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Utilization of a New ELISA System, PS—ball ELISA Method, for the Measurement of Antibodies
against Pertussis Toxin (PT) and Filamentous Haemagglutinin (FHA) in Human Sera

Kimiko KAWANO, Hiroaki TUMAGARI, and Toshitaka YAGI

A microtiter plate ELISA Method has been used for the measurement of antibodies against per-
tussis toxin (PT) and filamentous haemagglutinin (FHA) until today. Recently, it has been
indicated that nonspecific antibodies are occasionally detected in negative sera by this method.
An improved ELISA system, Polystyrene—ball ELISA method, has also been developed. A com-
parison of both mothods was made using 54 human sera. As a result, a significant difference was
showed between positive sera and negative sera by PS—ball ELISA in comparison with plate
ELISA. The antibodies detected by PS—ball ELISA corresponded well to the histories of vacci-
nation. PS—ball ELISA method may be applicable for the detection of antibodies against PT and

FHA.

Key words : Bordetella pertussis, polystyrene—ball ELISA method, pertussis toxin, filamentous

haemagglutinin
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Tablel. Correlation between PS-ball ELISA
antibody titers of ten séra determined at the
Miyazaki Prefectural Institute for Public Health
and Environment and the National Institute of
Health. ‘

Anti PT antibody titer. Anti FHA antibody titer
Sample (BU/mD)
Na A* B** A* B**
1 42.0 42,0 65.0 100.0
2 10.0 9.0 37.0 31.0
3 29.0 36.0 68.0 90.0
4 1.0 <1.0 10.0 7.2
5 44.0 49.0 30.0 36.0
6 10.0 10.0 20.0 15.0
7 <1.0 {1.0 <1.0 1.0
8 60.0 63.0 128.0 160.0
9 10.0 7.5 33.0 32.0
10 80.0 85,0 36.0 37.0
o 0.997 0.987

Plate ELISA -

* .+ The Miyazaki Prefectural Institute for Public
Heatth and Environment
** : The National Institute of Health
*** . Coefficient of correlation
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Fig. 1. Correlation between antibody titers of 54
human sera determined by the ball ELISA and
the plate ELISA. a: Anti PT antibody titers. b:
Anti FHA antibody titers.
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Epidemiological Study of Bordetella Pertussis in Miyazaki Prefecture:
in Fiscal Year 1991 '

Kimiko KAWANO, Hiroaki TUMAGARI, and Toshitaka YAGI

Research activities for evaluation of new pertussis vaccines have been done since a research

group was formed under the guidance of the Ministry of Public Welfare in 1988. We have partici-

pated in this research. The results in Miyazaki Prefecture in fiscal year 1991 were as follows.

Pharyngeal swabs and coughs from 33 patients with pertussis—like symptoms were collected

from 3 hospitals in Miyazaki city. Bordetella pertussis . were isolated from 7 cases. All isolates

were classified into 1 + 3 - 6 type. The patients confirmed by isolation of bacteria were all non—

vaccinees, and no infection to people with histories of pertussis vaccine was observed. This sug-

gested that pertussis vaccine was effective.

Key words : Bordetella pertussis, Miyazaki Prefecture, pertussis vaccine
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Table 1. Monthly isolation of Bordetella pertussis from patients in fiscal year
1991.

(1991) Month (1992)
4 5 6 7 8 9 10 11 12 1 2 3 Total
No. of samples tested 6 o 2 5 0 9 5 2 1 3 1 5 33
No. of positive samples 0 O 1 0 0 4 2 0 0 0 0 O 7

Table 2. Age distribution of isolation-confirmed pertussis patients in fiscal

year 1991.
Age
0 1 2 3 4 5 6 7  8~14 Total
No. of samples tested 12 10 4 2 0 1 1 0 3 33
No. of positive samples 2 3 0 1 0 0 1 0 0 7
90
i x
*x ok
H 607 x X
g A
8
3
g .
k-] s \x
£ ae Jv -
. e e o
19914 5 6 7 8 9 10 11 12199212 3

(Month)
Fig.1. Monthly reported cases of pertussis from
surveillance stations, and isolations of Bordetella
pertussis from patients, in fiscal year 1991.
% : Bordetella pertussis isolated from a patient.
O —Total reported cases of pertussis in Miyazaki
Prefecture (35%)
[]---No. of reported cases of pertussis in Miyazaki
district (11*)
A = No. of reported cases of pertussis in Nobeoka
district (5*)

* 1 No, of surveillance stations.
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The Serological Epidemiology of Hand Foot and Mouth Disease
in Miyazaki Prefecture, 19861990

Kyoko OURA, Shuji YOSHINO, Seigo YAMAMOTO and Toshitaka YAGI

Hand foot and mouth disease (HFMD) epidemic is caused by mainly Coxsackievirus Al6
(CA18) or Enterovirus7l (EV71) , every third or forth years. In Miyazaki Prefecture, HFMD
was prevailed in 1987 and 1990. We examined neutralization test (NT) with CA16 and EVTI,
respectively, in sera of 423 children of age group 0~9, collected in 1986~1990, As antigen, the
Kodama strain was used for CA16, and the Nagatomo strain for EV71. Both were isolated from
vesicles formed on the hands of clinical HFMD patient in Miyazaki Prefecture, 1990. The geo-
metric means of NT antibody titers measured with the Kodama strain were higher than that with
the Nagatomo strain every year from 1986 to 1990, Hence, it was shown that the HFMD epidemic
of that period was caused mainly by CA18, in Miyazaki Prefecture. And it was pointed out from
the successively conducted serological survey of children that, although there was a HFMD epi-
demic in 1987, susceptibilities of children to the diseasé in the following years were relatively high,
the rate of children having few antibodies for CA16 and EV71 being more than 40% and 50% of the

children examined, respectively.

Key word : serological epidemiology, hand foot and mouth disease, coxsackievirus A16, enter-

ovirus 71
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Fig.1 Antibody positive rate at different levels
of NT titers anti Kodama strain (CA16) in sera
of children.
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Fig.2 The mean NT titers anti CA16, EVT1,
respectively in sera of children, by year, 1986~
1990.
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Influenza Epidemic in Miyazaki Prefecture in Fiscal Year 1991

Kyoko OURA, Shuji YOSHINO, Seigo YAMAMOTO and Toshitaka YAGI

We reported that influenza epidemic in Miyazaki Prefecture in 1990 was caused by influenza virus

type B, which showed antigenic similarity o the influenza virus B/Bangkok/163 / 90, In April 1991,

an influenza virus type A (H3) was isolated from one of the throat swabs sampled at a sur-

veillance station. We anticipated that this virus would cause an influenza epidemic during the

following winter. But actually, the influenza epidemic of the season was caused by the both viruses

type A (HI) and A (H3) .

Key word : influenza epidemic, influenza virus, type A (H1) , type A (H3)
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disease in 1991 / 1992 BOHMAEO LEREZRLIZEETZDS B, 1280
Table1 Isolation of influenza viruses from throat swabs
(Sporadic case)
No. of Days of  No of
Sampling District samples Age onset isolates Type
92.1.14 Miyazaki 5 5~13 1~3 3 ACHL)
1.16 city 1 8 4 0
1.18 1 6 2 1 ACHLD)
1.20 2 10~11 1~2 1 ACH3)
1.24 2 6~14 1~2 L A(H3)
1. 27 1 8 1 1 AC(H3)
1.29 1 ? ? 1 ACH3)
Tota] 13 8(62%)

Table2 |dentification of isolates by influenza hemagglutinatiom inhibition test

antisera  A/Yamagata/32/89 A/Beijing/352/89 A/Siga/2/91 B/BK/163/90 B/Panama/45/90
antigens (HIND (H3N2) (H3NZ)

A/Yamagata/32/89 512 <32 <32 <32 <32
A/Beijing/352/89 <32 1024 1024 <32 <32

Reference A/Siga/2/91 <32 512 1024 <32 <32
B/BK/168/90 <32 <32 <32 512 64
B/Panama/45/90 <32 <32 <32 128 512
AMivyazaki/ 1/92 64 <82 <82 <82 <32
AMivyazaki/ 3/92 64 <32 <32 <82 <82

Isolates  A/Miyazaki/ 4/92 64 <32 <82 <32 <32
(Sporadic  A/Miyazaki/ 8/92 64 <32 <32 <32 <32
case) A/Miyazaki/10/92 B4 256 512 <82 <32
A/Miyazaki/13/92 64 256 512 <32 <32
AMiyazaki/14/92 64 512 512 <32 <32
AMiyazaki/15/92 64 256 512 <32 <32

HEHERRIC, SEMNOBERRIT, 2282 2Bk & SRR D
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FITEF I BERR DR E LCHVL S 2 & O NEMEL
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(Table 6) . &7z, 77 F UREBEULISTHD
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Table3 Virological and serological examination of patients with influenza—like disease

Virus isolation HI Test
No. of No. of isolafes No. of No. of significant increase
Sampling Epidemic case samples MDCK Egg  Type Paired sera ACHL) A(H3)
92.1.21 K ps*! 10 0 0 10 9 0
(Kushima)
. 1.23 N 9 2 2 ACH3) 9 0 9
(Nobeoka)
1.24 I jhs*? 11 0 nd *3 11 0 4
(Miyakonojo)
1.21 E jhs 6 2 nd ACH3) 6 0 3
~ (Ebino)
1.27 1 ps 9 2 nd AGHD 8 8 0
(Kadogawa) ’ : '
1.31 Y jhs 6 0 nd 5 0 1
(Nango-cho)
2.7 H ps 3 1 nd ACHL 2 2 0
(Kawaminami)
2. 14 S ps (Tano) 6 2 nd  AQID 3 0 1
Total 80 9 2 54 - 19 18

* 1:primary school, *2:junior high school, *3:not done

Table4 ldentification of isolates by influenza hemagglutination inhibition test 1992 .2 .4
\‘\_\_\~\§\‘\\~EEEEEEI3~‘~A/Yamagata/32/89 A/Bei;jing/352/89 A/Siga/2/91 B/BK/163/90 B/Panama/45/90
antigens (HIND) (H3N2) (H3N2)
A/Yamagata/32/89 512 <32 <32 <32 <32
A/Beijing/352/89 <32 1024 1024 <32 <32
Reference A/Siga/2/91 <82 512 1024 <32 <32
B/BK/163/90 <32 <32 <32 512 64
B/Panama/45/90 <32 (32 <32 256 1024
Isolates A/Mivazaki/33/92 <32 256 512 <32 <32
(Bpidemic A/Miyazaki/51/92 256 <32 <32 <32 <32
case) A/Mivazaki/58/92 <32 256 256 <32 <82
A/Miyazaki/59/92 <32 128 256 <32 <32
Table5 Identification of isolates by influenza hemagglutination inhibition test 1992.2.18
"‘--—--_~\\\Eﬂfjffff~_~A/Yamagata/SZ/gg A/Beijing/352/89 A/Siga/2/91 B/BK/163/90 B/Panama/45/90
antigens (RIND (H3N2) (H3N2)
A/Yamagata/32/89 512 <32 <32 <32 <32
A/Beijing/352/89 <32 1024 512 <32 <32
Reference  A/Siga/2/91 <82 256 512 <32 <32
B/BK/163/90 <32 <32 <32 512 -84
B/Panama/45/90 <32 <32 <32 256 1024
A/Mivazaki/26/92 32 128 128 <32 <32
Isolates  A/Miyazaki/53/92 256 <32 <82 <32 <32
(Epidemic  A/Miyazaki/68/92 256 <32 <32 <32 <32
case) A/Mivazaki/70/92 <32 128 256 <32 <32
AMiyazaki/74/92 <32 128 256 <32 <32
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Table 6 Comparison between the history of influenza vaccination and Hi titer

