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Japanese Experiences of Industrial Pollution

Itai-itai disease(1912): River water pollution from 
mining, heavy metals such as cadmium 

Minamata disease(1956): Water pollution from plant, 
food containing methylmercury compounds 

Niigata Minamata disease(1965): Water pollution from 
plant, methlymercury compounds 

Yokkaichi asthma(1961): Air pollution from 
petrochemical plants, sulfur dioxide



Water Pollution and its Control

Types of pollutant (1) 
Toxic compounds which result in the inhibition or 
destruction of biological activity in the water. Most of these 
materials originate from industrial discharges and would 
include heavy metals from metal finishing and plating 
operations, moth repellents from textile manufacture, 
herbicides and pesticides, etc. Some species of algae can 
release potent toxins and cases have been recorded where 
cattle have died after drinking water containing algal 
toxins. 

Anything which may affect the oxygen balance of the 
water

Water Pollution and its Control
Types of pollutant (2) 

Anything which may affect the oxygen balance of the 
water, including 

substances which consume oxygen 
substances which hinder oxygen transfer across the air-
water interface 
thermal pollution, which can upset the oxygen balance 
because the saturation DO concentration reduces with 
increasing temperature. 

Inert suspended or dissolved solids in high concentrations 
can cause problems, e.g. china-clay washings can blanket 
the bed of a stream preventing the growth of fish food and 
removing fish from the vicinity as effectively as a direct 
poison. The discharge of saline mine drainage water may 
render a river unsuitable for water-supply purposes.



The mass balance concept in river pollution
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DO sag curve

If the stream is originally saturated with DO the BOD 
uptake curve for the mixture of effluent and stream water 
gives the cumulative deoxygenation of the stream. As soon 
as BOD begins to be exerted the DO falls below saturation 
and reaeration stars. With increasing saturation deficit the 
rate of reaeration increases until a critical point is reached 
where the rates of deoxygenation and reaeration are equal. 
At the critical point, minimum DO is reached and as further 
time passes the DO will increase



DO sag curve

Factors which may influence the DO sag

The contribution of bottom muds to oxygen demand 
BOD addition in surface runoff 
removal of DO by diffusion into bottom mud to satisfy 
oxygen demand 
BOD addition by diffusion of soluble organics from bottom 
deposits 
removal of DO by purging action of gases released from 
bottom deposits 
addition of DO by photosynthetic activities of plants 
removal of DO by plants during night 
continuous redistribution of DO and BOD by longitudinal 
disperison



Some compounds toxic to fish
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Water quality classifications

©T. H. Y. TEBBUTT, Principles of Water Quality Control, Fifth Ed., Butterwoth Heinemann, 1998



Japanese effluent standards

©T. H. Y. TEBBUTT, Principles of Water Quality Control, Fifth Ed., Butterwoth Heinemann, 1998

US minimum national standards for secondary 
wastewater treatment

©T. H. Y. TEBBUTT, Principles of Water Quality Control, Fifth Ed., Butterwoth Heinemann, 1998



Wastewater

Wastewater is the flow of used water from community. 

On an individual basis, each individual contributes 
approximately 260 to 560+ liters of water per day to a 
community’s wastewater flow. 

Wastewater is actually 99.94% water by weight. The rest, 
that 0.06%, is material dissolved or suspended in the water.

Constituent Abbreviation Concentration(mg/L)
Biochemical oxygen demand BOD5 100 - 300

Chemical oxygen demand COD 250 - 1000
Total dissolved solids TDS 200 - 1000

Suspended solids SS 100-350
Total Kjeldahl nitrogen TKN 20 -80
Total phosphorus as P TP 5 -20

Wastewater Regulations in Japan

Ministry of the Environment, Government of Japan 
established and revised the national effluent standards on 
October 21, 2015. 

The national effluent standards are uniformly applied in 
Japan. This standards has two categories: the standards for 
protecting human health (28items) and the standards for 
protecting the living environment (15 items).



