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Characteristics of chlorine tablet solubility and
their disinfection efficiency of johkasou effluents

Apou Shousha Yahya
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The night soil system in Japan is classified into
three categories : public sewerage system, johkasou
system (on site human wastwater treatment tank},
and cesspit collective night soil treatment system. In
johkasou, the biologically treated wastewater is
usually disinfected by chlorination. Organic and
inorganic tablets are used for this purpose. The
basic properties on the solubility of chlorine tablets
and their disinfection effects are still not clear.
Usually, a johkasou is inspected every 3 or 4 months
and the tablets are replaced by inspectors. During
this period, the tablets may be exhausted complete-
ly. For that reasons, there is a need to clarify solu-
bility and disinfection efficiency characteristies of
these tablets.

To achieve these purposes, two commercially
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available chlorine tablets: organic (composed of
trichloro-isocyanic acid, commercial name Kurine-
s} and inorganic (composed of calcium hypochlorite,
commercial name Haykrone) were studied. Their
solubility under different conditions as well as their
disinfection effects were examined using a small-
scale johkasou, 1/8 the size of a johkasou for 10)
persons. In that model, the flow rates was simulate
that of reai johkasou by considering the retention
time. ‘

The solubility of chlorine tablets was examined in
order to chtain data on the solubility of these tablets
and the factors which affect solubility. The factors
studied include flow rate, temperature, pH of the
water, and homogeneity of the chlorine content of
the tablets. These data were used for evaluating the
solubility of tablets in & johkasou disinfection cham-
ber for 5 persons in summer and winter. Two col-

umns containing chlorine tablets were used to simu-
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late the conditions in an actual johkasou. A
predetermined daily flow rate model was used and
the chlorine concentration at each flow rate was
measured.

The results showed that, the characteristics of
organic tablets are different than that of inorganic
tablets. While the organic tablets were only par-
tially soluble in water the inorganic tablets were
highly soluble. Organic tablets lower the pH of
water while the inorganic tablets increases the pH.
This means that at the same chorine concentration,
the germicidal effect of the organic tablets will be
higher than the inorganic tablets because the chlo-
rine from the organic tablets will be in the form of
hypochlorus ahid. The chlorine from the inorganic
tablets, will be in the form of hypochlorites ions.

High temperature increased the solubility of both
organic and inorganic tablets. However, the degree
of increase in the organic tablets was greater than
in the inorganic tablets. In the summer, the solubil-
ity of organic tablets increased about 509% com-
posed to winter, while for inorganic tablets the
solubility increased about 15%.

Acidic and alkaline mediums inereased the solu-
bility of organic tablets, while acidic mediums only
increased the solubility of inorganic tablets.
Although the chlorine content in both the organic
and inorganic tablets is homogenous, the inner layer
of the tablet contains a higher concentration of
chlorine than the outer layer.

The chiorine concentration of the effluent in joh-
kasou, using organic tablets at a high flow rate (400
liter/hr) did not exceed 5.5 mg/{ (winter) and 9.1
mg/{ {surnmer). This ratic does not fulfill Japanese
regulations which requires the concentration of
effluent not to be less than 10 mg/!. With inorganic
tablets, the concentration exceeds 10 mg// even in
the winter.

The relationship between the flow rate of influent
and the chlorine concentration of efflucnt could be
determined - with organic tablets. With inorganic

tablets, the relationship depends on the time passed
since the tablets were used. The chlorine concentra-
tion decreases are time due to the diminishing of the
size of tablet.

If the organic tablets have to be used, the number
of columns must be increased to at least three. This
will increase the chlorine concentration at a high
flow rate of 509% to become about 8 mg/{.

To clarify the disinfection efficiency of chlorine
tablets, four kinds of micro-organisms were used :
Escherichia coli, Bacilius spore, poliovirus and Can-
diida albicans. These micro-organisms vary in their
resistance. E. coli is the least resistant, followed by
poliovirus, Candide albicans, and the Bacilius spore
which is the most resistant. The cermicidal effects
of chlorine tablets on these micro-organisms was
examined in order to evaluate the disinfection
effects of the tablets.