No. of paired sera which showed

History of No. of significant increases with HI titer anti
vaccination paired Only reference Only isolates Both reference
in 1991 sera antigen*! antigen*® and isolates antigen
Once 3 1 ’
Twice 11 7

Total 54 12 3 22

«1:A/Yamagata/32 /89, A/Beijing/352/ 89, A/Siga/2/ 91

+ 2:isolated strains from patients in Miyazaki prefecture
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Uied v 7z w33 A EEE ARBEORERT 1) (AIESE, K#HRT, AAHE: BRETHER
kB bDTHDLTLAEBRALL. EHF AR, 2, 61—62 1991
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A Simple Method for Detecting Oxolinic Acid in Chicken Tissues Using an Extraction Minicolumn
Kazunori ONO, Yuzo YAMAMOTO, Eri SONODA,; and Osamu TAKEDA

A simple method for the extraction and clean—up of residual oxolinic acid (OXA) in chicken
tissues is presented.

An analytical solution was purified by using a solid phase extraction minicolumn (Bond Elute
Certify II™) instead of liquid partition which is the Japanese official method.

The recoveries of OXA added to chicken tissues at the level of 0.2 £ g/g were 60.0X17.4% deter-
mined by HPLC at 262nm.

Secondly, OXA and analytical solutions including OXA were methylated with trimethylsilyl-
diazomethane. They were injected into a GC/MS with SIM mode, at the m/z of 217, 244 and 275.
DB-17 capillary column showed a favorable effect.

The presented method for GC/MS enabled us to evaluate OXA more than 2ppm level, but was

difficult at below 0.4ppm level at the m/z of 217.
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Fig.1. HPLC chromatograms of the standard and chicken—meat samples at 262nm

A:standard of OXA

B:control sample of solid phase extraction

C:spiked sample of solid phase extraction

D:control sample of liquid partition

E:spiked sample of liquid partition
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Fig.2. UV-spectrum of OXA of standard and spiked samples

A:standard

B:spiked sample cleaned up with minicolumn

C:spiked sample washed with n—hexane
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Determination of Nosiheptide and Virginiamycin in Chicken Tissue by
High Performance Liquid Chromatography

Yuzo YAMAMOTO, Eri SONODA, Kazunori ONO, and Osamu TAKEDA

A high performance liquid chromatographic method (HPLC) is described for determining
nosiheptide (NH) and virginamycin (VGM) residues in chicken tissues.

NH and virginiamycin M, (M,) , which is a main component of VGM, were extracted from
tissues by homogenization with acetonitrile. The supernatant was washed with n—hexane saturated
with acetonitrile. After evaporation of the acetonitrile solution, the residue was dissolved in HPLC
mobile phase, which was followed by another partitioning with n—hexane saturated with aceto-
nitrile.

The determinations of NH and M, were performed under the same conditions except for the
wavelengths of fluorometric detection (NH:excitation and emission wave lengths set at 350 nm
and 514 nm, M, :excitation and emission wavelengths set at 310 nm and 430 nm, respectively) . The
NH and M, were separated on a Wakosil— I5C18HG column (4.6mm X2b6em) by using acetonitrile
—0.02M Nal,PO, (45:55) as a mobile phase.

The recovery of NH in chicken muscle at the level of 0.4 1 g/g was 80.4+8.3% (n=5) and the
lower limit of determination was 0.005 ¢ g/g in chicken muscle. In addition, the recovery of M, in
chicken muscle at the level of 4.0 1 g/g was89.0£6.7% (n=3) and the lower limit of determination

was 0.5 u g/g in chicken muscle.
Key words : nosiheptide, virginiamycin, high performance liquid chromatography
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Analytical procedure for Nosiheptide and Virginiamycin in chicken tissue
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- Chemical Compositions and Secular Variations of
Hot Springs in Miyazaki Prefecture (V)

—Nichinan,and Kushima District—

Yasuhisa HIRATA, Yuji NOZAKI, and Takeshi MAEDA

Water samples were collected from hot springs in Nichinan and Kushima districts of Miyazaki

Prefecture. Chemical compositions were determined in order to investigate the properties of the

waters and to observe the secular variation of each source.

Hot spring waters in Nichinan and Kushima district abound with natural gas, carbon dioxide,

metaboric acid, hydrogencarbonate ion and chloride ion. However, they are poor in sulfate ion.

The level of some components were lower when compared to analytical results from a previous

examination.

Key words : hot spring, chemical composition, secular variation
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Table1 Chemical composition of hot springs

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6
BREZ FH#ER BEBER HKHXER H4BER JHRrR3E5 JLHBRSS
HWEERHE 92/01/30 92/01/30 92/01/30 91/10/25 90/04/27 92/04/086
RE 28.2 31.2 20.9 50.7 30.1 33.5
p H 6.68 7.18 8.05 7.186 8. 30 8.64
wE 1.0100 1.0082 0.9991 1.00586 0.9986 0.9986
EHEEHEWD 15.289 7.678 0.972 0.934 0.561 0.382
AV LIYE Y 5295 2878 315.3 3338 192.6 116.7
BUYA4tY 105. 4 38.1 3.6 70.0 5.3 3.1
TUEZ9h4ty 20. 4 1.5 0.6 14.2 1.0 1.0
R ST INE ] 58.7 19.9 6.4 14.5 1.8 2.3
NPV, 228. 6 114.3 13.1 57.7 3.0 3.6
THIzyhl{ty 0.7 0.8 0.7 0.1 0.9 1.1
2 PERY, 0.5 0.0 0.0 0.0 0.0 0.0
#% (O 4%y 1.5 0.7 0.1 0.8 0.2 1.9
Gl AR 0.0 0.0 0.0 0.0 0.0 0.0
7B ALY 1.8 0.3 0.0 0.4 0.4 0.1
&ALy 6512 3282 262.5 3465 54.9 16.0
BREgAty 1.8 1.8 0.9 2.8 2.6 2.1
VyER 4ty 0.0 0.0 0.1 0.0 0.0 0.0
KRB KR 3692 2197 549.8 2579 360. 0 250. 2
REBATY 0.0 0.0 0.0 0.0 54.0 27.0
BrH 0.0 0.0 0.0 0.0 0.0 0.0
PER RN 3 171.1 339.3 18.2 104.7 14.9 39.86
ISR 3 143.3 64.7 22.3 95. 2 36. 3 4.3
EHM R R A 946. 2 136.4 5.7 159.7 15.4 0.0
3 B 5% (b ok #& 0.0 0.1 0.0 0.1 0.0 0.1

(HfL WEEB:g/ L T OMDILFENS cme/ L)
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Application of lon—Selective Electrode Method for the
Determination of lodide lon in Hot Spring Waters

Yasuhisa HIRATA, Yuji NOZAKI, and Takeshi MAEDA

Ton—selective electrode method has been used for the determination of iodide ion in hot spring

waters. The electrode is immersed in the solutions, and the electrode potential is read by use of an

ion meter after 5 min. The total ionic strength, the pH and the temperature of the solutions are

adjusted throughout the measurements.

The potential response of ion—selective electrode generally shows a slow drift as immersion of

the electrode is repeated. To minimize the error due to this type of drift, the following procedure

was applied: The electrode potential of sample and standard solution (E,, Es) are measured and

the difference between E, and E; is calculated. The operation is repeated and their average is

calculated as a concentration—proportional scale.

The electrode potentials are influenced comparatively by the interfering elements such as pH,

chloride ion and thiosulfate ion. This method has also been applied to analysis of well water.

Key words : ion—selective electrode, iodide ion, hot spring
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Table 1 Readings by iodide ion-selective
electrode (Unknown solution : 0.5mg/1)

Total Unknown Standard
n dipping solution solution - B

time(min) A (@V) B (mV) (mV)

1 5 1. 599
2 10 -0. 400 1.999

3 15 1.919
4 20 0. 840 1. 079

5 25 2.639
6 30 1.719 0.920

7 35 2.599
8 40 1.639 0. 960

9 45 2.919
10 50 1.839 1.079
Av, 2.519 1.207
S.D. 0. 493 0. 401
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BMERBEICHE UBEOBALLAE RS2 &, BiE
RIE L 7oga i i B R E S ARICRD L &
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SECOFEERRKPOI VI A L OERI
JGHT A &L, BEEAREIVF4 v azZ VIR
CEIBEDIng / 4 1KLL, BIEEKR%0.50g /
£1°, 2.0mg/ 21 "RU0ng/ £ 1 -D3EiEE LTI
SEBMZHE L7z, BEEERELNEREEE
REITY, TNENOBIKICISERBE L%, E
BECONBOBMAE LA A4 v A - ICERUER
oS & ot BHEAEEA S EERISERKEY
FTRABREERTRREOAE L, RERE - B
- TISABRME Z DO MERMERIHEO LB Y &
L7z. ‘
BOoNHERBDOISEBM A %2 ORICHIE L 7242
BIRHEOBMTESE, ChE5EHELTEOLY
TRt PIERREETable 1~Table 3ITRT.
—MRICISETOBNLBELOBRREIFL VX MO
HKNSRDESITRENS.
E. =E,+(RT/zF)In,C,+E.(n) +--- 1
E.v1=E,+@RT/zF)In,C.+E.(n+1)(2)
E,..=E,+(pRT/zF)In,C,+E,(n+2)(3)

Table 2 Readings by iodide ion-selective

electrode (Unknown solution : 2. Omg/1)
. Total Unknown Standard
n dipping solution solution A - B
time(min) A (mV) B (mV) (mV)
1 5 ~-1.119 .
2 10 1. 079 -2.199
3 15 -2.599
4 20 0. 520 -3.118
5 25 -2.079
6 30 0. 240 -2, 319
7 35 -2.639 :
8 40 -0. 040 -2.599
9 45 -2.879
10 50 -0. 240 -2.639
A -2. 549 ~2.575
S.D 0.628 0. 318

Table 3 Readings by iodide ion-selective

electrode (Unknown solution : 10mg/l)
Total Unknown Standard
n dipping solution solution A - B

time(min) A (mV) B V) (mV)

1 5 -22.79
2 10 -4, 598 -18.19

3 15 -27. 99
4 20 -7.876 -20. 11

5 25 -30.78
6 30 -9. 835 -20. 95

7 35 -32. 46
8 40 -11.19 -21. 27

9 45 -32.10
10 50 -12. 03 -20. 07
Av -30. 83 -20.12
S.D. 3.583 1. 071
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Table 4 Readings by iodide ion-selective electrode
(Unknown solution : well water)

Total Unknown Standard
n dipping solution solution A - B
time(min) A @V B (nVD (mV)
1 5 -15.472
2 10 -9.035 -6.4368
3 15 -14.913
4 20 -8.596  -6.3168
5 25 -15. 472
B 30 -8.476  -6.9965
7 35 -15, 872
8 40 -8.876  -6.9965
9 45 -16.072
10 50 -8.796 -T.2764
Av. -15.582 -6. 805
S.D. 0.399 0. 366
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Present State of Air Pollution in Miyazaki Prefecture

Yoshikazu FUJITA, Otoyuki YAMADA, Nobuhiro SAITOH, and Katsuzo SAKODA

In Miyazaki Prefecture, the present telemeter system of air pollution was constructed in 1981 .

