 shows the percentage of biomass yield obtained in the effluent after five
days of continuous system operation of the three different concentrations of fish
processing wastewaters at nine different operating HRTs. In the figure, three different
diluted concentrations of salt-free fish processing wastewaters increased with the HRTs.
The biomass yield decreased with the increasing dilution fold of the original fish
processing wastewater. In the continuous system, the lowest biomass yield percentage
of 10.0% was found at the 2-day HRT in the 100-fold diluted wastewater, while the
highest biomass yield percentage of 65.0% was found in the 30-fold diluted fish

processing wastewater at the 8-day HRT.
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Figure 4.20: Biomass yield percentage in a continuous treatment system for
three different concentrations of diluted fish processing
wastewaters with nine different operating HRT conditions.

4.4 Continuous Operation at Different Substrate and Salt Concentrations

4.4.1 Solids Removal

(a) Total Solids (TS)
Figure 4.21 shows the TS removal in the continuous system at continuous system

with various salt contents at the optimum HRT of 8-, 9-, and 10-day, respectively.

In continuous system operation with various salt contents at HRT of 8, 9 and 10
days, the highest percentage of TS removal, 32.0% was found in 50-fold diluted fish
processing wastewater at HRT 9 day with 7% salt content. The lowest percentage
removal of 4.0% was found in 30-fold diluted wastewater added with 1% salt content at

8 days of HRT.
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Figure 4.21: TS removal percentage in a continuous treatment system for
three different concentrations of diluted fish processing

wastewaters with twelve different salt concentrations at HRT of
8, 9 and 10 days.

(b) Total Suspended solids (TSS)

The TSS removal percentages in the continuous system at 12 different salt contents
after five days of treatment operations are shown in Figure 4.22. The highest percentage
of TSS removal was 37.0% and was achieved at the 8-day HRT in the 100-fold diluted
fish processing wastewater that was added with 7% NaCl. The lowest percentage
removal of 6.0% was found in the 30- and 50-fold diluted fish processing wastewaters
with 1% salt concentration at the 8-day HRT and in the 30-fold diluted wastewater

without salt concentration at the 8- and 9-day HRTs.

83



TSS removal (%)

0 1 2 3 4 5 6 7 8

Sall content (%o NaCl)
——30 x dilution, 8§ day HRT —— 50 x dilution, 8 day HRT
100 x dilution, B day IIRT 30 x dilution, 9 day IIRT
—#—50 x dilution, 9 day HRT —8— 100 x dilution, ¢ day HRT
—+—30 x dilution, 10 day HRT — 50 x dilution, 10 day HRT
100 x dilation, 10 day HRT

Figure 4.22: TSS removal percentage in a continuous treatment system for
three different concentrations of diluted fish processing wastewaters
with 12 different salt concentrations at the HRTs of 8, 9 and 10
days.

(¢) Total Dissolved Solids (TDS)

Figure 4.23 shows the percentage removal after 5-day continuous system operation at
3 optimum operating HRT range from 10 to 8 days of HRT for the three different

concentration of fish processing wastewater at twelve different NaCl concentrations.

The lowest percentage of TDS removal was 8.0% found at 9-day HRT in 30-fold
diluted fish processing wastewater with 1% salt content. While the highest percentage
of TDS removal, 35.0% was found at 8-day HRT in 100-fold diluted fish processing

wastewater with 7% salt content.
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Figure 4.23: TDS removal percentage in a continuous treatment system
for three different concentrations of diluted fish processing
wastewaters with twelve different salt concentrations at HRTs
of 8, 9 and 10 days.

(d) Volatile Suspended Solids (VSS)

Figure 4.24 shows the VSS increase percentage after five days of continuous system
operation with three different operating HRTs (10-, 9-, and 8-day HRTs) for the three
different concentrations of fish processing wastewaters at 12 different salt contents. In
the continuous reactor with various salt concentrations, the lowest VSS increase
percentage of 9.0% was found at the 9- and 10-day HRTs in the 100-fold diluted fish
processing wastewater with 7% salt content, while the highest VSS increase percentage
of 50.0% was found at the 8-day HRT in the 30-fold diluted fish processing wastewater

with 1% salt contents.
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Figure 4.24: VSS increase percentage in a continuous treatment system for
three different concentrations of diluted fish processing
wastewaters with 12 different salt concentrations at the HRTs of
8, 9 and 10 days.

4.4.2 Organic Contents Removal

(a) 5-day Biochemical Oxygen Demand (BODs)

Figure 4.25 shows the BOD removal percentage after five days of continuous
system operation with three different operating HRTs (10-, 9-, and 8-day HRTs) for the
three different concentrations of fish processing wastewaters at 12 different salt
contents. In the continuous treatment system, the average BOD removal rates of the
HRTs 8, 9 and 10 days in the 30-, 50-, and 100-fold diluted fish processing wastewaters
with 1% salt content were 80.3%, 65.0%, and 38.7%, respectively; at 7% salt content,
the average BOD removal rates of the three operating HRT were down to 21.3%,
20.3%, and 15.3%, respectively. The lowest BOD removal of 14.0% was found at the 8-
day HRT in the 100-fold diluted wastewater with 7% NaCl content. The highest BOD

removal of 82.0% was achieved at the 10-day HRT in the 30-fold diluted wastewater



with 1% NaCl content. The high bacteria growth rate in the reactor was able to remove

more biochemical oxygen demand in the reactor.
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Figure 4.25: BODs removal percentage in a continuous treatment system
for three different concentrations of diluted fish processing
wastewaters with 12 different salt concentrations at HRTs of
8, 9 and 10 days.

(¢) Chemical Oxygen Demand (COD)

Figure 4.26 shows the COD removal percentage after five days of continuous
system operation with three different operating HRTs (10-, 9-, and 8-day HRTs) for the
three different concentrations of fish processing wastewaters at 12 different salt
contents. In the continuous flow treatment system, the highest COD removal of 86.0%
was observed at the 10-day HRT in the 30-fold diluted wastewater with 1% NaCl
content. The lowest COD removal of 15.0% was found at the 9-day HRT in the 100-
fold diluted wastewater with 7% salt content. The 10-day HRT achieved the highest

COD removal due to the longer contact time between the biomass and the substrate



value. The COD removal rate increased with the increase in HRT. COD was the most
affected parameter by the increase in salt concentrations in the fish processing
wastewater. The average COD removal rates of the HRTs 8, 9, and 10 days for the 30-,
50-, and 100-fold diluted fish processing wastewaters dropped from 84.0% to 23.3%,
68.3% to 21.7%, and 38.7% to 16.0%, respectively, when the salinity increased from 1
to 7%. The low COD removal efficiency might be due to the adverse effect of salt on
microbial activity. High salinity is generally known to cause plasmolysis and loss of cell

activity (Campos et al., 2002; Rene et al., 2008).

COD removal (%)

0 1 2 3 4 5 6 7 8
Salt content (% NaCl)
—— 30 x dilution, 8 day HRT ——50 x diluticn, 8 day HRT
100 x dilution, 8 day HRT 30 x dilution, 9 day HRT
—#— 50 x dilution, 9 day HRT —e—100 x dilution, 9 day HRT

—+— 30 x dilution. 10 day HRT
100 x dilution, 10 day HRT
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Figure 4.26: COD removal percentage in a continuous system for three
different concentrations of diluted fish processing wastewater
with 0-7.0% of salt concentrations at the HRTs of 8, 9 and

10 days.



4.4.3 Nutrients Removal

(a) Ammoniacal Nitrogen (NH3-N)

Figure 4.27 shows the percentage of NH3-N removal found in the effluent after five
days of continuous system operation of the three different concentrations of fish
processing wastewaters with 11 different salt concentrations and without salt content as
the control at three different optimum HRT operating conditions. After five days of
continuous flow operation, the highest percentage of NH3-N removal of 73.0% was
found at the 10-day HRT in the 30-fold diluted fish processing wastewater with 1%
NaCl, while the lowest percentage of NH3-N removal of 15.0% was found in the 100-

fold diluted fish processing wastewater with 7% salt content at the 8-day HRT.
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Figure 4.27: NH;-N removal percentage in continuous treatment system for
three different concentrations of diluted fish processing
wastewaters with 12 different salt concentrations at the HRTs of &,

9, and 10 days.



(b) Nitrate Nitrogen (NO3 -N)

Figure 4.28 shows the percentage of NO; -N removal found in the effluent after five
days of continuous flow operation of the three different concentrations of fish
processing wastewaters with 11 different salt concentrations and without salt content as
the control at three different optimum HRT operating conditions. After five days of
continuous flow operation, the highest percentage of NOs -N removal of 72.0% was
found at the 9-day HRT in the 30-fold diluted fish processing wastewater with 1%
NaCl, while the lowest percentage of NOs -N removal of 12.0% was found in the 100-

fold diluted fish processing wastewater with 7% salt contents at the 9-day HRT.
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Figure 4.28: NOs -N removal percentage in a continuous treatment system for
three different concentrations of diluted fish processing
wastewaters with 12 different salt concentrations at HRTs of 8, 9

and 10 days.

(¢c) Phosphorus (P)
Figure 4.29 shows the percentage of P removal found in the effluent after five days

of continuous operation of the three different concentrations of fish processing



wastewaters with 11 different salt concentrations and without salt content as the control
at three different optimum HRT operating conditions. The results demonstrated that
phosphate removal was severely affected by the increase in salt concentrations from
3.0%, particularly in the 30- and 50-fold diluted fish processing wastewater. When the
salt content increased from 2.5% to 7.0%,the highest drops of P removal efficiency rates
was found in the 30-fold diluted fish processing wastewater, with 45.0% at 8-day HRT,
43.0% at 9-day HRT and 42.0% at 10-day HRT. The second highest drops of P removal
rates was found in the 50-fold diluted wastewater with removal rates of 43.0% at 8-day
HRT, 40.0% at 9 day-HRT and 40.0% at 10-day HRT. While the lowest removal rates
of P was observed in the 100-fold diluted fish processing wastewater with 21.0% at 8-

day HRT, 19.0% at 9-day HRT and 21.0% at 10-day HRT.
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Figure 4.29: P removal percentage in a continuous system treatment for three
different concentrations of diluted fish processing wastewaters with
12 different salt concentrations at the HRTs of 8, 9 and 10 days.

After five days of continuous operation, the highest percentage of P removal of

62.0% was found at the 8-day HRT in the 30-fold diluted fish processing wastewater



with 1% NaCl, while the lowest percentage of P removal of 4.0% was found in the 100-

fold diluted fish processing wastewater with 7% salt contents at the 8- and 10-day

HRTs.

4.4.4 Biomass Yield

Biomass Yield (%)

Salt content (% NaCl)

—— 30 x dilution, § day HRT ——50 x dilution, § day HRT
100 x dilution, § day HRT 30 x dilution, 9 day HRT
—#— 50 x cilution, ¢ day IIRT —@—100 x dilution, 9 day IIRT

—+—30 x dilution, 10 day HRT
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Figure 4.30: Biomass yield removal percentage in a continuous treatment
system for three different concentrations of diluted fish processing
wastewaters with 12 different salt concentrations at the HRTs of 8,

9 and 10 days.

Figure 4.30 shows the biomass yield percentage in the effluent after five days of
continuous system operation of the three different concentrations of fish processing
wastewaters at three different operating HRTs of 10, 9, and 8 days with 12 different salt
concentrations. In the continuous reactor with various salt concentrations, the lowest
biomass yield percentage of 9% was found at the 8-day HRT in the 50-fold diluted
wastewater and at the 9-day HRT in the 100-fold diluted wastewater with 7% salt

content. The highest biomass yield percentage of 65.0% was found at 1% salt content in



the 30-fold diluted fish processing wastewater at the 8-day HRT. As the salt content in
the 30-, 50-, and 100-fold diluted fish processing wastewaters increased to 7%, the
average biomass growth rates of HRTs 8, 9 and 10 days were decreased to 11.0%,

10.3%, and 10.7%, respectively.
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CHAPTER S

DISCUSSION

5.1 Introduction

The treatment system performances in this research project were studied by
evaluating the data of the influent feed into the reactor and the daily effluent from day
one to day five treatment on the temperature and pH value, biomass accumulated, solids
removal, organic degradation of BOD and COD, and nutrients removal of NH;-N,
NOs3 -N and P for analyzing the biomass yield and the efficiency of microorganisms in
treating fish processing wastewater in batch operation with the variables of different
substrate concentrations (30-, 50-, and 100-fold diluted fish processing wastewater) and
different salt concentrations (0.0% - 7.0%), and in continuous operation with the
variables of different substrate concentrations, different HRT (ten to 2 days), and
different salt concentrations. Batch operation was performed in three different
concentration of fish processing wastewater at 12 different salt concentrations (0.0%,
0.05%, 0.10%, 0.15%, 0.20%, 0.25%, 0.30%, 0.35%, 0.40%, 0.50%, 0.60%, 0.70%
NaCl wA NaCl), while continuous operation was operated in three different
concentration of fish processing wastewater without salt content at nine different HRT
(ten to two days) in the first phase of the experiments, and the second phase of
experiments was performed in three different concentration of fish processing
wastewater added with 11 different salt concentrations varying from 0.05% to 0.70% at
the optimal HRT obtained from 8-day, 9-day, and 10-day HRTs. On the basis of the
results of the laboratory investigation, the occurrence and effectiveness of the natural

aerobic biodegradation processes were confirmed.
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5.2 pH Observation during Batch and Continuous Operation

Generally, wastewater microorganisms in biological treatment systems function best
in pH values from 6.5 to 7.5 for optimal biological growth although growth will occur
over the range of pH 4.0 to 9.5 (Metcalf & Eddy, 1991). In this study, the pH of the
fish processing wastewater in reactor of the batch and continuous operation increasing

along the treatment processes, at the range of pH 7.33 to pH 8.86.

In batch operation, the highest increase percentage of pH was 19.3% found in the
effluent of 30-fold diluted fish processing wastewater with 1.0% NaCl after five days
operation. While the lowest increase percentage of pH value of 9.6% was found in the

100-fold diluted fish processing effluent with 7.0% salt content.

In continuous flow operation at nine different HRT, the highest pH increase
percentage of 19.5% was observed at 8-day HRT in the effluent of 30-fold diluted fish
processing wastewater. The lowest increase percentage of 10.0% was found at the 2-day

HRT in the 100-fold diluted fish processing wastewater.

In continuous flow operation at 11 different salt concentrations, the pH value
increased along the 5-day treatment operation. The highest pH percentage increase of
19.6% was observed at the 8-day HRT in the effluent of 30-fold diluted fish processing
wastewater with 1.0% salt content. The lowest percentage increase of 8.0% was found
at the 8-day HRT in the 100-fold diluted fish processing wastewater with 7.0% salt
content. The increase of pH value indicated that the wastewater has high biomass
growth rate of the naturally occurring microorganisms (Tay et al., 2006; Lefebvre &

Moletta, 2006; Zhu et al., 2008; Bassin et al., 2012; Sherly et al., 2015).
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5.3  Effects of Substrate and Salt Concentrations on Batch Operation Efficiency

After 5 day aerobic batch treatment system with natural biodegradation, the three
different diluted concentration of salt free fish processing wastewater were found to
have higher percentage of biomass growth and substrate removal compared to the
wastewater added with salt content range from 2.5 to 7% in batch system. However, the
wastewater added until 2.0% salt concentration was found to have a positive to no effect
on the biomass growth and substrates removal rates. Inhibition process was found in the
wastewater added with salt concentrations of 2.5 to 7% NaCl. The biomass growth and
the substrate removal of BOD, COD, NH3-N, NO;-N and P show significant reduction
rate from 3 to 7% salt concentrations. It has been found that the addition of salt, in the
form of NaCl, increases the respiration rate of microorganisms until a specific salt

concentration is reached, thereafter a decrease is observed (Hamoda & Al-Attar, 1995).

5.4 Effects of HRT and Substrate Concentrations on Continuous Operation
Efficiency

In this study, the effect of nine different hydraulic retention times (HRT) on biomass
growth and pollutants removal in the fish processing wastewater were studied. The
experiments’ results showed that the pH value, biomass growth, biomass yield, TSS
concentration, and pollutant removal rates of BOD, COD, NH3-N, NOs -N and P in the
reactor were decreased with lower concentration of fish processing wastewater influent,
and showed significant linear decreases in HRT from 7-day HRT to 2-day HRT. The
optimal pH value, biomass growth, biomass yield, TSS concentration, and pollutant
removal rates condition were found at HRTs of 8-day, 9-day, and 10-day HRT. The
optimum pH value, TSS concentration, biomass growth, and biomass yield were found
at 8-day HRT in 30-fold diluted wastewater, and the lowest were verified in the 100-

fold diluted wastewater at 2-day HRT. While the optimum removal percentages of
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pollutants were found at 10-day HRT in 30-fold diluted wastewater, and the lowest were
observed at 2-day HRT in 100-fold diluted wastewater. According to Zhu et al. (2008),
the increase in HRT increases the wastewater contact time in the reactor and improves

the removal efficiency of organic matter by promoting the growth of aerobic

microorganisms.
5.5 Effects of Salt and Substrate Concentrations on Continuous Operation
Efficiency

After five days of aerobic continuous flow treatment system operation with natural
biodegradation at the optimal HRT of 8-day, 9-day, and 10-day HRT, the results
obtained for this study have shown that the three different concentrations (30-, 50-, and
100-fold diluted) of salt-free fish processing wastewater had higher percentages of pH
value, biomass growth, biomass yield, TSS concentration, and substrate removal of
BODs, COD, NH3-N, NOs; -N, and P than the wastewater with 3.0% to 7.0% salt
content. However, the wastewater with < 2.5% salt concentration had a positive to no
effect on the pH value, biomass growth, biomass yield, TSS concentration and the
substrate removal rates. Inhibition was observed in the wastewater added with salt

concentrations of 3.0% to 7.0%.

The pH value, biomass growth, biomass yield, TSS concentration, and the substrate
removal showed significant linear reduction rates from 3.0% to 7.0% salt concentrations
and decreased with the increasing influent’s dilution fold of the original fish processing
wastewater. The lowest substrates removal efficiencies, pH value, biomass growth,
biomass yield, and TSS concentration were found in the greatest dilution of 100-fold
diluted wastewater containing 7.0% NaCl, while the highest percentage was verified in
the 30-fold diluted wastewater containing 1.0% NaCl. The reduced efficiencies with salt

additions could have been caused by the adverse effect of salt on microbial flora and the
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plasmolysis of organisms resulting in the loss of metabolic activity. The addition of salt
increased the respiration rate of microorganisms until it reached a specific salt

concentration; thereafter, a decrease was observed ( Vallero et al. 2003).

5.6 Effects of Salt Concentrations on the Solids, Organic and Nutrients
Removal in Batch and Continuous Operation

The TSS concentration decreased when the salt concentration increased from 1.0% to
7.0% NaCl. The decrease in TSS concentration indicates the death and washout of
biomass. Elevated salt concentrations are known to increase water density, which can
potentially cause the washout of small and poor settling sludge flocs. According to
Woolard and Irvine (1995b), biological systems subjected to salt shock loads respond
with increased effluent suspended solids and loss of volatile suspended solids, which are
similar to those observed in this work. Panswad and Anan (1993b) also observed a
decrease in TSS with the salt concentration increase. These authors observed a TSS

reduction of 60.0% with the increase in salinity from 0 g/L to 30g/L.

Among the ten analyzed parameters in this study, COD was the most affected
parameter with the increase in salt concentrations in the fish processing wastewater,
followed by BOD. The results show that the batch system can be effectively used to
treat high salinity fish processing wastewater to 586 conform to effluent standards of
COD lower than 80 mg/L and BOD lower than 20 mg/L. The results show that
phosphorus-accumulating bacteria are more sensitive to the high salinity than nitrifiers
and denitrifiers. The foul wastewater odor was completely removed, and the strong

reddish-brown color of the wastewater was reduced after five days of treatment.