The micrebiclogical effects of chlorine tablets
was examined under variable chlorine concentra-
tions, then under constant chlorine concentrations
from the start of the experiment. At a last step, the
effect of chloramine was examined.

The results show that E. coli was easily inactivat-
ed by both organic and inorganic tablets even with
low chlorine concentration. However the inorganic
tablets were more efficient due to high solubility.
The study shows that the Candida albicans needs a
longer contact time and higher chlorine concentra-
tions than E. colf for inactivation. With organic
tablets, the required time for decreasing the number
of Candida albicans by 5 log was in the range of one
to two minutes in a chlorine concentration of 5 to 15
mg/[. However, there was no difference between
the effects of both tablets on the survival of Candida
albicans at the same chlorine concentration.

Regarding Bacilius spors, a long contact time is
required even with high chlorine concentration. The
organic tablets were more efficient than the in-
organic tablets for inactivation of Bacillus spores

even at similar chlorine concentrations. For
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instance, at a high chlorine concentration of 101
mg/ !, the required time for a 5 log decrease of the
spores was 40 and 70 minutes for the organic and
inorganic tablets, respectively. This was mainly due
to the difference in the pH of water. The pH was
acidic with organic tablets at thet concentration and
alkaline with inorganic tablets. In acidic medium,
chlorine is in the form of hypochlorous acid which
has a stronger germicidal effect than hypochlorite
ions which are formed in alkaline medium.

The results also show that poliovirus is more
resistant than #. coli and less resistant than Can-
dida albicans. This indicates that, in the process of
disinfection, if Candida albicaus be compietely
inactivated, this would mean that virus also will be
inactivated. By using the chloramine, it was found
that the effect of monochloramine and dichloramine
is much weaker than the free chlorine. It was also
showen that monocloramine is more effective than
dichloramine, but the difference was limited.

The reaction of tablets with ammonia and
organic compounds was examined at specific pH
value in order to evaluate the difference between
the reactions of both tablets with ammonia. This
has importance in determining the ratio of chlor-
amine which is formed because each of the three
forms of chloramine has a particular significance in
water and wastewater treatment. The effect of pH
on the reaction was also examined with organic
tablets. Reaction of chlorine with nitrogenous
organic compounds was examined to investigate the
effects of organic compounds on chlorine consump-
tion.

The results show that the reaction of ammonium
nitrogen with organic and inorganic varies accord-
ing the concentrations of ammonium nitrogen and
contact time. At low ammonium nitrogen concentra-
tion and short contact time, inorganic tablets are
more efficlent of micro biological disinfection
where the free chlomine concentration was higher
than for organic tablets. At high ammonium nitro-

i

gen concentrations however, the organic tables
were more efficient. After a long contact time, total
chlorine decreased very sharply with both erganic
and inorganic tablets at low ammonium nitrogen
concentration. However, free chlorine was still
higher with inorganic tablets than with organic. In
high ammonium nitrogen concentrations free chlo-
rine will be higher in organic tablets than inorganic
tablets.

The pH affects the reaction of chlorine with
ammonium nitrogen depending on the concentration
of ammonium nitrogen. At high ammeonium nitrogen
concentrations, and at neutral pH, the reaction was
stable and monochioramine was the predominant
chloramine. With increasing the acidity of the
water, dichloramine was increased. At low ammo-
nium nitrogen concentrations and neutral pH, free
chlorine predominanted and total chlorine sharply
decreased. These conditions are important in
estimating the germicidal power of chlorine. Free
chiorine was and to be the most efficient followed
by monochloramine then dichloramine. The germi-
cidal effect of monochloramine and dichioramine is
0.1 to 0.01 times as that of free chlorine.

The reaction of organic compounds with organic
tablets was very fast and this will affect the disin-
fecting efficiency of chlorine because organic mat-
ter consume mosts of the chlorine in a short time.