Air pollution substances (for example, sulfur dioxide, nitrogen dioxide and photochemical

oxidants) are monitored at 26 stations (17 air pollution monitoring stations, 4 automobile exhaust

monitoring stations, 1inversion zone monitoring station and 4 fixed sources observing stations) .

The high concentration of sulfur dioxide observed at many stations at the same time were caused

by the volcanic activities of Mt. Sakurajima. Annual 98% value of daily average at Minami~Miya

zaki automoble exhaust monitoring station in 1991 exceeded 0.04 ppm depending on traffic con-

gestion.

Although some data exceeded the environmental quality standards, the majority of data shows

that there is no concern for the present state of air environment in Miyazaki Prefecture.

Key words : air pollution, sulfur dioxide, nitrogendioxide, photochemical oxidants
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Table2 Results at air pollution monitoring stations

CEBALHE | B EZ|— B R R | HESFVS U | BERTRRE
) D B3 Ffio | BigOH | BED 1 SERfD
HHTE | MERE | EEY| AWy | £y | Eof | £ | B | RS LR | BREED | £33 | aYEE
& B2k | fe198% | fE {2y | FEDE | HEE | E fED2%

BroME & WRoME | S pro\iE
ppm|ppm|ppm|ppm | ppm|ppm| ppm | ppm |mg/nl|ng ol
LS| 0.004| 0.009( 0.004| 0.009| — - 0.030 { 0075 | — -
¥ v = ¥| 0004 0.007| .00} 0.017| — - 0.016 | 0052 | - -
oM % | 0.003| 0.007| 0.014| 0.027| - - 0. 031 0. 085 - -
WERAT | W B fR 42 B | 0.005| 0.013| 0.007| 0.015} — - 0.016 0.064 | 0.032] 0.088

G FE) W@ 4 B | 0.001| 0.003} 0.003| 0.006| - — — — — -
SEME EBL| 0.002) 0.005] 0.005 0.014| = - — — - —

BB - - 0.015| 0.026| 0.8 L7 - - - -
FAJIET | P9 JI| %8 ak B | 0.006| 0.012| 0.004| 0.012| ~— - 0.020 | 0052 | 0.024| 0.045
KEA/NER] 0.005] 0.012] 0.006| 0.013] — - 0.025 | 0080 | - -
HRA | 8 A E AT | 0.008) 0.025] 0.006| 0.016| ~— - - - 0.022 | 0.059
s /AR #E| 0006 0.014( 0.0101 0.019| — - 0.022 0.083 - -
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EEEHAsR| - - 0.025| 0.041{ 21 | 40 - - - -
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Table3 Compliance with environmental quality standards
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Fig. 3 The concentration of sulfur dioxide in Miyazaki Prefecture on Nobember 15 and 16 in 1991
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Investigation of Acid Rain in Miyazaki Prefecture

Otoyuki YAMADA, Tetsuro KAWAIDA, Nobuhiro SAITOH, Yoshikazu FUJITA,
' Kenichiro YOSHITOMI and Katsuzo SAKODA

Acid rain in Miyazaki Prefecture was investigated. Rain water samples were collected biweekly

during eleven months (from May 1991 through March 1992) at eight points in Miyazaki Prefecture.

These samples were analyzed for pH, EC (electric conductivity) , cations and anions. Spectro-

photometer, ionchromatograph and atomic absorption/flame emission spectrophotometer were

used for determining the concentrations of ionic components.

The value of pH which indicates the acidity of rain water varied from 4.07 to 5.73, and the

average value was 4.54. Monthly and total amounts of each ionic component precipitated were also

estimated. The result shows that the amount of precipitation was lowest in Takachiho district.

Key words : acid rain, pH, anion, cation
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Fig. 1

Location of sampling points in Miyazaki

Prefecture
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Table 2-1 Monthly and total amount of ion precipitation at each sampling point

meq,”m2
5 [ & meq,/m2
(mm) pH H Na | NH. K Ca Mg A Cl INOs | S0, F
219. 6 4.78 3.77 1.86 3.84 0.29 1.79 0.60 3.26 1.83 7.78
4417 4, 86 6.15 0.92 4,32 0.29 0.75 0.51 3.79 1.971 11.03
191. 8 5. 13 1.43 5.73 2.34 0.25 1.54 1.32 7.16 0.97 5. 31
341.4 5. 03 3.21 9.74 1.01 0.31 0.79 2.30 12.59 0. 89 7.33
-] 348.4 5. 14 2.52 8.28 0.04 0.33 .38 2.28 8.42 0. 67 7.14
10H 136.9 4.84 1.96 0.63 0.53 0. 10 0.84 0. 30 2.00 0,12 3.17 0.07
1 1H 59.31 4.65 1.32 157 0.92 0.05 0.74 0.43 2.33 0. 92 2.17 0.16
1 28 29.8 4.72 0.57 0.84 1.04 0.07 0.57 0,25 1.46 0. 45 1.88 0. 08
15 3.5 4.40 .33 0.76 0. 84 0.05 0.82 0.25 1.57 0.57 2.12 0.07
2 H 55.7 4,72 .07 0.61 1.04 0. 05 1.09 0.27 1.03 0. 56 1.44 0. 08
3 H 231.6 4,89 3.01 0,42 2.29 0.07 1.99 0.51 2.14 2.49 6. 80
EAE 2089, 7 |----------{ 26.361 31.36] 18.22 1.871 12.30 9.04 45,75 | 11.43 | 56.15 0.45
BTE  meq/m2
R [~ meq,/m2
H\HXE (mm) pH H Na | NH. K Mg Al Cl INOs [ SO, F
4
5 A 303.9 4.59 7.86 7.50 | 12.06 0.32 2,28 11,77 3.28] 16.44
6 A 335.7 4,52 | 10.23 2.27| 18.27 0.20 0.56 6. 34 2.35| 22.87
7H 305, 7 4,94 3.50 | 12.49] 13.00 0.42 3.05 17.22 2.03| 15.22 0.30
8 H 23.4 5. 10 0.19 0.37 1.09 0.02 0.17 0.55 0.22 1.41
9H 488. 2 4.75 8.63| 48.58 3.59 1.16 11,83 63. 74 2.32] 17.15
1 0H 116.4 4.75 2.09 1.77 0.42 0.07 0.55 2. 86 0.67 2.76 0.23
1 1f 146.5 4.92 1.76 | 10.06 0.67 0,20 2.54 12.18 1.45 4.27 0. 11
12K 59.5 4.63 1.40 2.90 1.11 0.10 0.80 4,32 0.81 3.05 0.13
15 34.6 4. 36 1.51 0.75 0.57 0.03 0.24 1.32 0.56 2.13 , 16
2H 23.6 5. 27 0.13 0.51 0.50 0.06 0. 28 0.83 0.31 1.60 0. 11
3 H 321.3 4.15] 23.03 5. 66 4.52 0.22 2.22 7.16 5.79] 16.49
AR 2164.8 {--------] 60.30] 92.85| 55.80 2.82 24. 53 128,30 19.78 1 103.38 1. 05
MR meq/m2
i % ™ a meq/m2
J’W}; (mm) pH H Na | NH. K Ca Mg Al Cl [NOs S04 F
4
5 303 5,19 1.94 3.81 7.81 0.28 4.06 1.55 6.27 2.12| 10.10
6 A 504 4.70 | 10.03 6.87| 12.61 0.17 1,35 1. 98 14.16 3.80| 20.22
TH 218.9 4.72 4.15| 13.53 5.34 0. 56 2.45 3.37 10.77 1.82 9. 96 0.24
8 H 305. 9 4,93 3.60 | 32.89 1.48 0.47 2,04 7.35 38.74 2.08 9,29
9f 253.9 4,86 3.52| 58.70 4.01 1.27 4.48| 12.94 86. 96 2.521 14.17 0. 59
& M| 104 97.1 5. 59 0.25 2.34 2.40 0.11 1. 18 0.72 3.08 0.70 3.09 0.18
11H 86.7 5. 32 0.42 6. 18 5. 34 0.34 1.81 1.70 8.10 1.81 4.81 0. 52
12H 100.4 4.80 .59 4.25 4.45 0.07 1.32 1.10 6. 16 1.30 4,97 0.51
1 H 24.5 4,29 .27 0.58 2.25 0.06 0.91 0.29 1.41 0.73 3.60 0. 17
2 f 29.7 4,32 .42 0.84 2.57 0.11 171 0. 46 2.9 0.75 3.61 0.33
3 f 317 4.48 | 10.41 6.83 | 14.01 0.29 3.50 2.19 11.61 5.621 21.46 0.74
ESET 2241, 1 |---—----} 38.62]136.82| 62.27 3.74 | 24.78| 33.67 199, 18 | 23.26 1 105. 27 3.29
TR meq/m2
Ut R meq/me
ﬁdﬂﬁ (mm) pH H Na | NH. K Mg Al Cl INOs | SO, F
4
5H 365. 6 4.54 | 10.46 7.02 6. 76 0.20 2.15 0.71] 12,02 4.211 15,79
6F 378.5 4.321 17.94 2,26 3.91 0.17 .07 3.16| 11.15 2.81 1 18.41
7H 194.7 4,52 5.88| 19,50 1.89 0. 57 4.72 1.73] 26.14 .27 10.71 1. 43
8 A 145 5.05 1.31 ] 34.41 0. 80 1.02 8. 66 0.211 36.83 .14 7.61
9 A 386.5 4.75 6.81} 36.97 2.09 0.52 9.14 0.68] 48.13 2741 13.03
10H 132.3 4.73 2.44 5. 89 1.26 0.24 1.47 0.37 7.60 1.71 3.91
11H 53.4 4.95 0.60 5. 11 0.24 0.15 1.36 0.19 8.77 0. 65 1,44
12H 157.4 4,53 4.69 8.55 1.90 0.18 2.32 0.77| 11.52 3. 01 6. 90 0. 56
1 H 45,9 4. 41 .80 1.54 0.78 0,08 1.3 0.71 2.74 0.55 4,18 0.41
2H 47.7 4. 83 .13 1,40 1.01 0.11 0. 60 0.45 2,82 0. 87 2.88 0.31
3H 329.3 4.19] 21.13] 12.35 6. 48 0.55 3.77 2.52| 22,77 7.20 | 23.02 1.33
ELET 22363 |- 74.19]134,98| 27.13 3.79 36.61 | 11.50 | 188.60 | 26.17 | 107. 88 4,05