When salt concentration was increase from 3.0 to 7%, there was a significant

decrease in NH;3-N removal efficiency. This result demonstrates the effect of high salt
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concentration on nitrification. This finding is accordance with the findings of previous
study (Miinch et al., 1996; Chen et al., 2003; Lyssenko & Weaton, 2006; Moussa et al.,
2006; Sharrer et al., 2007; Yogalakshmi & Josep, 2010; Bassin et al., 2012).
Yogalakshmi and Joseph (2010) have reported lower removal of ammonia at high salt
concentration. They found that the ammonia removal rate was 64.0% to 84.0% at the
NaCl loading of 5-30 g/L. The decrease in nitrification efficiency can be related to the
more sensitive short- and long-term salt stresses of nitrite and ammonia oxidizers, to the
repression of the synthesis of enzymes that utilize nitrate and nitrite as electron
acceptor, and to the significant changes in osmotic pressure. Decrease in removal of
NH4-N at high salt concentration could be due to the effect of plasmolysis or lower
availability of saline-resistant nitrifiers (Chen et al., 2003). The decrease in nitrification
efficiency can be related to the more sensitive short- and long-term salt stresses of
nitrite and ammonia oxidizers (Moussa et al., 2006; Rene et al., 2008), to the repression
of the synthesis of enzymes that utilize nitrate and nitrite as electron acceptor (Munch et

al., 1996), and to the significant changes in osmotic pressure (Zhao et al., 2013).

The NOs -N removal efficiency generally decreased with the gradual increase in salt
concentration from 3% to 7% NaCl. This means that the gradual increment of salt
concentration above 3% NaCl showed inhibitory effect on NOs -N removal efficiency
in continuous flow reactor. Chen et al. (2003) reported that nitrification was good up to
Cl concentration of 2.5 g/L and beyond that the nitrification rate started to decrease. The
decrease in NO; -N removal efficiency with the increase in salt concentration was due
to the washed out dead biomass and lysed cell constituents (Lefebvre & Moletta, 2006),
the nitrification inhibition (Lefebvre and Moletta, 2006; Rene et al., 2008; Zhu et al.,

2008), and the denitrification process (Zhao et al., 2013).
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The high salt concentration was clearly seen as having an adverse impact on P
removal. The effect of salt on phosphorus removal was also reported by Uygur and
Kargi (2004), who described a decrease in P removal from 84% to 22% when the NaCl

concentration increased from 0% to 6% (w/v).

5.7 Summary

In summary, the results from this study reveal that the fish processing wastewater
with 0.5-7.0% NaCl and without salt content in a well-stirred aerobic continuous flow
reactor system of batch and continuous operation could be biodegraded by the natural
microorganisms in the wastewater without seeded with sludge (a well-grown sediment
sample) taken from the fish or food processing effluent for process startup. Pollutants in
the fish processing wastewater could be biodegraded by natural microbial populations in
the wastewater under an aerobic condition with the supplement of sufficient oxygen

using an aquarium air pump.
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

The fish processing sector contributes serious organic pollution loads and high
salinity to receiving waters. This project study the effect of various salt concentrations
in three different concentration of fish processing wastewater (30-, 50-, and 100-fold
diluted wastewater concentration) in batch, and in continuous flow system at the
optimal HRT obtained. The performance of the systems were studied based on the
efficiency of pollutants removal and the biomass yield in the wastewater containing
0.0% to 7.0% w/v NaCl with the aid of the natural microorganisms in the wastewater
and the microorganisms developed inside the reactors. A better understanding of the
potential inhibitory effect of salt content on biological treatment processes is necessary
to consider the feasibility of fish processing saline wastewater disposal in the treatment

systems.

In summary, the experimental results showed that the biomass accumulated and the
removal of 5-day BOD (BODs), COD, NH3-N, NO5™-N, and P substrates in both of the
batch and continuous flow system were increased with higher concentration of influent
feed into the bioreactor. The evaluation of system performance at nine different
operating hydraulic retention times (HRT) that range from 2—10 days indicated that the
substrate removal rates increase with the increase in HRT along with the increasing
wastewater concentration. The optimum biomass yield was found at the 8-day HRT, and

the highest substrate removal was obtained at 10-day HRT.
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The analyzed results have shown that the highest percentage for biomass growth and
substrate removal are verified in the wastewater contained 1% NaCl in batch and
continuous systems. Experimental results showed that the biomass growth and substrate
removal rates in batch system were not affected up to 2.0% salt concentration, while the
continuous system results show the existence of inhibition effects at salt concentration
from 3.0%. This means that the biomass is able to reduce the organic load on the
biological batch system with a salt concentration as high as 2.0% w/v (20 g/L), and
beyond that started to decrease; while continuous flow system can successfully treat the
wastewater with a salt concentration as high as 2.5% (25 g/L) without inhibition by the

salt.

It was also found that the stinky odour of the wastewater was completely removed,
and the strong reddish-brown colour of the wastewater was reduced after 5 days
treatment. The treated wastewater without offensive odor and remained with the
nitrogen, protein and phosphorus content is feasible for reutilization as an

environmental friendly liquid fertilizer.
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6.2 Recommendations

As future works, the following ideas are proposed:

Results from this study could potentially increase effluent handling and its reuse.
Wastewater from fish processing industries has high potential to be reused as a liquid
fertilizer in agriculture since the main constituents are organic substance. Hence, the
potential of using fish processing treated effluent as an organic fertilizer to enhance
growth of plants need to be further confirmed through further analysis. Further studies
should involve the investigation for the impacts on the soil, the plants and the different
yields of the crops when irrigated with the treated fish processing saline wastewater of

different salt content.

It is also believed that the the main constituents in fish processing wastewater are
organic substance and do not contain known toxic or carcinogenic materials. However,
there is still a series of characterization tests are required in future works to determine
the substances are free from any toxic or carcinogenic elements. The analysis works in
this direction is a must to confirm the potential use of fish processing treated effluent as

an organic fertilizer to enhance growth of plants.

Research work also needs to be carried out to determine the potential of the effluent
to serve as nutrient source to the plant and develop the cells of the plants. It is believed
that using effluent as a feed source to the plant can reduce the demand of water resource
in agriculture. It is targeted that the effluents can substitute the fertilizer usage upon
plant. The success of effluent to serves as nutrient source can help the farmer to reduce
the cost of synthetic fertilizer periodically and less pollution will take place on land and

in stream due to short term usage of synthetic fertilizer.
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Closing the loop for nutrients in wastewater is a necessary sustainable
development objective to reduce resource consumption and greenhouse gas emissions.
A new paradigm is emerging, globally. Commercial marketing of recovered nutrients as
“green” fertilisers, and recycling of nutrients through biomass production to new outlets

such as biofuels, are taking off.
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APPENDIX A

Fish Processing Wastewater Treatment Operation in Lab

Appendix A-1 Operation of fish processing wastewater treatment in two identical
laboratory scale reactor.

Appendix A-2 The reactor was operated continuously with agitation speed set at 250
rpm and have supplied with air aeration using aquarium air pump.
Temperature of the reactor was set at 30°C for operation.
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Appendix A-3 Aerobic biodegradation of fish processing wastewater were examined in
a 2 liter reactor with 1800 mL working volume.
(wastewater treatment in day-1 operation).

Appendix A-4 Measure pH value of treated fish processing effluent using Mettler
Toledo Delta 320 pH meter.
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APPENDIX B

Analysis Methods for Wastewater Parameter of
pH, TS, TSS, TDS, VSS, BODs, and COD

Appendix B-1 : pH Meter Calibration and Measurement Procedure:

1.

Take out the pH ATC electrode probe from the 3 mol/L KCL (Potassium
Chloride) storage solution.

Rinse pH electrode with distilled water.

Start a two-point calibration by put the electrode in pH 7 buffer solution, press
Cal, the display shows Cal 1, 7.00 pH, 25.0°C, ATC.

Rinse electrode with distilled water; put the electrode in pH 4 buffer solution,
press Cal, the display shows Cal 2, 4.01 pH, 98 % slope, ATC, press Read,
4.01pH, 25.0°C, ATC.

Rinse pH electrode with distilled water.

Measure distilled water sample, record the pH value and temperature.

Measure wastewater sample, record the pH value and temperature.
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Appendix B-2 : TS Measurement Procedure

1. Clean evaporating (porcelain) dish with distilled water and heat in oven at 105°C
for 1 hour.

2. Take out the porcelain dish from oven, store in desiccators and weigh
immediately before use using analytical balance.

3. Measure accurately a volume of well mixed sample using cylinder.
4. Pour the measured sample into the pre-weighed evaporating porcelain dish.

5. Put in a preheated drying oven set at 105°C, evaporate to dryness overnight one
or two days.

6. Take the dish out of the oven and cool in a desiccators.
7. Weigh the dish with dried residue on an analytical balance (4 decimal points).
8. Calculate the Total Solids using Equation (3.2):

TS (mg/L) = {Weight of the dish + dried residue (mg)} — Weight of the dish (mg)

Sample Volume (mL)
X 1000 (3.2)

Weight of the residue in mg (to convert W (g) to (mg), multiply w (g) with 1000)
Multiply the weight of the dry solids (in mg) by 1,000 mL/L to convert the sample size

from mL to L.
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Appendix B-3: TSS Measurement Procedure

1. Wash GFC filter paper in filter holder under suction with successive small
volumes of laboratory water.

2. Remove filter paper from assembly, place in a petri dish that have cover with
aluminium foil and dry in oven at 105°C for 1 hour. Cool in desiccators and
weigh.

3. Put the dried filter paper in the filtration assembly, and pour the prepared well-
mixed sample (100 - 500 mL) into the filter holder on vacuum pump for filter
the sample.

4. Remove the filter; put the filter paper with nonfilterable residue in a petri dish
that has covered with aluminium foil. Dry in oven at 105°C for 1 hour or
overnight. Cool in desiccator and weigh until constant weight is obtained (+/-
0.5 mg).

5. Calculate the TSS using Equation (3.3) as follow:

TSS (mg/L) = (A — B)/C x 1000 (3.3)

Where A = Mass of nonfilterable residue on Whatman GF/C filter after evaporation
at 105°C (mg)

B = Mass of the filter paper prior to sample filtration (mg)

C = volume of the sample used for filtration (mL)
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Appendix B-4: TDS Measurement Procedure

1. Dry the GFC filter paper and a porcelain dish that will be using for filtration in
an oven at temperature of 180°C for 1 hour.

2. Cool down the filter paper and the porcelain dish in a desiccators after take out
from oven.

3. Weigh the tare mass of the filter paper and the porcelain.

4. Filter the wastewater sample (100 — 500 mL) by using the weighed filter paper
and vaccum filtration set on vacuum pump for filter the sample.

5. After the filtration process is completed, take the vacuum filter flask with filtrate
(filterable) and pour it into the pre-weighed evaporating porcelain dish and dry
at 180°C in oven for at least 1 hour or overnight.

6. Take the porcelain dish with filtrate from oven and cool down in desiccators.

7. Weigh the mass of porcelain with filtrate by using electronic weighing balance
after take out from desiccators.

8. Calculate the TDS using Equation (3.4):

TDS (mg/L) = (A —B)/C x 1000 3.4

Where A = Mass of dried porcelain plus filtrate after evaporation at

180°C (mg)

B = Weight of the porcelain dish (mg)

C = volume of the sample used for filtration (mL)
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Appendix B-5: VSS Measurement Procedure

I.

10.

11.

12.

13.

14.

Dry the filter paper and a beaker that will be using for filtration in an oven at
temperature 105°C overnight.

Cool down the filter paper and the beaker in desiccators after take out from
oven.

Weigh the tare mass of the filter paper.
Filter wastewater sample (according to the sample size required, 100 — 500 mL)
by using the weighed filter paper, vaccum filtration set, a vacuum pump, and the

beaker.

After the filtration process is completed, carefully take out the filter paper that
have nonfilterable residue on it from vacuum pump.

Dry the filter paper with nonfilterable residue in an oven at temperature of
105°C overnight.

After overnight, take the filter paper with nonfilterable residue from the oven
and cool down in a desiccators.

Weigh the mass of filter paper plus nonfilterable residue by using electronic
weighing balance after take out from desiccators.

Have the muffle furnace up to temperature before inserting the sample (usually,
15 to 20 min ignition are required).

Ignite the filter paper with nonfilterable residue produced to constants weight in
a muffle furnace at temperature of 550 +/- 50°C for at least one hour.

Allow the filter paper with nonfilterable residue to cool partially in air until most
of the heat has been dissipated and transfer to desiccators for final cooling in a

dry atmosphere.

Weigh the filter paper with nonfilterable residue as soon as it has cooled
completely.

Report the loss of weight on ignition as total volatile suspended residue and the
weighed residue as total fixed residue.

Calculate the VSS using Equation 3.5 as below:
VSS (mg/L) = (A — B)/C x 1000 (3.5)

Where A = Mass of nonfilterable residue on Whatman GF/C filter after
evaporation at 550°C (mg)

B = Mass of nonfilterable residue on Whatman GF/C filter after

ignition at 150°C (mg)
C = Sample size that have used (mL) for filtration.
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Appendix B-6: Operation of Hach BOD Trak™ Apparatus, 115/230 Vac, 50/60 Hz.

A measured sample of wastewater is placed in one of the amber bottles on the
apparatus and the bottle is connected to the instrument. Above the water sample is a
quantity of air, which contains 21 percent oxygen. Over a period of time, bacteria in the
wastewater consume dissolved oxygen to oxidize organic matter present in the sample.
The air in the closed sample bottle replenishes the used oxygen, resulting in a drop in air
pressure in the sample bottle. The BOD Trak Apparatus measures the drop in pressure
and displays results directly as mg/L BOD. During the test period (usually five days) the
sample is continually agitated by a magnetic stirring bar. Carbon dioxide is produced by
the oxidation of organic matter and must be removed from the system so that the
pressure difference observed is proportional only to the amount of oxygen used. This is
accomplished by the addition of a few crystals of lithium hydroxide in the seal cup of
each sample bottle. The electromagnetic stirring mechanism provides adequate agitation
to effectively maintain rapid transfer of oxygen from the liquid sample to the air above.
The BOD Trak Apparatus is free of leaks and has an effective carbon dioxide absorption
system. The instrument also has accurate pressure sensors for reading pressure changes.
The BOD Trak Apparatus is a practical, convenient and economical answer to BOD

testing.
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Appendix B-7: COD Measurement Procedure

L.

ii.

For blank — pipette 2 mL distilled water into a Hach COD Digestion Reagent
Vial (High Range or High Range Plus). Prepare 3 sample tubes, each fill
with 2 mL sample for triplicate study.

For standard solution — pipette 2 mL 500 mg/L COD standard solution into a
Hach COD Digestion Reagent Vial (High Range), or pipette 0.2 mL 10,000
mg/L. COD standard solution into a Hach COD Digestion Reagent Vial
(High Range Plus). Prepare 3 sample tubes, each fill with 2 mL sample for
triplicate study.

Preparation of COD standard solution, for control and accuracy check

. Prepare 500 mg/L standard solution for check the accuracy of the 0 to 1500

mg/L range. Prepare a 500 mg/L Phthalic acid solution by dissolving 0.425 g of
dried (120°C, overnight) potassium acid phthalate (KHP) in some distilled
water, pour the dissolved KHP solution into a 1000 mL volumetric flask, add
distilled water into the volumetric flask until the solution level. Close the cap of
volumetric flask and shake it evenly. Ready for use.

Prepare 10,000 mg/L standard solution for check the accuracy of the 0 to 15000
mg/L range. Prepare a 10,000 mg/L Phthalic acid solution by dissolving 8.500 g
of dried (120°C, overnight) potassium acid phthalate (KHP) in some distilled
water, pour the dissolved KHP solution into a 1000 mL volumetric flask, add
distilled water into the volumetric flask until the solution level. Close the cap of
volumetric flask and shake it evenly. Ready for use.

For sample measurement — pipette 2 mL wastewater sample (diluted wastewater
sample) into a Hach COD Digestion Reagent Vial (High Range), or 0.2 mL
wastewater sample (diluted wastewater sample) into a Hach COD Digestion
Reagent Vial (High Range Plus). Prepare 3 sample tubes, each fill with 2 mL
sample for triplicate study.

Closed the prepared sample digestion reagent vial with the vial screw cap tightly.
Mix the contents in the vial by shaking and invert the vial several times.

Placed the prepared vial into the reactor block, set at 150°C, refluxed for 2 hours.

Cooled to room temperature. (if titration will not be done immediately, keep the
digested sample vial in dark condition).

Add 1 or 2 drops ferroin indicator solution (add the same drops for all the sample
tube) into the digested solution, pour the solution into a shake flask, rinse the
sample tube with distilled water, and add the rinsed distilled water into the shake
flask.

Titrated with Standard Ferrous Ammonium Sulphate (FAS) titrant, 0.01 M.
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Prepared by dissolve 3.92 g FAS (MW = 392.13) in distilled water, add 20 mL
concentrated H,SO, (Merck Sulfuric Acid 95 - 97%, M = 98.08 g/mol), made up to
1000 mL with distilled water.

9. The end point for titration is a sharp colour change from blue-green to reddish
brown.
Calculation using Equation (3.9):

mg/L COD = (A — B) XM X 8000 X Dilution factor 3.9
mL sample

where: A = volume of FAS titrant used for blank, mL
B = volume of FAS titrant used for sample, mL
M = Molarity of FAS solution; 0.01 M was used
8000 = milliequivalent weight of oxygen x 1000 ml/L.
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APPENDIX C

Analysis Methods for Wastewater Parameter of
BODs, NH3-N, NO;-N, PO,*

Appendix C-1 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical. Dilution
Method Test Procedure, pp. 281-296. (1998). (page 1 of 16)

Source: HACH. (1999). Wastewater and Biosolids Analysis Manual: Digestion and
Selected Methods for Determining Metals, Minerals, and Other Related
Parameters (1st ed.). U.S.A.: Hach Company.
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Appendix C-1 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical. Dilution
Method Test Procedure, pp. 281-296. (1998). (page 2 of 16)

OXYGEN DEMAND, BIOCHEMICAL, continued
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Appendix C-1 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical. Dilution
Method Test Procedure, pp. 281-296. (1998). (page 3 of 16)

OXYGEN DEMAND, BIOCHEMICAL, continued
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Appendix C-1 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical. Dilution
Method Test Procedure, pp. 281-296. (1998). (page 4 of 16)

OXYGEN DEMAND, BIOCHEMICAL, continued

Dilution Water Preparation

HNote; The (R yaaks
frve days af 20 *C should
nof excesd 02 dapt

Mate: The buhbHng
apparales shoud be
cleanad bedove amd affar
Lse

Thiee BODY test requires very high queality swater be ased Tor
dlilanting samples, Water mast b free of all woxic subsieces, such
as small amounts of chlorine. copper and mercury, as well as free
of organic matler. I organic matter is present in dilution water. it
will ereate an oxyzen demand

The most practical way o produce waters of low onganic content
on a comsistend basis s by distillaion frony alkaline permanganie
(Bodivm Hydmoxide Pelles and Potassiuim Permarganate],
Commercial stills which automatically produce high gualiny
distilled warer are available.

Direct wse of deionkzod water from ion exchange columns s nol
recomumended because of the ematic release of arganic materials
from the cartridges. especially new ones. These organic materials
will ot be detected with conductivity measorements bul may
shony up in the final resulis as an oxygen demand. Bacterial
growyth also may be present on the column.

[listilled water, as it is prodoced from a still. is usually and not
saturaied with oxvgen, The temperaiore of the BOTI dilogion
wanter st bee 200°C an the dme of nse amd near or a1 sabsration
with esvgen, I0is recomimendesd that distilled water e storesd ina
EOL incubator until it reaches 20 "C and dilution water be
prepared immediately before use, The distilled water can be
(laced i one-gallon jugs by filling each of them winli thiee Lioees
ar by filling two-gallon jugs with six liters. The jugs shoold be
capped and placed in the incubator for siorage. After 24 hoors o
more, the temperature will be 200 “C and the water will be
saturated or pearly satorated with oxygen Taneished Dy the air
above the water in the jugs.