When these results were applied to the real joh-
kasou where the pH of water is usually neutral and
the concentration of ammonia is high, it could be
concluded that the chloramine which is formed will
be mainly in the form of monochloramine. By con-
sidering the effect of chloramine and free chlorine
on the micro-organisms, it is possible to calculate
the germicidal effect of chloramine.

A small scale model of johkasou was used to
apply all the results chtained from the solubility of
tablets in johkasou, the reaction of ammonium
nitrogen and organic compounds with the tablets as
well as the disinfection efficiency of these tablets.
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Flow rate was adjusted to simulate the flow rate
in an actual johkasou for 10 persons. Chlorine con-
centration in the effluent was adjusted to be equal to
that of an actual johkasou.

To examine the microbiological efficiency of the
tablets, two micro-organisms were selected, £, coli
and Candida albicans. These micro-organisms were
selected depending on their resistance. The fate of
both micro-organisms was examined under all con-
ditions which closely simulated that of an actual
johkasou. The efficiency of the tablets under the
effects of organic matter, ammonia, and activated
sludge was examined separately for both micro-
organisms. Then, the effect of all three factors was
examined together.

The results show that ammonia consumed a less
chlorine, followed by organic compounds then
activated sludge which consumed a large amount of
chlorine. The results indicate that while chlorine
concentrations at all flow rates may be efficient for
inactivation of E.coli with higher resistant micro-
organisms such as Candida albicans, only the chlo-
rine concentration at the lower flow rate may be
efficient. At higher flow rates of greater than 100 !/
hr, the chlorine concentration may be not efficient.

As a general conclusion of this study, it could be
stated that there is a possibility of exhausting all
chlorine tablets before the period of checking by
inspectors every 3 or 4 months. This is because the

chlorine columns in johkasou contain about 90

organic tablets at a dissolution rate of 1.01 tablet/
day. In the summer season, the tablets may be
exhausted in less than 3 months. Although there is
little change in the pH of Johkasou effluent, if the
pH of influent water is made to acidic or alkaline,
this will affect the solubility of organic and in-
organic tablets and the formation of chloramine.

Organic tablets are efficient for the inactivation
of E.coli., but not efficient for inactivation of other
resistant micro-organisms. For this, inorganic tab-
lets are more efficient. Both kinds of tablets are
required is to be used simulataneously in order to
prevent the outbreak of epidemic disease. Inorganic
tablets can be used in one c¢olumn and organic
tablets in tther columns.

To overcome the possibility of exhausting of all
chlorine tablets, home owners can observe the joh-
kagou and easily replace the tablets. If the recom-
mended effluent chlorine concentration of 10 mg/!
becomes essential, the number of chlorine columns
must be increased on the disinfection chamber
water inlet and the chlorine column should be
redesigned in a way which increases the contact
area between the water and tablets in the high flow
rate and reduces it in the low flow rate. This will
have great importance when using inorganic tables.
Because inorganic tables are highly soluble, the low
flow rate concentration is very high and may be
dangercus for aquatic life.
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Study on continuing education for home health care nurses
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Mitsuko UsHIKURO

The purpose of this study was to identify the educational needs of, and make sugges-
tivns on these needs to home health nurses in order to upgrade their nursing skills. The
survey was conducted with members of the Nursing Society for Intractable-Diseases as
well as other home health care nureses introduced by these members. Survey question-
naires were sent to 172 subjects and the response rate was 94.29. Excluding practical
nurses, this study included only 125 registered nurses in the analysis.

The major findings in this study were as follows : Home health nurses who are young
and have little clinical experience have the strongest educational needs [or continuing
education. The fellowing skills are important fuor home health nurses and should be
included into continuing educational program ; interviewing skills and counseling, com-
munication skills, high-tech clinical nursing skills, and independent decision-making.

The results of this survey suggested that increasing educational opperlunities, prepara-
tion of nursing manuals, cultivation of clinical nursing specialists, a systematic continu-
ing education program, and a system of quality assurance are needed for conprehensive
home-health nursing education.