|
-3
=
|




Table 2-2 Monthly and total amount of ion precipitation at cach sampling point

HERTE MTE  neg/m2 ‘
BRI 5 [ i meq,/m2
Higd BERA | (m pH H Na | NH. K Ca Mg Al Cl |NQOs | SO4 F
I¥E
5 H 343.7 4.39 | 14.02 1.79 5. 02 0.13 3.24 0.84 1.57 9.3l 2.66| 15.19 0.45
6 A 304.7 4.24 | 17.46 1.42 4,24 0.32 3.61 0.89 [ 12.82] 14.63 1,62 19.40 2. 81
7 A 338.9 4.35| 14.99| 20.69 4.23 0.77] 10.45 3.811 18.92} 36.61 2.44] 22.68 4,02
8 f 368. 7 4.75 6.50| 21.65 2. 67 1.19 3.62 5. 39 2.89 | 26.04 2.47| 11.04
95 72.8 5.03 0.638 0. 54 0.06 0.29 0.12 0. 66 0. 86 1. 04
gl | 104 127.7 4.47 4.28 1.81 0. 00 1.07 0,38 2,91 3.80 0. 06 4,08
114 60. 8 5. 14 0.44 3.96 0.01 0. 21 1.80 1.15 2. 06 5. 82 0.01 2.87 0.61
12H 141 . 60 3.52 4.85 0.38 0.20 2.87 1.29 5. 46 7.50 0. 66 6.59 1.13
1E 52.6 4.45 1.85 1.90 0.19 0.12 2.77 0. 60 1,14 3.78 0.25 5. 22 0.60
2 H 45.7 4.43 1.70 2.09 0.96]. 0.18 2.96 0,84 1.21 5. 60 1.00 4.94 0. 6
3H 340.8 4.16 1 23.73 2.71 3.33 0.44 4,92 1.12 4.59 | 14.34 3.52| 18.07 2.9
SEAE 2197, 4 {-------~{ 89.17| 63.22 21.01 3.60] 37.60] 16.42] 54.24128.32| 14.681111.12] 13.18
FHHY [ et meq,/m2
el ?XHZ}E pH H Na | NH, K Ca Mg Al Cl [NOs | SO4 F
4 =
5H X 4.67 6.48 111 6.59 . 28 1.89 0.70 4,73 2.33 11.58
6 F . 4.57| 12.37 1.87 6. 44 0.16 0.48 0. 88 8.38 2.24 | 13.65 0.09
7H g 4.52] 13.39 1.07 3.91 0.15 .53 2,23 17.45 1.39 9.17 1.42
8 A 5 4,87 3.28 5.71 1.44 , 05 .47 2.63 14. 04 1.03 7.66
9 A .6 4.31 | 10.76 5. 87 2.80 0. 41 2.24 4.13 26. 78 1.19] 11.18 1.80
N[ 10H .5 4.67 4.71 1.45 0.50 1.07 0. 48 4,53 0. 37 2.80 0.36
115 2.6 5. 12 0.02 0.24 0.35 0.03 0.50 0.11 0.58 0. 14 0.54 0.11
1 2H 141.6 4.56 3.86 3.1 4.47 0.11 2.54 1.01 6.55 .34 7. 46 1.18
1 A 42.4 4.33 1.97 .13 2,48 0.15 1. 56 0.58 2.32 0.74 4,02 0.45
2 A 69.3 4.51 2.12 .90 2. 80 0.10 2.48 0, 80 4.38 1.23 4.74 0.52
3 H 554. 9 4.33| 25.96 2.33| 10.81 0.14 5.13 1. 47 12.79 6.76 | 26.8l 3.07
TR 2717.5 [----------] 84.91 | 56.39| 42 58 1.58 | 20.70 | 15.02 102,54 | 18. 751 99.6] 9. 00
meq,m2
FRR it W% H i meq,m2
o T;UDU; (mm) pH H Na | NH. K Ca Mg Al Cl |NOs | S04 F
4R
5 H 285 4.31] 14,11 1.5 9. 94 0.32 4.03 0.93 3.09| 14.45 2.791 - 19.08 2.76
6 A 441. 6 4,251 24.90 3.5 15. 82 0.22 6. 29 0.83] 25.93| 29.82 3.33| 28.19 5.55
7H 314.9 449 10.22| 11.56 9,88 3.73 8.37 2.50 | 16.3561 27.30 2.35| 18.53 3.50
8 A 72. 6 4.57] 10.02] 17.32 8.36 1. 14 4.36 4.96 1.821 22,89 3.88| 18.24
94 58.9 4.62 3.80 111 2.84 0.43 2,16 2.34 1.26 | 14.93 0.96 7.92 0.52
#1108 28.5 4,96 1. 40 1.33 2.30 0.17 1.32 0.50 0.95 2.68 0. 71 4,69 0.16
1 1H 57.8 5.73 0. 11 1. 68 4.90 0. 11 1. 45 0.52 1.28 3.3 0.93 4.7 0.62
1 2H 80. 6 4.44 2.92 1.76 6.15 0.03 1.94 0. 58 374 7.38 0. 84 6.37 1.48
1B 37.8 .22 2.27 1.84 1.82 0.15 4,94 0.70 1. 88 5.17 0.52 8. 54 1.19
2 A 57.8 .46 1. 99 1.55 0.68 0.09 1,82 0.56 0.57 3.13 0.33 3.89 0.48
3F 248.5 A.07] 21.14 2.20 5. 07 0.30 4.9 0. 88 7.02| 23.9 3.13] 17.04 5. 13
& 2184 -] 92,891 55.37| 67.74 6.69| 41,61 15.34] 63.89]155.07 | 19.801138.22 | 21.39
HEl#R BTE meq/m2
R R % M meq/m2
B Eﬁﬁiﬁ (mm) pH H Na | NH. K Ca Mg Al Cl |NOs S0, F
4 =
5A 316. 1 4,81 4.871 12,28 4.28 0.92| 10.40 6. 21 12.04 3.86| 17.91
6 A 328.8 4.411 12.88 6.75 5.03 0.27 2.89 1. 81 14,63 2.80| 15.23 0.70
7H 199.5 4. 60 5.06 ] 15.04 1.04 0. 47 3.44 3.82 21.83 0.87] 10.70 0.88
8 A 159, 2 4.42 6.04 2,21 0.97 0.12 1.27 0.65 3.14 1.03 4.63
9 A 263.8 5. 27 1.42| 51.00 0.08 1.17 3.19| 11.62 66. 90 0.81 ] 10.46
B 0 A 126 5. 05 1,12 4,50 0.13 0,08 1.22 .19 5. 67 0.26 3.07
LA 89,6 4. 69 1.8l 6. 96 0. 03 0.17 3.09 .96 9,20 0.64 3.82 0.44
2 A 38.3 4.9 0. 44 3.83 0.05 1.43 .26 5.18 0.03 2.15 0.22
1A 39 4,58 1.02 .28 0.20 0.03 2.08 0.44 2. 14 0.39 3.30 0.36
2H 40.2 4,77 0.69 1.32 0.07 0. 04 1.15 0.50 2.12 0.17 1.67 0.08
3 A 28117 4,61 6.92 5.91 1.61 0.19 6. 90 2. 20 12.61 2,991 19.21 1.97
EAEL 1882.2 f--------| 42,261 111.09| 13.51 3.50 | 37.07| 31.66 155,46 | 13.84 | 92.13 4.64
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Fig.3—1 Monthly change in the amount of cation precipitation at each sampling point
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Table 3

Percentage of rainfall and ion precipitation of each sampling point (%)

P& | HAtv | Nadty [ NH. 4ty | K4ty | Cadty [ Mgfdy [ €144y | NOg44v | S0.44v | F43»
& T # 11.8] 5.2 4.6 5.9| 6.8 5.3 5.0 4.1 7.7 6.91 0.8
HE ] 12.2[11.9 13.61 18.1[10.2 9.0 13.5 11.6 13.4 12.7] 1.8
= " 12.7] 7.6 20.1] 20.2]13.5 10.7 18.5 18.1 15.7 12.9] 5.8
H B W 12.6 | 14.6 19.8 8,8]13.7 15.7|  20.1 17.1 17.7 13.3] 7.1
B i 12.4 [ 17.5 9.3 6.813.0 16.3 9.0 11.8 9.9 13.7[23.1
N Ja 15.8 [ 16.7 8.3] 13.8{ 5.7 9.0 8.2 9.3 12.7 12.2[15.8
o 74 12.3]18.3 8.1] 22.0[24.3 18.0 8.4 14.1 13.4 17.0[37.5
H 5] 10.6 | 8.3 16.3 4.4112.7 16.0 17.4] 14.1 9.4 11.3] 8.1

pHIEE LTHRT 2 LMiEE LTIAEREL 371
SISV, TR, BRSO pHOE R EE#A4.37~4.9
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HEW, HEFNVTNLI0% FBATVWAEDIINL,
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IR LTV R EEEEZ 2 Ll oz, #
BRI AL & DEWE U TEET 2 ENTE
5.

T oA O WTE, FA A4 v OB TEIANBIRL
TH, #, DROSHIB THBEIL £ 5 T3, F
EEMIZDWTIE, Kl ZicERd 5 2 E T
RIEMENTVWAELIATHAN, YErBEEE
DR B KILDILH IR D LR BEBE I AL LTV B &
EEELDE, KUMEARICLBBDEZELTLIVT
HAHD.

&%, BERNOBEROEELEEYT 30ICE, B
AMEOEER MDO’EA 4 L OSIHELMNEICR
53bDEEIOND.