It five-gallon containers are nsed, the distilled water shoold be
satvrated with oxygen by Babbling in filieced air Tom i fiose
connected (o an aquarium pump or alr compressor.

[0 s nod necessary to wse seeded dilition water wlsn amalyzing
sewage, sewage plant effluent {unless it has been chlorinated) oo
river water, However, there are certain samples such as industrial
or irade wastes of chilorinated sewage whicly do ol contain
sulficient bacteris io oxidize the organic matter that is present,
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Appendix C-1 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical. Dilution
Method Test Procedure, pp. 281-296. (1998). (page 5 of 16)

OXYGEN DEMAND, BIOCHEMICAL, continued

Tes teest sach samples, somwe bactesial seed mast be addedd o the
samples. This is done by adding & small, measured volume of
waker kneswn 1o comlain a good bacterial popalation to e
dilution water.

Faw sewage Is recommended as a sowrce of seed. This material
shomldl b stowedd at 20°C for 24 to 26 hours before ase, When
naing domestic sewage a5 seed, 30 should be allowed 1o stand
undisturbed untll most solids seitle. Fipet from the npper portion
of the bomle of seed material. T Tas been Toand that the additicen
of .00 mL of mw domestic sewage seed ta each liter of dilution
warer is amiple. Seed that bas o BOD of 200 mg'L @ typical raoge
for domestic sewage) when added at the rate of 3 mL per liter of
dilution water will deplete 06 mg/L DR An alternative fo raw
sewage a5 a sonrce of seed is USEPA-approved Polysesd™ BOD
seed Inooulum (Cai. Mo, 247 12-00), a delrpdrated seed inoculum

Using BOD Nutrient Buffer Pillows

Te prepare dilution water, select the BOD Notrient BufTer Pillow
Fior Ul oo of dilorion water yoo wish (o prepare; see Table [,
Shake the pitlow, cut it open. and add the contents (o a jug
containing the proper amodamt ol 20 °C distilled waier, Choose a
contatner which will be only partially filled by the salition. Cap
thee jug aned shake vigonously for one mimste o dissolve the slorry
anil b0 saturate the water with caoypen.

Tabie 1
Dascription Cat, Mo,
BOD Munent Bufler Pilows:
for preparing 2 mL of dilution water 14 1ED-GG
for pregaring 3 lilars of dilstion water LEETR R
for preparing B liters of dilietion water F4862-66
for preparing 19 lifars of diution watser 1486204

Following Conventional Method

To prepare dilution water by the conventional method, pipet 1 mL
of each of e following solutions per liter of distilled water at
2 " Caleium Chloride Solation, Ferrie Chloride Solution,
Magnesinm Sulfate Soluion, and Phosphate Buffer Solution.
Cap thee beentle and shake vigoroosly for one minote,

The Phosphate Buffer Solution should be refrigerated 1o decrease

ZRa
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Appendix C-1 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical. Dilution
Method Test Procedure, pp. 281-296. (1998). (page 6 of 16)

OXYGEN DEMAND, BIOCHEMICAL, continued

the rate of biological growih, Use care with all solutions o avoid
contaminatioon.

Choosing Sample Size
The range of sample volumes to be diluted depends on two
factors: ivpe of sample and the labosaiory s elevtion

II the ssmple contains high levels of organic material, sach as raw
seawage, s BOD will be high and small portions owst e diluled
it the test, 16 a sample has a low BOD. such as pollased river
water, larger portions will be necessary: see Table £

I'he laboratory's elevation influences the amount of oxypen ihal
can b dissodved in te difition warer. A0 sea loved and nosmal
Faromedric pressore, water con be surated with opooos 9, mgL
DOy at 20 “C.

AL Bigher elevations, (e amioant OF oxvgen that can dizsolve m
witler fecreases, =0 less oooveen is available to microorzanismes,
Eefer to Table 4. Smaller portions of sample must be taken so
there will be dissolved oxveen remaining in the BOD boile alter
five days ol incubation. For masl accuraie resulis, sample sgoes
bl be chiosen soohat af least 20 mg/L of dissolved oxygen
ara comsnmed during the incubation period, ot 10 mg'L [0 js
bafi im the B betile. ( Tatvie 2 has done this for voal.

Follow these steps to determine the range of sample
siluiines b nse:

a. Estimate the BOD of your particular sample tvpe (see
Table 2 ). Sewage has approsimately 300 mg/L BOT,
veledized elfluenis have aboul 50 mg/L or less

I, Dhstermine the minimom sample vodume thar can be psed
for the estimated BOD of your szmple from Tabde 2
For example, if a sewage sample is estimated t© contain
A3 mig/L BOLY, the sminllest allowsble sample volumes is
2 mL. For sewage effluent with an estimated BOD of
40 mg/L, the volume is 15 mL,

c. Detormine the laboratory s altbtude.

Z8G
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Appendix C-1 Analysis method for BOD test - according to the Wastewater and

Biosolids Analysis Manual: Oxygen Demand, Biochemical. Dilution

Method Test Procedure, pp. 281-296. (1998). (page 7 of 16)

OXYGEN DEMAND, BIOCHEMICAL, continued

Table 2 Determining Minimum Samplé Valurme

Samgple Typs Estimated BOD mg/L mL of Sample”
Strong Trade Waste E00 1
Faw and Seftled Sewaps 00 2
200 3
150 4
120 5
100 a8
TS a
] 10
Dixidized EfMuents I 12
40 15
30 20
20 3D
10 G
Pollvied River Waisrs i 100
| 200
2 300

* il of sampke taken and diluted 10 300 il in standand BOD botte

Determine the maximum sample volume for the altinade

of your lgboratory from Tabfe 30 At 100G feat an

eatimaied BOD of 200 mg/L, the argest sample portion
should be B ml. For a BOD of 40 mg/L the maximuem

wilume is &0 ml.,

Lhoose three other sample volumes between the

nanimeny and meimom solomes soothe fotal nomber of

portions is five or greater. Tn (he Bwo cases given in sfepd
above, a series of 2, 4. 5, 6 and 8 mL portions is

supgesied for an estimated BOD of 300 me'L aml a
series of 15, 25, 35, 45 and 60 mL portions for a BOD of

40 mg/L.
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Appendix C-1 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical. Dilution
Method Test Procedure, pp. 281-296. (1998). (page 8 of 16)

OXYGEN DEMAND, BIOCHEMICAL, continued

Table 3 Defermining Maximum Sample Volume

Estimated BOD at
mL of Sample”
oo |t o
2450 23480 2032 1
1230 11349 1018 2
820 a3 a7r7 3
615 SO 508 4
402 AT A0 4
410 £ 330 G
304 zad 251 ]
248 Z3E 203 10
205 196 168 12
164 156 135 15
123 114 101 20
a2 79 £:8 e
41 40 34 B0
x5 24 21 100
12 12 10 200
] 2] 7 a00

= mL of sampda faken and diubed o 300 mL n standard BOD boltla

Table 4 Oxygen Saturation Values at Various Altitudes

Cuygen Saturation Sea 1004 ft, | Z000 4, | 3040 ft. | 4000 ft, | 5000 ft. | G000 fi

Value Lawel 300 m 600 m 900 m 1200im 1500 m 1800 m

at 20 °C) G2moll | 8%mol |S8EmgL | B2 mgl | TOmgl | 7.6 mg'L | 7.4 mglL
Interferences

Many chlorinated and indusicial effoents regquoire special handling
to ensure reliable BOD resulis. Usually, careful experimentation
with the particular samples will indicare wlu modilications

should be made o the test procedure.

Toxins in the sample will adversely affect any microcogimisnes
present and result in lower BODs.

2ER
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Appendix C-1 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical. Dilution
Method Test Procedure, pp. 281-296. (1998). (page 9 of 16)

OXYGEN DEMAND, BIOCHEMICAL, continued

2.

To etinvinate sneall amoumts of residual chlorine*, allow the
sample 1o stand for one to two hours at roem lemperatare. Fi

i

larges quantities, determine the amound of scadinm tidosullate

b ahd g0 il sample as follows:

a. Measure 100 mL of sample ino a 250-mL Edenmeyer

Mask, Using a4 10-mL serological gapet amd a pipe Gller,

ackd 10 mL of (L0 W Solfurie Acid Stasdard Salution
and 10 mL of Potassiom [odide Solwtion, 100 g0, 1o
the lask.

b.  Add three full droppers of Starch Indicator Soltion and

swir] to mix.

c. Fill a 25-mL buret with (K025 N Sodium Thicsulfate

Standard Solution awd titate the sample from dark bloe

to colorless.

d. Calculate the amoent of 0.025 M Scdivm Thiosulfaie
Standard Solution (o add w the sanple

L D025 sodiuim

thiosulfais _ mL titrant uEed ¥ wolimss of remaining sample

required 100

e, Add the required amount of 0.025 N Sodiom
Thiosulfate Standard Solution to the sample. Mix well.
Walt 10t 20 minwies before runndng the BOTY (et

To eliminate the effect of phenols, heavy metals or cyanide,
dilute the sample with high quality distilled waner,
Adtermately, the seed used i the difution water may be
acclimatized (o olerate such materials. Acclimatize seed as
firel s

& Fill a one-gallon stainless steel or plastic container with
domiestic sewape and aerate for 24 hours. Allow the
hiesavier material o serile,

b, Alter seiiling for one hour, siphomn Gl three quarts ol
rmaterial and discand

* Blessure chlomime with Hach Water Clualioy Chlorine Test Serps {Car. Mo, 27450-50).
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Appendix C-1 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical. Dilution
Method Test Procedure, pp. 281-296. (1998). (page 10 of 16)

OXYGEN DEMAND, BIOCHEMICAL, continued

Calculating Results

¢, Fill the comiainer with aomixiore of D09 sewage and 1057
wastes conlaining the ioxic maderial,

d. Aerate for 24 hours. Repeat steps band ©with increasing
amounts of waste until the containes holds 100G wwic
waste material,

3. Optimum pH for BOD test is between 6.5 and 7.5, Adjust
samples to pH 7.2 with Phosphate Buffer Solution or 1 N
{or more dilute) Sulfuric Acid or Sodium Hydroxide
Standand Solution if the pH is not In this range.

4. Cold samples may be supersaturated with oxygen and will
Feawver Josw BOLY pesales, Fill & one-guart botde abour halfway
with cold sample and shake vigorously For two mimmies,
Albow sample temperatore 0 reach 20 *C before esting.

Craphical Method

The mg/L M) remaining was determined for a series of four
dilutions of domestic sewage alter five days of incubation,
Results were as follows:

mL of samiple taken mgll DD remaining
20 T.50
30 675
6.0 4.5)
9.0 2.3

The DM values were plotted verses the mL of sample taken and a
straight line dravn as in Sgure 4. 10 a set of BOD dilutions is
run correctly with a homogeneous samphe, a geaph of the

g/l DO remaining versus the sample volume should result in s
siraight line, The vilwe where thee fine intersects the v axis is
eapal o the DO content of the dilution water afver incabation
although this 1s not actually measared, [n this case, it was equal (o
9.0 mg/L and the CK0 of the domestic sewage sample was
assumed 1o be zero. IF another bype of sample is wsed, the DO of
an undiluted sarmple should be mwasored cither by the Winkler
titration ar potentiometrically
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Appendix C-1 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical. Dilution
Method Test Procedure, pp. 281-296. (1998). (page 11 of 16)

OXYGEN DEMAND, BIOCHEMICAL, continued

The American Public Health Association formula for calculating
B alzo can be written as follows (nod apgeroved Tod reporting
PuUrposes):

mig'L DIk rermsaining mg'L DD remainang
{smaler sampled  — (Al i1l ¥ 300 - 00 + 5 = BOD
miL (larger sampled — mL [smaller Samphe)

Using this information in the previous example:
mg'L Dk ramaininegg with smaller sample voluma = 7 50
mig'L D remaining with larger sample valums = 225
il of larger sample wolume = 8.0
ik of smaller sample volume = 2.0
300 = volume (ML) of BOD bottla
Cihg, = mgel OO of diubion wider = 4.0
5 = ma'L DO of sampke = assumed in this case 1o be 2ero

Therefore:

(7.50 - 225) R
mfmjn'g 0= muLEiDEI

5'—%‘5'::'3[![! =

073« 300-9 =

225-0 =

216 = mg/L BOD
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Appendix C-1 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical. Dilution

Method Test Procedure, pp. 281-296. (1998). (page 12 of 16)

OXYGEN DEMAND, BIOCHEMICAL, continued

Figure 1

mgll DO Remaining

1 T 1 1
0 2 4 6 8 10 12

mL of sample

Using the equation in step 10:
i slope = 3001 - intercept = sample D0 = mg/L BOD

Where:
shope = we arbibrarily sekect poind & n Figure 1. At this pomt tha mag/L
D0 remaining i egual to 3.0 mo'L. The mbL of samgle at this point is B
mlL. The diffarence between the ¥ intarcapd of 9.0 ma'l and 3.0 mg'L
equals & mgL & mgL divided by 8 mL = 0.75 ma/L per miL
¥ nbercapt = 9.0 Mgl

sample D0 = 0; bacausa the sample is domestic sewaps, tis was
assumad o be 0.

Therefore:
(05 300} 90+ 0 = mgl BOD

225 -8 = 216 mgL BOD
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Appendix C-1 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical. Dilution
Method Test Procedure, pp. 281-296. (1998). (page 13 of 16)

OXYGEN DEMAND, BIOCHEMICAL, continued

Standard Methods®

When dilution water is not seeded:
O, -D
1 2

P

When dilution water is seeded:

Bi}Di. mgl =

(o, - DEI 1By - E?'Il

P

BOD, Mgl -
Where:
[y = D2 of dilutad sampls immedsatsly aftar preparation, mo/L
[ia = D2 of dilutad sampls aftar 5 d mcubaticn at 20 “C, mgiL
P = decimal wiHumatnc fraction of sampla wsed
B, = DO of seed control bafors incubation, mg'L
By = DO of seed control after incubation, mg'L

= ratio of sesd n diutad sample b sead m saed control =
1% seed in diubed sampled|% seed in seed conbrol)

IF seed material is added directly 1o sample or to seed controel bottles:

1= (wolume of Sead in diluted samgla)ivolumea of seed in seed cantral)

Feport eesulis as CBOD, if sifrificaion is inhibited, 1T e than
one sample dilulion meets the criteria of a residual DO of at least
1 mg/L and a DO depletion of &t least 2 mg/l. and there is no
evirbence of toxicity al higher sample concentrations or the
exislence ol an obwimes anomaly, average resalis in the
acceptable range.

* Aglapred from Seamdad Meifoos for e Examination of Water sod Wasrewadar
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Appendix C-1 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical. Dilution
Method Test Procedure, pp. 281-296. (1998). (page 14 of 16)

OXYGEN DEMAND, BIOCHEMICAL, continued

Accuracy Check

A standard mixture of glecose and glotemic ecid is available o
check the accwracy of BOD resolis, Follow the directions below

al,

In,

g

Snap the ek off @ BOD Voloete® Aapole Standard
Solution for BOD, dilution method.

Using Class A volumtric pipets and a pipel filler, pige
L0, 200, 300, and 400 mL of standard into foar BOD
hiotthes,

Fill ol swith seeded dilogion ssater wod incolede
207C for five days.

Determine the DO remaining in each bottle: then plot the
mig/L vemmaining T versos the vobume of stamland nsed

Dieanw the best soradghi e theoogh the plotied: poinis,

Dietermine the BOD of the standard according o step 10
ol thix ]:||||-c'|'-|1r|n~

Dhivicle the valme by pw,

Note; Snce fhe BOD standar contayrs 300 modl each of phicose

i afuranne Seld e BOD weldre defarmmned front e grapk

sl e fvided by 210 comraspodid Wil values reparied ot
Srandard Metods, Your resl! shioddd be garthin the srandand
ghavialion istsd,

Note; O the basis of @ mwed pnmary sfardand cormaming

150 mgL each of glucose and glutamie oid, Standard Metiods
thatsrmyias fhal ihe pearags five-cay BOT wouid ha
198 30.5 Ayl

* Data taken from Mandam Wethads B the Examination of Warer amd Wastowarer, Hh o, p 56

{1815).
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Appendix C-1 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical. Dilution
Method Test Procedure, pp. 281-296. (1998). (page 15 of 16)

OXYGEN DEMAND, BIOCHEMICAL, continued

Summary ol Methods
Finchemical 'I".l'l-:".-'_l_!lm'l Demand (RO s an |'|'|I||iri-:':-||
messuement of the oxygen regquirements of muomnicipal and
industnal wastewaters and sewage, The @sn resolts are used 10
calenlates thie effect of wasie disclarges on e oxyeen resonices
of the e :"i'n.'iﬂg wesiliors, Thie BOMD vt i ol Taroatisd valoe i
measuring the actual ooy gen deanand bBrcase temperatuie
change, Liological popelation. water movement. sunlight. oxyeen
concesityation amed ot eovironmental Faciors cannot be
|IL'|'.||'I.||JI||.-|.'I.-1.| u.-'.'l.'|:||'.|[|."|1.- in e laboratory. The BOD e = of
greatest valoe afler patierms of oxyvgen uptake for a specific
et e dand receiving water Bave been estabdisied

The BOD is performed by incubating a sealed wastewater sample
{ad @ |..Il'l"|.lIII'L'¢Il dilistion) For tle standard five day pl’.'ri-..HJ and then
determining the clamge in dissalved oxygen content, Tle BOT
value can then be calowdated from the resulis of the dissolved

(R P ek,

REQUIRED REAGENTS AND APPARATUS

Cluantity Reuired

Dheseription Per Test Umia Can, Ma,
B Mutrient Buffer Pillows,

pregacing 3 liters of dilufion Sater .. ... L 300plig.. . TABRTABE
lottle; glass-stoppered, 300mL .o b eacho 62100
Bottle, washy, M Ml it ettt st tee Lia i BRERC S iz, BEO-11
L []1711 . 78 -y | O, PRV RPRRIPAY FRPRRTPOUN, .- ||, I | . 1 | |
BOD Botthe Cap oo B RS, 2418006
T"||||-'I Pl & St asvariars T T T I\ | PTRAPORR, bt 1! M |

Select one or mare based an sample volume:

Pipet, serological, 1 ML weeseor s o VS e oo B e SOE-20
Pipet, serologleal, dmbL. i ovanes s eachi il DE2-3T
Fipal, serological, T0 Ml eiiisisisisnsimsisisisisin CATS s BAG e b i i 23 E-S8
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Biosolids Analysis Manual: Oxygen Demand, Biochemical. Dilution

Method Test Procedure, pp. 281-296. (1998). (page 16 of 16)

OXYGEN DEMAND, BIOCHEMICAL, continued

OPTIONAL REAGENTS

Description

BOL Standard Solution. Voluetie ™ ..mq:-ubn 00 mgs'i_
1 L, diluriom medbod B

BOD Nutrient Buffer P |Iln1.l.:1

Umit

o VBB e

Cat. No.