The standards for protecting human health
Chemical Permissible Limit Chemical Permissible Limit

Cadmium and its compounds 0.03mg Cd/L cis-1,2-Dichloro ethylene 0.4 mg/L

Cyanide compounds 1 mg CN/L 1,1,1-Trichloro ethane 3 mg/L

Organic phosphorus compounds 1 mg/L 1,1,2-Trichloro ethane 0.06 mg/L
Lead and its compounds 0.1 mg Pb/L 1,3 Dichloropropene 0.02 mg/L

Hexavalent Chromium 0.5 mg Cr(VI)/L Thiram 0.06 mg/L

Arsenic and its compounds 0.1 mg As/L Simazine 0.03 mg/L

Mercury and its compounds 0.005 mg Hg/L Thiobencarb 0.2 mg/L

Alkyl mercury compounds Not detectable Benzene 0.1 mg/L

PCBs 0.003 mg/L Selenium and its compounds 0.1 mg Se/L

Trichloroethylene 0.1 mg/L Boron and its compounds 10 mg B/L

Tetrachloroethylene 0.1 mg/L Boron and its compounds(Coastal) 230 mg F/L

Dichloromethane 0.2 mg/L Fluorine and its compounds 8 mg F/L

Carbon Tetrachloride 0.02 mg/L Fluorine and its compounds(Coastal) 15 mg F/L

1,2-Dichloro ethane 0.04mg/L Ammonia, Ammonium compounds,  
Nitrate and Nitrite compounds 100 mg/L

1,1-Dichloro ethylene 1 mg/L 1,4-Dioxane 0.5 mg/L

The standards for protecting living environment
Items Permissible Limit Items Permissible Limit

Potential Hydrogen (pH) 5.8 - 8.6 Copper 3 mg/L

Potential Hydrogen (pH) (Coastal) 5.0 - 9.0 Zinc 2 mg/L

Biochemical Oxygen Demand (BOD) 160mg/L 
Daily Ave.120mg/L

Dissolved iron 10 mg/L

Chemical Oxygen Demand (COD)
160 mg/L 

Daily Ave.120mg/L Dissolved manganese 10 mg/L

Suspended solids (SS) 200 mg/L 
Daily Ave.150mg/L Chromium 2 mg/L

N-hexane Extracts (mineral oil) 5 mg/L Coliform groups Daily Ave. 3000/
cm3

N-hexane Extracts (animal and 
vegetable fats) 30 mg/L Nitrogen 120 mg/L 

Daily Ave.60mg/L

Phenols 5 mg/L Phosphorus 16 mg/L 
Daily Ave.8mg/L



Wastewater treatment

Wastewater management is increasingly important as our 
water resources are stretched further and further as 
populations increase. 

Wastewater treatment process for treatment and for 
wastewater reclamation and reuse. 

1. Wastewater 
2. Pretreatment, 
3. Primary Sedimentation 
4. Biological  Treatment 
5. Secondary Sedimentation 
6. Tertiary Treatment 
7. Disinfection 
8. Discharge Effluent

Primary, secondary, advanced treatment

©F. R. Spellman & N. E. Whiting, Water Pollution Control Technology, Government Institutes, 1999



Pretreatment (1)

The initial stage in the treatment process (following 
collection and influent pumping) is primary treatment, 
which begins with preliminary treatment. 

Raw influent entering the treatment plant may contain 
many kinds of floating materials and settleable solids. 

The purpose of preliminary treatment is to protect plant 
equipment by removing these materials, which could 
cause clogs, jams or excessive wear to plant machinery. 

Pretreatment: Screening, Shredding, Grit Removal, Flow 
Measurement, Pre-aeration, Chemical Addition, Flow 
Equalization

Pretreatment (2)

Screening 
The purpose of screening in wastewater treatment is to 
remove large solids (such as rags, cans, rocks, branches, 
leaves, and roots) from the flow before the flow moves on 
to downstream processes. 

Shredding 
As an alternative to screening, shredding can be used to 
reduce solids to a size that can enter the plant. 