Eil 243

ZORBEEMT BT, R ORI & O
AR DWTHEREBFOSELZTOHF BB IV
FELAEESBEL EFET

X it
D JIHEHEE, HEERL BEHEN BB
HEUTAL, BWEHEREIIHRER 2,86
98 , 1990
2) BRETARELE, BERSHAE~—27 ) (&
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"N

R TS

D fpEF-
o e HEr—25 mg/1
A \peRE | W) | B C| pH 55 TNG, T el [ F [NH. [ Na | K | Ca | Mg | Al
BBl 0w s s Lw| 0] 0 025 0.47] 0.10] 0.52] 0.00
520 17770 2070 48] L70| 0.46] 0.42 033 0.13] 0.04] 0.08] 0.02
S 610] s sds] 2] ae| LOOT 0 00| 0.24] 0.20] 0.9 0.06
625 40440 15.45| 4.57] 0.88] 0.21] 0.7 010 0.03] 0.01] 0.00] 0.01
[t m| k] o8] LI0] 038] 040 022 014] 0.05] 0.50] 0.03
8 5 147.90] 14.80] 5.03] L40| 0.25] L60 0.22] 0.8 0.05] 0.12] 0.10
[ si0] me0| U] Lol Le| 03[ 0h 0.36] 0.07 0.20] 001
o 2| 30700 1255 5.06] 0.95] 0.14] L40 o 02] 0.72] 0.04] 0.08] 0.09
o7 |97 960 19.10] L7 Le0] 017 0.0 001 | 030 0.03] 0.16] 0.08
0301 2480 970 5.56] 0.65] 0.10] L10 056 0.04] 0.05] 0.08
op 01T T2 88 a7 0.7 0.06] 080 001 003 0.02] 0.05] 0.02
1028 1560] B.2] 437] 510 To0l 009 0.80] 0.70] 0.10] 0.69] 0.08
L] ZLn0] B00] der] L] T10] 2% o7 L] 00| 017 0.1
5o 5760 60| 464| 18] 088 0.87] 0.08] 0.34] 0.27] 0.02] 0.30] 0.06
sl oo ke[ 480 6.10] L0 .00 0.15] 1.20] 1201 0.80] L0 022
L7l 2080 25| 478] L70] 0.68] L20 6.38] 0.41] 001 0.12] 0.05
L] | dow| 41T] 82 08| Lo0| 0.09] 0411 0241 0.057 03] 0.8
5 3] 1820 20.40] 4.78] 2.80] 130 L8O 09| 0.76] 0.08] 0.64] 0.12
o7 adT] T daes] dor[ 0691 0.01 0.70] 0.07] 0.96] 0911 0.04] 098] 0.06
s 2 s 0] 46| L50| 0.61] 0.64 0.01] 0.37] 0.27] 0.03] 0.41] 0.0
a6 o] w] iu| Lo onl on 23] 008 0.03] 0.1 0.04
530 w060 1220 5.12] 120] 0.60] 0.2 o1 002 0.00] 0.13] 0.02
prc 3089, 70 008 708.5 1624, 1| B.6] 327.6| 72L3| 75.0] 2A7.2| 110.3
Bz 150 Leal 0.8 0.78] 0.00] 0.16] 0.55] 0.03] 0.12] 0.05
$E R SERR S4EEE
D fETF—%
<7 = (Il‘Jﬁf— 5 mg/ 1
A |#E | W@ | E. C| pH —g5=TRG5T T el [ F [NH. [ Na | K | Ca [ Mg | Al
o[ 5B| mm| ] 5| Le| 0d] 210 055 Loo| 0.03] 0.2 0.5
5291 17770 2.0 4.40] 5.10] 0.85] 0.86 08l 0.%] 005 0.15] 0.05
oo 810 0| @a] 40| 610] 0.04] L8 230 0.8 0.09] 0.17] 0.07
620 21880 75| 4.50] 270 0.33 0.44 o7l 0.02| 0.01] 0.02] 0.00
7 8 970 1665 48| 5.30] 0.51] 0.59 T 08| 0.0l 0.08] 0.02
19 75| 1580] 30.75] 440| 650 L20| 2.50] 0.80| 2.80| 0.95] 0.13] 0.62] 0.08
8 5] 187 20] 1645] 5.20] L50| 0.38] 2.70 638 L40| 0.07] 0.14] 0.18
o 81| 70| ] 510] 28] 050] 08 081 0.3 0.01] 0.95] 0.09
o T | ] e[ L@] ozl 10 0Tz 097 004 007 012
030 195.80] 4285 | 460 2.40] 0.33] 8.60 015 420] 0.17] 0.20] 0.5
op 01 0d0 e[ 5.00] 0de 0.02 0,01
0 ool 4460 434| 3350 L60| 5.90] 017, 0.2 L50| 011] 0.73] 0.2
LI a0 2Loo| 4] L] 048] 3% 007 180] 0.05] 0.16] 0.23
2 o] %o B0 502 230 130 L40| 0.08] ©0.14] 0.60] 0.07] 0.9 0.1
7 12120 a0 5.06] 420l Loo| 410] G B 1.00] 0IT] Lt0] 0.5
L6 680 2.9 456 200] 0.66] 2.00 020 091 0.04] 097 0.12
T L[ 1| 2a60| 4dz| 20| 03| LI10] 00| 028 059 03] 0.06
5 3 60 %650| 430 360| 160| L60| 0.10] 0.81| 0.6l 0.06] 0.89] 0.11
72T | ] 507 5wl 08| L] 010] 0.8 046 0L L] 0.1t
sz Tl 60l 5o 320 073 Lz20| 0.07] 0.40] 0.54] 0.08] 1.30| 0.5
5316 16 29.20] a89] 8.10] La0] L0 033 0511 0.04] 0.57] 0.11
530 2160|2905 4.37] 210] L00] 0.48 0ol 0.8 0.02] 0.20] 0.07
e 5161, 80 79725 [1226.5 | 45505 | 19,9 [ 1004.5 | 21%5.7] 110.2| 416.7| 298.8
522 156 28] 057 210] 001 046] 0.9] 0.06] 0.19] 0.14




O SE3EE

D ETF—S
—T—— Wer—7 e/ 1
A |#®Ra | R |5 C| pH Fe5=TNG, TC1 | F |[NH: [ Na | K | Ca [ Mg | Al
[ smB] | G| sl L[ 08 L 03] 0.77] 0.05] 0.85] 0.13
5B 530 205 10] 14.00] 5.05| L70| 0.46] 0.7 048] 0.06] 0.03] 0.23F 0.03
T 610] 00T T6.55 [ 5.0] Li0| 080 Le0 051 08| 0.04] 0.10] 0.14
68 %o 333.60] 2L.05] 4.57| 2.20] 0.40] 0.69 02| 0.08 0.03] 0.00
78T IL50] 45| 48| 200] 0.49] 0.7 05 018 0.02] 0.13] 0.02
5 T 3060 ®0] A28 310] 080] 120] 0.15] 0.57| 0.25] 0.11| 0.28] 0.04
551 7680] 3500 4% | 210] 0.44] 7.60 027 370 021 0.3 0.49
sl oL@ 00| 4] L] 05! 0. 043 0| 0.0z 0.07] 0.08
88 o5 a4 10] 28.5] 4.9 1.40] 0.39] 550 500 0.07] 0.15] 0.3
—Tetr| L] B a%| L] 05| 2] 000] 0B Lo 0w L@l 0.2
630 14210 76.90| 4.89| 530 0.51] 19.60 028 8.40] 0.28] 0.46] 0.93
T eno] rer o] L] %[ 08l o 018] 0.02] 0.14] 0.04
oos B0l Beo| 555 230 0.78] 220] 0.10] 0.81] 120 0.09]| 043] 0.18
e TiLu | sl w5 ] o] L] 0| aml 0.00] 0.w6] 180 GO 0.5] 0.0
5ol 50l BB 51l 410 210] 260] 015 1.30] 1.40] 0.8 0.61] 0.21
e a0l s 5% 810] Lio] 0] 01 L[ L& 0Io] 0502
5T o] 25| 4.69] 210 0.69] L70| 0.08] 0.64]| 0.3 016 0.10
LAl sia] LBl sl L@ 2wl 016 Lo 0w GO 0Rl 0
> 3T loa0 435 | 452 8.40] 180 L50| 0.10] 2.00] 054 0.08] 0.77] 0.16
2t Am | arr| 4o] L] sn] 0@l L[ 6%] 0l LO] 016
s 5w 4545] 537 40| 260 10| 0.10] 2.80] 0.85] 023 1.50] 0.26
o 86| 1010 Z.05] 4.5 5] 1.10] L 081 051 0.03] 0.5] 0.00
a0l 17800 2050 443] 380 110] 180 0.08] 0.7 0.46] 0.04] 0.20] 0.08
=i 24110 70556 12424 707L0 | 62,5 1120.9 | 3146.0 | 146.1] 498.1] 410.7
i 5T 296 064 3.06] 0.03] 0.50] L40| 0.07] 0.92] 0.18
B SR 5
D WEF—%
. - 7= /1
A | s | WEmm) | B C| pH =5TNo, TCi | F |[NH: [ Na | K [ Ca [ Mg | Al
5l ww| mis| 4| 20] uml 210 021 L.o0| 0.06] 0.90] 0.18] 0.0
598 28.00] 22.40| 4.53] 210] 0.5 0.72 036 052 00| 0.14] 0.04] 0.02
810 0] 2 0] o] L&] 0| 10 oz 0.5 000 0.15] 0.05] 0.04
621 20080] 3080 4.29] 2.50] 0.47 100 017 008 0.02] 0.21] 0.03] 0.09
5T 0 210 228 500 031 L40] 023 0.12] 0.3l] 003 0.36| 0.00] 0.12
18T 1850 495 42| 460 L20| 200 0.39] 065 0.54| 0.15] 0.32] 0.12| 0.2l
8 5] 8.50] 4L10| 5.15] L9 0.33] 8.60 015 4.60] 0.09] L20] 0.38] 0.02
o [BI0] B o0 48| 2] Lo 260 036] 1.70] 0.18] 0.60] 0.23] 0.03
o 2| TiL20] 5880 5.00] 2.50] 0.21] 1L.00 002 660 0.30] 0.65 0.88] 0.0l
o [ eT @10 1] 4% Ll 062 o 020 T30 0.04] 0.12] 0.16] 0.0l
030 24840 3L50| 467] L80| 0.84| 5.60 000 2.70] 0.06] 0.15] 0.3] 0.02
5 1014 7a.00] 1o.75 | 4.9 L30] 060] L0 012 04| 0.11] 0.10] 0.05] 0.03
0B m.00] 29.55 4.8 L60] L10] 3.60 025 Te0| 0ol 02| 0.55] o.00
5 LT[ s o] .95] L] 0761 450 008 2| 011 0% 0.3 0.08
ST W B 15 5| 540 5.30] 012 0.81] L70] 0.13] 0.57] 0.26] 0.07
A o] H00] 2% 5.01] L50 5.40 30| 001 0.28] 0.23] 0.0
5T w10l 285 446 200 0.9 200] 0.08] 0.11] 0.85] 0.03| 0.18] 0.13] 0.05
Y AN ) P P 50 0.1 0.05] 0.5 04l 0.10] 0.07
5T a4 05| 4.52] 580 19| 250] 0.21] 048] L.03| 0.11| 0.89] 0.52] 0.19
o7 21T 0 ] 45| 8.00[ 100 2I0] 01I] 081 0.68] GO 0.66] 0.14[ 0.6
s ol a0l | 47z 28] 130 210] 04| 0.47] 0.73] 011] 0.28] 0.17] 0.09
oo ade| T o] sass] 4] S00] L20| 230 0.02] 0.98] 0.9 0.06] 0.76] 0I5 0.5
s oo 5| 403 8.70] 150 260 0.135] 0.3 0.9 0.07] 0.27] 0.13| 0.09
AT 2236, 30 =505 16,4609, 2 | 76,01 95,4 3104.5| 146.2] 720.1 446.7| 103.5
E27] T 2 0.7 299 0.03] 0.22] L39| 0.07] 0.33] 0.20] 0.0




