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Preface

In response to a request from the Government of the Republic of
Korea, the Government of Japan decided to coduct a study on
The Industrial Waste Water Treatment and Recycling Project and
entrusted the study to the Japan International Cooperation Agency
{J1cay.

JICA sent to Korea a study team headed by Mr.Totaro Goto, Water
Re-Use Promotion Center, four times between March 1990 and May 1993.

The team held discussions with the officials concerned of the
Government of Korea, and conducted field surveys at the study area.
After the team returned to Japan, further studies were made and the

present report was prepared.

I hope that this report will contribute to the promotion of the
project and to the enhancement ¢of friendly relations between our two
countries.

I wish to express my sincere appreciation teo the officials
concerned of the Government of Korea for their close cooperation

extended to the team,

August, 1993

Earmsnkie Ufimegiya

Kensuke Yanagiva

President

Japan International Cooperation Agency
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L. Introduction






I. Introduction

1. Background
1.1 Background

At the outset of its first five-year plan iIn 1982, the
Republic of Korea shifted its economic policy from import to
export and has since registered remarkable economic growth.

However, this rapid economic development was accompanied by
undesirable consequences such as environmental pollution and the
destruction of nature, to the extent that environmental destruc-
tion due to industrial wastewater has now emerged as a serious
social problem in some parts of the country.

In addition, it is predicted that shortages of water re-
gources and land subsidence are likely to occur as a direct
result of this rapid economic dévelopment.

Under these circumstances, the Korean Government made a
request to Japan to carry out an investigation concerning indus-
trial wastewater treatment and reclamation, and this forms the
background to this Study.

In response, JICA dispatched its first study team to Korea
in December 1990 to discuss the matter with the Korean counter-
parts. Consequently agreement was reached on the content of the
Study, and the scope of the work was prepared.

On this basis, JICA formed another study team in March 1991
and conducted first step fleld stage, which identified some
circumstantial difficulties for the investigation of the dyeing
industrial estate 1in Taegu, previously agreed to he as a desig-
nated site.

In August 1991, the Korean countefparts communicated their
desire to change the study site to Banwol Dyeing Industrial
Estate so as to readjust to this new development. JICA agreed,
after dispatching its second study team to Ansam City in December
1991 to gain first-hand information on the proposed industrial
estate.



1.2 Study Site and Objectives.

1.2.1 Study Site

The Study is conducted covering the follbwing industrial
estates and industries:

(1) Industrial Estates

1) A small-scale plating industrial estate in Inchon

2} A dyeing industrial estate within the Banwol industrial es-
tate

{2) Industries

1) Electro-plating
2) Dyeing

1.2.2 ObJectives of the TInvestigation

Based on the matters agreed on hetween the two countries,
the objectives of the Study were set as follows:

1} To investigate the present‘state of the wastewater treatment
facilities at the two industrial estates to be covered by the
study, point out any identified problems, and- put forward
solution options to Improve the situation.

2) To determine optimum wastewater treatment and reclamation
systems for model electro-plating and dyeing industrial es-
‘tates in Korea, by regarding the above industrial estates as
such, so that the results of the Study, conducted as a mere
case study, can be generalized to all industrial estates in
these respective industries.

3) To prepare guldelines for wastewater treatment and recliamation
in the two industries based on the study results.

In the course of the Study, relevant technologies were to be
transferred to the counterparts.



1.3. Content of the Study
1.3.1 Principies of the Study

(1} Reduction of wastewater loading _

(2) Investigation of the present state of water balance at
factories

(3) Selection of wastewater treatment processes

(4) Introductibn to Japanese wastewater treatment and reclama-
mation system

(5) Survey of individual factories at each industrial estate

(6) Preparation of guidelines for wastewater treatment and re-
clamation ‘

{7) Technology transfer

1.3.2. Preparation for the Study

To carry out the Study, a team of experts was formed as
shown in Table 1.3.1. KIST members also taking part are shown in
Table 1.3.2.

1.4 Implementation of the Study

The work was executed in éccordance with the flowchart shown
in Figure 1.4.1., while the schedule of work done is shown in
Figure 1.4.2.



Table 1.3.1  Study Team Members and Their Assignments (1/2)

Nanme Function

Assignment

Totaro GOTO Team Leader
' Overall Management

Overall management and Coordination
Home office Work: .
Itens described above
Field work: _
Negotiation with counterparts
Control of study team

Shigeru HASEBA Sub-Leader
¥ater Treatment
Technology

Water treatment technology

Home office work: :
Summarization of field study resultis

Field work: '
Collection of ‘information and data,and
summarization of field study items

Naoto HASHIMOTO Plant Designing

Study on waste water treatment and
recycling facilities
Home office work:
Items described above
Field work:
Items described above

Yoshihiro TANAKA Water Analysis

Inorganic water Analysis
- 8tudy on waste water treatment facili-
ties of electro plating process plant
designing
Home office work: _
Items described above
Fieid work:
Inorganic water analysis :
Study and analysis of waste water
treatment of electro plating process

Tetsuya HIRAMATU Study on related

Summarization of Japanese waste water

Technologles treatment technologies
{Home office work only)

Yosihiko KUBO Study on related Summarization of Japanese waste water
Technologies treatment technologies

(Home office work only)




Table 1.3.1 Continued

(2/2)

Name

Function

Assignment

Sueo NAGASAWA

Water Analysis

Organic water analysis
Study on waste water treatment - facili-
ties of dyeing process
Home office work:
Itens described above
Field work: .
Organic water analysis
Study and analysis of waste water
treatment of dyeing process

Manabu FUJIKAWA

Socio-Econonic
and Financial
Analysis

Compilation of socio-economic and
financlal analysis of waste water
treatment systems
Home office work:
Socio-econonic and financial
analysls based of fleld study results
Field work:
Study on items required for
economic and financial analysis

socio-

Tetsuo FUJIOKA

Study on related
Technologies

Summarization of Japanese waste water
treatment technologies '
{(Home office work only)

Tatsuji OKADA

Water treatment
Technologies

Study and plant designing of waste water
treatment and recycling facilities of
dyeing process
Home office work:
Items described above
Field work:
Study and analysis of waste water
treatment of dyeing process




Table 1.3.2 List of KIST Staff

Name ' Title Division

Yon-Hoon Park,Ph.D. Birector Division of Environment &

Welfare Technology

Kil-Choo Moon.Ph.D. Director Environment Research Center
Eyu-Hong Ahn, Ph.D. Professor Enviruhment Research Center
Daewon Pak, Ph.D. Environment Research Center
Kyung-Guen Song ' Environmént Research Center




Japan International
Cooperation Agency
{JACA)

Submission
Submission of Final Report

Commigssion
>

'Study Team

Preparatory 0ffice Work

Assistance

T RREEEEEREEE ™  Counterparts (&
Ist Step Field Work  fC----—--* | '

v
1st Step Office Work

D @

Factory, etc.
to be surveyed

r :
2nd Step Field Work O E A

L Questionnaires
Znd Step Office Work
: . Assistance |
3rd Step Field ¥York
. _ (D Distribution of Questiomnaires
3rd Step Office Work '
l @ Collection of Questionnaires
Pregsentation of +§ Discussion
Draft Final Report Comments

Presentation of
Final Report

Fig. 1.4.1 Flowchart for the Study
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2. Outline OF Study Areas
2.1, Overview of Korea

(1) General

Korea is a peninsula located in Northeast Asia. The land
area of southern part of Korea 1s 9,927,400 ha. Only 21% of the
1and area is cultivable land and the remaining 66 % is mountain-
ous. The poputation of Korea at the end of 1980 was 43.5 mil-
lion. Therefore, its population density is one of the highest in
the world with 438.4 person per km2. For almost three decades,
Korea has been experiencing rapid economic growth with an average
annual GNP growth rate of more than 8 %. This was due to the
government-led export driven economic development policy. In
1990, Korea's ONP per capita exceed US $5,000, making Korca's
total GNP the 15th largest in the world. Because of Korea's de-
pendency on foreign trade, it ranks as the 13th largest in terms
of wvolume of exports and imports. Furthermore, Korea has been
successful in developing heavy and chemical industries such as
automoblle, steel, shipbuilding and petrochemical as well as
light industries such as textiles and clothing.

Besides this unprecedented rapid industrialization, Korea
has also experienced rapid urbanization during the past quarter
of century. As of 1880, more than 25% of Koreca's whole popula-
tion live within the city 1imit of Seoul. However, if the popu-
lation living in the Seoul region is included, it is fair to say
that more than 40% of the whole population of Korea live in the
metropolitan area of Seoul. In addition to Seoul, Pusan, Taegu,
and Taegedn have also shown significant increase in population
during the past two decades.

Korea's environmental problems are 1argeiy due to rapid
industrialization and urbanization during the pasi twenty-five
years. In late 1977, the Tirst major environmental statue, the
Environmental Preservation Act was enacted, and in 1980, the
Environmental Administration was established. As the nation's
economy grew masslvely during the 1980's and as peoples awareness
of environmental protection grew, it became obvious that Korea's
environmental laws and institutions needed a major reform. The
results was the enactment of series of environmental statutes iIn
1990 and 1991, and the cstablishment of Ministry of Environment



replacing the Environmental Administration in 1990.

The Korean government has applied a mumber of principles and
mechanisms to protect the environment and to realize sustainable
development., Environmental impact assessment and various mecha-
nism based on the principle of "Polluters Pay Principle" are the
major policy tools of the government to bring about sustainable
development. The future of Korea's environment will largely
depend on-people's awareness and participation and the govern-
ment's response strategies.

{(2) Natural Cenditions

1) Climate

Korea has a typical temperate climate which is influenced by
the Pacific Ocean in summer and by the Asian Continent in winter.
Theréfore, the climate is typified by monsoonal summers with a
rainy season and by continental winters of freezing weather.
Annual precipitation ranges from 500 to 1,500 millimeters and
annual mean temperature from 5 C to 14 €. Due to its topographic
complexitles, Korea exhibits a diverse distribution of climatic
conditions, resulting in a variety of forest communities (or
ecosystem) .
2) Soil

About 86% of strata in Korea was molded in the Cenozoic Era,
and granite and gneiss occupy more than 70% of all mother-rock.
Due to a changeable continental climate and summer time torren-
tial rain showers, the soil is susceptible to the weathering
process and erosion. The majority of the forest soil is acidic
sandy loam. '
3) Water

(a) Overview

Korea is one of the few countries in the world which is en-
dowed with ample clean fresh water. However, along with rapid
industrialization and urbanization in the 1960's and 1970's, many
rivers and streams became polluted. Korea has four major river
basins: the Han, Nagdong, Geum and Yeongsan. Each of these re-
ceives a significant wastewater input which, in turn, delivers
substantial pollutaht loads into the coastalwaters where they
emnpty .

1—10



(b) Water Resources

The total volume of annual mean water resources due to pre-
cipitation is . 114,000 million mS. 58% of this total 1s the sur-
face run off and 42 % is lost in the form of evaporation and
Iinfiltration. In 1989, out of 114,000 million m3, stream water
is 17,500 million m® or 15% of the total water resources. Dam
water is 8,500million m® or 7 % of the total resources. This
indicates that only 23% of the total water resources are present-
1y utilized. Such a low rate of use can be explained by the fact
that two-thirds of precipitation is concentrated in. the period
from June to September, the summer season, and hence most of it
is lost as flood water.

On the other hand, underground water resources are estimated
to be 1,324,000 million m3, out of which 117,000 million m3 are

3 of uhderground

3)

usable. Currently, only about 1,600 miillion m
water are utilized. If underground water use {1,600 millicon m
is added to surface water use (26,000 million ms); the total
volume of water resources use becomes 27,000 miilion m3. An
investigation of the use of water resources shows that domestic
water uses 5,100 million mS industrial and agricultural water
use 2,600 million m3 and 12,800 million mo respectively. Other

amount to 7,100 million m3.

2.2, Inchon Area
2.2.1. Natural Conditions

(1) Climate . |

The Inchon Area 1is located at the middle west of the Korea
Peninsula and its climate is influenced by both the Pacific QOcean
and the Asian Continent ; warm with high humidity in summer and
cold with dry air in winter. The temperature difference bhetween
summer and winter are considerably large.

1) Temperatures
Annual average : 11.4 C
Monthly average in August . 24.8°C
Monthly average in January : -6.7 C
Highest in summer : 34.9°C omn July 13, 1981
Lowest in winter : -18.4"C on January 5, 1988

1—11



2) Precipitation
Annudi.average : 1,088.1 mm
_ a little less than 1,362.0 mm of the Korean average
- Precipitation between July and September : 640.3 mm (59%)
Precipitation In winter : only 57.9 mm (5.3%)
Highest precipitation in a day : 302.5 mm on July 27, 1987
Relative humidity
Annual average : 70%
Rainy season in July : 82%
Dry season in January and February : 63%
4} Wind direction
Predominant In spring : South
summer : SSE
Aautumn : WNW
winter : NW

e

b)Y Wind velocity
Annual average : 3.2 m/s

Maximum moment velocity : 32.0 m/s of SW on August 30, 1987
The outline of climate in the Inchon Area is shown 1n Table
2.1.