Grit Removal 
In cities with combined sewer systems, sand and silt may 
be carried in the sewage. The purpose of grit removal is to 
remove the heavy inorganic solids, which could cause 
excessive mechanical wear.



Pretreatment (3)

Flow Measurement 
Flow measurement is used throughout the treatment 
process to ensure the efficient operation of the treatment 
facility and to provide information (hydraulic and organic 
loading) 

Pre-aeration 
Wastewater is aerated to achieve and maintain an aerobic 
state (freshening septic wastes), strip off hydrogen sulfide 
(reducing odors and corrosion), and agitate solids to 
release trapped gases (improving solids separation and 
settling).

Pretreatment (4)

Chemical Addition 
Chemical addition is made to the wastestream to reduce 
odors, neutralize acids or bases, reduce corrosion, reduce 
BOD5, improve solids and grease removal, reduce loading 
on the plant, and to aid subsequent processes. 
Actual chemical use depends on the desired result. 

Flow Equalization 
The purpose of flow equalization is to reduce or remove 
the wide swings in flow rates normally associated with 
wastewater treatment plant loadings.



Primary Sedimentation

The purpose of primary sedimentation is to concentrate 
and remove settleable organic and floatable solids from 
wastewater. 

Septic Tanks: are prefabricated tanks serve as 
combined settling and skimming tanks, and as 
unheated-unmixed anaerobic digesters. 

Tow-Story (Imhoff) Tank: is similar to a septic tank in 
the removal of settleable solids and the anaerobic 
digestion of solids. 

Plain Settling Tanks: Sludge is removed from the tank 
for processing in other downstream treatment units.

Biological Treatment (1)

Primary treatment unit processes remove only those 
pollutants that will either float or settle out by gravity. 
Thus, about 50% of the raw pollutant load still remains in 
the primary effluent. 
The main purpose of biological treatment is to provide 
BOD removal beyond what is achievable by primary 
treatment 

Secondary treatment 
Secondary treatment refers to those treatment processes 
that use biological processes to convert dissolved, 
suspended and colloidal organic wastes to more stable 
solids, which can either be removed by settling or 
discharged to the environment without causing harm.



Biological Treatment (2)

Trickling Filters 
In most wastewater treatment systems, the trickling filter 
follows primary treatment and includes a secondary 
settling tank or clarifier. Trickling filters are widely used for 
the treatment of domestic and industrial wastes. 

The trickling filter biological treatment process is a fixed 
film biological treatment method designed to remove 
BOD5 and suspended solids. It involves contact between 
wastewater that contains organic contaminants, and a 
population of microorganisms which are fixed or attached 
to the surface of filter media.

Trickling Filter

©F. R. Spellman & N. E. Whiting, Water Pollution Control Technology, Government Institutes, 1999



Biological Treatment (3)

Rotating Biological Contactors 
THe rotating biological contactor is a biological treatment 
system, a variation of the attached-growth idea provided 
by the trickling filter.

©F. R. Spellman & N. E. Whiting, Water Pollution Control Technology, Government Institutes, 1999

Biological Treatment (4)

Treatment Ponds/Lagoons 
Ponds based on location and types of wastes received 
Raw Sewage Stabilization Pond 

Most common type of pond. Generally, raw sewage stabilization 
ponds are designed to provide a minimum of 45 days detention 
time. 

Oxidation Pond 
An oxidation pond is normally designed using the same criteria 
as the stabilization pond. This type of pond provides biological 
treatment, additional settling, and some reduction in the 
number of fecal coliform present 

Polishing Pond 
Polishing ponds remove additional BOD5, solids and fecal 
coliform, and some nutrients. They are designed to provide 1 to 
3 days detention time.



Biological Treatment (5)
Treatment Ponds/Lagoons 

Ponds based on the type of processes occurring within 
Aerobic Ponds 

In aerobic ponds oxygen is present throughout the pond. All 
biological activity is aerobic decomposition. 

Anaerobic Ponds 
Anaerobic ponds are normally used to treat high-strength 
industrial wastes. No oxygen is present in the pond and all 
biological activity is anaerobic decomposition. 