BRI P S AR

D fEF—2
o - HWEF—25 ng/ 1
A |RRE Rt | B. C| pH e T0a T T T F INH, | Na | K 1 Ca | Mg | A1
51| 0| 75| 4d5] 1Lw] 045] L@| 010] 012] 08| 0.03] 0.97] 0.06] 0.05
SR 531 a0 .90 4.87| 2.20] 048] 0.7 0.31] 0.04] 0.0 0.13] 0.02] 0.04
o [_6.10] 3800 [ 12.00] 5.77] .90 180 490] 03| L40| 0.33] 0.13] 0.06] 0.08] 0.41
6.25| 271.50] 30.40| 435 2.30| 0.21] L40| 0.15] 0.11] 0.08] 0.03| 0.15] 003| 038
7 8] 15170 .00 414] 5.80] 0.51] 3.30] 0.3 0.18] 0.6 007 076 0 01
19 [ 7.2 4280 .00 4.22] 4.60] 0.7 450] 0.6 0.50] 072 0.08] L10| 0.20] 0.8
8 5] 144.40] 26.80] 5.00] 220] 0.30] 4.20 0.19] 2.40] 0.11] 0.33] 0.12] 0.9
oy 818] 88.70] 5.90] 445] 220] 007 L% 0.32] 0.8] 0.05] 0.19] 01| 0.5
A 27 as0.00] Is52] 492 L20| 021] 270 0.07] 50| 0.15] 0.20] 0.0 0.02
2L R 66| 5.08] 0.6 042 0.17] 0.03] 0.05] 0.02] 0.03
P 7Y P PN Y M 0.58 012 01| 00l 0T
10.29] 4450 14.20] 4.89| 1.40] 0.08] L20 0.61] 0.00] 0.22] 0.09] 0.2
A L 60| 2% 515 L 5.00] 0.1 0] 013 04| 02 0.3
.25 2.0 85.50] 4.95] 17.50] 0.07] 11.40] 1.50] 0.10] 410 026] 5501 0.7 0.83
2. 9] %.10] 2L.20] 535 2.40 L] 012 T10] 0.08] 0.51] 0.16] 0.28
128 [12.24] 3400 3280 4.57] 2.60] L20] 3.00] 0.17| 0.13] L40] 0.13] 0541 0.19] 040
L6 7080 24.25] 4.46] 2.0 L30] 0.16] 0.03] 0.34 028 0.05] 0.7
7 L] 2L70] B.00] 466] 86| 0.62] 200] 018 013] 0.45] 001 0.7 0.08] 0.16
5 3] 30.90] 42.35] 4.3 5.60] 0.07] 280 0.24] 002 L10] 04| 130 018] 0.2
o |_207]_14.40] s8.50] 4,581 89| 150] 8.60] 0.17] 008] Los| 01| L] 0.23] 0.1l
3. 2] 3..30] 53.85] 4.90] 5.80| 130| 470] 0.3 051] L08| 007 1.30] 0.52] 0.50
o |06 12L.80] 2120 ] 4.51] 210 04| 0.76] 0.08] 015] 0.17] 0.06] 0.20] 0.00] 0.06
5.30] 210.50] 44.40| 4.04] 280 0.6 L90| 0.2 0.19] 018 0.05] 02| 00| 015
=i 3107, 10 5344.7] 910.4 | 45%.3 ] 250.5 | 378.1 | 154 1| 140.6 ] T55.7 | 900.3 | 4582
52 139] 2.43] o0.41] 2.07] 011 0.17] 066] 0.06] 0.3 0.05] 0.2
B M TRIEE
D EF-2
o . HET~5 ng/ |
A | e8| Wi | B. C| pH o Ta T eT T F [Nf, | Na | K | Ca | Mz | Al
508 | sLw| 6B| s 00| aw® 012 1.80] 0.%5] LI0| 0.53
5.8 187,80 21.50] 4.50] 2.40] 0.66] 0.70 0.33] 0.27] 0.02] 0.3 0.04
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Survey of Volatile Chlorinated Hydrocarbons in the Indoor Air of the Ordinary House

Nobuhiro SAITOH, Tetsuro KAWAIDA, Otoyuki YAMADA, Yoshikazu FUJITA, Ken’ichiro
YOSHITOMI, and Katsuzo SAKODA

A survey of volatile chlorinated hydrocarboﬁs in the indoor air of the ordinary houses was
carried out. Trichloromethane, 1, 1, l—trichloroethane, carbontetrachloride, trichloroethylene
and tetrachloroethylene were measured. These substances were absorbed by carbosieve G through
a 24 hour sampling (approximately 150ml/min) . They were extracted by toluene and examined
by gas chromatography with ECD. The result of this survey showed that the level of trichloro-
-1, 1, 1-trichloroethane was 0.38~9.72 (2.
0): carbontetrachloride wasg 0.39~1.11(0.69), Furthermore, we came to the conclusion that tetra-

chloroethylene 0.11~3.20 (0.76) and that trichloroethylene was not detected. Some of the results

methane was ND~1.35yg/nf (average 0.50 u g/ mi)

showed levels of trichloromethane, I, 1, l—trichloroethane and tetrachloroethylene to be higher

indoor than outdoor air. It suggests that these substances are derived from indoor materials.

Key words : indoor air, volatile chlorinated hydrocarbons, ordinary house
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Fig.1 Absorbent glass tube
A) Quartz wool
B) Carbosieve G

C
«

A =l

1

Fig.2 Sampling equipment
A) Dehydrator (Magnesium Perchlorate)
B) Absorbent glass tube
C) Flow meter
D) Buffer tank
E) Diaphragm pump
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Tablel. The table of concentration concerning trichloromethane, 1,1, 1—trichloroethane, car-
bontetrachloride, trichloroethylene, tetrachloroethylene on survey of indoor air and
outdoor air.
area house date point CHCl. CCl.CH: CCi, CCIl,CHC1 CCl,CCl,
A 92, 3.12 indoor 0.55 1.11 0.75 ND 0.38
A 92, 3.13 indoor 0.99 0.91 0.72 ND 0. 45
B 92, 3.17 indoor 0.40 6. 21 0. 46 ND 0.27
B 92, 3.16 indoor 0.71 9.72 0. 39 ND 0.25
C 91.12.24 indoor 1.35 1.07 0.58 ND 3.20
A 92, 7.11 indoor 0.13 0.79 0. 64 ND 0. 47
MIYAZAK] A 92, 7.10 indoor 0.18 0. 84 0. 60 ND 0.11
B 92. 7. 6 indoor 0.87 3.65 1.11 ND 0.22
B _92. 7. 6 indoor 0.58 2.31 0. 58 ND 0.18
A 92, 2. 5 outdoor 0.13 1.46 0.50 ND 0.11
B 92. 3.21 outdoor 0.30 0. 65 0.75 ND 0.12
C 91.12.24 outdoor O0.40 0. 83 0.56 ND 1.33
A 92, 7.13 outdoor 0.12 1.09 0.75 ND 0.12
B 92, 7.11 __outdoor O0.41 0.49 0.40 ND 0.08
D 92. 1. 2 indoor 0.79 0.38 0.865 ND 0.16
D 92. 1. 2 indoor 0.42 0.95 0. 56 ND 2.26
E 91.10.22 indoor 0.15 0.93 0.99 ND 0.27
E 91.10.22 indoor ND 1.29 0.56 ND 0.20
NOBEOKA E 92. 1.25 indoor 0.14 0.75 0.74 ND 2. 37
F 92, 1.13 indoor - 0.42 0.59 0. 96 ND 0. 86
F 92, 1.13 indoor  0.31 0.51 0.73 ND 0.57
E 91.10.22 outdoor 0.29 1.10 0. 38 ND 0.27
E 92, 1.13 outdoer 0.28 0. 47 0. 45 ND 1.51
F_92. 1.25 outdoor O0.28 0. 34 0.50 ND 0.09
fixed quanfity fimited 0.12 0.08 0.01 0.03 0.04
units sg/uof
CHClg;trichloromethane CC1,CHs;1, -trichloroethane
CCls;carbontetrachloride CC »CH C chloroethylene
€C1,CCl,;tetrachloroethylene



Table2. Summation of the concentration con-
cerning the following substances on
the indoor air

CHC1s_ CClaCHs  CCl, CCL.CCLe
maximum 1.3 9.72 111 3.20

TOTAL minimum ND 0.38 0.39 0.11

n=16 average 0.50 2.00 0. 69 0.76
maximum 1.35 9.72 111 3.20

MIYAZAKI  minimum 0.13 0.79 0.39 0.11

n=9 average 0.64 2.96 0.65 0.61
maximum 0.79 1,29 0.99 2.37

NOBEOKA minimum ND 0.38 0.56 0.16

n=7 average 0.32 0.77 0.74 0.96
units yg/nt

Table3. Summation of the concentration con-
cerning the following substances on
the outdoor air

CHCls  CClaCHs  CCly,  CCI,CCle
maximum 0.41 1.46 0.88 1.51

TOTAL minimum 0.12 0.34 0.40 0.08

n=8 average 0.28 0.80 0.60 0.45
maximum 0.41 1. 46 0.75 1.33

MIYAZAKT  minimum 0.12 0.49 0.40 0.08

n=5 average Q.27 0.90 0.59 0.35
maximum 0.29 1.10 0.88 1.51

NOBEOKA minimum 0.28 0.34 0.45 0.09

n=3 average 0.28 0.64 0.61 0.62
units jfg/mi

Tabled. Summation of the making a compari-
son between a few of ventilation and
a lot of ventilation

i CHCla  CClaCHs  CCl, "CCI,CCl.

a few of 'aximum 0.99 9.72 0.75 0.45

venlila minimum 0.40 0.91 0.39 0.25

ned average (.66 4.49 0.58 0.34

maximum 0. 87 3.65 1. 11 0.47

3 Job of inimun 013 079 05 0ll

ned average 0.44 1.90 0.73 0.25
units pg/m
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Water Pollution by Pesticides Used at Gdlf Links (1)

Tatsumi NOGUCHI, Ken'ichi KOHNO, Koichi SEKIY A, Jun IWAKIRI, and Miki- SUGIMOTO

In recent years, we are concerned about water pollution by pesticides used at golf links.