Supervisor : Tanji HosiI
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Physiological functions of granulocyte cathepsin G

Tomomi YAMAZAKI

Cathepsin G is a serine protease with chymotrypsin-like activity found in azurophil
granules in human neutrophils and spleen cells, and has been reported to stimulate mouse
B cells selectively Trypsin, which is also a serine protease, has been reported to have
mitogenic activity on human lymphocytes i vifre and also to stimulate mouse B cells
selectively. Since granulocytes that produce cathepsin G, are in close contact to
Iymphocytes fn vive and because a neutral extracellular envircnment is suitable for the
action of this protease, cathepsin G is able to alter the functions of lymphocytes # vivo.

This study found that cathepsin G purified from human bone marrow cells stimulated
the DN A synthesis in both human T cells and B cells, in contrast to a previous report that
cathepsin G stimulated mouse B cells selectively. Moreover, this effect was more
remarkable for T cells than for B cells. Among the T cell subsets, while CD4* T cells
showed an increase in DNA synthesis, CD8* T cells did not. Cathepsin G was also found
to increase intracellular free Ca® concentration ([Ca®"]i), stimulate the production of
inositol 1, 4, 5-trisphosphate (IP:) and cause cytoplasmic alkalization in lymphocytes.

The results sugget, the following signal transduction pathway is initiated by cathepsin
G. When lymphocytes are activated by cathepsin G, signals are transmitted across the
plasma membrane to the cellular interior. These signals lead to phospholipase C
activation and the production of IP; and diacylglycercl (DAG) hy the breakdown of
phosphatidylinositol phosphate. IP; causes the release of Ca?* from intracellular stores.
Concomitantly, or slightly after intracellular Ca?* release, the influx of this cation across
the plasma membrane is stimulated via the activation of the Ca®* channel. DAG
activates protein kinase C (PKC) and translocates it from the cytosol to the plasma
membrane. PKC activation results in the stimulation of the Na*/H* ion pump which
leads to an increase in intracellular pH.

Supervisor : Yosuke AOKI
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Demographic transition effects on of fertility decline in the
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Occurring simultaneously with rapid socio-
economic development, Korea has now completed
the entire process of demographic transition with
the successful implementation of a national family
planning program that started in 1962. It is esti-
mated that if the current level of below replacement
fertility continues, the population in Korea will
stabilize at around 50.6 million by the year 2021, and
will then begin to decrease thereafter. These demo-
graphic changes suggest that new population policy
directions and strategies for the 2lst century may
have to be sought paying careful attention to the

changes in various sociceconomic and demographic
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factors which have been meost influential in the
country’s rapid decrease in fertility.

The current study aims to identify the structural
and causal factors contributing to fertility decline in
Korea over the last three decades since the popula-
tion control pelicy, and a series of five-year eco-
nomic development plans were initiated, and to
examine the determinants of fertility and their
changes over time. This study was based on the
population census data of the National Statistical
Office (NSO) and the national fertility and family
health survey data of the Korea Institute for Health
and Social Affairs (KIHASA) conducted for the
period from 1960 to 1991.

The main methods used in this study were the

Bull. Inst. Public Health, 43(3): 1934
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standardization approach to examine the effects of
structural factors on fertility decline, and the Bon-
gaarts model to measure the effects of proximate
variables on fertility decline.

The results showed that the fall in both the crude
birth rate (CBR) and the general fertility rate (GFR)
for the periods for 1960 to 1970, and from 1980 to
1990, were largely influenced by the decline in
marital fertility triggered by the 1962 national fam-
ily planning program. The Bongaarts model analy-
sis revealed that the factors which exercised the
strongest influence on fertility decline were a rise in
age at marriage, an increase in abortion procedure,
and on increase in contraceptive use.

The influence of induced abortionhowever, has
been decreasing In recent years, and additionaily, a
decrease in postpartum infecundability has had a
negative influence on fertility decline since 1969.
This implies that breastfeeding should be promoted
since it is important for infant health and contrib-
utes to chlid-spacing, and that the provision of
contraceptive services to ensure birth-spacing needs
to be improved inorder to minimize the incidence of
illegitimate and/or unwanted births, and induced
abertions.