14RGS-10

for preparing 300l of cilotiom Watet ..o PRE . L TRI-GG

for prepartng G Liters of dilutdon water . ez ) pheg .o DABEZ-66

Foor preparing 19 Tirers ol dilotion waner,, . P4 1 | S 14863-08
Buffer Solution, AFHA, for BOL). pH 7.2, |]['II:H|1|'.I.'-I11" :v{:'] | EENRI N T
Caleimm Chitoride Solution, APHA, for BOD s e B v s TR - T 2 RS
Frrrie Chlogide Sodutbon, SPH A, Tor Bl oo sasveesessesor e en s TL oo 4269-55
Magnesiumm Sulfate Solation, APHA, for BOD.....omieimmmesmmsmome 1 Liismees. $30-53
Mitrification [nhiksltor... SRR S S . 1 L
Folysee (™ B T |:|||;||'|i sanrise P R e 24T 12000
Potassium lodide Solution, IIJ[P p,'L SO 1 1) S .41 B L]
Potassium Permanganate ... e L. 168-01
Sodium Hydroxide, pe Eh*h 3 wavin iy D B i yaperieres ABT-34
Sowfinm Hydroxide Standard ‘:lrl'ullc:lrl | H'"[l N Iﬂfl I'III MDOB ... 1045232
Sodinm Thiosulfate Standard Solution, 0025 N U Y - . v
Starch Indicator Solution |, i ' l”fl nﬂ MI}E Ve, RIS
Sulfurie Ackd Standard Sululmn 1. 1Jr.'1J N ST B YU . | ¢ 2. % |
Sulfurle Ackd Standard Solution, TOMWI M .....ociieesiccimimreiimense b Lo 1253
OPTIONAL APPARATUS
Descaijution Uit Cat, Mo,
Botkbe, 4 L, With SPai0l 40 ireirebinrerisiiniisisrioiierisisinsHe s mrintriinee Sl wimamame JABEE-1F
Bottle, 10 L, with SplEmt ..o e B8 .. FIRGH-58
Buret, Telton Stopengk, 25 ML oemieimsnememsmis s s Bl e LG8 ]-400
Clemp. taret dooble. oo o i e emch s 128H00
Cylinder, gradmaded, Iﬂﬂ r|'|L. ST - ' | [PPPRIIU L (| I, 45 .
Dispenser Cap, for Nllnhrnllun lnhllutnr l! i hLHlIL mllﬂ PRPTERENIT . | P .| K1 |
Flask. Erfenmeyer, 250 ml. vk " O - | DR | R
Meter, Dissolved Chovaen, '.'n:‘ﬂ,j'fﬂﬂ“'ﬁ pm'l ||:||-e ".'I.ll [I!'-I_Illl‘ .................. el LRG0T
Fipet, serological, 25 ml., R BT T | 1
Sampler, sewage.... ... cmach o 42700
Still, laboratory, Z- ‘|- ||||:"r."|'|n|||||' lEf| "l.-' W W AEZE-OD
Support Base and Fod... n.ur]l U—. . 1
Thermometer, -10 1o H] ’EE'.ﬂIL IBTT-01
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Appendix C-2 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical.
Respirometric Method (using the BODTrak apparatus) Test Procedure,
pp. 297-311. (1998). (page 1 of 15)

Source: HACH. (1999). Wastewater and Biosolids Analysis Manual: Digestion and
Selected Methods for Determining Metals, Minerals, and Other Related
Parameters (1st ed.). U.S.A.: Hach Company.

Method 10099
OXYGEN DEMAND, BIOCHEMICAL

Respirometric Method jusing the BODTrak apparatus)

7]
i
3 n []
I_. Hisad o ol dlair E I_f'\qil_L|.-||:|'.|| I].--:l R I ST bl e cordinds od
sampls boowhihin 2 7Y graduated oy e pour [I Vel | inagmitic st coe BOD Ko BalTer
ulits ipalaiion il LonmenL samiple Drar i eind sasmmplis ik s vnacdz Lustids fan
WM ranre (vpk Akl wislome ines 3 BODTrak  hanile, cpsimmm barteris orravih,
A °C (68 °F), h!:|||.||tl huanid "'.n . Nodé: S it ceianal
Tabide J1, S Ui Samgrle I simusiano of ovginal
MRS S o fo AAoka S MG R
niee oo m rRqEied, g aatadd e BOD
RO ranpe solertion fhevient Riftsr

Table 1 Selection of Sample Yolume

BOD Range {mgiL| Required Volume fmil]
0-36 420
D70 366
0-360 160
Q-700 a5
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Appendix C-2 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical.
Respirometric Method (using the BODTrak apparatus) Test Procedure,
pp. 297-311. (1998). (page 2 of 15)

OXYGEN DEMAND, BIOCHEMICAL, continued

3. Apply stopoock 6. Place a seal cup in 7. Using the funnel, add 8. Place the bottles an

grease (o the seal lip ol the neck of each botile.  the conlents of ane the base of the

each bottle and to ihe top Lithium Hydroxide BODTrak. Connect the

ol each seal cup. Powvder Pillow to cachseal  appropriate tube to the
CLf [l pecat a1l )y sample botthe and firmly
Lithivm Bydroxide tighten the cap Each
particles wo fall into the  wbe is wgged with the
sample. IF this oecurs, chanmel nmbser, amd the
discard the sample and  channel number setup
prepare a fresh one. will be reflected on the

coanrol panel.

9. Place the instroment 10, Start the insteament 11, Make sure all stis 12. To select a test

in the incubator [comnect the electrical bars are podating, [Fa stic duration, simoltanesusly
Note: The Amarican pHlug and turn the bar slides o the side of  press and hald the lefi
Eublic Health Assopistion  insifument on). the bottle, lift the bottle  and the right armow keys
[APHA] FREAMmEnds & ofl the unit amd genily umntil the time menn
saiution reubation replace. [ho not start the  appears. Press the
temperaiure of 20 81 °C channel until the stir bar  CHAMNEL & kev 1o

(68 21 °F| for the BOD i% rodating properly activate the iesi lensih

tesd, Adjusl pour incubator
io the appropriste
temperature sefting for
dach sample Wollime Joed

parameier. Use the armow
kevs o chonse a
0=, T-,or T0-dlay tesi

i Bl fest This [test length is shown on
temperaiure value vanes e lasi line af the
with fncubator circaladion. screen). Press OFF 1o

save selections amd exil
ihe men.

2498
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Appendix C-2 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical.
Respirometric Method (using the BODTrak apparatus) Test Procedure,
pp. 297-311. (1998). (page 3 of 15)

OXYGEN DEMAND, BIOCHEMICAL, continued

13, Towsdiard o fed
e e ChEine
bt corresmnling
to the samgele hoctl:

HNode: Each eharns) [1-8
mst Be e
[yl fape cd e P

et fon selec i the
[E10] ] radiee will e

14, Press heomkev. 5 T30 Foe 0-3500y 1

e, jaress e cighl
arrow ey, Foe 0-TO0
mg'L press the right

sy Ky a ool i,

Four (25 mgL. cange,
prezs e el ke

I o DT ||||_;.'| s 1
lefi arrow ke a seconsd
IR

24949

16 Proess smal il ihe
OM Ko 10 SLAIT d lesd,
A priaph will e
displayed. 1o cancel a

lesi, press OFF

Hofa; Rapeal glape 13 i
18 oy sl chavrsd Gaed

More; The 500 Tak
auiomahically sicps each
chamoe’ afer e safeclsd
ma Nas pagsed £
channe can be manuaily
sranced Oy deprELENg he
OFF fay for aaparal
seconds, The ﬂ"i_l:'-'ﬂj-'
=radys will changa from
R B ERITL
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Appendix C-2 Analysis method for BOD test - according to the Wastewater and

Biosolids Analysis Manual: Oxygen Demand, Biochemical.

Respirometric Method (using the BODTrak apparatus) Test Procedure,

pp. 297-311. (1998). (page 4 of 15)

OXYGEN DEMAND, BIOCHEMICAL, continued

17. Read the BOD 18. Usea brssh and hoi

resulis directly from the  soapy waler to clean all

BODTrak display vy botiles, stir bars, and
presssing e key sl clips, Finse
corresponkding to each thoroughly with distilled
sample chanmel. WalET,

Hote: Ses Downioading

Test Resils m e

inatrument Manua! for

Infarmation on transfemng

data fo & compiier o

printer

Sampling and Storage

Sample Dilutions

For best results. analyze samples immediately after collection. [f
this is not possible, preserve samples at low temperature (4 ")
for no longer than 24 hours.

If the sample’s BOD is unknown, vou can generally assume tha
effluent is normally in the O-70 mg/L range while influent is
usually in the 0-700 me/L range.

It a sample does not contain sufficient nutrients for optimum
hacteria growth, add the contents of one BOD nutrient Butfer
Pillow to each bottle. Do not add the BOD Mutrient Buffer Pillow
if close simulation of original sample characteristics is required,

When Uxygen Demand Exceeds 700 mg/L

When the O demand of & sample exceeds 700 mg/L, dilute the
sample with high-quality dilution water, Make the dilution water
with distilled water that does not contain organic matler or aces
of toxie substances such as ehlorine, copper, and mercury.

300
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Appendix C-2 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical.
Respirometric Method (using the BODTrak apparatus) Test Procedure,
pp. 297-311. (1998). (page 5 of 15)

OXYCGEN DEMAND, BIOCHEMICAL, continued

Demineralizers can release undetected organkc matter that will
ereate an ohjectionable oxvoen demand The most praciical way
fes cimislsiennly prosduce waler of By caganle condend s ey
distillation from alkaline permanganate. (For example. add 2 o
EMnO and 4 g NaOH for every liter of water.,)

Adfter distillation. place 3 L of distilled wates in a jug and hring
the water temperature to ) "L, Add ithe contents of one BUL
Mutrient Baffes Pillow For 3 L to ensore sullicient notrient
concentration for dituted samples, Cap the jug and shake |t
vigorously for coe minute o sarate the water with cxvgen

Doy it slasre by solulion.

Freparing Several [dentical Samples

Perform a single dilistion for all samples when several identical
samples are needed. After the dilution, multiply the reading by
the dilution Facir

Example:

Pregquanes a U0 oo dem Dy v iptying D orfgelise sl vidune
by 5 and adding dilution water until ihe new volume is obtaised.
[f the sample volume is 200 mL:

6200 = 1000 mL

Driluge the 200-mL sample to D000 mL wsing the dilotion waker,
Multiply the reading cormespond ing 1o the diluted sample by 5

Adter sample dilution, refer o Tdde J o select valume and range,

Sample Seeding

Determining BOD of Seed

Certain types of DOD samples, such as many industrial
dischnrges, do not contain sufficient bacteria to oxidize organi
macter present inthe somple. Some sewage treatment pland
effluents are chilorinated o the extenr that they are essantially
sterile. making it impeossible o perform a direct BOD test. To test
such samples, seed each borle with water Enown o contain an
Almimlint Laeterial poplation [ep., domesthe sewape or Polysesd

Inoculum, Cat. Mo, 24712-009.

imn
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Appendix C-2 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical.
Respirometric Method (using the BODTrak apparatus) Test Procedure,
pp. 297-311. (1998). (page 6 of 15)

OXYGEN DEMAND, BIOCHEMICAL, continued

The BOD of the seed must be known in order to calculate the
BOLY of the sample, To determine the BOLD of the seed, follow the
same procedure useld to determine the BOD of the sample, Run a
BOTY test on the seed and sample at the same time. For seed
acclimation information, see Seed Acclimatization on page 307,

Determining Sample BOD
After determining the BOD of the seed, apply the following
formula to determine the sample BOD.

BOD obsarved - [ Dacimal fraction of seed used x BOD sead)

B0 sample =
v Dacimal fracton of sample used

Example:
A seeded sample is 10% seed and W% sample (by volume). The
oheerved BOD is 600 mg/L. and the pure seed BOD is 150 mg/L.

(80 Frg/L) — {010 % 150 ML)

B0 sampla = T a0

= 40 mglL

Variations in Initial Bacterial Populations

Low seed concentrations are more critical than those that are oo
high. They delay the sart of axidation and cause low BOD
results, Use the trial and error method to determine the optimum
concentration of seed for a specific waste material,

Choose the seed concentration vielding the highest corrected
waste sample BOD. This seed percentage can range from 2-3006,
depending on the waste material tested,

Interpreting Test Results
If the test proceeds correctly, the display should produce a curve
simifar to Curve A'in Figure [,
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Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical.
Respirometric Method (using the BODTrak apparatus) Test Procedure,
pp. 297-311. (1998). (page 7 of 15)

OXYGEN DEMAND, BIOCHEMICAL, continued

Figure 1

Bottle Leak

Example of BOD curves
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If such a curve does not occur, one or more of the following
preblems may have occurred: hottle leak, time lag, high oxyvgen
demand, or nitrification, These potential problems are discussed
in detail in the next four sections.

A leak between the bottle cap and seal cup may cause readings
similar to those plotted as Curve B in Flgure £, or may cause no
response from the system. If such a response to BOD changes
ocours, check for dirt inside the bottle cap and under the seal cup,
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Biosolids Analysis Manual: Oxygen Demand, Biochemical.
Respirometric Method (using the BODTrak apparatus) Test Procedure,
pp. 297-311. (1998). (page 8 of 15)

OXYGEN DEMAND, BIOCHEMICAL, continued

Time Lag

Tas:s that begin with insufficient bacteria during the incubation
period produce data simatar to that of Curve H in Figure 1. For
siniple processsing wlei BsulTckal Dacierks ire prescal, seel i
sample as described in Sample Seeding on page 301,

Beacrerlal acclimation also produces conditions that could
generate Curve [ in Fgure 1. This sometimes occurs when
munning standards, even though sesd has baen added

High Oxygen Demand

Nitrilication

Samples that are cver range {for example, a BOD over 3530 mg/L
when a 16U-mL sample is taken) will prodece results as shown in
Curve K in Figure §. Dilute the sample acconding to the Sample
ifvtions section, or use 2 higher BOD range awd a differan
sample volume as directed in Tifie .

When the BOD range of a sample 1s unknown, use the rasults
Frasery ihe Cheriea ] Chsvpen Thenmas] (COTE e, o il resarlis
from a series of DOD ests wsing the same sample but diffecent
vodumes, or dilwtion ratios to select an appropriate BOD range.
Generally, effluent normally is in the 0 70 mgL range while
influsent is m the 0-700 mg/L range. When the BOD of the
sample is greater than 700 mg/L, prepare a spmple dilution (sea
Seangle T i fiees on uape 30K

Thse conditien shown by Curve Ay in Fiowre 1 s an example of
nitrification. Binlogical axidadon of organte nlirogen wsually
o e five dbys witle nomma | donsesstic waste becase i
lakes that long For the nitrifving bacteria o develop: however, an
abnormalby high uptake of oxvgen [especially when testing final
effluend] is evidence of nitrifying bacteria adkding approciably 1o
the coovgen demand.

Control nitrification problems with Hach Nimflcetion Inhibitoe
(Car Mo 2533-33) Dispense the fnhibitor powder oo an emply
sam ple botthe and them add the sample. When using the Hacl
Dispenser Cap (Cat No. 459-01), dispense two shots
(approximately L 16 grams] into the empry Boitle,

i
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Biosolids Analysis Manual: Oxygen Demand, Biochemical.
Respirometric Method (using the BODTrak apparatus) Test Procedure,
pp. 297-311. (1998). (page 9 of 15)

OXYGEN DEMAND. BIOCHEMICAL, continued

Arcuracy Check

Sample Temperature

Tor chiech test accwaey sl proper perlocmemee of (he BODTrak
Apperatus, test o standard BOD sample ard evaluate it for one or
more of the mechanical, physical, or biological effects described
in Interpreding Test Results.

Llsea mixtupe of 150 mg/L each of glucose and ghitamic acid as
the BOD standard. A& prepared BOD standard solution

300K mig/L each of glucose and glutamic acid, is available as the
Viduedte Amipude Standard For the Masomsetric Medhod

(Cal, Nu 14866-101. A 120 diluticn ol this standird (o
Lathmg/L) i incomporabed in the following procedure, Follow this
procedure to anzhyee the 3000 mg/L prepared standard sample:

1. Shake three liters of distilled water in a partly filled container
For ome mimuie o satarbe e water with oxygen,

2. Add the contents of ane BOTY Mutriest Baffer Fillow
(Car. Mo, 14861-88) for 3 L, and invert several times to mix,

3. Snap the neck off a Voluette Ampule Standard for BOD
(Cait. Mo 14866- 100 and plpet T ml of stamdard ot a
sample bottle.

4. Add 133 mL of the mutrient bulfes solufion, prepared in
step 2 and 15 mL seed. A 10% by volume of seed in solution
will result, Soo Semple Sooding,

3. Follow the general procedure for the BOD test using the
(-330 mgL BOD range and a five-day test period.

6. Also perform a full sorength BOD test on the pure seed to
determine iis BOD while detenminiog the SO0 ol
the stamdird.

1. Todetermine the BOD result. see Optermining Sampls B
The correcied BOD ol tse standand solution showld be
1508 =505 gL,

The Amecican Public Health Association {APHA) recommends a
solution temperature of 20 =1 *C {68 " for conduciing the BOD
fest, Clbtain this temperature by placing the BODTrak instroument

303

153



Appendix C-2 Analysis method for BOD test - according to the Wastewater and
Biosolids Analysis Manual: Oxygen Demand, Biochemical.
Respirometric Method (using the BODTrak apparatus) Test Procedure,
pp- 297-311. (1998). (page 10 of 15)

OXYGEN DEMAND, BIOCHEMICAL, continued

in an appropriate incubator and adjusting the temperature until
the solutlon reaches 20 £1 “C. An undercounter BOD Incubator
amd & comhbination O Incubator/[$efrigeraior are availahle [see
OFTIONAL APFPARATUS).

Samples should be cooled w incubation temperature, Seeding of
samples with initially high sample temperatures may also be
necessary bocause samples may have insufficiont bactoria (soo
Sample deeding). Determine the BOLD of the seed and the BOD of
the sample at the same time,

Other BOD Test Temperatures

The BOD test can be conducied al temperatures other than 20 *C.
Tool's! results indicate that the fve-day, 20 “C value can be
it i 2.5 ilays al 35 0, Middlebrohks? presenils
nomographs for converting BEOD tests to temperatures other than
20°C

Interferences
[ndustrial and chlorinated samples often contain toxic substances
and require special considerations when running BOD tests, The
presence of toxic substances in the sample will cause decreased
DO values, Tither remove e wxie substances or elinbate
their effects by diluting the sample,

Chlorine

Low chlorine® concentrations may be dissipated by malntaining
the sample at room temperature for 1-2 hours before testing,
Femove the chlorine from samples with high chlorine levels by
adding sodium thiosulfate as described below:

1o Add 1O ml. af (L N Sulfuric Acid Standad Solution and
10 mL of 100 mg/L Potassium lodide Solution to a 100-mL
portiom of sample in a 250-ml, Erlenmeyer flask,

1 H K Toel, Magpomet e Messsoneament of il Bioclenical Chaypen Do, Béder annd Sewege Fuka
Jnurnal, 114; 211-218, 1967,

2 E.J. Middlebrooks, A Nomograph for Solution of the BOD Equation, Water and Sewage Works
Journal, 112: 230, 1964,

3 Meswore chlorine with Hach Water Chiality Chlorine Test ﬁ!np'r. (Cat Mo, 2T450-50).
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Biosolids Analysis Manual: Oxygen Demand, Biochemical.
Respirometric Method (using the BODTrak apparatus) Test Procedure,
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OXYGEN DEMAND, BIOCHEMICAL, continued

2, Add three full droppers of Starch Indicator Solution and swirl
e mix

3. litrate from deck Blue to colorless with 0025 M Sodium
Thivsulfate Stmdird ol ion,

4 Caloulite e anount of Scallui ThicsuFae St
Soluton necessary W dechlorinoe the remalning samgebe:

L OF Bodum Theousfaty = 'L USed ML sarmpe (o ba dechiarmated |
3 1K

d Add the required amount of 005 N Sodium Thinsalfate
Stanland Solutiom to thie savphe o oiis thoroughily. Wi 1
tee 200 minuites befors running the DT test,

Other Toxic Materials
Drepermmine the copcentrations of other 10XiC materials such a5
phwemals, heavy metals. anid Fyanides

Liikute the sample with distilled water to eliminate the effect of
these marerials, The eovrect BOTY is obtained when two
suerssive dilutions resull i e same sample B0 valise, Or, i
saedd asetl Inthe ditubinn water may be acclimatized i toleete
such materials.