Pesticides in the drain off water from golf links and river water were analyzed by capillary—gas

chromatography/mass spectrometry—selected ion monitor (GC/MS-SIM) .

As a result, low level concentrations of terbucarb, flutoluanil, isoprothiolane and other pesticides

were found in some samples (cf.Table2) . Multi component analyses using GC/MS—SIM satisfied
the detection level set by the Ministry of Japan Health and Welfare(cf.Table 1) .

Key words : pesticides, golf links, water pollution
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Table1 Retention time, relative retention time, measured ions, detection limits and principal
fragment ions
No B oE & V-7 R [ HEMEAE |t/ - | BROR | REE [ EET ST
) No. M | ReBsfE | {tvm/e HBng | Rug/li AV b4 F v
1 dichlorvos 1 6 32" 0. 447 109 0.08 0.08 {109,185, 79
2 simazin 2 12" 58" 0.942 201 0.04 0.04 | 201, 1886
I1S-1 phenanthrene-d,, 2 13417 1. 000 188 - - 188
3 propyzamide 2 1345”7 1. 005 173 0.04 0.04. | 173,175
4 diazinon 2 14' 05" 1. 029 179 0.1 0.1 179, 137, 265
5 chlorothalonil 2 14" 287 1.057 266 0.04 0.04 | 266, 264, 268
6 terbucarb 3 15" 54”7 1.162 205 0.02 0.02 | 205,220
7 toiclophosmethyl 3 16 04" 1.174 265 0.04 0.04 | 265,267,125
8 fenitrothion 3 17 037 1. 246 277 0.1 0.1 277,125,109
9 chlorpyrifos 3 17 577 1.312 197 0.08 ‘0.08 | 314,199,197
10 pendimethalin 4 19" 207 1.413 252 0. 06 0.06 | 252,162,281
I1§5-2 fluoranthene-d,, 4 19" 217 1.414 212 - - 212
11 captan 4 19° 367 1.432 79 0.7 0.7 79,114, 149
12 isofenphos 4 19" 45" 1. 443 213 0.086 0.06 | 218,120,121
13 napropanmide 5 21" 267 1, 566 128 0.1 0.1 128,271,171
14 butamifos 5 21" 27" 1. 568 286 0.08 0.08 | 286,200,232
15 flutoluanil 5 21407 1.583 173 0.08 0.03 | 173,323,145
16 isoprothiolane 5 21" 45” 1.590 118 0.1 0.1 118, 204, 290
[S-3 p-terphenyl-d;, 5 21 597 1.607 244 - - 244 ‘
17 isoxathion ] 22' 53" 1.672 105 0.7 0.7 105, 77,313
18 iprodione 8 27 25" 2. 004 314 0.2 0.2 314, 316, 187
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Table2 Maximum concentration of pesticides detected, water solubility, effluent standards and
standards for tap water
unit:mg/ £
o ek 5 A it FEIIES e o | HERE [ KEKOY
N BBIES (riki30) | ez | Ghtksse) | NEREY | el | mamE
1 dichlorvos 0.0012C 1) ND 0.0011( 2)| 10000 — -
2 simazin 0.0028( 1) | 0.0005C 1) | 0.0011( 1) 5 0.03 0.003
3 propyzamide 0.0012( 2) ND ND 15 0.08 0.008
4 diazinon 0.-0004C 1) ND ND 40 0.05 0.005
5 chlorothalonil ND ND ND 0.6 0.4 0.04
6 terbucarb 0.0125(11) | 0.0071C 4) | 0.0057(11) B~ 17 0.2 0.02
7 tolclophosmethyl ND ND ND 0.3 0.8 0.08
8 fenitrothion 0.0009( 1) ND 0.0009C 1) 14 0.1 0.01
9 chlorpyrifos ND ND 0.0004( 1) 2 0.04 0. 004
10 pendimethalin ND ND ND 0.05 0.5 0.05
11 captan ND ND ND 3.3 3 0.3
12 isofenphos ND ND ND 23.8 0.01 0. 001
13 napropamide ND ND ND 73 0.3 0.03
14 butamifos 0.0009C 1) ND ND . 5.1 0.04 0. 004
15 flutoluanil 0.0089(12) ND 0.0019( 8> 9.6 2 0.2
16 isoprothiolane 0.0070C 4> | 0.0003( 1) { 0.0006( 3) 50 0.4 0. 04
17 isoxathion ND ND ND 1.9 0.08 0. 008
18 iprodione ND ND ND 13 3 0.3
L () HERBIhFAEMARK
Table3 Relation between pesticides detected and pesticides used at golf links
B = No. 1 2 3 4 5 6 7 8 9110|1112 |13 |14 |15|16}17] 18
AT TIEK 20(020(20(20|20|20|20(20 20420 |20 |20 |20 | 20|20 |201}20| 20
BEgEEI LTSS | 0| 2| 112 5| 0] 1]12| 8] 8| 2| 1| 0| 2|12| 0| 6186
BEmE TN 78K | 0| 2| 1| 1| 0| 7] 0} Ly 0| 0| 0} 0| O 1| 7| 4] 0] 0
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Investigation of Water Quality Concerning the Trichloroethylene and the Like

Jun IWAKIRI, Koichi SEKIY A, Miki SUGIMOTO, Tatsumi NOGUCHI, and Ken’ichi KOHNO.

A survey of water pollution with volatile halogenated hydrocarbons such as trichloroethylene

(TCEs) has been carried out every year in Miyazaki prefecture since fiscal year 1984.

In fiscal year 1991, the same pollution survey of industrial waste water and drinking water

was carried out.

The result of this survey showed that there has been a steady yearly decrease in excess TCEs

in industrial waste water.

However the rate of detection for TCEs in industirial waste water was still high, raising concerns

for environmenental pollution.

We suggest that pollution surveys of industrial waste water should be carried out under ap-

propriate administrative guidance in order to maintain water quality.

Key words : trichloroethylene, industrial waste water, water pollution, drinking water
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Table 2 Water emission standards of waste

water into public sewerage

TCE 0.3mg,/ 2
PCE 0.1lmg,” £
MC 3 m/ 4
MCizo>WTREEHE
Table 3 Results of water analysis..of drinking--
water supplies in fiscal 1991

EH OH | BEE | BHRER

TCE 55 0

PCE 55 0

MC 55 0

Survey of pollution with waste water

Table 4
from laundries

H H HEEE 62 | 63 1 2 3

TCE H#E % | 38 11 14 11 6
Bl %] 00| 0.0 0,0] 0.0] 0.0

pcE |BREE 5| 84 | 67 | 78 | 67 | 59
Al % | 49| 30| 27| 1.3 6

Ime [BEE %[ 24 [ 22 | 27 |46 | 4]

R % | 0.0] 37| 45| 1.4 0.0

Table 5 Survey of poliution with waste water
from other factories and industrial pro-
cesses

HOB| mEEE [ 62|63 1| 2 | 3

TCE | BREE 9% 17 [ 15 | 23 | 22 | 16
BEE  %| 21| 51| 28] 0.0} 0.0

pcE |BEE %1 63 T.7[ 11 [ 17 | 11
i %] 0.0] 0.0] 0.0] 0.0] 0.0

MC RHE % | 17 13 20 | 26 50
Bl %] 21| 00] 00| 00| 0.0
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The Characteristic water quality in Lake Miike (the 4th report)

Miki SUGIMOTO, Koichi SEKIYA, Ken’ichi KOHNO, Jun IWAKIRI, Tatsumi NOGUCHI, and
Ken’ichiro YOSITOMI

Investigations of water quality in Lake Miike have been carried out annually since the freshwater
red tide broke out in the spring of 1988, The results of 1991 and the past four years were as follows:

1) This lake is monomictic —— the water circulates in the winter and stratificates in the summer.

Below the depth of 30 meters in this lake, the water has nearly no oxygen and has high values
of NH:—~N and PO}-—P all yesr round.

2) The water of this lake can be characterized as being between oligotrophic and rﬁesotrophic,
according to results of water quality and plankton investigations.

3) The waster in this lake has a slight tendency toward eutrophication.

4) Dominant species of phytoplankton are Peridinium bipes at the time of freshwater red tide,
and Fragiraria crotonensis at all other times.

5) One of the causes of eutrophication in this lake is thought to be pollutant substances which
flow into this lake from rivers. Investigations reveal particularly high values of pollutants in the

lake during rainy weather, compared to times of clear weather.
Key words : freshwater red tide, eutrophication, pollutant substances, water pollution
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Table1 Observation pointsof Lake Miike
Afs @ 0, 2.5, 5, 10, 30m
CitisE . Om

A Ne1, No.2, No.3, No.4, No5, N7, No8
FRHAEN : No. 6 OKF)

3) #WEEHE
EEEER U HERARY OLB0.
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SRS EE D BRI A P 1T/ NRIEL R D BN
BEENTWAS.

F7, KEREERE SL0EHEHLH00,
FIEHE LR TH - 7.
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1 KE#

Wi, EMCRESS L, SHERET S RER
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BoHEECHFEEOKRETHD, KERUDOENS,

AEmE D EETE, BB, LHICERNE
Bont, i, KEMmMmED TETE, FELb
LT, —EOKEBERUIDO%RLTVE. '

2 BRECOA
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ym) ZKFEFIWTHEL, <) JEEZT-
b0k, BB L, ERIEEICSY 2EY T
57 b oEE3FEE Table 2% © ITRY.
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ra@N EELEETH - 7.
4 ERBMLE

g, TBFI6SER A 5 RS EE & TAERFAE ©
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Be, EkE B LTV (Table ) .
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juny
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a bEHET, THIKRSMT2.5pg/L, 9 128 T 2
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Hi ﬁ%m f@%f‘rb'c T \ A 3 2 ,%1 i
WA D ARIFRMY ThH 3 2 EFBEP IKLERNT
W5, Fig 2i1ciBRISEE N & FEHR3FEDIERICD Fig.2 Monthly variation of N/P value in Lake
Miike
Table2 Dominant species of phytoplankton
5 —F 5 & - B =B 45 B
5H13H | Peridinium bipes Fragiraria crotonensis | Synedra sp.
TR 22H Fragiraria crotonensis | Synedra spp. Staurastrum
dorsidentiferum
9B 10H Scenedesmus Sp. Staurastrum Cyclotella stelligera
dorsidentiferum
198 4F | Cyclotella stelligera | Fragiraria crotonensis | Synedra spp.
1H13H | Synedra spp. Fragiraria crotonensis | Melosira sp.