The second part of the analysis was divided into
two parts ; estimation of pregnancy intervals using
a proportional hazards model, and estimation of the
determinants of fertility with a logistic regression
model in order to ascertain whether a pregnancy
terminates in a live birth, or in an abortion.

In both analyses the sex composition of previous
children and womens’ education were the main in-
dependent variables. Womens’ education showed a
significant effect on delaying the timing of the
wife's age at first pregnancy, but effect on the pace
of subsequent pregnancies is much smaller and was
often positive. On the other hand, womans’ educa-
tion had consistently positive effect on the probabil-
ity of a pregnancy ending in an abortion, although
this effect showed a study decline over time.

From the first parity, the sex composition of
previous children stands out as the most important
factor in deciding both the pace of future pregnon-
cies and their outcome. The pregnancy risks of
women with sons were reduced by almost one-half
at the second and third parities. The probability of
a pregnancy ending in an abortion also increased
substantially when parents already had a son. Since
the pace of fertility reduction has been faster than
the pace at which the parental son preference has
been weakening, the strong preference for sons has
made the sex of children a more important factor in
the determination of Kaorean fertility. Womens’
education, on the other hand, has become a less
important factor.

There has been a trend in recent years, for on
increase in the sex-ratic. According to the vital
registration data, the sex ratio of third births in-
creased from 110 in 1982 to 190 in 1989, and from 113
to 217 during the same period for fourth births. This
is attributed to the fact that those parents with no
male heir are willing to go on to the next higher
parity, and sex selection procedures have been used
more often by parents. The study estimates that the
number of elective abortions in 1989 was about
19,000. The sex ratio at birth is already at an un-
precedently high level in Korea, and elective abor-
tion has become a serious social and ethical issue.

The national family planning program has accom-
plished its primary goals of fertility reduction and
universal contraceptive use, and consequently the
trend in recent vears for a decline in fertility shows
no signs of reversal. Demographic changes suggest
that the main concerns of the national family plan-
ning program should be shifted from the prior quan-
titative approach, with emphasis on fertility reduc-
tion, to a qualitative approach for enhancing the
population quality. Future family planning pro-
grams should focus on the improvement of program
quality and use-effectiveness of contraceptive mea-

sures, the maintenance of a balanced sex ratio, and
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on a reduction of induced abortions. Of particular
importance is that the sex ratio of births has chan-
ged in recent vears due to an increase in elective
abortions triggered by parental sex preferences.

In a changing socioeconomic and cultural environ-
ment, the decline in fertility has important implica-
tions for issues such as care of the elderly and labor
force supply, and Korea should therefore modify its
policies in order to accommodate these new dimen-
sions in population dynamics. Accordingly, the
future directions and strategies of population policy
should be primarily focused on social welfare rather
than on demographics.

The current family planning program can again
play a crucial role, The major anticipated shifts in
policy options and directions for the immediate
future are: 1.) to improve the current family plan-
ning program management system inorder to
achieve a greater acceptance of contraception
among those in their 20s or those with low parity in
order to increase birth spacing, and in order to have
a wider variety of contraceptive methods available,
2.) to shift from free contraceptive services pro-
vided by government support to a more self-
supporting system through the commercial sector,

3.} to enhance the quality of contraceptive services
in order to reduce the incidence of induced abor-
tions, 4.) to promote breastfeeding for infant health
and child spacing, 5.) to integrate family planning
with maternal and child health and social welfare
programs, 6.) to strengthen social and institutional
support policies for a mere balanced sex ratio
through improved womens’ social status and equal-
ity of the sexes, and 7.) to expand the scope of
family planning to cover the unmarried sector of the
population in order to prevent premarital preg-
nancies.