Secd Acclimatization
Diomestbc sewage or Polysesd Inoculum can provide seed for
mecst sampdes. Pobvseed Inoculum Is deally sutted tor domestic
Al Tnchusng bal soastessatier DisCise 50 jron deles o consbin seed
source and is free of nitrifying micmosganismes,

Pourr the contems of one polyseed capsule inio diluton water io
ety drate freter to tee procedure packaged with the Polyseedt.

A erate and stic Foe one o, Use enougl of this solution so that i
makes up 10 1o 3% of the overall sample volume. The exact
percentage of seed must be determined foe ench sample oy pe.

For miere informatzon, Sramdard Merfoos for the Examiaaton of
Warer and Wasgemater 900 edfition emphiasizes the importanme of
selocting the propor soed Tor specific wastos,

T
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Biosolids Analysis Manual: Oxygen Demand, Biochemical.

Respirometric Method (using the BODTrak apparatus) Test Procedure,

pp. 297-311. (1998). (page 12 of 15)

OXYCGEN DEMAND, BIOCHEMICAL, continued

pH Effect

[I the waste semple to be tested contains toxic msterials such as
phenol, formaldehyide, or other microbic inhibitory agents, use
acclimeted seed. Acclimate the seed in any non-metal or stainless
steel gallon container fitted with an asvation system. Proceed as

Tl

1. Aerate domestic sewage for abour 24 howurs. Slkow one hous

satiling tume for leavier materials 1o setile.

2. After the one hour settling, siphon and discard the fop

- thirds of te voluiee,

3. Befill the container w the original volume with domestic
sowage containing 10% of the waste material in question

4. Hepent steps 1-3. increasing the addition of waste materiel
by 10%:, Stop the procedure when 100% waste material has

heen reacher.

Lo BOD tes: results ocour when the pH of a test waste materdal
exreeds the £-8 range. The aperator may maintain this pH o
simulate ariginal sample conditions or may adjust the pH o
approach neutrality (buffered at pH 7). Neutralize samples
comaining caustic atkalinity or acidity by using LO N {or weaker)

sulfuric neid or sodium hydrosckde, raspectively.

Supersaluration

Reduee supersaturated cold samplas feontaining e han

Y mg/L diszolved oxovgen at 20 "] o saturation. Lo do so, first
bring the sample temperature 1o about 20 °C. Then partly fill &
sample bottke witl sample and shake vigorously for two minates,

or aerate with lilered compressed air for fwo hours,

Summary of Method

B hernical Cwygen Dsiemd (BOD) s an spicieal

measvirament of the oxygen requirements of mumiclpal oo
industrial wastewaters and sewage. The tast results are usad to
caleulare the effect of waste discharges on e oxyEen resources

of the receiving waters,
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Biosolids Analysis Manual: Oxygen Demand, Biochemical.
Respirometric Method (using the BODTrak apparatus) Test Procedure,
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OXYGEN DEMAND, BIOCHEMICAL, continued

BOD measures the amount of oxvgen used by bacteria as they
oxidize coganic matter in the sample. The waste sample is pur n
an ambor BOD botile with an omple amount of air et above the
samtple, The botile is connected 10 8 pressuns sensar, Thi bacioria
use di=solved oxygen. which is replaced by the atr above the
sarmpale, THiis erenses a0 beoga o aie pressaone o e Bl be, wohich is
registered by the pressure senson, The doop can be read directly as
mg/L BOI off the graphical display. Carbon dioxide produced
by oxdelarion is remoneed By dhe lithiane Bydroxide erystals in the

seal cup.
REQUIRED REAGENTS
{lmamibry Requloml

Description Per Test Unit Cal Mo
RO Mirisend BulTer Pillowes, o pregocing 300 ml. Vo kg1 RO-RER
BUD Nutrient Buffer Pillows, fo |J|{=:m:|u.'e.1 E S i Lo KNP e 1480 10
Grease, stopoock, iwbe. .. | (TTRN" ,  EOINTL, |- | ANPRRREPNIRL. | | v |
Lithiwim Hydoxide, Po '-.'.:Im F|H W5, cerarrmarnarierisrasiasioar Lo LURMPRE e e L4 T BI-GH

REQUIRED AFPARATUS

BODTrak™ Apparans, TUWEIIN o T e 2RTET-00
Botile, BODL amibe:.. - .G cuc i angicsm s segscososnavascsict dissapiceare NARE . commmsececd LS 2]
Funnel h el R o S T SO NDEHDLY SERRRR - | AEEAA-57
ST T R = SR AN N LR U LR R SRRSO [, | TR BR[| 1,
Stir BEr, Magmelic .ot e | e BPRE e LOTEL- 16
Poweer coed, 115, I PRSP STVE FCRSe T ] [ M L
Fuiser conil, #2300 i e e e R AR R G A ABERIG-N0
Fower Supply, '!'.]a'?.il: "r}-'kl._ IFRERTSUUNSSUOOROIS BOPUNRRIORY -7 o | I | 1. b2 S I
100

157



Appendix C-2 Analysis method for BOD test - according to the Wastewater and
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Respirometric Method (using the BODTrak apparatus) Test Procedure,
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OXYGEN DEMAND, BIOCHEMICAL, continued

OFPTIONAL REAGENTS

Deseription

EOD Nutrioni Buffor Pillows, for peoparimg 6 Lo
B Mutrlent Buffer "illimas For preparkg 19 Lo,

BuwTer Sulution, phusplsiie l-.-|n |.|l-' T2
Calcium Chloride Solution ...

Farric Chloride Solution ... oo e e e e e ere e ems e smeeme s
Bl e o - Sl e W NN e o et e e e s
Chroanbe Ack] Cleanimg SOIUTIN. . oo e v o i i s sias ss s
R LT LT SR

Pobysesd Inocuhin.,.
Putassivim [odih= 5u]|.|u|_||. ||:||] 'i"L
Potassium Permanganate .

Soalinm Hyvdrosdde A0S ]"F'Ili {5, o S A

Senlivm [y rossicle Standa 1"~n|-|!-rn I ] ""I
Sodium Sulfiz Ashydrous, ACS ..

Sodium Thiosulfate Standard Ed:n]u 1o, IJ 'il.-!b P-.
curarrh Dbt Bl o i

Sulfurie Acid, 405

Concemrated ...

002N 51ﬂnt|flrd ‘El:rlullllll

| A1 M Seandard Sofurion..

oluere -"'.:ltlpuh- SLa.l'lda.ﬂJ Lo El:ll:l

for manometric, I000 mgL 10 mL ampule .
Whiiler Chsality Test strips, CHEELE . ciiermimresrbaris s s st

a1

Lniit LUl Mo,
Sipkg............. L4862 GG
25/pKE e 14ERE-0E

L0 el i X1-53
Rt [ ESA MR e L

Il 2053

| SRR k1 5.5
Sl mL e 123349

L | OO . 1. « .

o PREAD . v 2AT12-00

o D0l ............. 1223945
A . 16801
A v | BT-39

LTH TS R | ) | E
Sl 19501
MR mL i 392 03
[EHTLATL T IS ¥ O 1. | B ¥
e D00 ML L BTE-AS
O mL e 20353
el TRTORR

117" 7 R
BOVDRE . 1o oo

| 4866 10
2 4al-5l
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Biosolids Analysis Manual: Oxygen Demand, Biochemical.
Respirometric Method (using the BODTrak apparatus) Test Procedure,
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OXYGEN DEMAND, BIOCHEMICAL, continued

OPTIONAL APPARATUS

Descriptinn

Bottlo, polvothrylome, Wit SPEBEE .. oo i simidei e pissinsisisss

limish, cylimder, skee #

Bures strajoht stupv:n:ntk T{'I'I!nn |:|!L|:: .|'.'J-iI1L

Clamp, buret, double .
':::j'|i||l§rr.-. graduated:

50l

250 m)
Al ..

1 mL -
T"'r.prr 'u-r{ 1|'| |rrr 'L R h-nllh- |:II"||."|‘| w |l|.'| hlrrl‘llrn‘rlnr rn|'|||1|rrrr|-

Flosk, Erlenmever, 5000mL ..o

Flisl; wolametiac, DN L o, o oisinielierriametra sbkis o=y onh smi b ae oy e
Incubator, under counter, Model 3205, 1A

Incubator, undor coumnter, Model 205, 2900 oo srrans
[noubator/Befrigerator, Model 200, L2 .o e

[t Belriperair, Sobel 2007, 24007
e Trod ™72, Tempetsiture Regulator, 115V,
I Tl ™4, Te s e ;:_uhtlul 2
Pipet Filler .. Sl e
Fipet, mulugn-:ﬂl.

1.0 mL -

19 mlL ..

Frinder, Jl b 'l.-' |:[I"-'|J:.'|Il 'chiu] LIZ.:I :-."LJ— lgj’ﬂph.ll.'l‘

Prindor raibdo, o

o R I 2 S L B

211

LRI

[oE: Tl T,
BehEE” ol

mich

1o PR PP

A5 F L ) IO A e
T | PO
- 11T o P
[ - T R
Y -1y |
Each....

. rm‘|1 4
BT DA,
i | P
e BRI L

|'-.'|-_'|'|... FETU MR 5
coracch
ST 1y S

I."'.'I.ITI'l

R 1| SR R
el i
R T (AR
(2P f IR TSSO

rarha
e BACh e,
T EROS

Cat. Mo
14858 17
LT
[4681-40
A5

A08-38
A0
GR-41
S0 42
SOR-46;
A08-49
A5
A0
LT L
IEQI' J-\.-'
EL G200
26 16202
ol | a-E
. 26 | SR
2597 00
............. 2T -0k
F2 155900

532 35
a32-38
-0
AR
427-00
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Appendix C-3 Analysis method for Nitrogen, Ammonia test - according to the
DR/2000 Spectrophotometer Instrument Manual, pp. 343 — 346.
(1996). (page 1 of 4)

Source: HACH. (1996). DR/2000 Spectrophotometer Instrument Manual (7-21-95 3™

ed., Rev. 2, 01/96).U.S.A.: Hach Company.

NITROGEN, AMMONIA (0 to 2.50 mg/L NH5-N)

Method 8038

For water, wastewater* and seawater*

Nessler Method**, USEPA accepted for reporting wastewater analysis (distillation is required)***

1. Enter the stored
program number for
ammonia nitrogen
(NH3-N).

Press: 3 8 0 READ/ENTER

The display will show:
DIAL nm TO 425

Note: DRI2000s with software
versions 3.0 and greater will
display “P" and the program
number.

Note: Instruments with software
versions 3.0 and greater will not
display “DIAL nm TO" message
if the wavelength is already set
correctly. The display wili show
the message in Step 3. Proceed
with Step 4.

Note: If samples cannot be
analyzed immediately, see
Sampling and Storage following
these steps. Adjust pH of stored
samples before analysis.

*Requires distillation

2. Rotate the wavelength
dial until the small display
shows:

425 nm

Note: This test is sensitive o
the wavelength seting. To
assure accuracy, run the test
using a 1.0 mg/L standard
solution and demineralized water
blank. Repeat Steps 9 to 12 ar
slighaly different wavelengths,
setting the dial from higher to
lower values, until the correct
resuit is obtained. The
wavelength should be 425 +2
nm. Always ser this wavelength
by approaching from high to low
values.

3. Press: READ/ENTER

The display will show:
mg/l N NH3 Ness

** Adapted from Standard Methods for the Examination of Waier and Wastewater.
*=¥Progedure is equivalent to USEPA method 350.2 and Standard Method 4500-NHj B and C for wastewater.

343

4. Fill a 25-mL
graduated mixing cylinder
to the 25-mL mark with
sample (the prepared
sample).

Note: For proof of accuracy,
use a 1.0-mg/L Nitrogen
Ammaonia Standard Solition
(listed under Optional Reagents)
in place of the sample.
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Appendix C-3 Analysis method for Nitrogen, Ammonia test - according to the
DR/2000 Spectrophotometer Instrument Manual, pp. 343 — 346.

(1996). (page 2 of 4)

NITROGEN, AMMONIA, continued

5. Fill another 25-mL
mixing graduated cylinder
with demineralized water
(the blank).

i

9, Pour each solution
into respective blank and
prepared sample cells.

Note: The Pour-Thru Cell can
be used with ihis procedure. If
the Pour—-Thru Cell Assembly
Kit is used, periodically clean
the cell by pouring a few sodium
thiosulfate pentahydrate crystals
into the cell funnel. Flush it
through the funnel and cell with
enough demineralized water to
dissolve. Rinse out the crystals.

6. Add three drops of
Mineral Stabilizer to each
cylinder. Invert several
times to mix. Add three
drops of Polyvinyl
Alcohol Dispersing Agent
to each cylinder (hold the
dropping bottle exactly
vertical). Invert several
times to mix.

CLEAR
ZERO

10. When the timer
beeps, the display will

mg/l N NH; Ness
Place the blank into the
cell holder. Close the light
Press: ZERO
The display will show:
WAIT

0.00 mg/l N NH; Ness

7. Pipet 1.0 mL of
Nessler Reagent into each
cylinder. Stopper. Invert
several times to mix.

Note: Nessler Reagent is toxic
and corrosive. Pipet carefully
and use a pipet filler.

Note: A yellow calor will
develop if ammonia is present.
(The reagent will cause a faint
yellow color in the blank.)

11. Place the prepared
sample into the cell holder,
Close the light shield.

344

TIMER
SHIFT

8. Press: SHIFT TIMER

A l-minute reaction
period will begin.

Note: Continue with Step 9
while timer is running.

READ
ENTER

12. Press: READ/ENTER

The display will show:
WAIT

then the result in mg/L.
ammonia expressed as
nitrogen (NH3-N) will be
displayed.

Note: Do not wait more than five
minutes after reagent addition
(Step 7) before performing Step
12,

Note: The results may be
expressed as mgiL. ammonia
(NH3 } or mgiL ammonium
{NHy*) by multiplying the result
by 1.22 or 1.29 respectively.

Note: In the constant—on mode,
pressing READIENTER is not
required. WAIT will not appear.
When the display stabilizes, read
the result.
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DR/2000 Spectrophotometer Instrument Manual, pp. 343 — 346.

(1996). (page 3 of 4)

NITROGEN, AMMONIA, continued

SAMPLING AND STORAGE

Collect samples in clean glass or plastic boules. 1
clilowine is present, add one drop of 001 N sodiom
thiosulfate for esch 0.3 mg/L Cly in a 1diter sample.
Preserve the sample by reducing the pH 1o 2 or Jess with
sulfiaric acid (st least 2 mL). Store at 4 °C

138 °F) on less. Preserved samples may be stored up o
26 duys. Before analysis, warm samples 10 moom
temperanre and neutralize with 5 N sodwm hydrogide.
Correct the west result for volume additions (see
Corvection for Volume Addifions in Nection 1)

ACCURACY CHECK

Standard Additions Method

a) Snap the nock off a Nirogen Ammaonia Voluetle
Ampale Standard Solution, 50 mg/L NHa-N.

bl Use the TenSetic Fipet to add 0.1, 0.2 and 0.3 mL of
standard o three 23-mL samples. Mix each thoroughly.

¢} Analyre each sample as described above, The
nilrogen concentration should increase 0.20 mg/L for
each 1.1 mL of standard added,

) I7 theese inscreases do nod occur, see Standard
Adidriowg in Seedon T for mone information,

Stundard Solution Method

T check accuracy, use a 1.0-mg/l NH3-N Nigogen
Ammenia Slandard Solution lsted under Cpsional
Reagents. Or, this con be prepared by diluting 100 ml of
solution from a Yoluette Amipule Standard For Nimogen
Ammonia 1w 500 mL with demmenshized water.

PRECISION

In a single laboratory, using standard solutions of 100
mg/L ammonia nitrogen (NH>=Nb and 1w representitive
lots of reagent with the DR/2000, a single operalor
ohtained a standard deviation of #0.015 mgL.

INTERFERENCES

A solutinn contaiming a muture of 500 mgf CaC0y and
500 mg/L Mg as CeC0s does not interfere. I the
hardness concentration exceeds these concentrations,
extra Mineral Stabilizer should be added.

Irom amd sulfice intefers by cansing, a turbadity with
Measler Heagent.

Residual chlorine must be removed by addition of
sodfium arsenite solution, Lise rwo draps to remove each
mig/L 1 tfrom a 250-ml. sample. Sodim thiosolfale can
b nsed in place of sodivm arsenile, Seg Sampling and
Steowmee section.

M5

Lesz common interforences, such as glyeine, various
aliphatic: and awnmatic amines, ovgamc chiboanmins,
scetome, aldehydes and aleohols may cause greenish or
other off colors or turbadity. 11 may be necessary to distll
the sample if these compounds are present.

Seawaler samples may be analyeed by addition of 1.0
mL (27 drops) of Mineral Stabilizer w the sample beione
analysis. This will complex the high magnesism
eomcentrations found in sea water, un the sensitivity of
the test will be reduced by 30 percent die to the high
chloride concentration. For best results, perform a
cilibration, using standards spiked 10 the equivalent
chlonde concentration, or distill the sample as described
below.

DISTILLATION

ab Measure 250 ml. of sample inio a 250-ml gradusied
cylinder and poier into a AiW=ml . beaker. Destroy
chlorine, if necessary, by adding 2 drops of Sodium
Arsenite Selution per mg/L Cla.

b} Add 25 mL of Borate Buller Solution asd mix.
Audjust the p o about 9.5 with 1.0 W Sodiom
Hydroxide Standard Solution. Use o pH meter.

¢} et up the peneral purpose distillation apparas ag
shown m the Hack Distiflaticn Apparaties Mavnnal, Pour
the solution into the distillation Nask. Add a stir bar.

d) Use a graduated eylinder oo measure 23 mL of
demineralized water into a 250-mL erlenmeyer Mask.
Add ihe contents of one Boric Acid Powder Pillow, Mix
thoronghly, Place the flask under the still drip whe.
Elevate so the end of the fube s immersed in the
soulion,

el Tum on the heater power switch, Set the stir control
ter 5 andd the hesat control e 19, Turn on e water and
adjust o maintnin 8 constant flow through the condenser.,

) Tum off the heater after collecting 150 mlL. of
disrillare, Immediately remove the collection flask o
avoid sucking solution into the sull, Messure the
distillaie to assure 150 ml. was collected {fotal volume
173 mL},

g Adjust the pH of the distillie to sbowt 7 with 10O N
Sodinm Hyrdroxide Standard Salugon. Use a pH meter.

h) Pour the distillate ino 3 250-ml volurmetric Mask.
Rinse ihe erdenmeyer with several small volumes aof
demineralized water and add the rinsings to the
volumetric Mask.
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NITROGEN, AMMONIA, continued

i) Dilute to the mark with ammonii-free SUMMARY OF METHOD
deinineralized water. Stopper. Mix thoroughly. The Mineral Stabilizer comphexes hardness in the {
Amnalvze as described above. aample. The Polyvinyl Alcohol Dispersing Agent aids

the color formation i the reacton of Nessler Reagent
with ammonium ions, A yellow color is formed
proportional o the smmonia concentration.