TSI

Table3 yearly variation of clearness COD, T—
N, T—P in Lake Miike
(Hfmg/ £)
EE #HHE COD T-N T-P
51D 4.5 0.8* 0.26%* 0.004
594 4.5 2.8 0.19 0. 009
634 4.4 4.4 0.30 0.011
v 3.2 5.1  0.61  0.020
24 3.6 3.3 0.24 0.014
34 4.7 3.0 0.30 0. 008
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Fig. 3 Monthly variation of TSI in Lake Miike

of productive zone
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Table4 Expression by regression (L=a: Q")
Relationship between flow and T-COD,

T-N,T—P load
A KEEE ﬁﬁé(L)@%%ﬁ
No. 1 COD | L=0.0156 « Q" %°(r=0.59)
163 T—-N | L=0.004 - Q' ®°(r=0.69)
T—P {L=0.013 - Q! 22(r=0.92)
No. 3 COD | L=4.155 - Q% ?°(r=0.69)
pUE= T—-N | L=0647 Q' '*(r=0.88)
T—P | L=0022 Q" °%(r=0.76)
No. 4 COD | L=4.899 - Q" '*(r=0.72)
B{EN| T-N | L=4.961 Q" '*(r=0.98)
T—~P | L=0.107 «+ Q" 27(r=0.86)
No. 5 COD | L=19.95 - Q% °*(r=0.86)
275 T—-N | L=0.784 « Q% 7°(r=0.85)
T—P | L=2984 -Q%7"(r=0.7TD
No. 7 COD | L=3363 -Q%?®(r=0.66)
Bl T-N | L=0.332 - Q" '5(r=0.80)
T—P | L=0.049 +» Q" °2(r=0.76)
No. 8 COD | L=4.335 Q" *(r=0.99)
FriR T-N | L=0.611 « Q" *2(r=0.97)
T—-P | L=0.143 - Q" *°(r=0.97)
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Fig.4.1 Relationship between flow and T—COD
load (No.8 Katasoe)
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Fig. 4.2 Relationship between flow and T—N
load (No.8 Katasoe )
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Fig. 4.3 Relationship between flow and T—P
load (No.8 Katasoe)
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Studies on Incidents of Dead Fish Occurred by Polluted Water
Ken’ichi KOHNO, Tatumi NOGUCHI, Koichi SEKIYA, Jun IWAKIRI, and Miki SUGIMOTO

We compiled data on circumstances of water pollution causing incidents of dead fish from 1987
to 1992 in Miyazaki prefecture. 42 incidents of dead fish happened between April 1987 and March
1992. 69 % of the incidents happened in the center region of the prefecture. 62 % of the total cases
happend between May and July. Twice as many incidents happened on Monday than any other
day of the week. Causes of the incidents that we have been investigating since 1989 include drugs
for prevention of epidemics (pyridaphenthion and DDVP, 2 cases) ; oxygen—poor water (2 cases);

organophosphorus insecticide (phenthoate, 1 case) ; herbicide (thiobencarb, 1 case) ; organo-

chlorinated insecticide (endsulfan, 14 cases) ; unknown ones (9 cases).

Key words : water pollution, dead fish, pesticide, endosulfan, phenthoate
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Table1 The number of incidents of dead fish classified according to helth center
(A total.of 5 years since fiscal 1987.)

Helth center’s | The number .
Main occurrence place
name of cases
Mivazaki 20 Asahi draining channel(4), the Shinbyu River(3)
Saito 9 the Sakura River(2), the Yokoe River(2)
Nichinan 9 the Horikawa Canal(3), the Todaka River(2)
Miyakonojyo 3 the Hagihara River(l), the Toshimi River(l)
Kobayashi 1 the Tozaki River(l)
Kushima 0
Takanabe 0
Hyuga 0
Nobeoka 0
Takachiho 0
Note, ( ) indicate the number of incidents



2
8
g ® 13
4 ‘ 11
° 1
s
8
9
g
2 3
prc
ol B : e e '
: 88 ] 0 a1
Fiscal year
Fig.1 The number of incidents of dead fish

classified according to fiscal year
18 9 9

the number of cases

= ZREEERE=R =

ol = E5 B
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR

Fig. 2 The number of incidents of dead fish

classified according to the month

10, 9
0 i
QL
(23
3
Yy
[w]
e 5
(%]
£
5
=
@
= =eE
> =

i) TR ===

Sun fon Tue Hed Thu Fri Sat

Fig. 3 The number of incidents of dead fish

classified according to a day of the week

ZVEVAEANASNIZOT, BEINCER Lk
2 (Fig.3) , FEAN OB EO24EENME (GEH
OER) AR U, 115 - BEHRKBVT, BBAR
—BIAREL TR ENEZV I ENS, FOFED
—2& LT, FEEFZNERAIKHEEOREEEE
WMLTOAERE—RT L EAERTILEND S
LEbNB.

2 AEONWEEROHEER

EE OHERE, Bk L PR EREUEONWIEE
b (CER4ESH ETEEH, ~OREHAEDTI% I
YT 520055, EHREBNCHEL RN
Table2TH 5.
BWEEROWB T, PH2ECHLE, BEMITEH

BEBICBVT, EIPAVFENRBICANVET EE
W FE L. BEFFOFEBICKD, FIHOFHIF,
B OHEKBICKY 7S E0RBRAEBME LTH
7+ v Z7VPHH (HHREY S 7= v F4 2, DDV
P) AL TV LEASHBEL /2. 7

RIEREUL, BHOHBE TS - ch, BhkhHoEY
Y72 vFA0.0000mg/ £, BN 50.0lng/ kg, D
DVPRABERUHAE B IKNDER L. DDVPiE4
BAGEE IGROWIEEN D D, RESINEh-7cbD e
ZAioh5, YEHOEEHE, BHRY VRILEYT
B0, BEEOEN, B GREH) SOoRRYS 5.
MEKOBES, KEhDY ) 57 = v F4 v idBNE
TH -k, BEHRHEEC LD BRI EEL2FEHTH
3.

R T, EENBEL VAT (BFEH) o
NN BWT, ERBIMC L IZBHFEBROARICX
BEHRE, WS (BoERE) PWREREEZONS
BN E LA IHETH - .

AR CREREITR, EKBREEEL TV KT
WREWT 3FK (ER2ETH, EBEIToR LI, &
BUZABNEZ W) NFEAE L FHIKkFIZPAP (IS
0%, 7 x> hx— ) AHEN, S D0.0101ng /
£ (LC; ED#253D1IcHY , Tabled) ,# A4 7 Y
J 20.0007mg / £, MPP0.00031ng / £ &4 L7 ds,
HYORRRPAPAIc L2 EEL N5, £,
DR LT, B URREFEOBEICKER
W ENHONTWA,

EMERRRBFIVREOEE, N/ VH
SOZ :x v R2LT7 5y, BRE: <Y v s %)
L AERNE AL EED .

WENC X BEHIE, TREELG (BT ,3EE
2 (EiET, FEWESIE) Tho7hy, 4FE (BA
£ TOHEH) J1E (ST, BT RO
BUE) Koy, BEERSRETSH 2.

WHIGREENE LD TEW EM S, KEFEBKE
BREIEEINTSD, AFDLC,, (I, 48h)
{30.0015ppm® OBEBRETH 5. ~LWHELRED
BEERIC LN, BIBEDIGKEET, BEAL
DKERCRYKEICR S ) o THA UBFRY v
Ry =) e, BELTED, ChooRRBRICHE
HUATE®RAEL oG, N/ LY UEl & RIS
mEnABHOBVRER, ERERRRER O
TPN (BiRE : ¥Fa=— V%) O (ERIELAR,
B IETHETRIRF, 0.0066mg / £ 2t NbHD, B



Table2 Analytical results of water caused incidents of dead fish since fiscal 1989
Cause of the Sampling Place Typical kind | Analycal results of
incident date of dead fish | water mg/1
Drugs for preven- 6/ 6,90 | the port of Meitu, Nango Town gray mullet | pyridaphenthion 0. 0010
tion of epidemics | 7/23,°90 | the Todaka River,Nichinan City crucian pyridaphenthion 0. 0006
Oxygen-poor water | 4/11,”89 | the Komatu River,Miyazaki City carp DO 4.1
5/31,°90 | the Shinbyu River,Miyazaki City carp 0il 502
Organophosphorus 7/°9,” 89 | the Katakami River, Nango Town gray mullet | phenthoate 0. 0101
insecticide
Herbicide 4/19,”89 | the irrigation canal,Miyazaki City | crucian thiobencarb 0.012
Organochlorinated |12/26,”90 | the Yamaji River, Saito City crucian endosulfan 0. 0036
insecticide 10/11,” 91 | the Furujyo River, Miyazaki City crucian endosulfan 0. 0084
11/29,” 91 | the Yokoe River, Shintomi Town crucian endosulfan 0. 0021
4/ 6,”92 | the Shinbyu River, Miyazaki City carp endosulfan 0. 0075
4/29,” 92 | the Tenzin River,Miyazaki City carp endosulfan 0. 0030
5/ 9,92 | the Isuzu River,Miyazaki City crucian endosulfan 0. 0053
5/11,92 | the irrigation canal,Miyazaki City | crucian endosulfan 0. 0004
5/19,”92 | the Sakura River, Saito City crucian endosulfan 0. 0061
6/10,”92 | the Niinazume River,Miyazaki City | earp endosulfan 0. 0015
6/11,”92 | the Kubo River,Miyazaki City carp endosulfan 0. 0007
6/16,” 92 | the Maemizo River,Miyazaki City crucian endosulfan 0. 0006
6/20,” 92 | the Niinazume River,Miyazaki City | crucian endosulfan 0. 0013
6/25, 92 | the Ohtani River, Miyazaki City crucian endosulfan 0. 0034
6/30,” 92 | irrigation reservoir, Kawaminami T. | crucian endosulfan ir
Table3 LC;, values for aquatic living things of pesticides®’ " ®
unit:ppm
Pesticide’ s Type of Water . . Testing | LCso Toxity
name pesticide temp. °C Kind of fish hours value | rank(fish)
pyridaphenthion | dust 25 carp 48 7.6 B
DDVP emulsion 25 carp 48 10-40 B
DDVP technical 18 girella punctata 438 0.7 B
phenthoate emulsion 23.5 carp 24 1.2 B-s
phenthoate wettable 21.5-24.8 | gray mullet 8 0.024 B
thiobencarb emulsion 25 carp 48 1.45 B-s
endosulfan emulsion 25 carp 24 0.0041 D
endosulfan emulsion 25 carp 48 0. 0015 D
TPN wettable 25 carp 24 0. 050 C
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