In order to overcome various problems associated
with family planning as well as the many challenges
of below replacement fertility, the importance of
current family planning should not he underrated
just because of low fertility rates. Finally, it is
necessary to continue to conduct population/family
planning research studies in the context of policy
changes and changes in socio-economic and demo-
graphic conditions. More efforts should be made to
help keep policy makers, planners, and administra-
tors informed about current and prospective popula-
tion and fertility trends.
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Analysis of induced abortion status and its demographic effects

in Korea
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Induced abortion has become one of the most
important factors in the reduction of fertility in
Korea especially since 1970s. This is despite the
continued governmental effort and support for fam-
ily planning programs including supply of contra-
ceptives, such as the pill, condoms, IUDs, and both
male and female sterilization procedures other than
abortions, and carries with it profound population
policy implications.

This study was conducted in order to review the
general picture of induced abortion in Korea and to

examine how induced abortion affects the fertility
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decline in the Korean family planning program.
Data for analysis were mostly from the results of
the 1991 Fertility and Family Health Survey con-
ducted by the Korea Institute for Health and Social
Affairs.

Along with a continuous decrease in the fertility
rate, the rate of induced abortion continued to
increase sharply in the 1970s. The fertility rate,
however, has been steady at 1.6 since 1988 while the
induced abortion experience rate has been station-
ary at 53 percent since 1985.

In the 1980s, while age specific induced abortion
rates among women 30 years or older had a sharp

decrease, there was continugus increase among
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young women of 29 years or younger. The overall
induced abortion rate, however, decreased in the
1980s. In the other words, the annual number of
induced abortions per 1,000 married women de-
creased from 113.2 in 1981 to 63.6 in 1990 and the
absolute number of induced abortions also de-
creased, from about 590,000 cases in 1930 to sbout
400,000 cases in 1990. Nevertheless, the live birth
rate among total pregnancies decreased from 60
percent during 1979-1981 to 53-54 percent in 1082
-1990 resulting in an increase of non parcus preg-
nancies especially by induced abortions.

About 23 percent of women believe in induced
abortion as a means of family planning, though
most women (93%) believe induced abortion is
harmiul. 60 percent of women are not familiar with
the legal status of induced abortions. However,
about 80 percent of the women responded that they
would accept an induced abortion if they had an
unwanted pregnancy and 30 percent responded they
would accept an induced abortion if the sex of fetus
was not the desired one.

Responses regarding health problems experienced
after an induced abortion was 26.3 percent for the
first abortion, 31.3 percent for the second, and 42.3
percent for the third or greater. It is clear from
these days that repeated abortions create more
health problems.

In the correlation analysis between the related
variables of fertility and abortion, fertility showed
the highest correlation with the total number of
pregnancies and the age of the mother, and induced
abortion with the total number of pregnancies.

The namber of births terminated and the propor-

tion of births terminated to the births by induced
abortion increased until 1987. Since then they have
been decreasing whiie the number of births has been
decreasing continuously since 1963. As 5 result, the
estimated number of births terminated by abortion
from 1963 to 1990 is about 1,227,000 in total.

According to the analysis of estimating the effect
of factors on the reduction of the Korean fertility
rate, the increasing proportion who married at a
later age was the most important factor in fertility
reduction in 1960s. With the cfficial adoption of a
family planning program in 1962, however, the
effect of both contraception and induced abortion
on fertility have increased significantly while
effects of later marriage have decreased. Despite
the government’s efforts to promote family plan-
ning, the demographic effect of abortion on fertility
reduction has remained quite high peaking in the
late 1970s. Regarding population policy, implication
it should be noted that both induced abortion and
contraception apparently become the most impor-
tant factors in the reduction of fertility in the
mid-1970s.

As a result, it has been proven that a significant
effect of induced abortion op the fertility decline
was made through the prevention of live births,

In terms of promotion of maternal and child
health, a strong strategy to prevent induced abor-
tion through the improvement of contraceptive ser-
vice quality is required. Especially for women who
need pregnancy termination, sterilization services
provided by the government should be maintained
at a considerable level as has been planned at the

7th national socio-ecanomic development plan.

Bull, Inst. Public Health, 43(3); 1994