(2) Geological and geographical features

1) Geological features

The geological map shows that gneiss with some granite and
schist is predominant at the west of Inchon where we concern.
Alluvia of sedimentary rocks, aclid and basic dike rocks, ete,
constitute the reclamation area on the west coast. There are
layers of silt, clay, sand or gravel bed on the sea bhottom.

Z) Geographic features '

The city of Inchon is located on the west coast of the Korea
Peninsula. She is not only the marine gate to Scoul, but also
plays a central role of trade port for the west coast. On the
south-west of Inchon, a hilly country of peninsula type exists
with a small mountain range of Mt. Kaeyang (elevation of 396 m),
Mt. Choulma (elevation of 202 m), MT. Naksa, Mt. Couma, which
divides Bupoung from Inchon. In table 2.2, the elevation and
inclination analyses of the Inchon planning area are shown. As
seen in the table, there are considerable lands to be developad

1-12
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with less than 15 % inclination and 70 m elevation. The coastal
area is gently sloping and shallowed, which means that bullding
of an artificial port is easy.

2.2.2., Social Conditions

(1) Population .

The average annual increase rate of poputation during 1979
and 1988 is 5.7%, exceeding that of Seoul, 2.4% in’ the same
period. The flgure is 2.9 times of ithe natlonal-wide increase
rate, 2.0%. As of 1988, the ratio of men to women is 50.3:49.7,
men being a little more than women. While the average number per
family was 4.85 in 1979, it is 3.93 in 1988, which shows a clear
current of core-family. The changes of population is given 1in
Table 2.3, _

The population, its composition, density and Tamily for each
region Iin 1988 are shown in Table 2.4.

The recent population movement of Inchon is demonstrated in
Table 2.5.. In the table, the moving-in is more than the moving
-out in 1984-1988; this is due to the geographical conditions of
a coastal industrial zone 1in the vicinity of the metropolitan
arca and due to buildings of residence and industrial estates in
accordance with a rapid development of industries.

(2) Land usage
As of 1988, land usage of Inchon is as follows: 25.7% for

forest and field, 17.1% for residence and 14.1% for rice pad,
respectively {see Table 2.8). These percentages are rather high.
While there are recent trends that the land uses for schools,
road, industries and residence increased by 5.8%, 6.2%, 3.0% and
3.2% respectively, in the past 6 years, those for fiéld, rice pad
and forest are decreasing continuousiy. The planned land usage
of Inchon is given in Table 2.7. The fact that 33.9% of all the
land including sea areas and salt fields, were appointed to a
non-assigned 1and, shows an intention to cope with the land
shortage in further.

2.2.3. Economic Conditions

{1) Commerce
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In 1988, there are 96 market places in total at Inchon.
However, since Inchon is invelved in the Seoul 1life circum-
stances, the distribution economy is absorbed in the metropoliltan
arca.

{2) Industrial structure

The industrial structure of Inchon is shown in Table 2.8,
The economically active population is 550,757; employees are
530,836, and the unemployment rate 1s 3.1% In 1989. The primary,
secondary and tertiary 1industries occupy 3.3%, 43.8% and 52.9%,
respectively, on employment base; the weight of tertlary industry
is high compared with other cities.

Inchon has a typical industrial structure, but not enough
functions of finance, information, communication and export
services that are required for central management performance of
a big city. On the other hand, the structure is consumer-inten-
sive with restaurants, hotels, bath business etc.

(3) Industries

The distributions of factory are given in Table 2.9. As
seen in the table, most of the factories are of small size, and
only 111 factories belong to large enterprises.

Tablie 2.10 shows the existing industrial estates at Inchon.
In addition to these, Nandong Industrial Estate is under con-
struction,

2.2.4. Water Supply and Usage

{1} Water supply

The water supply source of the Inchon area is Paltang Dam in
connection with the metropolitan large water supply system.
Water is transported from Paltang Dam and Kajerng Pumping Station
with 1,200-1,800 mm diameter pipes.

The outline of the Inchon water supply system is shown in
Table 2.11. Ass seen in the table, the water supply rate of
Inchon is 95.8% whlich is higher than that of the national average
rate, 85.1%. The water supply per day per capita is 370L which
is also higher than that of the nmatlional average rate, 325PIL..

(2} Industrial Water

1 -2t
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There 1is no industrial water supply system at present.
However, there are many industries, and the consumptlion of indus-
trial water is estimated at 84 million ms/year.

(3) water Quality

1) River water
There are 7 sub-registered rivers that are regulated by a

law. They all flow to the Inchon sea area. All of the waste
water from the town and rain fall are discharged to the rivers
which play a role of drain channels. Thils arises not only pollu-
tion of the rivers but also deterioration of the coastal sea
arca. Table 2.12 shows the chemical analysis data of the Hak-ik
district, near the Dyeing Industrial Estate.

2)Underground water _

Most of drinking water 1Is provided by the water supply sys-
tem, but underground water is still used for drinking to some ex-
tent. Water samples of the Hak-ik district were analyzed and the
.results are given in Table 2.13. It was found that the sample is
potable chemically and physically, but not biologically.

2.2.5, Waste Water Treatment

The installation rate of sewage pipeline is 79.0% that is
higher than that of the national average, 51.0%. The waste
water system is divided into 7 districts dependent on geographi-
cal conditions. All the sewage from the districts flows to Han
River and Inchon Bay. Therefore, constructions of sewage treat-
ment plant are urgently needed in order to reduce the sewage
poliution. The city has planned 6 plants. Among them, Kajwa
sewerage 1s completed. Table 2.14 shows the plan of sewerage
construction.

2.3 Ansan Area
2.3.1. Natural Conditions

(1) Climate

1--25
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The Ansan Area is located at the middle west coast of Korea
Peninsula and the climate 1s similar with that of Inchon.

1) Temperatures
Annual average : 11.5°C
Monthly average in August : 28.3 C
Monthly average in January : -3.2°C
Highest in summer : 35.2°C
Lowest in winter : -18.4" C (January, 1988)
2) Precipitation
Annual average : 1,071.5 mm
less by 239.3 mm than the Korean average
Precipitation between June and September : 712.6 mm (87%)
Highest precipitation in a day : 302.5 mm on July 27, 1987
Highest precipitation in a year : 1,819.0 mm in 1987
3) Relative humidity
Annual average : T0%
Rainy season in July : 83%
Dry season in January and February : 63%
4) Wind direction
Predominant in spring : South
summer : SSE
autumn : WNW
winter : NW
5) Wind velocity
Annual average : 3.5 m/sec
Maximum moment velocity : 25.7 m/sec on October 25, 1980

The outline of climate in Ansan Area is shown Iin Table 2.
15.

{2) Geological and geographical features

1) Geological features

_ In the mountainous region in the north, fine and medium
grained ground mass is characterized by components and structures
of biotite granite, Quartz and feldspar are predominant, bhut
plagioclase, biotite, sericite, chlorite etc. are found some-
times. The hilly region in the south east is malnly composed of
fine and medium grained granitic mass.

1 ~-29
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The Dyeing Industry Estate exist on a reclamation land,
which 1is composed of upper and lower sedimentary layers. The
upper layers 1is a clay stratum mixed with silt whose thickness 1s
'3.9-9.5 m (mean:7.9 m). The lower 1s a gravel bed with some
silt. The bed rock appears in 5.5-22,0 m (mean:14.0 m) depth.
The N wvalue of the weathered granitic gneilss is more than more
than 50/15.

2) Geographical features

The area 1s a typical ria coast with hilly lands inside.
The mean elevation is 3-4 m, but 20-30 m in some part. Most of
the lands have incllnations less than 5% ; only 4% of the land is
larger than 5% and inclination. Table 2.18 and 2.17 show the
elevation and inclination analyses.

2.3.2. Social Conditions

(1) Population

As of 1989, the population of Ansan is 202,051 with 54,193
families (averége family of 3.7 persons). The population in-
creased by 22.9% 1in the past 9 years (1980~1989). This is due to
a social factor.

The population structure is characterized by a large portion
of twenties and thirties generations {(49.4%) ; Ansan is a newly
developing industrial city. The economically active population
is given in Table 2.18.

As seen in the table, the ratio of economically active popu-
lation to the total is 45% which is higher than that of the
national average, 36.3%. The employees of secondary industry
occupy 54.2% of the total, the highest among industries, which
means that Ansan is an industrial city.

(2) Land usage

As ol 1989, the total area of Ansan, 74.85_Km2 is classified
into cultivated fields of .26%, forests and flelds of 29%, resi-
dence of 10% and others of 35%. On the other hand, use-regis-
tered lands consist of 55.2% for green area, 24.5% for residence,
17.5% for industries and 17.5% for commerce. (see Table 2.19 for
further details).

2.3.3. Economic Conditions
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(1) Agriéulture and Forestry

The total area of cultivated land that forms the base of
agriculture, 1s 1,214 ha in 1988. whose compositions are rice pad
of 1,033 ha (85.1%) and cultivated field of 181 ha (14.9%). Most
of forest area, 2,570 ha, consist of conifer (39.9%) and mixed
(42.0%) forest with some broad leaf forest (10.1%).

{2) Industries

As of 1988, the distributions of factory are given in Table
2.20. As seen in the table, mechanical industry has the largest
shares in both factory and employee numbers.

2.3.4. Water Supply and Usage

(1) Water supply system

About 98% of the total population was provided with water by
the water supply system of Ansan in 1988, whose capacity was
150,000m3/day. In 1990, the capacity was expanded to 250,000
m3/day. Considerable amount of water processed in the plants,
leaks through water transportation, and therefore, there is a big
‘difference between water supply and real consumption. Table 2.21
shows the outlline of water supply system in the recent years.

(2) Water quality

In order to comprehend the water quality of rivers at Ansan
and its vieinity. 6 places were chosen to sample on January 14-
16 and February 6-8, 1991. The analytical results are shown in
Table 2.22.

1) According to the data, pH and DO range 7.3-7.9 and 4.3-7.7
mg/l, respectively. This means that the river water is Grade IV
of life environment.

2) Data of BOD and COD correspond to Grade V of river water
standard and organic pollution is serious.

3) CN, Cr6+, Cd, Hg, Pb and As were not found, but trace amount
of Zn and Cu were detectable in all the samples. 58 was 24-41
mg/l, and colon bacilli were 2.4%10-1. 1*103 MPN/100 ml.

Underground water_is used for domestic use. Samples from 3
selected points were analyzed according to the legal method. The
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results show that 6 chemical and physical items were less than
the standard limits but colon bacilli test was positive and more
than the standard Limits. Therefore, boiling or disinfection is
necessary for drinking of the underground water tested.

2.3.5. Forecast of Water Supply

Acéording to the four-stage water supply plan for the metro-
politan area which will finish in 1995, the ensured water amount
for Ansan is 330,000 ms/day. Among them, water of 270,000 ms/day
will be treated at the Banwol and Ansan water supply plants, and
then be provided Ansan, using 6 water distribution ponds.

Industrial water of 60,000 m3/day is undergone a first
treatment at Ansan water supply plant, and transported to the
Dyeing Industrial Estate through the other water pipe, using a
water distribution pond. The plan of domestic and industrial
water supply is shown in Table 2.23. But,on the recent plan,
capacity of the industrial water supply will be increased to
100,000m3/day, It's quantity increased is 40,000m3/day.

2.3.6. Waste Water Treatment

At present, all the sewage in Ansan is transported to Ansan
seWerage._ The process is a primary treatment and its capacity is
121,000m3/day. As of 1988, the installation rate of sewage pipe-
line is 99.1%. _

In the two-stage plan up to 1996, the capacity will be ex-
pended to 385,000 m3/day with secondary treatment. In addition,
the domestic and industrial waste waters will be treated sepa-
rately. The plan is outlined in Table 2.24.
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3. Related Policles, Laws, Regulations, and Standards
3.1. Outline

In Korea, environmental pollution became visible as the
country shifted its main Industry from agriculture to manufactur-
ing. It was in December of 1963 that the first anti-pollution law
was promulgated. _

Since then, the rapid growth of population and GNP has
aggravated the environmental problems. To cope with this situa-
tion, the anti-pollution law was substantially revised, giving
rise to the Environment Protection Law in 1978. An outline of
this law is as follows:

‘Chapter 1. General
Standards for environmental quality are established in this

chapter.

Chapter 2. Facllities related to effluent and effluent preven-

tion
Effiuent standards and pollution load levies are provided
this chapter. Pollution load levies are imposed on any factory

whose discharge of wastewater exceeds the effluent
standards. The levy rate is determined in accordance
with the amount of excess.