REQUIRED REAGENTS

Quantily Keguired
Description Per Test Units Cat. Mo.
Measler Reagent . e N 11 SMmL ... ... 2119449
"l'{|r|l._[u|_5‘t,ﬁb]_1_lj']:‘l’_..__ R £ 11 L1+ S, SO ml* SCDB . 23766-26
Palyvinyl Alcohal D|spemng Agcnt ................... fdrops .. ... 59 mL* SCDBR . 23765-26
Water, demineralized S~ | | IR AL cieiiaianins 272-55
REQUIRED APPARATUS
Cylinder, graduated, mixing, il foem, 25l L2 L each .. ... ..... 2119020
Pipet. serological. ImL .....ooiian s 2 mmsh e 53230
Pipet Filler, safety bulb .. ... ..ot T Y - |+ | TN 14651=00)
OPTIONAL REAGENTS
Beorate Duffer Sclution eeeeieisasiaiesararaananiainrarsnassarsens WHEOmML Loaa, 1470053
B-Dﬂ'l.'A.HdPCIWdE’fP:I]]ﬂWi o .| 1 S 14817-006
Mitrogen, Ammonia Standard Solution, 1 mg,"[ h.Hg h. ....................... SMmL ... 189149
Nitrogen, Ammonia Standard Solution, Yoluene Ampule, 30 mgl NH:=N ....... L17) 113 S 1479110
Sodium Arsenite Soluton. S g/l .. e 10 mL MDE ... 1047-32
Sodium Hydroxide Sandard Solution, 30N ... o o oan i e 100 mL* MDD . 2450-532 |
Sodium ]_I:,ru,ln'mi.l.lc Srandord Sl:u]l.l.ti.l:ll'l. 1 MM mL* MDE . 1045-32
Sodium Thicsulate Soluton, 000 N oo i I mL* MDB ., 323=32
Sulfuric Acid, ACS ..., I e i HHOmL* ... .. HTI—4
OPTIONAL APPARATUS
Ampule Breaker Bt . .. .o oo on i e EER 21 56H=00
Beaker, 00 ml .o e r e e cach ..oooviiane SO0-48
Cylinder, graduated, 25ml .. ... ... ..o gch oL 508D
Cylinder, graduated, 250mL .. ... . oo i s e [T 0846
Dustillation apparatus general PUTPOSS SCCERS0MES .. .. ..o i i e oo [T 265300
Tristillation heater and support apparais sei, E3Y . oo i [T AP 2274400
Distillation beater and support apparatus se, 230V 000 a s each .. .. ..., 174402

Dropper, plastie, 0.5 and T0-mLmarks .......oovvoineionnnroneennonoo. Mipkaoooou 2124710
Flask, edenmewer, 250-ml. . . ........... R - | E || 5 o 1]

Flask, volummetric, SOmL o o000 v e e v em et i =T 54741
Flask, wolumetric, Z50mL .. ..ot e each ............ 34Tt
pH Meter, ECHL portable ..o Gl 005000
Pipet, serelogical, 2 mb . . R 1 [ 532-36
IMipeet, TenScice, [Hl.ulI:ImL P o | E 1970001
Piget Tips, for 1070001 TanSetre F‘1p|!t ................................... SOPKE ..o ve 21856-96
Pipet, valumetric, Class A, [ ml. . Y = | 14515-35
Pour-Thru Call Assembly Kt ..o o0 e each ... 45215200
Thermometer, =200 10590 L. o i i i i e GICH e 157701
For additional erdering information, see final section. i

In the U.S.A. call 800-227-4224 to place an order.

=Conlact Hich for beper shass,
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Appendix C-4 Analysis method for Nitrate, High Range (HR) test - according to the
DR/2000 Spectrophotometer Instrument Manual, pp. 293-301. (1996).
(page 1 of 9)

Source: HACH. (1996). DR/2000 Spectrophotometer Instrument Manual (7-21-95 3™
ed., Rev. 2, 01/96).U.S.A.: Hach Company.

NITRATE, HR  to 30.0 mg/L N0y =N)

Method 8039

For waler, wastewater and seawater®

Cadmium Reduction Method { Powder Pillows or AcenVac Ampuls)
USING POWDER PILLOWS

1. Enter the stored
program i‘lllmbf_']’ fiwr high
raNgEe nitrale mrogen
(MO N-powder
plilows,

Press: 3 5 5 READVENTER

Ihe dasplay will show:
DIAL nm T S04

Noge: DRI wirh sofiware
versians S0 and grearer will
dispiay P gl ke progrem
nizmher,

Note: Tmstriindts winh software
versions 30 aid gragrer will no
display “CHAL nm T mesiag:
i i wrvelengil (5 alieady s
rorrecily, The display will sfew
the message in Siep 3. Proceed
wirh Snep .,

Node: [f sample camnes be
amalvied immediarely, see
Sampling and Storage following
thear shops. Adjas? e pH of
srored ramples hefore aamfves

2. Rotate the “;lw-'l_'lel::tuh
dial unti] the small display
shows:

S0 nim

*Tipr seawater, i manual calitmnion i reqainek see Inisslrenoss,

293

READ
ENTER

The display will show:

mgl N N0 H

9,
i

3. Pre=s: READ/ENTER 4. Fill a sample cxll with

25 mL of sample,

Woge, For proof of acounacy,
e o 17 gl Nidrate MNitrogen
Standard Eeliation (listed iwoder
Dptional Reagenis) i plore of
the sample

Noter A reagent blamk st b
dewermined or each new (o of
Migrabier 5. Perform Sreps 4 fa
12 asfne demmeralized warer qs
rhe pesiple. Subveacd P e
frowm eack remdi abtaired with
ihix for af reagent.
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Appendix C-4 Analysis method for Nitrate, High Range (HR) test - according to the
DR/2000 Spectrophotometer Instrument Manual, pp. 293-301. (1996).

(page 2 of 9)

NITRATE, HR, continued

TINER
SHIFT

5. Addihe contents of . Press: SHIFT TIMER 7. When the timer beeps, 8. Fill another sample

one NitraVer 5 Niteate press: SHIFT TIMER cell with 25 mL of samgple
Reagent Powder Pillow to Shake the cell vigorously (the Blank).
the cell (the prepaured wntil the timer beeps in A S—minute reaction
samnped. Stopper, e e, period will begin,
Mote: A deposit of woovidized Naote: An amber colar wild
macad will revmain afier the develon | wreme sirvogen (5
WiraVer 3 Milrate Reagent Lrestd

Powder dizsalves. Thix depaat
will feve ma erfecy o des
[ELT

Noder Shaling dme and
wechuigue ilience cafor
development, For most aoowraic
Feginlls, maeke SMCOENINVE TERE O
& I mg!L Nireaee Nivages
Seandard Folution (lsed undr
Chplainnal Reagents. Adias) e
shaking timw io abigin the
CENTeCT FeTai

294
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Appendix C-4 Analysis method for Nitrate, High Range (HR) test - according to the
DR/2000 Spectrophotometer Instrument Manual, pp. 293-301. (1996).
(page 3 of 9)

NITRATE, HR, continued

CLEAR
ZERDQ
U, When the timer beeps, 10, Press: ZERO 11, Remove the ximHu:u]. 12. Press: READ/ENTER
thee display will show: Place the prepared sample ) ) .
mg-Ej 1'31'403; H The display will show: inte the cell holder. Close  The display will show:
Place the blank into the WAIT the light shield. ) '.h\'.-}l_l .
cell holder. Close the light  then: then the result in J'rlg_-r
shield 00mgTN Ny H mitrate nitrogen (KO3 MYy
' will be displayed.
e Waoe: n the conriami—on mode
e if rived warll with N it conTamri—or .
'I:_i':;_:'::h;u‘\;';m. -'I',m‘: HXH, recciag KEADIENTER iy miy
Avikd pawring awy cadmium Fggirad. '-I-:.1..|J wald nu SR |
particles it the eell Wher rive dizplay stabilizes. read

e sl

Nate: The remills con bt
apwenesd oy L Ailrdale

{ Wy b b elvipiving the 'l
nitrate nirrogen (05N by d4

Niney Rimse rhp comple ool
fmmeelialely aifer e m remonT
] eadminm pariicies

2495
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Appendix C-4 Analysis method for Nitrate, High Range (HR) test - according to the
DR/2000 Spectrophotometer Instrument Manual, pp. 293-301. (1996).

(page 4 of 9)

NITRATE, HR, continued

USING ACCUVAC AMPULS

1. Enter the stored
program number for high
range nitrate nitrogen
(NO3-N)-AccuVac
ampuls.

Press: 3 6 1 READ/ENTER

The display will show:
DIAL nm TO 500

Note: DRi2000s with sofrware
versions 3.00 and greater will
display “P" and the program
number.

Note: Instruments with software
versions 3.00 and greater will not
display “"DIAL nm TQ"" message
if the wavelength is already set
correcily. The display will show
the message in Step 3. Proceed
with Step 4.

Note: If your instrument does
not have program number 361,
see Instrument Setup following
these steps.

2. Rotate the wavelength
dial until the small display
shows:

500 nm

READ
ENTER,

3. Press: READ/ENTER

The display will show:
mg/l NNO3~ H AV

296

4. Collect at least 40 mL
of sample in a 50-mL
beaker. Fill a NitraVer 5
Nitrate AccuVac Ampul
with sample.

Note: Keep the tip immersed

while the ampul fills completely.

Nate: For proof of accuracy,
use a 10 mg/L Nitrate Nitrogen
Standard Solution (listed under
Optional Reagents) in place of
the sample

Note: A reagent blank must be
determined on each new lot of
NitraVer 5. Repear Steps 4 10
12 using demineralized water as
the sample. Subtract this value
Sfrom each result obtained with
this lor of reagent.
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Appendix C-4 Analysis method for Nitrate, High Range (HR) test - according to the
DR/2000 Spectrophotometer Instrument Manual, pp. 293-301. (1996).
(page 5 of 9)

NITRATE, HR, continued

5. Press: SHIFT TIMER

A one-minute mixing
period will begin. Invert
the ampul repeatedly until
the timer beeps. Wipe off
any liquid or fingerprints.

Note: Shaking time and
rechnigque influence color
development. For most accurate
results, make successive tests on
a 10 mg/L Nitrate Nitrogen
Standard Selution listed under
Optional Reagents. Adjust the
shaking time to obtain the
correct result.

9. When the timer beeps,
the display will show:

mg/l NNO;~ H AV
Place the blank into the
cell holder. close the light
shield.

TIMER
SHIFT 7

0

6. When the timer beeps, 7. Fill a zeroing vial with 8. Place the AccuVac

press: SHIFT TIMER at least 10 mL of sample  Vial Adapter into the cell
(the blank). holder.

A 5-minute reaction

period will begin. Note: Place the grip tab at the

rear of the cell holder.

Naote: A deposit of unoxidized

metal will remain after the

NitraVer 5 Nitrate Reagent

Powder dissolves. this deposit

will have no effect on test

results.

Note: An amber color will
develop if nitrate nitrogen is
present,

CLEAR
ZERO

10. Press: ZERO 11. Place the AccuVac 12. Press: READ/ENTER
ampul into the cell holder.
The display will show: Close the light shield. The display will show:
WAIT WAIT

READ
ENTER|

then then the nitrate result in

0.0 mg/l NNO;~ HAV mg/L nitrate nitrogen
(NO3~-N) will be
displayed.

Note: The resuits can be
expressed as mglL nitrate
(NOQ3) by multiplying the mg/L
nitrate nitrogen (NO3~N) by 4.4.

Note: In the constani-on mode,
pressing READ{ENTER is not
required. WAIT will not appear.
When the display stabilizes, read
the result.

297
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Appendix C-4 Analysis method for Nitrate, High Range (HR) test - according to the

DR/2000 Spectrophotometer Instrument Manual, pp. 293-301. (1996).

(page 6 of 9)

NITRATE, HR, continued

INSTRUMENT SETUP

For a DR/2000 with software versions 1.27 or 1.265,
enter the following calibration as an
operator—programmed calibration for high range
nitrate nitrogen AccuVac ampuls (method 361).
Follow steps in the Operation section of the DR/2000
Instrument Manual. Store the method as follows:

nm = 500
Decimal = 000.0
Units = mg/l
Symbol = NO3-N
Timer 1 = 01:00
Timer 2 = 05:00

At first, enter the calibration with (.000 absorbance
values for zero and standards #1—4. To do this, do not
place anything in the sample compartment. Begin by
storing zero, #1 standard, #2 standard, #3 standard and
#4 standard as concentrations of 0, 6.0, 12.5, 20.0 and
35.0, respectively, with nothing in the sample
compartment. Accept 0.000 Abs. as the value for all
standards. Next, the values for the standards must be
changed to the values given below.

Standard Concentration Absorbance
0 0 0.000
1 6.0 0.125
2 12.5 0.250
3 20.0 0.375
4 35.0 0.563

The method is now stored as an operator—programmed
method with a method number between 950 and 999.
Record the method number for future reference.

For a DR/2000 with software version 2.0 and 2.2,
enter the calibration as an update to Hach—stored
programs. (Stored program number 360 has been
replaced with number 361.)

1. Press: 1
0
2. Press:
CONFIG
SHIFT METH
3. Press: PROG CONC BATT READ
3 5 1 ENTER

298

4, Within 3 seconds, press:

PRCG CONFIG
SHIFT 3 METH
The display will show:
ENTER nm

If the display retumns to the METHOD prompt, repeat
the sequence.

5. Press: (Tros

5/1L0]|0

If you make an error, press SHIFT CLEAR and

re—enter the number. When the number is correct,

press READ/ENTER. The display will show:
DECIMAL? 00.00

6. Use the arrow keys to correctly position the decimal

point. For this method, press the RIGHT/DOWN

ARROW key once. The display will show:
DECIMAL? 000.0

7. When the decimal point is correctly positioned,
press: READ/ENTER. The display will show:
UNITS?

8. Use the arrow keys to select the appropriate unit of
measure. For this method, press the RIGHT/DOWN
ARROW key twice. The display will show:

m

9. With the proper unit of measure displayed, press
READ/ENTER. The display will show:
SYMBOL?

10. Use the arrow keys to construct the correct symbol
display. For this method, press the RIGHT/DOWN
ARROW key repeatedly until you see:

mg/l n

11. Press SHIFT to make the “n” uppercase. The
display will show:
mg/l N

12. Press the READ/ENTER key to accept the capital
o

13. Using the arrow keys, continue to construct the
display:

mg/l N NO;~ H AV
The space is the “character” displayed after one press of
the RIGHT/DOWN ARROW key. To enter subscript 3,
press the number 3 key. It will enter as a subscript.
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Appendix C-4 Analysis method for Nitrate, High Range (HR) test - according to the
DR/2000 Spectrophotometer Instrument Manual, pp. 293-301. (1996).

(page 7 of 9)

NITRATE, HR, continued

14. When the last characier of the symbol is accepted
with the READ/ENTER key, the display will show:
TIMER?

15. There are two tmers for this method. so press
SHIFT TIMER. The display will show:
MM:S5 TIME 17

16, To enter the firs tmer valwe of 100 minate,
paTT

NnED

The display will then read:
oLop TIME 17

0

17. Press READVENTER o sccept the timer value,
The display will show:
MM:SSTIME 2 ?

18, To enter the second nmer valoe of 5400 minutes,
press:

BES
0 \ 5/10]J0
The display will then read:
05:00 TIME 2 7

19, Press READVENTER to accept the fimer value.

2. The display will then read:
MM:S5 TIME 32

21. Press READVENTER o compleme the limer entry.
The display will show:

# 1 Data ]

22, Enter the following 12 numbers as shown.
Complete cach nember eniry by pressing

READ/ENTER.
#1 Data 0
#2 Data 15425
#3 Data 20324
# 4 Data 15858
#5 Dala 65535
#6 Data 65538
#7 Data h5515
#8 Data 65538
#0 Data 63535
# 10 Data 8192
# 11 Data 512
Checksum T

949

The final number is a check value which is used to
determine if the data sequence was comectly entered,
If an error is made during number entry, the display
will retum to the prompt for data number 1 and the
entire saquence must be re—entered. IF all numbers are
cormectly entered, the display will return to the method
prompt and is ready for use:

METHOT #2

23, Once the new method 36] has been soccessfally
entered, block access o the now obsolete method 360,

Press: —
SHIFT METH
Press: Mppnn | [oous NEAD
3 6 0 ENTER
Within 3 seconds press:
PROG | | comn
SHIFT 3 METH
The display will show:
00 CONFIGURE

Press READ/ENTER three times o relurm o
METHOD &?

Access 1o metho] 360 Dlocked. Method 361 is now
a stored method.

SAMPLING AND STORAGE

Collect samples in clean plastic or glass boules. Store
ar 4 “C (39 °F) or lower if the sample 15 to be analyzed
within 24 to 48 hours, Warm 10 [eem l@mpseraturs
beforz running rhe test. For longer storage periods, up
to 14 days, adjust sample pH w 2 or less with sulfusic
acid, ACS, (about 2 ml. per literh. Sample
refrigeration is still required.

Before testing the stored sample, warm to room
temperature. Newtralize the sample with 5.0 N
Sohium Hydroxide Standard Solution.

[ ot wae Mencury compaunds as preacrvatmes.

Correct test resolis for volume additons (see
Correction for Vilume Addirions in Section I),

170



Appendix C-4 Analysis method for Nitrate, High Range (HR) test - according to the
DR/2000 Spectrophotometer Instrument Manual, pp. 293-301. (1996).
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NITRATE, HR, continued

ACCURACY CHECK

Standard Additions Method

a) Snap the neck off a fresh High Range Nitrate
Nitrogen Voluette Ampule Standard, 500 mg/L
NO3™-N.

b) Use the TenSette Pipet to add 0.1, 0.2, and 0.3 mL
of standard to three 25-mL samples. Mix each
thoroughly. (For AccuVac ampuls, use 50-mL
beakers.)

¢) Analyze each sample as described above. The
nitrogen concentration should increase 2.0 mg/L for
each 0.1 mL of standard added.

d) If these increases do not occur, see Standard
Additions in Section I for more information.

Standard Solution Method

Use a 10.0 mg/L Nitrate Nitrogen Standard Solution
listed under Optional Reagents to check test accuracy.
Or, this can be prepared by diluting 1.00 mL of
solution from a High Range Nitrate Nitrogen Voluette
Ampule Standard Solution, 500 mg/L NO3—N, to 50.0
mL with demineralized water.

PRECISION

In a single laboratory, using standard solutions of
20.0 mg/L nitrate nitrogen (NO3™-N) and two
representative lots of reagent with the DR/2000, a
single operator obtained a standard deviation of +0.8
mg/L nitrate nitrogen.

Using standard solutions of 30.0 mg/L. (NO3™-N) and
one representative lot of AccuVac ampuls with the
DR/2000, a single operator obtained a standard
deviation of 2.3 mg/L nitrate nitrogen.

INTERFERENCES

Compensate for nitrite interference as follows: '

a) Add Bromine Water, 30 g/L, drop-wise to the
sample in Step 4 until a yellow color remains.

b) Add one drop of Phenol Solution, 30 g/L, to destroy
the color.

¢) Proceed with Step 4. Report results as total nitrate
and nitrite.

Strong oxidizing and reducing substances will
interfere. Ferric iron causes high results and must be
absent. Chloride concentrations above 100 mg/L will
cause low results. The test may be used at high
chloride levels (i.e., seawater), but a calibration must
be performed using standards spiked (o the same
chloride concentration. See User Stored Programs in
the DR/2000 Instrument Manual for more information.

Highly buffered samples or extreme sample pH may
exceed the buffering capacity of the reagents and
require sample pretreatment (see pH Interference in
Section I).

SUMMARY OF METHOD |
Cadmium metal reduces nitrates present in the sample

to nitrite. The nitrite ion reacts in an acidic medium

with sulfanilic acid to form an intermediate diazonium
salt. This salt couples to gentisic acid to form an
amber—colored product. Nitrate can be determined
directly using the Nitrate Ion Selective Electrode

(Cat. No. 44560-71).