Facultative Pond 
is the most common pond type. Oxygen is present in the upper 
portions of the pond and aerobic processes are occurring. No 
oxygen is present in the lower levels of the pond where 
occurring processes are anoxic and anaerobic. 

Aerated Pond 
oxygen is provided through the use of mechanical or diffused 
air systems.

Biological Treatment (6)

Activated Sludge 
The activated sludge process is currently the most widely 
used biological treatment process, in the part because 
recirculation of the biomass (an integral part of the 
process) allows microorganisms to adapt to changes in 
wastewater composition by relatively short acclimation 
processes. 

The activated sludge process is designed to remove BOD5 
and suspended matter through aerobic decomposition. 
Nitrogen and phosphorous may also be removed if process 
controls are properly adjusted.



Activated Sludge Process

©F. R. Spellman & N. E. Whiting, Water Pollution Control Technology, Government Institutes, 1999

Secondary Sedimentation

Secondary sedimentation is an important part of the 
overall treatment process. 

Its importance can be illustrated in relation to the function 
it performs with and after the activated-sludge process. 

How do we go about determining the solids concentration 
with in a secondary sedimentation tank? 

In the first place, solids concentration can be assumed to be equal 
to the solids concentration in the aeration tank effluent. 
Additionally, solids concentrations can be determined in the 
laboratory using a core sample taken from the secondary clarifier. 
The secondary clarifier solids concentration can be calculated as an 
average of the secondary effluent suspended solids and the return 
activated sludge suspended solids concentration.



Final Sedimentation Tank Observations: Sludge Problems

Sludge bulking 
A bulking sludge is one that has poor settling 
characteristics and poor compactability. 

Sludge solids washout 

Clumping 

Ashing 
Straggler floc 

Pin floc

Tertiary Treatment

Advanced wastewater treatment refers to the addition of 
unit processes that remove more contaminants from 
wastewater than can usually be achieved by standard, 
conventional water pollution control technologies. 
Tertiary treatment suggests an additional step applied 
only after conventional primary and secondary wastewater 
processing. The simplest tertiary treatment is the addition 
of a special filtration unit process followed by chlorination 
with an extended contact time for removal of pathogens. 
Advanced treatment actually means any process or 
system that is used after conventional treatment, or to 
modify or replace one or more steps to remove refractory 
contaminants.



Water or Wastewater Reuse
Beneficial uses: the many ways water can be used, either directly by 
people or for their overall benefit. 
Direct potable reuse: the piped connection of water recovered from 
wastewater to a potable water supply distribution system or a water 
treatment plant. 
Direct reuse: the use of reclaimed wastewater that has been 
transported from a wastewater reclamation point to the water reuse 
site. 
Indirect potable reuse: the potable reuse by incorporation of 
reclaimed wastewater into a raw water supply. 
Indirect reuse: the use of wastewater reclaimed indirectly by passing 
it through a natural body of water or use of groundwater that has 
been recharged with reclaimed wastewater. 
Planned reuse: the deliberate direct or indirect use of reclaimed 
wastewater without relinquishing control over the water during its 
delivery.

Definitions

Potable water reuse 
a direct or indirect augmentation of drinking water with 
reclaimed wastewater that is normally highly treated to protect 
public health. 

Reclaimed wastewater 
wastewater that, as a result of wastewater reclamation, is 
suitable for a direct beneficial use or a controlled use 

Wastewater reclamation 
the treatment or processing of wastewater to make it reusable 

Wastewater reuse 
the use of treated wastewater for beneficial use such as 
industrial cooling



Wastewater Disinfection (1)

Chlorine Disinfection 
Chlorine is a very reactive substance with the potential to 
react with many different chemicals. 

The process is controlled by monitoring the total residual 
chlorine. For most domestic wastes, disinfection required 
a total residual chlorine concentration of > 0.1 mg/L for at 
least 30 minutes at design flow. 

Chlorine disinfection has several advantages: cost, 
dependability, and predictable performance. 