Chapter 3. Protection of air
Chapter 4. Regulations of noise and vibration
Chapter 5. Protection of water quality and soil

Effluent standards for sewage treatment plants are estab-
lished in this Chapter.
( Subsequent chapters are omitted here.)

In January ‘1980, the Bureau of the Environment was set up to
take charge of all sorts of environmental problems. Thus, as Tar

as Institutional aspects are concerned, preparations were made to
combat environmental problems.
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However, the chief of the Bureau of the Environment was not
of the rank of minister, and the Environment Protection Law was
all too vague to tackle particular problems such as air pollu-
tion, noise and water contamination.

Then, Iin order to make protection of the environment more
effective, in 1989 the Bureau of the Environment became the
Ministry of the Environment (of which the chief is a minlister} ,
and fundamental revisions were made to the Environment Protection
Law in August 1990. An outline of the new laws (based on 1992
edition) is given in the following.

3.2. New Laws Tor Environmental Protection

The Tollowing is the list of the new laws, among which the
Basic Environmental Policy Law is the core.

(1) Basic Environmental Policy Law
This law provides the basis for all other environmental
laws. Article 10 of this Law sets the environmental standards,

(2) Air Protection Law

(3) Water Quality Protection Law
Details of this law are described below.

' (4) Noise/Vibration Control Law
{(5) Wastes Disposal Law
(6) Law for the Disposal of Sewage, Excrement, Urine and
Stock Farm Wastewater ' :
This law has l1ittle to do with industrial wastewater dis-
charged from factories.
(7) Marine Contamination Prevention Law

(8) Toxic Chemicals Control Law

(9) Natural Environment Protection Law
This law is Intended to prevent contamination of rivers,
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forests, swamps, coasts and the like.
(10)Law concerning the Control of Specified Substances and
the Protectlon of the Ozone Layer
Thig law controls the production of Freon and other speci-
fied substances. '

Among the laws listed above, (1) and (3) are closely related
to water contamination.

3.3. Laws Concerning Water Contamination
(1) Environmental qguality standards

Environmental quality standards indicate a set of conditiohs
for air, water,'noise and other factors that should be maintained
in order to protect healthy daily 1life of people.

The standards for water are provided in Article 2 of the
enforcement regﬁlations based on the Baslc Environmental Policy
Law. Table 3.1 shows the contents of the standards.

(2) Effluent standards

These standards provide allowable limits for the qualities
of water which is discharged to public waters. The effluent
standards are stipulated in Article 8 of the Water Quality Pro-
tection Law. Table 3.2 shows the contents of the standards.

(3) Effiuent standards for sewage and central wastewater +treat-
ment plants

A "central wastewater treatment plant” means a facility that
treats industrial wastewater from more than one factory to Dbe
discharged to public waters. In the case of a sewage treatment
plant and a central wastewater treatment plant, special effluent
standards are applied instead of the effluent standards described
in (2) above. The speclial standards are provided in Article 24
of the enforcement regulations of the Water Quality Protection
Law. Table 3.3 shows the contents of the special standards.

{4) Pollution load levy -
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Table 3.1 Bnvironmental Quality Standard

(1) River
Water Quality Indicators
Classi- Class Applied -
fication Wator Usage coD 33 Do Caliform
pH Bacillus
ng/1 mg/1 mg/1 | MPN/100ml
Potable Water Under Under | Over Under
I 1st Class 6.5~8.5
Nature Conservation 1 25 7.5 a0
Potable Water Under Under | Over Under
_ I Znd Class 6.5~8.5
Living Fishery list Class 3 25 5 1, 000
Environ- Swimming
ment - -
Potable Water Under Under | Over Under
jiH 3rd Class
Fishery Znd Class 6.5~8.5 6 23 5 5, 000
Industrial Water
tst Class
Industrial Water Under Under | Over
v 2nd Class 6.0~8.5 —
Agrieulture 8 100 2
Industrial Water Under | No Dust | Over
Vv 3rd Class 6.0~8.5 =
Living Environment 10 etc. 2
Conservation
Classification | Class Water Quality Indicators
Human All Cd : Under 0.01 mg/l, As:Under 0.05mg/1
Health Area CN,Hg & Org-P : Not Detected, Pb ; Under 0.1mg/1
[tens Cr*® : Under 0.05mg/1, PCB ; Not Detected
ABS ; Under 0. 5mg/1
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Table 3.1

{3) Sea
¥ater Quality Indicators
Class coD Do $S Caliform | n-Hexane T-K T-P
pH Saturation Bacillus | Extractor
mg/l | Rate % mg/] MPN/100m! mg/ 1 mg/1 ng/ 1
UYnder Over Under Under Not Under | Under
i 7.8~8.3
1 95 10 200 Detected 0.05 0.007
| I O S
_ Under Over Under Under Not Under | Under
i b. 5~38. 5
2 85 25 1,000 Detected 0.1 0.015
Under Over Under | Under
m §.5~8. 5 - - —
4 30 0.2 0.03
Other Quality Cr*® : Under 0.05, As : Under 0.05, Cd : Under 0.01
Indicators Ph : Under 0.1, Zn : Under 0.1, Cu : Under 0.02
mg/1 CN, Org-P, Hg & PCB; Not Detected

1 —47




Table 3.2 Effluent Standard for Industrial Wastewater

(1) BOD, COD and SS
Discharged Wastewater Over 3, 000m®/day Under 3, 000m*/day
Water Quality BOoD Con SS BOD cop )
—.._ Indicators
Period Area ng/ 2 ng/ 0| meg/ % wg/ Q| meg/ @ ng/ 2
\
Applied tst Class
until (Clean Area) 50 50 50 50 | 50 50
end of
1995 2nd Class
80 80 80 100 100 100
3rd Class
100 100 160 150 150 150
Special Area
30 50 10 30 50 10
Applied 1st Class
from {Clean Areca) 30 i0 30 40 50 40
beginning
of 1996 2nd Class
60 70 60 30 90 80
3rd Class
30 90 80_ 120 130 120
Special Area
30 40 30 30 40 30
Note : A}l value shows allowable maximum value.
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Table 3.2 -~ 2
(2

Other [tems

Area 1st Ciass | 2nd Class | 3rd Class Special
Water
Quality Indicators Area
Hydrogen Exporent pll 5.8~8.6 |5.8~8.6 5.6~8.6 | 5.8~8.6
n—Hexane Mineral 0il 1 5 5 5
ng/ 2
Extractor 0il & Fat 5 30 30 30
Phenol ng/ ¢ 1 3 éi 5
Granido  OF - 0.1 1 : !
Chrome --Cr # 0.3 2 2 2
Iron Fe ” 2 10 10 10
Zine Zn » 1 5 ] ]
Copper Cu # 0.5 3 3 qu_ ]
Cadmium ¢d ” 0.02 0.1 0.1 0.1
Mercury Hg ” Not
_ Detected 0. 005 0. 005 0.005
Organic Phosphorus ” 0.2 B *1"““-'“fm~'*{** 1
Arsenic As w 0.1 0.5 0.5 0.5
Lead Ph # 0.2 1 1 1
6-Valency Chrome o 0.1 0.5 0.5 0.5
Manganese Mn ” 2 10 10 10
Fluorin F ” 8 15 15 15
PCB “ Not
Detected 1. 003 0.003 0.003
Caliform Bacillus No./mg 100 3,000 3,000 3.000
Color Degree 200 300 100 440
Temperature ‘C 40 40 40 40
Total Nitrogen ng/ ¢ 30 60 60 60
Total Phosphorus o 4 8 8 3
Trichloro-ethylene ” 0.06 0.3 0.3 ¢.3
Tetrachloro-ethylene ~ 0.02 0.1 0.1 0.1
A B s | 3 5 5 5

Note :
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Table 3.3 Effluent Standard for Sewage and Central Wastéwater Treatment Plant

Clagssification Sé;;ge Treatment Central Wastewater
Plant Treatment Plant
Water Period | Until end From Until end From
Quality Indicators of 1395 1996 of 1985 1996
BOD ng/ ® 30 20 30 30
cCob “ 50 40
$ S # 10 20 70 30
Hydrogen Bxponent pH b~9
n-Hexane Mineral 0il 5
mg/ 2
Extractor 0il & Fat 30
Phenol - mg/ 2 3
Cyanide CN ” _ 1
Chrome Cr ” 2
fron Fe # 10
Zinc in # : 5
Copper Cu " 3
‘Eadmium Cd o 0.1
Mercury Hg ” 0. 005
Organic Phoéphorus #” i
Arsenic As ” 0.5
7Lead ' Pb ” i
6-Yalency Chrome #” 0.5
Manganese Mn ” .10
Fluorin F ” ' 15
PCB R 0.003
Trichloro-ethylene ” 0.3
Tetfachloro—ethylene o _ 0.1
Temperature C 40
Total Nitrogen ng/ @ _ _ 60 60
Toiatl %hosphorus ” 3 ' 8

Note:All value shows allowable maximum value.
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If a factory has discharged wastewater which contains pollu-
tant above the allowable limits, improvement 1is ordered and,
until the 1mprovément is achieved, a levy 1s imposed according to
the amount of pollutant., This is stipulated in Article 19 of the
Water Quality Protection Law and Article 10 of its enforcement
regulations. Detalls are shown in Table 3.4.

(5) Wastewater treatment subcontractor

A "wastewater treatment subcontractor” means a subcontractor
that collects wastewater Tfrom factorles {(using a tank truck, for
example) and treats it on a commercial basis (pursuant to Article
43 of the Water Quality Protection Law). The fees for subcon-
tracting are set in Article 50 of the enforcement regulations of
the Water Quallty Protection Law. Table 3.5 shows the fees.

(8) Others

In addition to the above, water pollutant, specified toxic
substances, specified wastewater discharging facilities and water
contamination prevention faciiitles are defined in Article 2 of
the Water Quality Protection Law.

3.4. Effiuent Standards in Korea and Japan: Comparison

System of effluent standards in'Korea and Japan are slightly
different from each other.

In Korea, effluent standards which are applied to discharged
wastewatef are established for (1) factories, (2) central waste-
water treatment plants and (39 sewage treatment plants. Effluent
standards (1) also applies to wastewater discharged into a sewage
treatment plant from a factory or from a central wastewater
treatment plant.

In Japan, in addition to (4) an effluent standards for
direct discharge from factories or from central wastewater trcat-
ment plants to public waters and  (6) an effluent. standards for
sewage treatment plants, (5) an effluent standard (called the
Hazard Elimination Standard) for wastes discharged from facto-
ries, etec. to sewage treatment piants is established separately.
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Table 3.5 Charge for Wastewater Treatment

: K‘Trans rtation
Classifica- | Charactor Concentration Charge [, £ - ° Total
tion - Won/t §381s DﬁStaﬂcc

. on/t on/km
. der 100 2 , 800 Charget
Oxidatiop | onder 100me/2 | 50, B0 Eas|ot
{CN eotc. 101~1000mg/ 2 66, 900 Distance
over 1001mg/ % | 84,500
Under 300mg/ 8 53,700
Plating %eductio R &/
Cr etc. 301~ 3000mg/ 2 106, 300 3, 000 150
Over 3001mg/ 9 190, 100
Under 300mg/ € 66,200
Mixed 301~3000mg/ 8 121, 900
Over 3001mg/ & | 211,100
(4,000) - |
Under 300mg/ ¢ 85,000
Loboratory | leavy Metals | 301~3000mg/ & | 109,700 | 3,000 150
Over 300img/ & | 163,200
othor I Pb. Cu. e Under 300mg/ 2 53, 600
eav , Cu, Hg,
Morals o7 | Ag'éte.™ | 301~3000mg/® | 98,000 | 3,000 | 150
Over 3001mg/ ® | 175,800 |
Under 10% 52, 400
Kaste Acid guléuric 11~30% 1090, 500
i | L1
¢ Over 31% 151, 700
3,000 200
Under 10% 64, 300
Hg?aoch}oric 11~30% 134, 500
' Over 31% 217, 000
. Under 10% 37, 500
Caustic B
Wast Soda 11~30% 64, 300
8§
Atkati Over  31% 78,000 | 3.000 | 150
. Under 10% 40, 600
Ammonia -
Over 11% 68, 700
Under 500mg/ ¢ 43, 700
Other Fe, Zn, Al 501~ 2000mg/ ? 51, 200
Metals etfc. — 3,000 150
2001-5000mg/ & | 58, 700
over 5001mg/ ¢ 62, 500
Under1000mg/ £ 32, 600
Others ) 1001-5000mg/ @ 36,900 | 3,000 150
Over 500img/ ¢ 43,300
¥Wastewater f De- i 48, 900
Batter o " e-seallng ~{ 2,000 | 150
Neutratization 41, 800
ggstewateﬁ,from Acidic High . 144,800 | 3,000 150
otographic Concentration
Development
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The rélationship between these are illustrated in Fig. 3.1.
and the Lffluent Standards are shown in Table 3.86. :

Furthermofe, in many areas in Japan, standards tighter than
(4) called added standards are.established by local authorities.