REQUIRED REAGENTS (Using Powder Pillows)

Quantity Required
Description Per Test Units Cat. No.
NitraVer 5 Nitrate Reagent Powder Pillows ............. Lpillow ........... SO0/pkg ........ 1403466
REQUIRED REAGENTS (Using AccuVac Ampuls)
NitraVer 5 Nitrate Reagent AccuVac Ampul ............. lampul ........... 25/pkg ... ... 25110-25
REQUIRED APPARATUS (Using Powder Pillows)
Clippers, for opening powder pillows . ................. P each............ 96800
Stopper, rubber, size 2 ... o oo 1o 2/pkg . ........ 2118-02
REQUIRED APPARATUS (Using AccuVac Ampuh)
Adapter, AccuVac Vial ... .. ... i L each.......... 43784-00 ‘
Beaker, SOmL .. ... ... . . e 1 ................. each............ 50041
Zeroing Vial . ... . ... each.......... 21228-00
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NITRATE, HR, continued

OPTIONAL REAGENTS

Brominge Water, 30 /L . ... L e 20mLy ... 2N
Mitrate Mitrogen stndard Solution, 10 mg/L KO5-N . L. S00mL L., 30740
Mitrae Mirropen Standard Salution. Yolverte Ampulc ‘W}I} mf_'.l'l.. {NlJJ. -NL IU ml. Lolepkz .ol Id!f:[:—“l
Phenol Solution, 30 5. . . .. !GmL.... ceeae 2112-M0
bm‘humH:,.|11u;~.||1¢$.tandan15nluurm SON e bR e Eme A Zsl.‘-'mL-‘........ 245026
Sulfuric Acid, ACS . |11 V] L QTG4
Water, demineralized ... iie e AT ... 27256
OPTIONAL APPARATUS

AcenVae Snapper Kit . O L PR E-&Uﬁ:—uﬂ
Ampule Breaker Kit . . A |1 | ISR p L
Cylinder, praduated. ZﬁmL ::II: _I‘E:éalmu
Jropper, for 1-o bottle T L I R R R R
pH[ndicalDr]’apcr.ll:n]lpH - 1 £ 1L PR 391—33
Pipet, serological, 2ml oo \ N each ... ....... .E.-"J..—.‘-l‘l
PFipet, TenSette, 0.0 1o LOmML L oooiaiai e 1._1'#.'[[.. e lfl'.l[]['.l—(]]
Pipet Tips, for 19700-01 TenSette PIpet coovauarianinioniiiioinmaaaians Spkg ... .. ..Iijﬁ&—‘;'i{r
Pipet, volumeinic, 10 mL Clags & oo cach.......... |4J'!j—_j
Pipet Filler, safety bull PR - = | DR |'lf::_1|—rﬂ
I’nur—'Ihrul.:lI.hw:mhlyKll: , A | - | I 1.‘r_lf_":—ﬂ-2
Sample Cells, 1=inch, Ln‘rl_h':st}rcm dmpu-sablc Cerremeesssrienannareere 1hphg . 24112

For additional ordering information, see final section.
In the U.S.A. call BIN0-227—4224 to place an order.

*Corisct Hach for larger sizes

A
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Appendix C-5: Analysis method for Phosphorus, Reactive test - according to the

DR/2000 Spectrophotometer Instrument Manual, pp. 511-522. (1996).

(page 1 of 12)

Source: HACH. (1996). DR/2000 Spectrophotometer Instrument Manual (7-21-95 3™
ed., Rev. 2, 01/96).U.S.A.: Hach Company.

Method §114

PHOSPHOR US, REACTIVE wwto4s.0 mg/L PO For water and wastewater

(also called vrihuphosphate) Molybdovanadate Method*

HAn

e i i
=

1. Enter the stored 2. Rotaic the wavclength 3. Press- READVENTER 4. Fill a sanple i1l {he

program number for dial until the small display ] ] blan_k] wi_ﬂl 25 mLoof

reactive phosphorus, shows: The display will show: demincralized water with a

molyhdovanadate method, 43 nm mgl POy MoV 25=mL graduated cylinder.
(el

Press: 4 8 0 AEADYENTER my/l P MoV

for units of mg/L POy

OF
Presz: 4 B 1 READVENTER
for umits of mg/L P

The display will show,
DAL nm to 4340

Nate: IRz with soffwane
varsians 10 and graaeer will
dizplary “F" amd bhe prograw
Hiswabir.

Nates [LIFLReArs Wi soffuare
warrtams F.0 ard groater will ped
display "THAL mm TO" meisage
if the wavelength iz already 5o
correcrly, The display will sha
the message in Step 3. Pracesd
|f|1I|:|-."|"rf|'| 4,

Aare: {,r m.llm'f cerrnl b
amafyzed fmmadiately, pes

Sumpling and Storage following
these steps.

* Adapoiz] Trom Soandand Meriodr for the Examivanor of Waror and Wertrweter

511
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PHOSPHORUS, REACTIVE, continued

5. Fill a sccond sample 0. Add 1.0 mL of 7. Press: SHIFT TIMER 8, When the fimer becps,
cell {the prepared sample)  Molybdovanudite Reagent ) the display will show:
with 25 ml. of sample toeach sample cell. Swirl A 3-minule resction mg/l PO~ MoV
with a 25-mL graduated 13 X, perioad will begin, QR
cylinder, gl P MoV

’ Nuie: A veliow voter will fowrs i Notes I the rample Place the blank into the
Nade: For proaf of arowrdy, wie phogvhaie is presens. A sall cencerlration is gragver ifan 24 l.:'.:]l holder. Close the light
a M0 mptl, phosphate (73 amohr of vellow will be presens mpil By =, roed a #xaenly 3 shield.
L, phospharas ) sindoed Tw the hiank frecarse af the rumetes or mabe o 4] dilition

? n { preparaion green In FEdpER. wy i dunple Nowe: The Powr-Thra Cell can

the Aveuracy Cleck) in plaee af e el wikh i procediere

rite smmple

CURAR MEAD
ZERAQ ENTER
9, Press; ZERO 1 Place the prepared 11. Press: READ/ENTER
sample into the cell holder
The display will show: Clase the light shiald. The display wilt show;
WAIT WAIT
then: then the result in mg/T.
0.0 mg/l POS= MoV Py orme/L P will be
OR displayed.
i mg/l P MoV
Nale: iy the costamt-or mrods,
pressing READVENTER {5 ni
wegived. WAST wil! mor appear.
Wiaen rhe display sohilizes. read
e il
Nimie: f'ik-.\;-’f' oy Loz ina '
pogil X PO T gl X FOT
gl Poils = mg/l. P X 225
mpil, Pyl = myll PO K0TS
512
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PHOS FHDR'..-S, REH.ETIVE, continued

SAMPLING AND STORAGE

Codlect samphes in clean pasnie or glass bonies e
e been cleaned with 1:1 Hydrochloric Acid
Solulion and tinsed with denoneralrzed sz, Do pob
use B commersial delerpent becives the phosphate
comtent will eonfomminate the sample.

It camples carnod be analbyeed the same day, sdpest ke
Pl ba 2 or less by adking aboul 2 mb of salfuns sl
AL, per liler of sample. Mode the samgie al 4 °C
(39" Fhor below, samples can b sboped ap o 44
hours. For mger sborags perids, add 4.0 ml ol
Aetcurde Chiorids Solwtion for esch les of snmplhe
lokem and mix. Use of mereuriz chiloride (=
divouraged vo minimize the amment of mercary
relenseid woihe envirgnment. Sample refr geraricn s
still required. Sample preserved with mercune
whilorie mus e spibed winl 00 g sondimi ol
level 1o 50 mgfL. oc more il e sample i low in
chlonidz. The eddinon of chlomde provenes mencury
iriberfegercd in fhe resn

Befiore analysis, adjust the acidilzed somgls o akout
T by adingg 5.0 M Sandiien Hywbrosile Samland
Solution, Mix cheroughly, Warmi 1o room temperature
bclor analyeinmg.

ACCURACY CHECK

Standurd Sdditions Melhwd

ak Saap L ek o o Flemsphate Yolustie Anpale
Standard Solutiom, S meg'L as POy

b Use the TenSetle Papel 1o ald (00 ml. 4.3 ml and
|}:| il wf ;l;pn]un,l. |:'\.|:|lb.'1i.|n:|j.. Wr Oliice Lﬁ'u l. waley
53I:|:1|."H. Mg wall

) Analyes sl szmple as descailed in e precedone
and compare the resulis with that of the onginal fest
somple. Each @ [-mL addigion of stnndsed skould
camsc un increase nf 200 myd. Pyt arns? mpA. I

d| If theas mercoscs do ned cocur, scc Standard
AckBicwes in Seciwem T Ror more infonmsiion,

Standprd Solution Method

A T g/l phesphar: standaed con be preparcd by
papetting LD mL of 2 Phosphate Standurd Solution,
A0 gL By, oo & 30 ml vidumewmic Mosk, Dilue
1o volumee waik Jemmeralizad waler,

Wavelengih Check
Thae test ic sensibive iz the weneleangth cetting. To
ersire accurncy, the st should be mmom o 10-mgL
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stamidard solution arsd blank, Ropoat Slep o 11w
slightly different wovelngihs, saling te dizl from
higher to bvaer valpes wntil the eoreect resalt s
porained, L e wavebangth sloeald Lo 430 £2 pan
Akways set this wirvel=ngth from r.i.§1 B Jow valugs.,

PRECISION
I u singlz Iaboratony, using standseds of 200 mel

0y = wo lots of reagzent and the DRS2ENL a single
ageralcr shldingl a slamdant ceomtem nb =1 R mgil.

P,

INTERFEREMNCES
Sulfide imerference muy be namewed by oxidation
with Bromiine Water ns follows;

ab Measure 25 ml of semgple i o ssmple cell,

b Add Bromine Water drop—wise with constan
swirting unrl permaencns wellow cobor develops.,

e Add Fhenel Soluricn drop—wises unl rht}cllnw
cokor just cisaapears. Procoed with Step 5 using this
irestled ssanple.

Famsitive inuer fzremsaes are e by silica aml arsenae
Y if the “i!TII]'||¢ 1= nzmed, NEQS.U'-":' INTETCfenoes.
mrc caused by ursenak:, Muorics, dworum, bismaik,
sulfide, dhiosulfote. thiccyamare or exeess malvhdae,
Blue vulow s saupal by Rerovms tron bul ihas does nol
affect resulis if Ferrous ircn concentration is less than

I h gl Toais Char Jooned indelere im coceoiralioos
up iy 1 UEHY mezfL are pyrophospholz, malvhdaie,
mehislmnale, selennle, Deossle, vilels, vaalols, laviaic,
lartrale, formate, salicylule, .|‘I.|-."".. Fe'+, M'g_z".l:'uh.
Bal®, Se%* Li*, Ha*, K5, MH*, Ol Mo, HOs-,
i 8 P EGAJ'.E'I:I_';:‘. Pl Hg*. H_g'h. ﬁhlj*, lf'.'ul".
Wit gt Ut e msOg-, e, Ol -,
O, 10k, 51t

Haphly butfered camples or extreae sample pH may
caceed the buffering capacity of the reageris and
recprire sample preireptment ¢ see pld feerference (o
Sectiea £l

SUMMARY OF METH D

In the malvhdavansdnle methad. anbophospheic
ekt with moly bdec in om acid mediom o predieds b
phasphomalybdate comples. In the presence of
wonad v, :.-l‘.'"l:iw anid Iy bl e aeid 15

frwmaed, The imensiry of the }wl]-n-; calor i
propartiosel i the phosphote concentaticn.
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Appendix C-5: Analysis method for Phosphorus, Reactive test - according to the
DR/2000 Spectrophotometer Instrument Manual, pp. 511-522. (1996).
(page 4 of 12)

PHOSPHORUS, REACTIVE, continued

REQUIRED REAGENTS ‘
Quantity Required
Description Per Test Units Cat. No.
Molybdovanadate Reagent .......................... 20mL ... 100 mL* MDB . 20760-32
Water, demineralized ...... ..., 25mL ... 4L o 272-56
REQUIRED APPARATUS
Cylinder, graduated, 25mL ......................... P each ........... 50840
OPTIONAL REAGENTS
Bromine Water . ... ...ttt aa e 29mL* ....... 2211-20
Hydrochloric Acid Solution, 111 . ... ..o 500mL ........ 884-49
Mercuric Chloride Solution, 10 g/L .. ... oot e 100mL ...... 14994-42
Phenol Solution, 30 g/l .. ... s 29mL ........ 2112-20
Phosphate Standard Solution, 50 mg/L as PO~ ...l 500mL ........ 171-49
Phosphate Standard Solution, Voluette ampule, 500 mg/L as PO, 10mL ....... 16/pkg ....... 14242-10
Sodium Chloride, ACS ...ttt i i 454g ... 182-01
Sodium Hydroxide Standard Solution, S.ON ... ... e iiiaa e 100 mL** MDB . 2450-32
Sulfuric Acid, ACS ..ttt ittt e e 500mL* ....... 979-49
OPTIONAL APPARATUS
Ampule Breaker Kit .. ..o ovutiou e e each.......... 21968-00
Dispenser, fixed volume, 1.0mL RepipetJr. ...........coiiiiiiiit each ......... 21113-02
Flask, erlenmeyer, 50mL ... ... s each ........... 505-41
Flask, volumetric, Class A, 50mL . ...ttt each ......... 1457441
pH Indicator Paper, 1to LIDH ..o ooiiiiii s Srolls/pkg ...... 391-33
pH Meter, EC10, portable .........vneiiiiiiiiiiiia e each ......... 50050-00
Pipet, serological, 20mL ... ..o each ........... 53236
Pipet, TenSette, 0.1to 1OmML ... o i each ......... 19700-01
Pipet Tips, for 19700-01 TenSette Pipet ........... e e 50/pkg ....... 2185696
Pipet, volumetric, Class A, 10.00mL ...... ..o each ......... 14515-38
= 2211 each ......... 12189-00
Pour—Thru Cell Assembly Kit ....... .. .. i each ......... 45215-00
Spoon, measuring, 0.1 g ... e each............ 511-00

For additional ordering information, see final section.
In the U.S.A. call 800-227-4224 to place an order.

*Contact Hach for larger sizes
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Appendix C-5: Analysis method for Phosphorus, Reactive test - according to the

DR/2000 Spectrophotometer Instrument Manual, pp. 511-522. (1996).
(page 5 of 12)

PHOSPHORUS, REACTIVE i to 250 mg. ro

Method 3045

For water, wastewater and seawaler

(s eallidd Corilopalssphiate) Phos¥er 3 (Ascorbic Acid) Mithod® (Puwder Pillows or Accubac Amipalsl, USERA. accopted for reporting™
USING POWDER PILLOWS

o

1. Enter a stored program
rumber for reactive
phosphorus powder
pillows,

Press: 4 8 0 READVENTER
far units of mg/L POy

O
Press: 4 9 6 READVENTER
far units of me/d. P

The display will show:
DIAL nm TO 590

Note: DR2000g with softaare
versions 3,00 and greaber will
digpilery “FT amd e progran
maiwabner.

Note: Trnwraments with soffars
versiongs 3.0 amd greamer will ner
digplay “INAL s TO" merrage
if the wavelengrh i already ser
carrecity. The diplay will shoew
e peEsaRe mw Siep 5. Frocedd
with Srep 4,

Npe: Mearnrement range for £
gl pe [LNE mgfl

* Adapted from Siandard Methads for the Eveminatian of Waner and Wescsaier

2.. Rotate ths w:nn]uugﬂi
dial until the small display
shows:

#590 nm

Nate: For insrmenns with
arftware versians thar do mor
Jurve sivned progrdim Fie o
A9, refer io Inamument Scup
Jollowing rhese feps,

3. Press: READ/ENTER

The display will show:
mﬁ."] Pﬂq.!_ Py
OR

mygl P PY

+# Procedure is egdivalent b USEPA method 1652 and Stasdard Method 4500-P-E lor wasiewater

515

4, Fill a sample cell with
25 mL of sample.

Note: For proaf of accuracy, sre
a 0 mgll, Phospane (032
mipL P Suandard Sodwtion fned
wnedar Dptinaal Reagents in
Plave of the sample

177



Appendix C-5: Analysis method for Phosphorus, Reactive test - according to the
DR/2000 Spectrophotometer Instrument Manual, pp. 511-522. (1996).
(page 6 of 12)

PHOSPHORUS, REACTIVE, continued

ruusn CLEAR
ZERD
5. Add the coments of 6. Press: SHIFT TIMER 7. Fill another sample 8. When the timer beeps,
o PlasVer 3 plispliale cell {the blank) with 25 e display will slwew,
Povweder Pillow to the A 2-minule reaction mL of sumple. Place 11 myg/l P BY
sample cell (the prepared  period will begin, into the cell holder,
sample). Swirl Press: ZERO
immediatcly Lo mix. Nete: An&—10 winwre reaction Nowey The Powr—Thra Cell con
gt shokd e aied of e aread wadk his provediee, The \']'IF-T*'H.}' will zhow:
Nare: A hing sofor will fivem §f determining il phospikate
IIIJ.Il:-_l.luliﬂrJ i5 present, fllowing far arid=prrmdfoie then:
dipestion. 000 il ]'{].{1- Py
LI
Nowe: I the gample pomperaimm (X1 l'rl@."] P PV

15 fers rimn 15 S (59 “F ko allew
& mumwer of seaerion nme

FIF AN

9, Place the prepared 10, Press: READ/ENTER

sample into the cell holder.

Close the light shield. The display will show:
WAIT

Node: fun o reagenr blank for - then the resulis in mefL

MR P, Line dempnerained FOy” or mg/L P will be

varser in place af the sameple fe diaplayed.

Srep 4. Sulirrrcr s seanly from

afl Pesd reswlts e widh Wi lov ol Nove: sig .I.."'-I'-lg-I FERITY Co

Fhoster 3. expresied a5 Mgl phasplons
|I.l_| |.||'|.'||'|r.'_'_I Few Y aw s WIE [
phogphorus peataade {Pals b
muinplyag by (.75,

are: fr e Conakei—on nade,
pressing SEAINENTER 15 not
reguired. WAIT will ner appear
Vdron e r.l.l:|.l"..l:.' st lizes, revd
tive resails

a
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Appendix C-5: Analysis method for Phosphorus, Reactive test - according to the

DR/2000 Spectrophotometer Instrument Manual, pp. 511-522. (1996).

(page 7 of 12)

PHOSPHORUS, REACTIVE, continued

USING ACCUVAC AMPULS

OR
wT +
8
READ
ENTER|

1. Enter the stored 2. Rotate the wavelength 3. Press: READ/ENTER 4. Fill a zeroing vial (the
program number for dial until the small display blank) with at least 10 mL
reactive phosphorus shows: The display will show: of sample. Collect at least
AccuVac ampuls. 890 nm mg/l PO PV AV 40 mL of sample in a

OR 50-mL beaker.
Press: 49 2 READ/ENTER  Note: For instruments with mg/l P PV AV
for units of mg/L PO4>~ software versions that do not

OR have stored praogram method
Press: 49 4 READ/ENTER 494, refer to Instrument Setup.
for units of mg/L P

The display will show:
DIAL nm TO 890

Nate: DRI2000s with software
versions 3.0 and greater will
display “P" and the program
number.

Note: Instruments with software
versions 3.0 and greater will not
display “DIAL nm TG message
if the wavelength is already set
correctly. The display will show
the message in Step 3. Proceed
with Step 4.

517
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Appendix C-5: Analysis method for Phosphorus, Reactive test - according to the
DR/2000 Spectrophotometer Instrument Manual, pp. 511-522. (1996).
(page 8 of 12)

PHOSPHORUS, REACTIVE, continued

5. Place the AccuVac 6. Fill a PhosVer 3 7. Placeanampulcap 8. Press; SHIFT TIMER
Wial Adapter into the cell  Phosphate AccuVoc ampul  securely over the tip of the
halder. with sample. ampul. Shake the ampul A Z-minote reaction
for appraxmmately 30 peniod will bepin
Nate: Place the gripwah arthe  Node: Keep the 5ip immersed secomds. Wipe off any
rear aof e cell farder: whalr the armpud filis complerely,  liquid and fingerprints.