Chlorine disinfection also has disadvantages: 
environmental impact, potential possible health hazards 
from chlorine by-products, and potential inplant hazards.

Wastewater Disinfection (2)

Dechlorination 
Excessive chlorination of wastewater can have an adverse 
environmental impact. 

High chlorine concentrations in the vicinity of wastewater 
treatment plant outfall pipes can kill fish and other aquatic 
life. Thus, in some cases, dechlorinating the effluent is 
necessary, to protect aquatic life and to comply with 
various regulations. 

The dechlorination process uses chemicals (sulfur dioxide, 
sodium sulfite, sodium metabisulfite) which react quickly 
with chlorine to convert it to a less harmful form.



Wastewater Disinfection (3)
Ultraviolet (UV) Irradiation 

Although ultraviolet disinfection was recognized as a method for 
achieving disinfection in the late nineteenth century, its application 
virtually disappeared with the evolution of chlorination 
technologies. 
In recent years, a resurgence in its use in the wastewater field has 
occurred, largely as a consequence of concern over toxic chlorine 
residual discharge. 
UV has gained more attention because of the tough new 
regulations on chlorine use imposed by USEPA. 
Ultraviolet light has excellent germicidal qualities, is very effective 
in destroying microorganisms, and it used in hospitals, biological 
testing facilities. 
In wastewater treatment, the plant effluent is exposed to ultraviolet 
light of a specified wavelength and intensity for a specified contact 
period.

Wastewater Disinfection (4)

Ozonation 
Ozone is a strong oxidizing gas that reacts with most 
organic and many inorganic molecules. 

For high-quality effluents, ozone is a very effective 
disinfectant. 

For ozonation of wastewater, the facility must have the 
capability to generate pure oxygen, as well as an ozone 
generator. The process requires a contact tank with > 10 
minute contact time at design average daily flow, and off-
gas monitoring for process control.



Wastewater Disinfection (5)

Bromine Chloride 
Bromine chlorine is a mixture of  bromine and chlorine. It 
forms hydrocarbons and hydrochloric acid when mixed 
with water. Bromine chloride is an excellent disinfectant; it 
reacts quickly, and normally does not produce any long-
term residuals. 

The major difference if the production of bromamine 
compounds rather than chloramines. 

No Disinfection 
In a very limited number of cases, treated wastewater 
discharges without disinfection are permitted.

Conventional Sewage Treatment Plant

©T. H. Y. TEBBUTT, Principles of Water Quality Control, Fifth Ed., Butterwoth Heinemann, 1998



Combined sewer system and Separated sewer system

Combined sewer system 
Exclude sewage water and rainwater with the same pipe 
system 

Separated sewer system 
Exclude sewage water and rainwater utilizing different 
pipe systems 

Large cities, such as Tokyo, Osaka, Nagoya, are situated downstream of 
rivers. Since it has been an urgent issue to conduct flood prevention 
and improvements for living environments within the cities, the 
combined sewer system has been adopted. However, as the sewerage 
act was revised in 1970, the water preservation of the public water 
districts has earned a role in the sewer system. Therefore, the 
separated sewer system has been adopted since that time.

Combined sewer system and Separated sewer system



Combined sewer system

The construction is easier compared to the separated 
sewer system and it is possible to provide a solution for 
contamination and flooding to a certain level with a single 
pipe and drain. 
Possible to correspond to non-point measures in the case 
of a small amount of rainfall. 
When the amount of influent water goes over a certain 
scale factor on a sunny day, it is structured that the excess 
influent water (sewage water + rainwater) will be directly 
discharged into a public water district 
The collected pollutant during fine weather will be 
extended out at the first period of rainfall and will be 
cleaned and discharged into public water districts.

Separated sewer system

Since the sewage water will not be discharged into a public 
water district during rain, it is an advantage in terms of 
preventing water contamination. 

It is economically beneficial in case an existing rainwater 
exclusion facility is used. 

However, it will be a disadvantage when such a facility is 
newly constructed.