Table 3.8 shows a comparison of Korean and Japanese effluent

standards. In Japan, some local governments impose very rigorous
standards.
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(1) Korea

@® &)
Industrial Central Waste |————¥ Sewage
Water Treatment Treatment ————%
Factories Plant Plant
@
©
( 2) Japan
I ) ®
Industeial Central Waste Sewage ®
Hater Treatment # Treatment (————»
Factories Plant - & Plant
@
@
Fig. 3.1 Comarison of FEffluent Standard
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Table 3.6 Bffluent Standard in Xorea and Japan(No.1)

Korea in 1996, { ) shows in 1993
e N T
Quality Indicators ) 3,000m°/d Plant Plant
BOD ng/1 80 (100) 30 20(30)
C0D ” 90 (100) 40
$3 ” 80 (100) 30 20070)
Hydrogen Exponent pH 5.8~8.6 i~
n-Hlexane | Mineral 0il 5 §
mg/1
Extractor 0il & Fat 30 30
Phenol ng/1 3 3
Cyanide CN # i 1
Chrome Cr ” 2 2
fron Fe ” i0 10
Zine Zn “ L] 5
Copper Cu ” 3 3
Cadmiun Cd ” 0.1 0.1
Mercury  Hg ” 0.005 0.005
Organic Phosphorus s 1 1
Arsenic As . 0.3 0.5
Lead Pb “” 1 1
6-Valency Chrome ” 0.5 0.5
Manganese Mﬁ ” i0 -10
Fluorin F o 1% 15
PCEB ” 0.003 0.003
Caliform Bacillus No./mg 3,000 -—
Color Degree 400 -
Total Nitrogen ng/1 60 60 60(-) B
Total Phosphorus o 3 8 B(-)
Trichloro-ethylene 2 0.3 0.3
Tetrachloro-ethj]eﬂe ” 0.1 0.1
ABS 5 -

Alkylmercuric compound

Note:All value shows allowable maximum value.
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Table 8.6 Comparison of Effluent Standerd
(2)Standard of Japan, (Present value)
Water Classifleation &2??3@2%2%, gég:aégto %?gg%gent
Quality Indicators General @ | Treat. Plant { Plant ®
BOD ng/1 160 300 20
CoD ’ 160
58 o 200 300 10
Hydrogen Exponernt pH ) 5.8~8.86 5. 1~8.1 5.8~8.6
n-Hexane Mineral 0il 5 5 5
Extracto?g/1 0il & Fat 30 30 30
 Phonol ng/1 5 5 5
Cyranide CN o 1 1 1
ﬁéhrome o Cr o” 2 o 2 Z
[ron Fe i i0 10 10
Zinc in ” ] H 5 ]
Copper Cu ” 3 3 3
Cadmium  Cd o 0.1 0.1 0.1
Mercury Hg - 0.005 0.005 0.005
Organic Phosphorus “ 1 i N 1
Arsenic As ” 0.5 0.5 0.%
Lead - Pb ” 1 p 1
§-Valency Chronme ” 0.5 0.5 0.5
Manganese Mn ” 10 - 10 19
Fluorin P ” 15 15 15
PCB ’ 0.003 0.003 ¢.003
Caliform Bacillus No./mg 3. 000 - 3,000
Color Degree - - -
Total Nitrogen ng/1 120 150 120
Total Phosphorus ” i6 20 16
Trichloro-ethylene ’ 0.3 0.3 0.3
Tetrachloro~ethylene # 0.1 0.1 0.1
ABS - = -
Alkylmercuric compound Not Detected | Not Detected | Not Detect

Note:All value shows allowable maximum value.
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1. Plating Industrial Estate






'IT Plating Industrial Estate

1. Condition of the Industrial Estate
1.1 oOutline of the Industrial Estate

The plating industrial estate, being run by § Co., Ltd., is
situated at the western verge of Inchon City. Business places
whieh have joint wastewater treatment plants in this estate are

Business Place No.l and Business Place No.2.

(1) Loecation of the each of the business places mentioned above
is shown in Fig.1.1.1. and is as follows:
Business Place No.1l: 178-35 Ka Jaw Dong, Suh Ku Inchon
Tel: 032-575-T438.,9
Business Place No.2: 223-42 Suk Nam Dong, Suh Ku Inchon
Tel: 032-573-7250, 7260

(2) Scale of the plating industrial estate

Business Place No.2 has a total site area of about 4600m2
and in this site area, a 3-storied building occupying a site
of about 1200m2, a 1-storied plating factory occupying a site are
of about 780m2, and a joint wastewater treatment plant oécupying
a site area of. about 460m?. The 3-storied building is of apart-
ment type. Pléting factories of 23 companies in total are locat-
ed in this building,; 310 companies on the first floor and 13
companies on the second flbor, The third floor is occupied by an
office room and a testing and analysis room; The 1l-storied
building accommodates plating factories of 8 companies. - The
wastewater from each of these plating factories is discharged
into the joint wastewater treatment plant and the effluent from
the treatment plant 1is Tfinally discharged into the public
sewerage éystem.

.Business Place No.l1 has approximately the same scale as
Busineés Place No.2, and in 1its site, there are a new 3-storied
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Fig. 1.1.1 Location of the plating industrial estate
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building, an old 1-storiled (partly 2-storied) building for plat-
ing factory, a power substation, and a Jjoint wastewater treatment
plant. The 3-stoled new building is of apartment type. Plating
factories of 14 companies in total are located in this building;
5 companies on the first floor, 5 companies on the second floor,
and 4 companies on the third floor. The third floor 1is also
ocbupied by an office and a testing and analysis room. Under-
ground, there is a dining rcom for employees. The o0ld building
is occupied by plating factories of 14'companies on the first
floor and plating factories of 3 companies on the second floor.
The wastewater from each of these plating factories is discharged
inte the joint wastewater treatment plant and the effluent from
the treatment plant is finally discharged into the public sewer-
age System. .

In addition to the above, there is Business Place No.3 which
"was constructed in 1991. It has no joint wastewater treatment
plant. The surface treatment factory of one company in this
business placé was surveyed. The wastewater from the factories
located in this business place is discharged into a reservoir
tank in the site of the business place, from which it is then
transported by tank lorry to Business Place No.l where 1t is
treated.

In any of Business Place No.l, Business Place No.2 and
Business Place No.3, the plating factories are small-scale enter-

2 gite area and 3-16 employees.

prises having 100-200 m
Fig.1.1.2. through Fig.1.1.6. show the location of the each

of the factories occupying in these buildings.
(3) Organization

S Co., Ltd, has technology regarding wastewater treatment.
It has been engaged in the manufacture of envircnmental equip-
ment, while it is running a plating industrial estate as a part
of its business.

In the plating industrial estate, small-scale plating compa-
nies can be located free of charge on the condition that they

should observe the regulations. The wastewater and exhaust gas
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from the factories should be treated in the joint treatment
plants 1installed in the plating industrial estate, and this is
the basis for the running of plating industrlal estate.

{4) Enterprises located in the estate

Table 1.1.1. through Table 1.1.3. show the kinds of plating
and manufactured items the plating factories located in the
plating industrial estate. '

In most plating factories, anti-rusting and decorative
plating of cion and plastic raw materials is done for home goads,
ete. and in some plating factories, pattern etching and patterh
plating of printed wiring boards, and decorative plating with
precious metals such as gold and silver are done,

1.2 The State of Wastewater, Wastewater Treatment and Reclama-

tion
(1) Wastewater quantity and quality

Table 1.2.1. and Table 1.2.2. show the wastewater gquantity
discharged from the plating factories located in Business Place
No.1 and Business Place No.2Z,

Table 1.2.3. through Table 1.2.9. show the results of analy-
sis of wastewater contalned in each tank of each plating factory

which was surveyed by visiting.
{2) Scale of wastewater treatment plants

Joint wastewater treatment plants were designed and con-
structed by § Co., Ltd. They are if approximately the same scale
and are installed in /business Place No.l1 and Business Place
No.2.

The wastewater to be treated flows from each plating factory
directly into the joint wastewater treatment plant, or is trans-
ported from the other businesé place and plating factories locat-
ed outside the plating industrial estate by tank lorry (5t).



Table 1.1.1.

The kinds of Plating and manufacturing Items of -

- the 1st Estate Section

Factory {(No) Kinds of Plating « Products - "Note
1 - 1 General Plating,” Hanger
1 - 2 Plastic Plating
1 - 3 Printed Circuit studied
1 — 4 Lighting Fixture
1 - 5 Plastic Button Plating
i— 6 Atuminium Coloring-
1 - 7 General Plating/’Mﬁsical Instrument
1 - 8 Zine Plating + lon' ¥Wire
1 - 9 Gold Plating, Spoon
1 —10 Aluminium Stick Coloring
I —-11 Chromium Plating,” Valve
1 -1 2 Zine Plating,/ Parts of Automobile Stpdied
P -1 3 General Plating//Béth . Accessories
1 -1 4 Parts of Electronie Machine
1 -15 Reflex Mirror made by Aluminiunm
; ~ 16 General Plating, Hanger studied
1-17 General Plating,/ Construction Material
1 -18 Sink
1 -19 Nickel « Chromium Plating, Hanger
1-20 Copper + Chromium/ Chair studied
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Table 1.1.1.

The kinds of Plating and manufacturing lfems of

the 1st Estate Section{continucd)

Factory (No) Kinds of Plating + Products Note
1 -2 1 Sash + Mold
1 -2 2 Plastic Plating, Accessories studied
1 —23 Precious Plat{;;//Watch + Accessories studied
1 —2 4 Frame made by Aluminium
1 — 25 Bag - Accessories
1 - 26 Gold Plating,  Button ‘studied
1 — 27 Plastic Plating  Electroniec Machine
1 —2 8 ‘Plastic Plating Accessories

211




Table 1.1, 2.

The kinds of Plating and manufacturing ltems of

the 2nd Estate Section

Factory (No) Kinds of Plating - Products Note
2 - 1 Parts of Tableware
2 - 2 Bolt for Electronic Computer
2 — 3 Condenser
2 — 4 Bolt for_ElecprQnic Computer
2 - 5 Parts of Furniture
2 - 6 Accessories
2 - 7 Screw Nail
2 - 8 liot Air Machinery.
2 - 9 Screw Nail
2 -10 Hot Air Machinery
2-11 Parts of Camera
2 -1 2 Parts of Gas Mask
2 -13 Parts of Fis;;ng stidied
2 —14 Parts of Automob:}e studied
2—-15 Chain - Volt
2 ~-18 Construction Materials
2 — 17 Electronic Machine/ Switch
2 -1 8 Lighting Fixture
2-19 Parts of Automobile & Sanitation
2—-20 Screw Nail
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Table 1.1.2. The kinds of plating and manufactured items of the 2nd

Estate Section

(continued)

Factory (No) Kinds of Plating + Product Note
2-21 Spoon
2 -2 2 Parts of Iron
2 — 2 3 Parts of Blectric Device
2 — 2 4 Spoon
2—-265 Metholine
2-26 Electronic Machine
2 -2 7 Frame
2 -2 8 Parts of Semiconductor
2-29 Dressing Case
2 - 3.0 Accessorires
2-31 Accessorires
Table 1.1.3. The kinds of plating and manufactured items of the 3rd

Estate Section

Factory (No)

Kinds of Plating + Product

Note

Parkerizing

studied
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Table 1.2.1. The Quantity' in Wastewater discharged from the Plating
factories {1st Estate Section)

V(ma/month)

No. of factory CN Wastewater Cr Wastewater BH-0H Wastewater
- 1 48 64 Z;I
— 2 - 69 28

- 3 79 - 67 _

- 4 50 90 59
- 5 78 T4 .28
- 6 - - 108
- 7. 62 58 27
o - 3 32 22 16
- 9 63 11 38

- 10 - - 205 o

- 11 - 69 i1 N

_ -1 2 30 23 S 28 o
—1 3 75 90 31
7 —1 4 T4 90 62
_ 15 - - 117
- 16 42 10 40
- 17 39 30 36
-1 8 - 30 164

- 19 66 16 39 -
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Table 1.2.1. The Quantity in Wastewater discharged from thg Plating
factories (ist Estate Section) {continued)
(m*/month)
No. of factory | CN Wastewater Cr Wastewater H-0H Wastewater
o 20 80 50 15
- - 21 20 21 19
— 22 52 55 31
-2 3 32 20 26
— 2 4 - 69 141
- 25 150 114 106
-2 6 617 12 i 317
- 27 50 50 31
— 2 8 49 58 54
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Table 1.2.2. The Quantity in Wastewaier discharged from the Plating

factories (2nd Estate Section)