WNate: A blve codor will form i
PhasiialE & presenl

Note; Accuracy (v woalfecied by

|r.l1r."|.\.w.'rr:.';lrmdyr

OLEAR
FERD 3
9, When the timer beeps, 1, Press: ZERO 11, Place the AceuVac 12, Press: READ/ENTER
the display will show; armpul inte the czil holder.
mgl PO PV AV The display will how: The display will show;
OR WAIT Ne: Kuna reagpear biaek for WAIT
I'I'Iga'l P PV AV then: thie Test. Use demiineralized then the resolt in mg/L
Place the zeroing vial into .00 mg/l PO~ PV AV wanser [ place of the sample i PO or mg/L P will he
ihe cell holder. (R Seep 4. Saefircat s reanls o displayed,
.00 mg/l P PY AV ! resuales weirh this lor of

arpuls, Noter pig'l POy results can be
daprdied as mgl phosthorag
By divicling by 3 or a8 mgiL
phampherns pentaxide [Pyl ) by
mealiipfying by D75,

ANae; fa The covstti—on mogs,
prexsing READVENTER is o |
reguireed. BEAST will mow aprear
Wiher ike dliplay stabifizes, read

e resels
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Appendix C-5: Analysis method for Phosphorus, Reactive test - according to the
DR/2000 Spectrophotometer Instrument Manual, pp. 511-522. (1996).

(page 9 of 12)

PHOSPHORUS, REACTIVE, continued

INSTRUMENT SETUP

Far a [HRSHHE with a sofiware virsisn hefore 2.0
which docs not bave Fhosphones, Reactive, Ascorbee
Aol Metlod, Stoned Bl=thod 4% and Stared Method
494, enier the following calibraipms as
operutor-programmed callbeatlans, Follew the steps
in the Qperaon secibon of the (WK ingrumens
Maral, Stoee the method as followes:

Riorerd Method 4% Sorad Meibod 434

i = B mm = Kb

Dhecaimial = Q0L Decimmal = D00
Units = mg1 Lnie = mgd
Syl =P FY Symbol = p 'V AN
Tirmer 1 = 0200 Thiiws 1 =020

The calibrations ure [l enteréd w9th UKL
ahsorhance valees for zemo and 1 sandands, To do
this, leawe the sampls cell companmend erpiy, and
hepin by sromimg e and &1 st o
concentralsoms of 0 end 0LT% mgd., respectively, Tor
Seored Method 49 and Oand 05T mgfL for Stored
Wethod 494, Scacpl (WHID Abs as the valoe for all
stumlands, Mear, the valoes for the zero stancard snd
#1 srardord mus be changed o ke values given

=l o

Stored Method 40

Siamdard Ahsurbance Concentration
il (RS LI}
| 1.%7% [ [t
Aicred Method 44
Siamelard Absorbange Comeceniration
Ml 0,002 0
| 1.2580 .77

The methods ane now @osed as apecarne programimed
methods with nurnbers Petwern 5 and 995, Record
the methind mambess for fulere refeence,

Far a DN wilh & software version of 20 or 1,2
that dees nat hiove thsa Phasphorus, Reacive, Ascarbic
Al Slechiod, Stored Medhod, Storec] M ods #4045
and &4, rmier che calibrations zo Hach—eeteied
programs

L. Press: =3
o

ClmiTe
SHIFT
HETH

3, Press I

3. Press:

a][ 9] ]l
GRPEGM: e = wT
allo]l 4]l

4, Within 3 seconds, press:

SHIFT 3 METH

The display will shom:
ENTER nm

I the displiy retumes. woihe METHODR prompd. nepeal
the sequsnce.

5. Presac

8||9]0

Aade: [ aw e (3 sade, press SIVFT, CLEAR and re—erer the
mivaber, When Wiz mimbyr i covmect, prers BEATUENTER.

The display will show:

DECTMAL? 8000

i, The decimnl poing is already commectly posionad.
Piess: FE!.D.I‘E;"EH. The display will resd:
LIMITS?

T e the ammow keys 1o select Ihe appropmiabe urnt of
measure. For this methed, press the DOWH ARROW
keoy twice. The display will sl

il

¥, With the proper unil of measurne displayed, press
READVEMTER. The display will nemd:
SYMBOL?

9, Use the sorow Eevs B comstanst the eoreesr 2y mihed
display. For this meibod, preis ihe DCWHN ARROW
kcy reptedly nmil the display reads:

gl

10. Press SHIFT 1o make the “p" wpper case. The
clizplay will ghow:
ma'l P

11 Pres: READ/ENTER we accepl b capiial <P,
Conrmse to comsneet the display i rescd:
mg1 P PV
QR
mgd I 'V AV

181



Appendix C-5: Analysis method for Phosphorus, Reactive test - according to the
DR/2000 Spectrophotometer Instrument Manual, pp. 511-522. (1996).

(page 10 of 12)

PHOSPHORUS, REACTIVE, continued

The space is the “character” displaved afler one press
of the DOWHN ARROW koy.

12, When the last character of the symhbol is accepred
with the READ/ENTER key, the display will show:
TIMER?

There is one time selection for this method. Press
SHIFT, TIMER. The display will read:
MM:55 TIME 17

13, To enter the first timer valoe of 02:00 minutes,
press:

EMT

0J 2J0]JL0

The display will read:
02:00 TIME 17

14. Press READVENTER to accept the value. The
display will then read:
MM:SS TIME 27

15. Press READYENTER e complete timer entry.
The display will show:
#1 DATA ©

16. Enter the [ollowing 12 numbers a3 shown,
Complete gach number with the READ/ENTER key.

Siored Method 496

# 1 1rata L]

# 2 Data 1544
i3 Dala 17949

# 4 Drata 1Ry
#5 Dala 17499

# 6 Data 058
#7 Daia 1799

# 8 ata L5535

# 9 Data 65535

# 10 Data 1276

# 11 Data 512
(CHECKSTM Shusd

Stored Method 494

# 1 Data 0l

# 2 Data (BT

# 3 Data 2056

# 4 Data 205%
#5 Data HIEhH

# 6 Data pl L1
#7 Data 2303

# 8 Daita (8535
#9 Data (5535

# 10 Drata 32T
# 11 Dala 512

CHECRKSUM 40425

The final nuimber in cach group is a check value which
is wsed o determine that the data sequence was {
comrectly entered. If an ermor 15 made dunng number
entry, the display will return o the promp for data
number | and the entire sequence must be re—entered.
If all numbers are correctly entered, the update
procedure is complete and the display will retum 1w
the method pronipt:

METHOD?

With the new method 496 and 494 succescfully
entered, block access 1o the now obsolete methods 491

and 493,
Press:
COHFG
SHIFY METH
wT + BATT

=

41191

Within 3 seconds, press:

swer|| o et
Press:
SHIFT :B:r: [
=7 * Pre READ

Within 3 seconds, press:

PAG | | cours
METH

Access o methods 491 and 493 are now blocked.,

SAMPLING AND STORAGE

Callect sample in plastic or glass bottles that have been
cleanad with 1:1 Hydrochloric Acid Solstion and rinsed
with demineralized water. Do nof use commercial
detenents containing phosphare for cleaning glasswars
used in phosphate analysis. Most reliable nesults ane
ohrzined when samphes are analyieed as soon as possible
after collsction, 1F promipt anelysis is impossible,
preserve samples up 1o 24 hours by sioring at or below 4
“C, For longer stomge peniods, sdd 4.0 mL of Mercuric
Chlorde Solution o each hter of sample mken and mix.
Use of mercuric chlonde 15 discouraged whenever
possible for health and environmental considerations. l
Sample refrigeration is siill required, Samples preserved
with mercurc chiloride must have a sodium chloride level
of 50 me/L or more o prevent mercury ierference,
Samples low in chloride should be spiked with 0.1 g
sodfium chloride per liter of sample.
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Appendix C-5: Analysis method for Phosphorus, Reactive test - according to the

DR/2000 Spectrophotometer Instrument Manual, pp. 511-522. (1996).

(page 11 of 12)

PHOS P'HORUS, REACTIVE, continued

ACCURACY CHECK

Standard Additions Method

a) Snap the neck off a Phosphate Voluette Ampule
Standard Solution, 50 I'I:sﬂ.. Py,

) Use the TenSette Pipet to add 0.1 mL, 0.2 mL and
0.3 mL of standard, respectively, 1o three 25-ml water
sample. Mix each thoroughly, (For AccuVac ampuls
use S-ml beakers, )

) Analyze each sample as described above. The
phosphate concentration should increase 0.2 mg/L for
each 0.1 mL of standard added.

d)i If these increases do not ocour, see Standard
Additions in Secrion J.

INTERFERENCES

Large amounts of turbadity may cause inconsistent
resulls in the phosphate tests becanse the acid present
in the powder pillow may dissolve some of the
suspended particles and becavse of vanable desorption
of orthophosphate from the particles, For highly triad
or eolored samples, add the contents of one Phosphate
Pretreatment Powder Pillow to 25 mL of sample. Mix
well, Use this soletion to zero the instrurment.

The PhosVer 3 Reageni Powder Pillows shoud be
stared in a ceol, dry place.

The following may interfere when present in
concentnsions exceading these listed elow:

Adwminaem 2000 mg AL
Chrorminm 1K gl
Copper 100 ma .
Tricwiy 1060 mg AL
Nickel 300 mg/L
Silica S0 ma/L
Saligate 10 gL
Fir: B mgd.
Arsenute and hvdrogen sulfide imerfere,

Highly buffered samples or extreme sample pH may
excwed] the bulfermg capaeity of the reagents and regquine
sarnple pretetment (see pf derjerence tn Seciion 1),

PRECISION

In & smgle labortory, using a standard solution of 1.00
mig/L. PO andd bwo lots of reagent with a DIR/2000, a
single operator obtsined a standard deviation of HL{]
mg/L. POy,

In o single laboratory, using a standard solution of 1,00
mg/L. PO and tan represeniotive lots of AccuVac
ampuls with the DE2000, & single operator obloned a
stanchird devistion of .02 mgyL POy

SUMMARY OF METHOD

Onhophosphate reacts with molybdate in an acad mediom
to produce o phosphomolybdae complex.  Ascorbic scad
then reduces the complex, giving an interse: mol yhcdenum
blue color,

REQUIRED REAGENTS (Using Powder Pillows)

Deseription
PhosVer 3 Phosphate Heagent Powdar Fillows

REQUIRED REAGENTS (Using AccuVac Ampuls)
PhosVer 3 Phosphate Reagent AccuVae Ampuls
REQUIRED APPARATUS (Using Powder Pillows)
Clippers, for opening Powder pillows .

REQUIRED APPARATUS (LUsing Powder Fillows)
Adapier, AccuVoe Vial
Beaker, 50mL ............
Cap. ampul, bBlue . ..., ..
Wial, zeroing

511

Quantity Required

Per Tesi Units Cai. No.
D PRillow L TMpke ... ... 212599
Clampul oo 35pkg . 250R0-25
D Y -7~ I - it S
.1 oeach L.oL L, 43700
N each . .......... 50041
T 57311 7 173106
e ek L 21228400
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Appendix C-5: Analysis method for Phosphorus, Reactive test - according to the
DR/2000 Spectrophotometer Instrument Manual, pp. 511-522. (1996).
(page 12 of 12)

PHOSPHORUS, REACTIVE, continued

OPTIONAL REAGENTS

Hydrochloric Acid Standard Solution. 60N {1:1) o.oovini i inaeienn, S0mL ..., .. BR4-a0 |
Mercuric Chloride Solution, WhgfL o L 100 mL ..., 1499442
Phosphate Prewrearment Powder Fillows . ... ...o.ooocoeiooae oo, Slipkg . oooo 0 1450166
Phosphate Standard Solution. 1 mg/Loas PO~ Lo S0mL ..., 256042
Phosphate Standard Solution, Yoluette ampul, 50mg/Las POy, 10mL ... .00 T6dpkg ... .00 I71-10
Sodiom Chlomide, ATS ... v nir s v rrar e e aiaiiasiasiaaiiniaan 45dg ..., 18200
Sodium Hydroxide Standard Solution, 0N ..o iiiiiiiiiiiaiin i 100 mL* MDE .. 2450-32
Water, demineralized . .. ... ... e 4L il 27286

OFPTIONAL APPARATUS
AccnVae Snapper Kit . ..o oo e i e gath o 2405200

plandlcatorPapcrlLullpH M 3 1 | 7 o] - 391-33
pH Meter, BCID, portable . oooonn i each ......... 5005000
Pipet, 2ml seroogical ... ... i s ie s aneens BBER Loiiia 532-36
Hp:t,T:nScm,DlmiﬂmL Y =] | T 1970001
PipctT\]:ls.fnrlP‘?{N}ﬂl......................... e eeee o Allipkg ..o ... 21R56-96
Pipet Filler, safety Bl ..o e e en e et iananesennaiinrannonns each ......... 14651-00
Spoon, measuring, L1 8 .. .. i i each ........... S11-00

For additional ordering information, sec final section.
In the U.S.A. call 800-227-4224 to place an order.

*Larger sizex available.
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APPENDIX D

Maintenance for Spectrophotometer

Appendix D-1: Maintenance — Cleaning for Spectrophotometer, Sample Cells, and
Pour-Thru Sample Cell; Replacement Instructions: Battery
Replacement, and Lamp Replacement; Lamp Calibration Adjustment -
according to the DR/2000 Spectrophotometer Instrument Manual, pp.
43-44. (1996). (page 1 of 2)

Source: HACH. (1996). DR/2000 Spectrophotometer Instrument Manual (7-21-
95 3"%ed., Rev. 2, 01/96).U.S.A.: Hach Company.

SECTION 5 MAINTENANCE

5.1 Cheaning

E L1 Spectrophatomcior

The speermphasnmeszr and. sampbe cells shoukd b
gl clean & all times aned spalls shinld '-l-l_.luJ L1
prompily, The phetacedl window, locoked oo the bfi-
Feind =ocde ol the cell hodder, can be wized wicy lens
gisvue or o oaoft, lini-fece chitk dar wall mon leave s
oil film

E 1.2 Somple Cells

Haaiple cells shosald be ¢l with dicicrgent, rinaid
wetversl nmies wih tap weler s thee rinsed
Thcrnughly with demineralized winer. Sample vells
wess] with (e solyenns i chilorofiorm, banzere,
snlpene, &40 sloild b ninsed wih acemone beton
1he -|j:|,|,:|g|:|1 wpsdt amak again & 4 foal s beefiire
drying. Polyetvrese desposable sample cells are
avaslable. Befer b Sechion 7 "Retiacewerd Paerr
amd Accessaries”

E.1.3 Posar-Thru Semphe Cell

Resmive the Pours I hru cell occasionally Bo check lon
accumalation of Nile on o1 windows, IF s windoes
appesr difty or kazs, soak ina detergew bath and
then rinse thesoegly with deminsndized waki [
ol s mcheangs (eog,, acelone) b clead the Pour-
Theu ezl The Pour-Thrs 2l can he dissssem el
Tur cheaiing il ievessany

CAUTHRS
Dyl wse fhe Poge- Thivs Cell inofesis that call For
the use af orpanic wlveals sisch as telicme,
chiorelform, trechloroe Ba oF cvelo s one.
These selvents may nol b compatible with Usc
plasibe componeats of the Poor-Theo Cel amd
erewie the poieniial for equipmes) demage and
chamical axposure for the amaly=d,

ADWERTENCIA
Mo utilice la Cdula de Flujo Casdiapn para
raehas que reguieran el wse deo solvenlas
orgdnbous liles cunis e, chaafmmn,
tirclorstann o cicdobiexanona. Ex pasible gue eslos
wlin e sean meompachles con las
companeniiis de materiol plastlos de ln Célulo de
Flwjo Canginm 3 rviste o riesgo de danos al
equiipo ¥ enicitn del siolista a ks sl i
opulimbeas,

I
]

AY IS0
Modir s & Plina de Varamendo em tesie que
exiprm o wsh d dissolvenios orginoos coms
b mp, Chirefurms. iricloenelann
viclhecinse. Faiste a pesillidade gue esies
dizsalvesies i dejam cempalivels com os
componentes de plistico da Pilha de Yacamonbo, o
e pode crimr a poesibilstdade de ssbrago @
caipampenco & exposicdn quiimica para o analisia,

ATTENTHY
e pas ofiliser b swen docivosd slice dans ks
techinbpees o amplrees qui wdilisend dis sldvasic
nramnigas el que le Woluene, le chlorfsrme,
trichlorodithane #u lu cvchohoxaneme, Los srhants
organlepies peuvent me pas #ire eampatihles aver
lis i essai it i o lisLigies e ls ceve
circulation el endommager |'éguipemest on
Creaid Ui Fisque cimbgue pour I'ogéraceur,

WARNHINWELS
¢ " Pt Thru-fele” darf nichi in Tesks
serwennlel werden, die soganische Lissngemictel
wit Tolwad, Chloeoform, Telchloroeihan ader
Cselohewasa g for dirm., Dic Maglichkel bistehn,
dall dicse Lécumnpgzmittd sichl mit den
E urectn®Wk sempronemben der = Pour- Thre-Telle™
kompaiibel simd und sumil CGergtesciosben
serursachen and eine Chemikaliengefahr fur den
Underses hengschemaker darsiellen konnen

£,2 Replacement Imstructions

2,11 Bagtery Heplecement

Toe haitary power somce mus! be replaced or
r=charged whenever a LOW BATTERY mussagr
sppears in the display. I alkaline Desize dry cell
Filteries are being asad, 1l s should be replaced,
arul iFa recBaigeable Baticry i3 insallod, reobarge as
e ) presdble. Refer ra Secniesr 2 0 for hatiery
ingallaron [nsmucadre T D-cell replacemenl.

23,2 Lamnp Heplacimenl
IF the kxmip fuils s most e regdaced aq ditirmased

by irformabion in Sechivn 0.0 4 procoed 45 Tellowe!

L. IMsoomnect poewer b dlie insirunent aml omgey
e cell holder: Place the mstrumend spaide
diswn on o padosd surfnce.
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Appendix D-1: Maintenance — Cleaning for Spectrophotometer, Sample Cells, and
Pour-Thru Sample Cell; Replacement Instructions: Battery
Replacement, and Lamp Replacement; Lamp Calibration Adjustment -
according to the DR/2000 Spectrophotometer Instrument Manual, pp.

43-44. (1996). (page 2 of 2)

Figure 24

¥, Remove the iwo scTews socuring the Bmp
compartmad cover and remivs the Cover Laee
Fipwre 24 Lamp Replocementy

¥ Berove the lenp retiner sores pind mezal slecvs
froom the Laenp channel. The shaeve §= opered al
the botoen end and, becaise of its snug fil,
probably will nised oo be locesenal with a hed
{needle-mose pliers recommenzkal} for e
e B lamp, Loosen the Peo penmimsl
screws Lo fres the lamp beads,

4 Place the pew lamp in the lanp channg with the
Trsmip igght &1 sowasd the: light sli in the lamp
charmel. Push the lamp o the beivom of te lama
chameed and [nstall and fismily tighicn the lamp
relnmer sorew mnd shkeeve inihe chenne| to secur:
the amp. The aleeve must be irstallal with the
heveled end down, The L muss be held
tightly i The: proper pasition, flush agsnst the
it e e, s the lighn s side of the lamo
chuamiel (Figure 24 Lo Replacomsenr]. Connea
the lamp beads of the mew lamp ssarbly al e
lamp terminsils {lesd oriemtation dises dolmasierk
iy mot vt 2hineqi

3, Destall the lamg compariment cover. Kelum

&,

the irsrument 1o che apright position and
TESIONE [HIWET.

Ferform dwe Lamp Calibretion Adasmmeni
procedure descritesd in Secpion 3.3

5.3 Lomp Colibration Adjustment
1, Sefect the Constant On mosde, Baeler e 34,0

Canganr e Momeniory Mods Sefecmon,
Fadect the percent Irassminanss mode by
pressing SHIFT, %T

Emplty the celdl eompanment and chose the
cover. Adjust the wivelength coraml o
approximately 830 nm. Press the ZERQ Ley.
The display shoas 1HLD %T.

Pliie the calibration filier azssembly inta the
samaple comparrmeni with the orenbation
prospection aligned with the notch m e
imsimament case. Close the cover.

Usmg the wavelergth conirod on the side of e
isarament, begin at S50 nm amd shody wljest
the wovelzngih dial counen:lockw s
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