(n”/month)
No. of factory CN Wastewater Cr Wastewater H°0H-Wastewater
2 — 1 18 - 29
2 — 2 5 - 99
2 - 3 13 15 | 3
2 - 4 31 - 52
2 — 5 50 - .84
2 — 6 Y | 68 21
2 - 7 .54 .69. 22
2 — 8 q4 56 117
2 — 9 : 38 - 64.
2 :1 0 45 57 17
2 — lu—luig ‘47 5§ 18
2 -1 2 - - 153
Z2—-13 69 81 21
2—14 43 61 19
Z2—-—105 43 54 17
Z2—-1686 51 65 21
2-17 T8 98 31
2—-—128 65 - 108
2—-19 . 43 57 11
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Table 1.2,2,

The Quantity in Wastewater discharged from the Plating

factories (2nd Bstate Section) (continued)

(m*/month)

Fo. of factory CN Wastewater Cr Wastewater H+OH Wastewater
2-20 45 © 58 16
2-21 35 44 13
2 -2 2 38 49 15
2 —-23 39 49 16
2 — 2 4 13 — .23
2—-25 33 - 55
2—-26 51 65 21
2-27 31 41 15
2 -28 - 30 35
2-29 24 - 41
2-30 - - 92
2—-31 - - 84
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Table 1.2.3. The Quatity of Waste Water in Each Factory
(FACTORY) Mo, 1-13
SAMPLE BRASS PLATING BRRSIS WATER BRASS  UATER BRASS PLATING
1TEN T~ BATH (1) WASHING TaNkK {13 | HasHING TanK <2} BATH (23
pH i1.6 1.2 9.58 8.40
Alkatinity tepm) 971 81.9 2.84 2,948
Conductivity (i s/7cm) - 6,970 586 -
__-COD,,, {mgs1} 2.7 23 24 ‘ 15,188
Cu (mgs1} 12,399 868 41.7 53,880
Ni (mg~-11 - - - 14.6
[ (mgrli _ - - - B <B.%
Zn (ng-1} - - - 31,488
(FﬁCTGRY)lN], 1-18
SAMPLE H,éO, WATER ELEC-CLEAN WATER | ELEC-CLEAN WATER | COPPER UNTER
1TER ) HASHING TaNk (13 | HASHING TANK (1) | WASHING TANK (2) WASHING TANK {1)
pH t.78 2.78 2.7 £.90
Agiditu _ (epm) 5t.4 3.@2 298 - 7
filkaiinity {epm) - - - 1.87
Conduclivity {1t s7cm) 16,498 1,780 2.278 2564
€0D:, tmgsii < 5 < 5 < 5 < 5
Cu (mg- 12 - - - 18.0
Fe (mg-s1) D.24 B.14 B3.25% B.32
CN - tmgs 13 - - - 188
T SAIPLE COPPER WATER COPPER WATER CHROME WATER CHROMRE WATER
1 TEH \\\\ HASHING TAaNK (2) | HaSHING TANYK (3) | YASHING TANK (1) | WASHING TANK (2}
pH 10.6 1.6 1.88 3.18
rcidity ) (epm) - - 28.6 -
Atkelinity {epm) 7.76 7.9 — -

218




Water in Each Factory

Tabie 1.2.4. The Quality of Waste
(FACTORYY Mo, 1-185
SAMPLE | COPPER WATER COPPER  WATER CHROME  WATER CHROME HATER
YEEN WASHING ToNk 21 ] unsHinG Tank (31 | uasHiNG TaMK (1) ] WASHIRG TaNK (2)
Conductivity (it soomd 1,180 5,008 11,980 a7
CODs , {mg-1) 2a 3z - -
Cu img- 1} 62.8 148 - 7 -
Cr®* {mgrs1} - - - 116
CN {mgs1) 228 1,320 - -
SaMPLE { ELECTROLYTIC
1TEN e CLEANING BATH
pH 2.7
C0Dg, (mgs1} 4.&?3
CN tmgs 1} 16,508
(FACTORY) fo 1-23
SANPLE | GOLD RECOUERY H: 50, WATER ELEC-CLEAN WATER
IA;ISfM‘\\NM“““\—\;% TOWER UWASHING TANK (1) { WASHING TANK (1)
pH 4,18 2.78 2.74
Acidity (epm) - 4.98 -
Alkatinity tepm) - - 1.82
—;:r-lductiviiy (s emd 284 2,640 214
COl » (mgs1) 128 67 49
N tmgs1) 6.91 - Q.52
(FACTORY) Mo 1-26
SAMPLE | Cr-ETCHING WATER fLKALT WATER CHEMICAL NICKEL | CHEMI (Ni) WATER
1TEN — WASHING TANK (1) [ WASHING TANK (1) PLATING BATH WASHING TANK (1)
oH 7.97 0.76 #.86 2.6
potdity temt ) _
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The Quality of Waste Water in Each Factory

Table 1.2.5.
(FACTORY) Mp 1-26
SAMPLE | Cr~ETCHING WATER ALKAL] WATER CHEMICAL MICKEL | CHEMI{Ni} WATER

1TEN UQSHIN.G TANK (1) | HASHING TaNK (1) FPLATENG BATH WASHING TaNk {1
Alkalinity Capm) 25,7 - - 32,3
Conduct ivity (K sscm) 6,418 - — 7,724

CORg tmg~ ¥} 434 69 39,800 134

Ni {mgs1) o - - 7,730 i 2.68
Cre? (mg~1) <89.5 <B.b o - -

TP img- 1) - - 33, 380 67.8

NH, + NH. - N {mg< 1} - o - 27,900 G4

SAMPELE | Ni (N} -PLAT WATER § Ni(8)-PEAT WATER ] Ni{B}-PLAT WATER Au-PLAT UﬁTER

I1TEH WASHING TANK (1) | MASHING TANK {10 | WASHING TanK (2) | WASHING TANK (1)
pH T.82 7.33 1.38 4_Te
_'Qcidiiy (epm) - - 192 -
Conductivity Cu S/om)" ) 1.11@ 195 - - Tes

COBe tmgs 1] w’?3 T2 227 453

Ni (mg/‘_l—}‘—-_ 321 a.21 182 -

Ay 'C‘r:g/l} - - - 8.59
CcN {mg- 13 A‘_:iA o - bt e.28




Table 1.2.6. The Quality of Waste Water in Each Factory
(FACTORY) Mo 2-12
SAMPLE aLKnkt WATER ANQDIC QXIDATION| OXIDATION UATER 0X1DATION WATER
lTEN WASHING TANK BATH WASHING TANK (1) | HASHING TANK (2)
g
rH ie.7 .32 a.97 2.24
Acidity {epm) - 2,758 129 3.47
ftlkalinity {epm) 8.9 - - -
Conductivity (M sscm) 14,058 — - 1,330
CoDg . {mg”s1) w_—:f:l 29 7R 53 J
al g1} 433 1.631 202 283
SNMPLE SENL I NG COLORING COLOLING WATER
1TEM BATH 8ATH BWASHING TANK
pH 6.1T 5. 8% 6.28
Conductivity () s7em) 198 - 3ig
cobe , (mg-12 d5. 1,988 T2
al tagr1t a.44 - 225
{(FACTORY? Mo 2-13
SRMPLE CHROME PLATING CHRONE WATER ELECTROLYTIC CyYaNI1DE Cu
LTEN ' BATH WASHING TANK CLENNING BATH PLATING BATH
DH. 18.3 G.81 - 2.3
Alkalinity {spm) - 11.8 4,298 - a24
CODe ., {mg~s1) 2,128 Ta 132 ﬁ 2,818
Cu (mg-1} - - - 11,5648
Ce®* {mgs L} <B.5 <89.% - -
Fe {mg~s 11 - - 207 - )
CN (mg- 1] - - - 13,6640
T-P {nigsl} - - 187 -




Table 1.2.7. The Quality of Waste Water in Each Factory
(EQCTORYY Mo 2-13
SAMPLE COPPER SULFATE CQOPPER WATER COPPER WATER NICKEL PLATING
1TEN \ PLATING BATH HASHING TANK (1) | WASHING .mNK (2) BATH
cH .28 3.42 8.89 4.51
fAcidity tepm) 2,648 .25 4904 -
Conductivity (M ssom) - 414 - -
Cob, {mgs1) a72 18 B 4,138
Cu tmgs 13 . 54.663‘- 2T.7 28.5 -
Ni tmg/ 1) - - - 46, 580
Fe (mg-1} - .28 5.17 -
CN (mg”s1) - 4._46 1.23 13.7
SANPLE BLACK CHROME ELEC-CLEAN WATER ALKALT CLEANING
1TER PLATING BATH WASHING TANK BaTH
oH 2.84 B._8% 12.8
fAcidity {epm) 3,700 147 -
filkalinity tepm) - ~ 2386
Conductivite (i s cm} - - -
€00c . (mg/l") - 34 836 )
Cu . tmg- 11} - - 2,088
Fe (irg- 1} - 15.7 -
CN {mg-l} - - 3,480
-8 {mg- 13 28.8 t4.1 -
F {mg~s1} - - m -




Table 1.

(FACTORYY MNo. 2-14

2.8.

The Quality aof Waste Water

in Each Factorwy

\ SAMPLE

H; S0, WATER

H; 50, WATER

NaOH WATER

COPPER CYAMIDE
PLATING BATH

FYEN — WASHING TANK (1) | WASHING TAaNk (2 | UASHING TaNK (1)

pH l.§3 1.1@ i2.59 12.6
ficidity {apm) 16.8 226 - -
Mka]_i—nitv (epm) - - 328 3,548
Conductivity (At s<cm) a,418 — - -

CODe . (mg/l; 192 544 1@2 8,359

Zn tmgs 1) — - - 41,589

Fe {mgs 1} 85.8 mm’——;gﬁ - -

CN {mgsil - - 5,530 55, 6AA

SAMPLE éLﬂCK CHROHATE CHROHATE MWATER WHITE CHROHATE CHROMATE (BIWATER

1TEN TREATHMENT BATH WASHING TANK (1} TREATHENT B8ATH WASHING TANK (1]
rH .63 5.94 211 2.08
l-;tciditl_.- (epm) Tee - 165 535
Conductivity (i s70cm) - 254 - -

Crs* (mgfl}. 031,108 13,500 152 2,378

Zn tmg i) - - ﬁ%— 41, 680
‘ [2%¢] (mgs 1) - - - 15.7
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Table 1.2.9. The Quality of Waste Water in Each Factery

(FACTORY} Mo 3-1

SAMPLE | ALKALI CLEANING| CLEANING WATER PICKLING PICKLING WATER
1TEN BATH WASHING TANK {1}, TANK WASHING TaNK (1)
pH 13.1 .33 - i.21
Acidity.- (opm) - - - 155
Akkalinity {epm) 1,319 - 6,810 -
Conductivity (u s/cm} ad 1,338 - -
CoDg . (ngs1) 5,500 54 544 132
Fe (mgs1) - - 2,498 1,020
\\ SANPLE | PICKLING WATER DIPPING COATING RUST WATER
1TEN : — WASHENG TANK (2} TANK TANK WASHING TANK (1)
e
pH 2.58 9.32 2.29 £.08
acidity {opm) 4.8 - 134 -
Conductivitu (s seml) 2,419 - - TRT
cobg, tmgs i} 129 8 143 8
Zn (mg-t} - 2.55 5,240 G4.8
Fe tmgs 11 56.5 37.3 893 28.6
\\ SAMPLE | COATING OF RUST
1TEM \\\ﬂ__ PREUVENTIUES TANK
pH 5.2 .
City Water
CODc, (ngs 11 2,670
SAMPLE City Water
2n (mg”s 13 22.8 [TEH
Fe {mg~ 1} 23.56 oH £.94
n-Hex {(mg-1] 2,900 Conductivity (i sscm) 191




The wastewater treatment is done for a consideration, and
therefore, these plants are recoghized as the industrial waste
treatment plants.

The joint wastewater treatment plant In Business Place No.Z
is described below, _

At present, the following quantity of wastewater is treated,
and this is about 60 % the plant's treatment capacity:

Cyanide wastewater: 1;240m3/M (217m3/M  from outside)
Chrome wastewater : 1,288m°/M (362.4m2/M from outside)
Acid and alkali wastewater:
1,842m3/M  (857.2m%/M from outside)
(Total) 4,370mS/M (1,236.6m5/M from outside)

In design, on 12 hour/day operation basis. the quantity of
wastewater treated 1s cyanide wastewater 100m3, chrome wastewater
100m3, and acid and alkali wastewater 120m3. 320m3/day in total,
but af present, in 8 hour/day (8:00-17:00) and 25m3/day opera-
tion, average 180m3/day is treated.

{3) Treatment system

The wastewater from each factory is classified into cyanide,
chrbme, and acid-alkali wastewater tanks.

The cyvanide wastewater is conveyed from the c¢yanide waste-
water tank through a water pump into a pH adjustment tank, where
pH adjustment with sodium hydroxide is done, thence conveyed into
the first reaction tank where the primary oxidation reaction
with sodium hypochlorite takes place. Then, the wastewater is
conveyed into the second reaction tank where pH adjustment with
sulfuric acid is done, then secondary oxidation reaction with
gsodium hypochlorite takes place. In this process, cyanide is
decomposed completely.

The chrome wastewater is conveyed from the chrome wastewater
tank through a Water pump Iinto a pH adjustment tank, where pH
adjustment with sulfuric acid is done, thence coﬁveyed into the
reduction tank where 6-valent chromium is reduced with sodium



hydrogen sulfite to 3-valent.

The  aclid-alkall wastewater is conveyed, together with the
treated cyanide wastewater and treated chrome wastewater, 1into
the neutralizing tank, where pH adjustment with calcium hydroxide
is done to precipitate heavy metals in the wastewater as hydrox-
ides. Then, the wastewater 1s conveyed into the reaction tank
where it is added with aluminum sulfate ‘and calcium hydroxide to
improve the coagulability, and flocs are formed with high molec-
ular coagulants in the subsequent coagulation tank. '

The mixed treatment water from the three systems mentioned
above is conveyed into the sedimentation tank, where solid-liquid
separation takes place, The supernatant liquor is cohveyed into
the pH adjustment tank, where pH adjuStment is done, thence
discharged through the water monitoring tank finally into the
public sewerage system. Automatic control in this process 1is
done with the use of pH meters and ORP meters.

If the treatment through the treatment processes mentioned
above is insufficient and the treated water'quality cannot meet
the control standards, the treated water is returned to the
wastewater tank for retreatment. 1f any complexed metal is
detected, the treated water is additibnally treated'trough'a
Tilter tower packed with Anthracite, an activated carbon adsorp-
tion tank, a cation exchange.resin tower, and a chalet resin .
tower before it is finally discharged.

On the other hand the sludge from solid-liquid separation is
stored in the sludge storage tank, then dehydrated through'a
filter press, and the resulting dry cake is transported to an

industrial waste treatment plant and finally disposed of.
{4) Conditions of reclamation

There is no plating factory where wastewater reclamation is
done. Moreover, wastewater reclamation is not done in the joint
wastewater treatment plants of Business Place No.l and Business
Place No.2. '

On the other hand, most plating factories have no problems
with the quality of water relating to the finished quality of



plating, and seem to bé contended with the present state of tap
Water'supply. However, 1In the factories performing precious
metal plating with gold or silver, ion exchange resin towers are
instélled in the factories to obtain deionized water by treating

tap water.
1.3 Wastewater Sources

The production processes of the plating factories surveyed
by visiting are shown below.

Factory No.1-3
a. Business content
Through-hole copprer plating, electro copper plating,
solder plating, etching of printed #1ring_boards used for
Karaoke music devices
b. Factory area
99m2 {refer to Fig.1.3.1.)
c. Working processes
Cleaning -- water washing -- surface etching treatment --
water washing -- pre-treatment -- water washing -- activa
tion -- water washing -- chemical copper through-hole plat
_1ng -- water washing -- drying -- (outside preparation of
patterns) -- cleaning -- water washing -~ pickling - elec
tro copper plating -- water washing -- activation -- solder
pléting -~ water washing -- etching -- resist stripping --
ink removing -- water washing -- drying
d. Conditions of water and wastewater
1} Water quantity and application
Tap water: 6m3/day
To feed washing water.
2) Conditions of wastewater generation
Bath: Not discharged.
Washing water: Effluent from multi-stage counter-cur-
rent water washing is discharged during the work.
3) Contamination items: pH, COD, BOD, Cu, Zn, Cré+, CN, F,
P
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C.

Method of wastewater discharge _
Washing water, including'washing water for chemical plating, :
is discharged to the acid-alkali cleaning system.

Factory No.1-12

Business content
Coloring of gas mask parts and desk-top boards made of
aluminum material

Factory area _
96m< (refer to Fig.1.3.2.)

Working processes

Raking -- alkali cleaning -- water washing -- anodic oxida-
tion -- water washing -- chemical polishing -- water wash-
ing -- neutralization -- water washing -- «c¢eoloring --
seallng -- water washing -- drying

Conditions of water and wastewater
1) Water quantity and applicatidn
Tap water: 4m3/day
Te make-up for washing water and bath
.2)'Conditions of wastewater generation
Bath: Effluents from alkali cleaning (200 1/week),
anodic oxidation (6m3/year, nofmally made-up for),
coloring 200 1/week-10 days) and sealing (every day)
Washing water: Water spilled on the floor (tap water is
supplied when it is bound necessary by visual inspection .
or by testing pH with a pH meter)
3) Contamination items: pH, COD, BOD, N, P
Method of wastewater discharge
Separate discharge: The bath is discharged after filtra-
tion, and the washing water is discharged directly.
Factory No.1-16 '
Business content
Copper plating, nickel plating, chrome plating of locks
and bolts for aluminum sashes made of iron material.
Factory area
182m? (refer to Fig.1.3.3.)
Working proceéses
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Alkaii cleaning -- water washing -- sulfuric acid neutrali-
zation -~ water washing -- copper cyanide plating -- water
washing -- copper sulfate plating -- water washing -- non-
bright nickel plating -- water washing ~-pickling -- water

washing -- bright nickel plating -- water washling -~ chrome
plating or black chrome plating or black chromate -- water
washing -- sodium hydroxide stripping

d. Conditions of water and wastewater
1) Water quantity and application
Tap water: 5m3/day
To make up fbr bath and washing water.
2) Conditions of wastewatéf generation
Bath: Not discharged.
Washing water: Discharged partly from renewal of water
for batchwise water washing, and partly from counter-
current water washing.
3) Contamination items: pH.'COD, BOD, €Cu, Ni, Cr6+, CN, P
e. Method of wastewater discharge
Similarly to the method in Factory No.2-14, effluents from
some washing tanks are used by other tanks by turns and if
the effluent from any washing tank is judged to be renewed,
it is discharged.

D. Factory No.1-20
a. Business content
_Cdpper plating, nickel plating, brass plating of chan-
delier parts (for export) and support parts of microphones
(for export to Japan) made of iron material.
b. Factory area
231m? (refer to Fig.1.3.4.)
c. Working processes
Electrocleaning -~ water washing -- copper sulfate plating
-- water washing -- copper stripping -- nickel sulfate
plating -- water washing -- brass plating -- water washing
-- chromate -- water washing -- lacquering/printing
d. Conditions of water and wastewater
1) Water quantity and application
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=]

Tap water: 4.5~5m3/day
Te make up for washing water and bath at the start
work. _
2) Conditions of wastewater generation
Bath: Not discharged. . _
Washing water: Effluent from multi-stage counter-cur-
rent water washing, and effluent from floor washing.
3) Contamination items: pH, COD, BOD, Cu, Ni, Zu, Cré+, CN,
F
Method of wastewater discharge
The effluent from the first washing tank is used for pre-
par ing bath similarly to Factory No.2-14, and effluents
from other washing tanks are classified during the work to
be discharged. Sediments (mainly zinc) of the bath are
brought into § Co. Ltd. once or twice a year.

Factory No.1-22

Business content _
Chemical copper plating of accessory parts made of plastic
material.

Factory area
170m? (refer to Fig.1.3.5.)

. ‘Working processes

Chrome etching -- water washing -- nitrie acid cleaning --
water washing -- alkali neutralization -- water washing --
chemical copper plating -- water washing -- elector copper
plating -- water washing -- discoloration preventive treat
ment -- dehydration
Conditions of water and wastewater
1) Water QUantity and application
Tap : 7m3/day
To make up washing water

2) Conditions of wastewater generation

Bath: Renewed as necessary, with the exception of chemi-

cal copper plating bath.
Washing water: Renewed once per day.
3) Contamination items: pH, COD, BOD, Cu, Cr6+, CN, N

of



e. Method of wastewater discharge
Separate discharge.

Factory No.1-23
a. Business content
Nickel plating -- gbld or silver plating of frames and
bands of c¢locks made of iron matericl.
b. Factory area
155m2 (refer to Fig.1.3.6.)
c. Working processes
Dipping and electrocleaning -- water washing -- activation
by hydrofluoric acid -- water washing -- nickel plating --
water washing -- gold or silver plating -- acld neutraliza
tion -- ultrasonic cleaning -- demineralized water washing
-- 0il washing drying-stripping ligquid
d. Conditions of water and wastewater
1) Water quantity and application
Tap water: 4m3/day
Tap water 1s purified by means of a demineralizer (car-
tridge filter + cation exchange resin + anion exchange
resin) using ion exchange resins. To allow constant
supply of washing water and to produce demineralized
“water.
2) Conditions of wastewater generation
Concentrated liquid: Wastewater from demineratizer
regeneration is discharged once per month.
Washing water: Effluents from ion exchange resin treat-
ment of washing water (counter-current 3-stage) for
preclous metals, and other washing water (counter-cur-
rent 3-stage) are discharged during the work. '
3) Contamination items: pH, COD, BOD, Ni, Cu, CN
e, Method of wastewater discharge
Washing water of acid-alkali cleaning and washing water of
cyanide cleaning are discharged separately through pipings
in the.workshop.

G. Factory No.1-26



Business content
Copper plating, nickel or black nickel plating,  brass
plating, gold or silver plating of buttons made of ABS and
polyvester material.

Factory area
132m? (refer to Fig.1.3.7.)

Working processes

Chrome etching -- water washing -- pickling -- water wash
ing -- alkall neutralization -- water washihg -- chemical
nickel plating -- water washing -- non-bright or bright
nickel or black nickel plating -- water washing -~ gold or
silver plating -- water washing -- gold stripping

Conditions of water and wastewater
1) Water guantity and appllication
Tap water: 7Tm°/day
To make up for washing water twice or thrice per day.
2) Conditions of wastewater generation
Bath: Discharged when the chemical nickel plating bath
is renewed.
Washing water: BatchWise discharge of drainage from
multi-stage counter-current water washing in the
morning or afterncon (the recovery tank is used for pre-
paring the bath), and effluent from ion exchange resin
treatment of gold plating 2-stage counter-current wash-
ing water. _
3) Contamination items: pH, COD, BOD, Ni, Cu, Zn, Cré+, CN,
N, P
Method of wastewater discharge
Gold plating bath is treated outside (100 1/M: gold is
recovered}. Chemical nickel plating bath and nickel plating
bath are discharged to the acid-cleaning system, and
washing water is discharged separately.

Faectory No.2-13
Copper plating, nickel plating , chrome or black chrome:

plating of fishing tools (rods, reels) made of iron material
Factory area
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220m3 (refer to Fig.1.3.8.)
c. Working'processes
Barrel polishing -- water washing -- electrocleaning --
water washing -- copper cyanide plating -- water washing --
copper sulfate plating -- water washing -- nickel plating
-- water washing -- chrome plating or black chrome plating
-~ water washing -- drying
d. Conditioﬁs of water and wastewater
1) Water quantity and application
Tap water: 6~7m3/day
To make wup for bath once in 4M and for washing water
every day. .
2) Conditions of wastewater generation
Bath: Not discharged
Washing water: Discharged when the washing water is
renewed for the batchwise water washing using plastic
buckets in several steps.
3) Contamination items: pH, COD, BOD, Cu, Ni, Cr8+, CN, P
e. Method of wastewater discharge
Washing water is discharged at the end of day's work.

1. Factory No.2-14

a. Business content
Zinc plating, chrome plating, black chrome plating or
biack chromate of tent parts, fixed parts of automobile
engines -and electric parts made of iron material.

b. Factory area _
116m? (refer to Fig.1.3.9.)

c. Working processes
Cleaning -- water washing -- pickling -- water washing --
copper cyanide barrel plating -- water washing -- copper
sulfate plating -- water washing -- nickel plating -- water
washing -- chrome plating or black chrome plating or black
chromate -- water washing

d. Conditions of water and wastewater
1) Water guantity and application

Tap water: 5m3/day '



To make-up for washing water
To make-up for washing water.
2) Conditions of wastewater generation
Bath: Not discharged because bath 1Is wused repeatedly
after sodium sulfide is added once in 1M and resulting
metal deposit 1is filtered out. However, the sludge
flows on the floor surface of the workshop into the
Joint wastewater treatment plant.
Washing water: Discharged when the washing “water 1is
renewed for the batch wise water washing using plastic
buckets 1n several steps.
3) Contamination items: pH, COD, BOD, Cu, Ni, Cré6+
e, Method of wastewater discharge )
The effluent from the first washing tank in the multistage
washing system is used for preparing the bath, and the
effluent from the second washing tank is discharged into
the Jjoint wastewater treatment plant. The effluent from
the third washing tank is conveyed to the second washing
tank where it is reused. For the third tank, new water is
used as make-up water, or relatively dilﬁte wastewater from

other tank is reused.

Factory No.3-1
Business content

Parkarizing (zinc) of fiber bobbins
Factory area

198m? (refer to Fig.1.3.10.)

Working processes {(semi-~automatic)

Alkali cleaning -- water washing -- pickling -- water wash-
ing -- dipping -- water washing -- rust preventives/cutting
011 -- vegetable cil dipping -- drying

Conditions of water and wastewater
1) Water quantity and application
Tap water: 100m3/day
Toe make up for washing water and bath at the start of
work.

2) Conditions of wastewater generation



Bath: Not discharged.
Washing water: Discharged from l-stage or 2-stage coun-
ter-current washing.
3) Contamination items: pH, COD, BOD, Zn, Mn, n-hexane
e, Method of wastewater dlscharge

Washing water 1s discharged into the acid-alkali system
during the work.
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1.4 Service Water and Wastewater Systems
(1) Water systems

Water which 1s used in the plating industry estate 1s sup-
plied by the tap water supply system in any of the 1st Estate
Section, the 2nd Estate Section and the 3rd Estate Section.

Roughly speaking, tap water is used as (1) water for produc-
1{ion use and (2) water for domestic use.

Water for production use is classified as (1) production
water in each plating factory and {(2) water in the central waste-
water treatment plant. Water for domestic use is classified as
(1) water for cooking, (2) water for flush tollet and (3) water
for laundry.

Water used in each plating factory is used for (1) prepara-
tion of bath, {(2) washing, (3) washing of floors, (4) cooling,
ete. Tn addition, it 1s used also as recycled water in the
central gas scrubber tower, which purifies the flue gas dis-
charged from the hood inside the room. This tower is installed
as a measure for improving the working environment in the facto-
ry. ' _

Water used in the central wastewater treatmént plant is used
for (1) dissolving of chemicals, (2) washing of the déhydrator,
(3} backwashing of the filter tower, (4) regeneration of ion
exchange resins, (5) washing of other equipment, (8) washing of
floors, etc.

Water for cooking is used in the 1st Estate Section. Water
for flush toilet and water for laundry are used in both the 1st
Estate Section, the 2nd Estate Section and the 3rd Estate Sec-
tion.

(2) Wastewater systems
Wastewaters frbm production processes are classified and

discharged from each factory and are received in the cyanide
wastewater tank, the chrome wastewater tank, and the acid-alkali



wastewater tank of the central wastewater treatment plant 1n-
stalled in the estate section. The conditions of discharge are
as follows. Floor spilled water Is discharged at all times..
Washing water 1s discharged at all times or once a day. Bath
liqueor is discharged at a frequency of once or more in a year.
Further, recycled water in the central gas scrubber tower 1s dis-
charged. The wastewater quantity 1is equal to the quantity of
water used for production use less a high concentration waste-
water to be treated by entrusting outside,'an'evaporated quantity
of hot bath liquor and cooling water, and an evaporation in the
gas scrubber. On the other hand, in the central wastewater
treatment plant, wastewaters transported from plating factories
located outside the plating industrial estate are also received
and treated. For this reason, the quantity of effluent from the
wastewater treatment plant surpasses that from production proc-
esses, The treated wastewater is finally discharged into the
public sewerage systemnm.

The domestic wastewater 1is classified as nightsoil and
miscellaneous wastewater. The former 1s treated in the sceptic
tank usually by anaerobic treatment and the wastewater 1is. com-
bined with the latter to be discharged 1into the public sewage

system.
1.5 Condition of Wastewater Treatment and Reclamation Plants

Among the three estate sections of the plating industrial
estate being run by S Co., Ltd., the 1lst Estate Section and the
2nd Estate Section have the wastewater treatment plant.

Reclamation plants are not installed in any of the estate
section.

The wastewater treatment plant installed in the 1st Estate
Seetion and the 2nd Estate Section are approximately equal to
each other in (1} wastewater treatment system, (2) plant con-
struction and scale, (3) unit apparatus installed in the treat-
ment plant, (4) method of operation, (5) number of personnel
involved in the operation, ete., and therefore, the wastewater
treatment plant of the 2nd Estate Section only will be selected



and its conditions be described.
(1) Flow sheet and 1ayout of the wastewater treatment plant -~

Fig.1.5.,1, and Flg.1.5.2. show the flow sheet and the layout
of the wastewater treatment plant, respectively.

- In the wastewater treatment plant are installed (1) cyanide
wastewater tank, (2) chrome wastewater tank and (3) acid-alkall
wastewater tank. Wastewaters discharged as classified as (1)
cyanide wastewater, (2) chrome wastewater and (3) acid-alkali
wastewater from each factory are received 1in these tanks on a
gravity flow-down basis,

On the other haﬁd. wastewaters transported by tank lorry
from plating factories located outside the plating industrial
estate, also as classified as (1) cyanide wastewater, (2) chrome
wastewater and (3) acid-alkali wastewater, are received in (1)
cyanide wastewater tank, (2) chrome wastewater and (3) acid-
alkali wastewater tank.

The wastewater received in the cyanide wastewater tank is
conveyed through a water pump to fhe cyanide-pH adjustment tank.
In this tank, a pH meter 1s provided, and in order to adjust
wastewater pH nearly to 10.5, a chemical feed pump 18 operated
jointly with the pH meter for feeding a sodium hydroxide solu-
tion. As pH is adjusted, the wastewater flows by gravity into
the primary oxidation tank. In this tank, a pH meter and an ORP
meter are provided, and chemical feed pumps are operated jointly
with them for feeding a sodium hypochlorite solution and a sodium
hydroxide solution, respectively to control pH to 10.5 and ORP to

300 mV. Here, the primary oxidation reaction of cyanide is
completed.
NaCN + NaOCl1l -- NaCNO « NaC1 = —- (1)

Then,‘the wastewater flows by gravity into the secondary
oxidation tank. In this tank, a pH meter and an ORP meter are
provided, and chemical feed pumps are operated jointly with them
for adding sulfuric acid and sodium hypochlerite, respectively to
control pH to 7 and ORP to 600 mV. Here, the secondary oxidation

reaction is completed.
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2NaCNO + 3NaOCl + H20 -- N2 + 3NaCl + 2NaHC03 ----= (2)

On the other hand, the wastewater received in the chrome
wastewater tank 1s conveyed through a water pump into the chrome-
pH adjustment tank. In this tank, a pH meter is installed, and
in order to adjust wastewater pH to 3.5, a chemical feed pump is
operated Jjointly with the pH meter for feedlng sulfuric acid. As
pH is adjusted, the wastewater flows by gravity into the'reducing
tank. In this tank, an ORP meter 1is provided, and a chemical
feed pump 1is operated jointly with the ORP meter for feeding a
sodium hydrogen sulfite to control ORP to 650 mV. The reducing
reaction to convert B8-valent chromium to 3- wvalent is completed.
4H2Cr04 + BNaHSOS + 3H2804 -- 2Cr2(S04)3 + 3Na2804 + 10H20 -- (3)

The chrome wastewater after completion of the reducing
reaction flows by gravity Iinto the neutralization tank. In this
tank, it is mixed with the cyanide wastewater conveyed through a
pump and the acid-alkall wastewater conveyed through a water pump
from the acid-alkali wastewater tank. In the neutralization
tank, a pH meter is provided; and in order to adjust mixed waste-
water pH to 9.5, a chemiéal feed pump is operated jointly with
the pH meter for feeding a sulfuric acid solution or calcium
hydroxide solution. Here, heavy metals in the wastewater are
precipitated as hydroxides, some of phosphate ions as calcium
phosphate, and fluorine lons as calcium fluoride. Further, a
part of organic substances Iin the wastewater, such as o0il, are
simultaneously coagulated and separated.

Men+ + nOH- -- Me(OH)n i {4)
PO42-~ + Ca2+ -- CaPO4  —ee—e (5)
2¥- + CaZ2+ -- CaF2 S e (8)

The effluent from neutralization flows by gravity into the
following reaction tank. In this tank, an aluminum sulfate
solution and a calcium hydroxide solution are fed at metered
rates to improve the coagulability, as well as to precipitate
remaining phosphate ions as aluminum phosphate.
3P04 + 2A13+ -- AL2(P04)3 S - (7)

The wastewater treated by coagulation in the reaction tank
flows by gravity Iinto the following flocculation tank where a
high polymer coagulant is fed to grow flocs.



The wastewater with grown floes 1s conveyed into the follow-
ing sedimentation tank where flocs are settled on the bottom,
while the separated supernhatant flows over tank into the follow-
ing treated water tank. . _ o

In the treated water tank, a pH meter is provided, and in
order to adjust treated water pH to within the range of étandard
- discharge limits, a chemical feed pump is operated jointly with
the pH meter for feeding sulfuric acid.

It the treated water quality satisfies the standard dis-
charge limits, normally that the treated water is finally dis-
charged through the water monitoring tank.directly. On the other
hand, 1if the treated water quallty does not satisfy but can be
treated by proceedling with unit operations so far described, the
treated water is returned through a filter pump into cach re-
ceiving tank where it is treated agaln before being finally
discharged.

The wastewater after pH adjustment is conveyed under pres-
sure through a filter pump into a rapld filter tower. The rapid
filter tower 1is packed with Anthracite to remove remaining sus-
pended solids. This is installed as a pre-treatment for the
following process.

The filtered water is conveyed under pressure directly to
the feollowing activated carbon adéorption tower, Here, organic
substances such as COD, BOD, etc, remaining in the treated water
are removed through adsorption.

The treated water from activated carbon adsorption tower is
conveyed under pressure directly to the following cation exchange
resin tower. Here, traces of heavy metals remaining in the
treated water are removed,

The treated water from the cation exchange resin tower 1is
conveyed under pressure difectly to the following chelate resin
tower. Here, traces of chelated heavy metals remaining in the
treated water are removed,

The treated water having passed the treatment processes
mentioned above is finally discharged through the following water
monitoring tank.

On the other hand, the sludge settled in the sedimentation
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tank is collected toward the center by means of the rake provided
on the bottom of the tank and is then discharged through a sludge
diséharge pump into the sludge storage tank.

The thickened sludge stored In the sludge storage tank 1s
dehydrated by mecans of a filter press, The dehydrated cake 1s
stored in the bunker, thence transported by car to the waste
disposition plant. The supernatant and the laundry wastewater
are returned to the receiving tank where they are treated togeth-
er with the received wastewater.

The backwashing wastewater from the rapid filter tower, the
backwashing wastewater from the activated carbon adsorption
tower, the wastewater ffom jon exchange resin regeneration, and
the wastewater from chelate resin regeneration are returned fto
_ the respective recelving tanks where they are treated together

with the recelived wastewater.
(2) Specirications of majJor apparatus

Table 1.5.1. shows the major apparatus in the central waste-
water treatment plant installed in the 2nd Estate Section.

The wastewater treatment plant was constructed in 1987 by S
Co., Ltd.'ifself with a construction cost of 469,315,000 wons
(financed amount 439,000,000 wons, depreciation period 7 years,
with no subsidy and no levy). In 1990, a chelate resin tower was

added by a Japanese enterprise.
(3) Conditions of operation and maintenance

Six'employees_of S Co., Ltd. are engaged in the operation of
the central wastewater treatment plant. One of them is an engi-
neer and others are technicians (workers}. The operating time is
8 hours per day corresponding to the operating time of each
factory.

A. Receiving of wastewaters

According to the hearing at the central wastewater trecatment



Table 1.5.1. Specification of Equipment in Central Wastewater

Treatment Plant ( The 2nd Estate Section)

No. NAME Q' TY SPECIFICATION
1| CN STORAGE TANK 1 §3,000¥x12,000%x 3,000
SCREEN PIT 1 ] 900%x 600"x 300"
PUMP o 2 | 3HPX 504% 2701/m
2| Cr STORAGE TANK 1 3,_000"*’x 12,000 % 3, 000"
SCREEN PIT 1 | 900¥x 600%x 900"
puwr | 2 | 3HPx 504 % 2701/
3 | ACID A_LKALI STORAGE TANK 1 | 3,000"x12,000%x 3, 000"
SCREEN PIT ' 1 | 900¥x 600%x 900"
PUMP 2 1 3HPX 50AX 2791/m
4| CN-pH CONTROL TANK 1 | 2,000¥x 2, 000"x 2, 000"
AGITATER I | 2HP X 120RPM
pl CONTROLLER 1
u5 lst(;;(lD—A—l"—ION”TAhK 1 | 2,000¥x 2,000"%x2,000"
AGITATER { | 2HP X 120RPM
pH CONTROLLER 1 |
ORP CONTROLLER 1 o
6] 2nd OXIDATION TANK 1§ 2,000%x2,000"“x2,000"
AGITATER 1 | 2ZHP X'120RPM
pll CONTROLLER 1
ORP CONTROLLER 1 _
74 Cr-pRk CONTROL TANK 1 12,0009%2,000"%x2,000"
AGITATER 1 | 2HP X 120RPN
pH CONTROLLER 1
8 | REDUCTION TANK 1 }2,000%%x2,000% 2, 000"
AGITATER 1 | 2HP X 120RPM
ORP CONTROLLER 1
9 | NEUTRALIZATION TANK 1 [2,000"%x2,000%x2, 200"
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Table 1.5.1. Specification of Equipment in Central Wastewater

Treatment Plant ( The 2nd Estate Section) (continued)

No. _ NAME Q' TY SPECIFICATION
AGITATER 1 | 2HP X 120RPM
pll CONTROLLER 1 _ o
10 | REACTION TANK 1 | 2,000%x2,000%x2,200%
AGITATER 1 | 2HP X 120RPM
11 | FLOCCULATION TANK 1 {2,000%x 2,000 x 2,200"
"AGITATER 1 | 2HP X 0~-300RPM
12 | SEDIMENTATION TANK 1 | 5,400%% 5, 400%x 4, 000"
PUMP 2 | 2HPX 100AX 1201/m
13 | TREATMENT WATER TANK 1 | 2,000%x 2,000 x 2, 200"
AGITATER 1 | 2ZHP X 120RPM
pH CONTROLLER 1
PUMP 2 5HP X 654X 6501 /m o
14 | ANTHRACITE FILTER 1 | 1,800¢ x2,000"
15 | ACTIVE CARBON FILTER 11,8008 x2,000"
16 | CATION EXCHAGE RESIN FILTER 1 | 1,800¢ x2,0001
17 CHELATE_;EQEN FILTER 1 1.865& X 2,000
_13 CSTERILIZATION TANK 1 11,200¥x 2,400%x 1, 200"
19 | REGENERATION TANK 2 12,0001 N
AGITATER 2 | 1HP X 120RPH i
PUMP _ 2 | 10PX 404
20 | MIXING TREATMENT TANK 1 11,8000 % 2,4004
AGITATER 1 | 2HPx 120RPM )
21 | SLUDGE TANK 1 |2,0008 x 2,400
AGITATER 1 | 2HP X GORPM o
22 | CHEMICAL TANK 13 _ N
ﬁ ‘CHEMICAL FEED PUMP - 6,000 ml/m, 8,000 ml/m
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plant, some of the high concentration wastewaters are not
treated in this wastewater treatment plant, but 1s disposed ofby
entrusting outside. Based on the wvisiting survey, sbme of the
decorative plating factories of gold plating perfofm recovery of
gold by adsorption on lon exchange resins in stalled in their
" own factories, but others dispose of the concentrate wastewater
of gold plating by selling it to the outside. '

On the other hand, wastewaters transported from plating
factories located outside the plating industrial estate are
treated with fixed entrusted treatment fees. At the fee deter-
mined initially, the wastewater is received automatically. The
wastewater quality is not checked ecach time the wastewater is
transported, and therefore, quantity and quality variations of
wastewater to be treated are so severe that the plant opera-
tion is very difficult.

B. Conditions of operation

For the operation of the facilities in the central waste-
water treatment plant, wastewater treatment (entrusted.and for
reuse) plant operation diaries have been kept,

The diary has columns for gulidance and checkiﬁg organiza-
tion'sinspection seals and discharge facllity manager's decision
seal. The items to be entered are as follows:

a. Wastewater guantity generated and entrusted _
There are entry spaces for quantity iﬂ stock from the
previous day, gquantity generated in the plant, quantity
discharged from tenant factories, and quantity transported = by
truck from outside.
b. Wastewater quantity treated
For each kind of wastewater (oxidation or reduction), there
are entry spaces for quantity finally discharged, quantity
exhausted (evaporated), quantity converted to resource (for
reusc), guantity entrusted, and others.
¢. Treatment plant operating time, final discharge time and
worker's kind of work and name. For each kind of waste;

water, there are entry spaces for the operating time in a



h.

form of table sectioned Into 24 hours per day.

Meter readings

There are entry spaces for meter readings of integrating
power meter, integrating flowmeter ~for finally discharged
water, and tap water flow meter, and for controlled condi-
tion.

Chemical consumption

There are contry spaces for chemical properties, applica-
tion, quantity purchased, exhausted quantity breakdowns and
remaining gquantity of NaHS03, NaOCl, A12(S04)3, H2804, high
polymer cbagulant,_K.D, NaOHR, NaOH (33 %) and K.D.K.
Industrial waste disposal

For each kind of waste, there are entry spaces for quantity
transported, guantity generated for the day, quantity
treated for the day, method of treatment (in the plant or
by . entrusting), quantity remaining on the day, and the
condition of storage. _
Failure of the treatment plant _

For each equipment, there are entry spaces for failure
time, failure condition, actions taken, interruption of
wastewater treatment, and others.

Results of water analysis in the plant

For each item such as pH, BOD, S8S, hexane extract (n-
hexzne), CN, Cu, etc., there are entry spaces for maximum
concentration and minimum concentration, sampling time and
analysis time. In the case of entrusted sample analysis,
the enterprise name can be entered. It is told that the
water analysis is done twice per week or so.

Utilities

(Electric power consumption)

2.5 kW/place x 20 places x 8 h/day = 400 kW/day

(Chemical consumptions) e

NaHS0 430 Won/kg | 6,000 kg/month ,580,000 Won/month |
NaOCl 112 Won/kg | 2,000 kg/month | 244,000 Won/month
AL2(5S0)4 170 Won/kg | 1, O(.JA(")“i::g/month 170,000 Won/month |
H2504 125 Won/kg | 1,500 kg/month | 187,500 Won/month |




Polymer  |3,100 Won/kg | 70 kg/month | 217,000 Won/month
coagulant

K.D | 240 Won/kgw 20,000 kg/month | 4,800,000 wOn/manh
NgOH (70?) 380 Won/kg 8, 000 kg/month ; 3 040 000 Won/month
NaOH (334) 120 Won/kg 70, 000 kg/month ! 8,400,000 Won/month'

K. D. K |2,000 wOn/kg 2,000 kg/month | 4,000,000 Won/month |

D. Received water quality and treated water quality

Table 1.5.2. and Table 1.5.3. show the water qualily of waste
water stored 1in each of the cyanide tank, chrome tank and

~acid-alkali tank, as well as of the treated water from 6-
valent chrome reduéing, sedimentation tank supernatant, acti-
vated carbon treated water and_chélate resin treated water, in
the central treatment plant installed in the 2nd Estate Sec-
tion and the 1st Estate Section, respectively.
The wastewater stored in each tank is a mixture of wastewaters
from plating . factories located in the plating industrial
estate and wastewaters transpdrted from plating factories
located outside the plating industrial estate. That is, sam-
ples for water analysis were taken from this mixed wastewater.
Fach unit apparatus after the rapid filter tank had not yet
been transported to the 1st Estate Section and the 2nd Estate
Section at the time of sampling. Therefore, the samples were
taken from the treated water staying in each tower.

1.6 Other Related Conditions

(1) Conditions of the surroundings of the plating industrial
estate

The plating industrial estate is located in the Inchon
industrial ‘zone which is crowded with small-scale workshops being
positioned near the coast.

The Inchon industrial =zone has Inchon Port for sea traffic,
and also has highways and railways from Soul. Inchon Port and
highways are utilized for the transportation of raw materials and
products. Roads are used as industrial roads. The workers can
ro to work by rail or car.
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Table 1.5.2.

The Quality of Raw Water and Treated Water in Central
Treatment Plant
(fletal plating &nd Estate)
\ SANPLE CN STORAGE TANK Cr STORAGE TANK AciD-nLKAL] Cre* REDHCTIGM
TTEM $TORAGE TQNK_ REACTOR
pH i.84 3.29 2.22 9.78
fAcidity tepm) 49. 86 9,286 39.¢ U—‘
Alkalinity {epm} - - - i1.2
Conductivity {4 sscm) - - - 5,544
CODe ., tmg~ 1) 548 269 4129 429
Cu tmgs17 483 138 269 -
Ni (mg{l) 284 133 65Q.3 B -
cr&* tmgs1) < Q.85 353 R 1) <B..BE
Zn (mg-1} 2.33 244 278 -
Fe {mgs1) 278 - | ALY -
CHN {mg-1} 23¢ 113 212 83.2
T-P Timg-sli 153 143 5,538 -
SAMPLE SEDIMENTATION ACTIUATED CHELATE
ITEM Th— TANK CARBON TOWER RESIN TOWER
pH 9. 45 T4 T.44
Conductivity (it sscm) 5,830 467 433
CObc ., N (mgrsi) 124 70 26
ul;-l—l ting- 1) B5.4 2.78 2..58
Ni (mgsi1} 9.31 - .18
Crs* {(mgs1) — < 0.85 - < @, R5
Zn tmg~1) 1.00 - .36
Fe (mg~1} 0.58 B. 66 .81 ]
CN (mg-13 31.2 i @.87 i.39
T-F tmgs1) 2.m - 9.563




Table 1.5.3.
The Quality of Raw Water and Treated Water
Treatment Plant

1st Estate)

in

Central

(Metal plating
- SARPLE CN STORAGE TANK Or STO;:}GE TQNK. aclp-QALKall [ REDUCT!ON.

1TEH STORAGE TANK REACTOR
pH 2.87 2.27 1.72 11.%
fAcidity (ep;;. 47 . g 28.§ T3.3 -
Alkalinily {epmn) - - - 7.893
Conductivity (M s cm) - - - 2,918
CODe . {mg~1) 6,180 T48 459 -12‘8

Cu {mg-1}) 3,27 453 875 _—m—w"umwm—
Ni tmg-1t) 936 16. % 2p2 -

Cen* {mgs 13 <B8.85 tag < 8.85 %9._@5'
£n tmg- 1) 178 451 258 ~

Fe {rmg-s1) 798 - ) - -

CN (mgf’l.) 2,740 L7e inl‘{:"? 28.7
T-P {mg- by 94z .467 257 -
\\\ SANPLE SEDIMENTRTION GCHELATE

ITEN \“\\_ TANK RESEN TOMER

pH 9.t7 &.31

Conductivity (it s7am) i.408 184

CODe . {mgs 1} 273 164

Cu (mgsty 1.7 B.14

Ni o (mgs1} 2.22 .88

Ccre* (nlg/l}mr_ < @.85 < @.485

Zn (mg~1) B B.B% a. it

Fe tmgs1i .34 a. 42

CN tng-1) 1.2 < B. 805

T-P (mg/:) D.58 <BP.2




In the surroundings of the plating industrial estate, relat-
ed companies of fundamental industries such as automobile, elec-
tric, electronic, machinery, etc. are located. Plating of the
parts manufactured in these factories is undertaken on a process-
ing fee basis by the plating fTactories located in the plating
industrial estate. Processing of parts for home products 1s also
done in the factories in the surroundings. _

Therefore, the plating industrial estate has the locality
unique to the Inchon industrial zone regarding acquirement of raw
materials, selling routes for products, places of consumption,
convenience of transportation, relationship to parent enterprises

or related enterprises, geographical factors, ete.
(2) Operating condition of the plating industrial estate

S Co., Ltd. constructed the plating industrial estate and
has allowed plating factories to be located in it free of charge.
To each factory, 'utility supplies such as electric power, tap
water, etc. are furnished for a conslderation, and wastewaters
and wastes are treated and disposed of also for a consideration.

On the other hand, the company undertakes an industrial
waste treatment business to treat and dispose of for a considera-
tion wastewaters from plating factories located outside the
plating industrial'eétate. By means of the income, the plating
industrial estate is being run.

.1t seems that the president, etc. will furnish their infor-
mation about plating wastewater treatment technologies, etc. to
the plating factories. On the other hand, each plating factory
Strongly wishes to collect information about plating technologies
and is making investigation for itself, but in reality, it is
difficult.

In case a problém with wastewater treatment occurs, engi-
neers of plating factories are_called to have a meeting to solve
it. If it is found that the cause exists in a plating factory, 8§
Co., Ltd. orders the plating factory to take'an improvement
mneasure., If the plating factory does not follow it, the plating
factory may be dismissed.



It is said that the wastewater treatment cost in the central

wastewater treatment :plant is 12000-13000 wons/t.

On the other hand, the sludge quantity generated in the

wastewater treatment plant is 1-2 t/day (water content 70-75 %),

and the disposition cost is 87000 wons/t + 15000 wons/m° (trans-

portation cost). Effective utilization of sludges, etc. is not

done.

(3) Consciousness of tenant enterprises of pollution control

According to the visiting survey, the tenant enterprises’

consciousness of pellution control is as Tollows:

o

Managers of engineers of surveyed TfTactorles fare nighly con-
scious of pollution control. From the facts that the recovery
tank is installed in the case of water washing system, waste-
waters are ~discharged as classified, the exhaust hood is
installed, etec., 1t is suggested that the education by S Co.,
I.td. in pollution control and working environment should be
complete.

Personnel in the field are conscious_of classified discharge
of wastewaters, but in some plating factories, the same wash-
ing tanks were used in common to both cyanide and chrome.
This means that the objéctive of classified discharge of
wastewaters is not understood from the viewpoint of wastewater
treatment. _

In some plating factories, complete control of water and
wastewater is done.
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