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Odor Intensity Research around a KP Factory
————Characterization and Influence—

Kazuo MarsusniTa, Taiji Iro,
Takashi Iton and Manabu Kopama*

Abstract

Odor intensity research has been conducted around a KP factory using olfactory measurement,

GC and GC-MS methods in two areas, A and B, in Hiroshima Prefecture in oder to clarify the

features of odors in both areas. The results have provided the following information.

1.

The odor of KP had an influence on the environment ranging up to 3 km from the source in
area A and up to 2.3 km from the source in area B. The odor concentration ranged up to
40—50 in A and up to 30 in B.

Odor concentration, concentration of sulfur compounds as odorous components and odor
intensity all had similar distributions which showed a maximum value close to the KP factory
and about 1—2 km leeward of the source in both areas.

H,S, CH,SCH,, CH;CHO and so on as malodorous substances showed relatively high con-
centrations in both areas. In area A hydrocarbon (esters, nitriles, ketones, toluene, xylene,
etc.) concentrations showed occasionally high values at sampling stations leeward of the
source. But it was pointéd out that the contributions of these hydrocarbons to the odor
concentration were insignificant.

It was explained that, although the contribution of H,S and CH,SCH; to the odor was not
great in area A, both compounds were major components of odors in both areas and that “the
odor concentration estimated from threshold values and concentrations of odorous components
was smaller than that observed in area A.

The odor concentration measured with the indirect bag sampling method for 30 seconds and
the odor intensity on the spot were occasionally smaller than the actual condition of the odor

in area A because the wind direction of the sea breeze was unsettled.
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Fig. 1. Map of two areas, A and B, showing the location of sampling stations
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Table 1. Weather condition
. . . Wind Atomospheric s
Area Date Weather g%“ﬁf edgiercl:énon velocity  temperature Hum%hty
m/s C
Feb. 16 clear E(NE~SE)* 1~2.5 9 48
A
Feb. 23 cloudy E 0.2~ 1 7 49
Jan. 26 clear S 0.5~1.5 9.5 49
B
Feb. 1 cloudy ESE(NE~SE)* 0.6~2.2 9.2 49

% the wind direction changed with time.

Table 2.

Sampling technique of odors

Sampling method

Sampling vessel

Analytical items

Direct vacuum sampling
method (for 5 minutes)

1L-vacuum bottle

gSzS CH,SH CH;SCH; CH3SSCH;,

2
Hydrocarbons*

Direct bag sampling
method (for 5 minutes)

50L-~Tedler bag

CH,CHO

Indirect bag sampling method
(with 10L-sampling bottle)

10L-Polyester bag

Qdor concentration
H,S CH,SH CH,SCH,; CH;SSCH,

(for 30 seconds) CS,
Bubbling method with boric — NH,; .
acid soln.**
(for 5 minutes)
Filter sampling method - N(CH3),
(sulfuric acid filter)
(for 5 minutes)
T It was used only in area A.
#+ Sulfuric acid soln. was used in area B.
Table 3. Operation condition for GC and GC-MS
Compound Sulfer Compounds Trimethylamine Acetaldehyde Hydrocarbons
GC Shimadzu Shimadzu Shimadzu Shimadzu Shimadzu Shimadzu Shimadzu Shimadzu
4BM 7A 7A 4 7A 7AG AG LKB-9000
Detecter FPD FPD FTD FID FTD FID FID TIM
Column 3mm i.d. x 3m, glass 3mm i.d. x 3m :3;m3r:1 1.d. 3mm i.d. x 3m imz"r:l'd
glass glass glass glass
Packing 10%PPE  25%TCEP 5% Squal- 10% Dig- 2%Silicon 25% Ucon 25%. Apie- 25% Ucon
(5rings) on Shima- ane+2%  lycerol+ OV-17 on Oil 50LB zon L on Oil 50LB
on Shima- lite WAW KOH 5% TEP+ Chromos- 550X on Chromos- 550 X on
lite TPA DMCS onChrom- 2% NaOH orb W Chromos- orb W Chromos-
(60-80me-  (80-100 osorb 104 on Chro- AW oib W AW orb W
sh) mesh) (80-100 mosorb W DMCS AW DMCS AW
mesh) AW (80-100 DMCS (80-100 DMCS
DMCS mesh) (80-100 mesh) (80-100
(80-100 mesh) mesh)
mesh)
Column 60°C 70°C 130°C 70°C 240°C 80°C 100°C 80°C
temp.
Detector 130°C 130°C 200° C 150°C 280°C 130°C 150°C Separator
temp. temp.220°C
Ion source
Carrier N, 30ml/ N, 40ml/ He 87ml/ N, 40ml/ He 40ml/ N, 40ml/ N, 40ml/ temp.250°C
gas min. (1.2 min. (0.7 min. (1.6 min. min (1.9 min. min. (0.9 | Ionizing
kg/cm?) kg/cm?) kg/cm?) kg/cm?) kg/cm?) kg/cm?) 332{;”
H, gas  40ml/min. 0.6kg/cm? 0.6kg/cm? 0.7kg/cm® 0.5kg/cm? 0.65kg/ 0.65kg/ Carrier gas
cm? cm? He 30ml/
min, Trap
Air 40ml/min. 1.8kg/cm? 0.5kg/cm? 0.9kg/cm? 0.5kg/cm? 1.1kg/cm? 1.0kg/cm? (Xlrjx'\ecr::te_60
rator 3.5kV
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Table 4. Results of odor intensity research in area A
February 16, 1983

Distance Concentration (ppb) 0.C. 0.1 Qdor cla- Sampling
from source ssification time
No. (km) H,S CH,;SH CH,SCH; CH;SSCH; CS, CH;CHO N(CH;); NH;
leeward
1 1.0 3.1 0.5 0.9 €0.7 0.4 <1.0 - — 27 2.0 A 11:37
(6.8) «0.5) 1.8 (0D €0:3) (11:55)
2 1.3 3.2 0.5 <0.4 0.7 0.3 — — — — 1.0 AE 12:14
3 1.4 2.9 0.5 <0.4 £0.7 0.3 <1.0 — — 24 1.3 A 11:11
2.4) 0.5) 0.4 («0.m £0.3) (11:22)
4 1.9 2.9 0.5 0.4 0.7 €0.3 - <1.0 0.7 — 38 1.3 A 11:18
“.5) 0.8 (1.1) (0.7 «0.3) (11:37)
5 2.0 2.7 0.5 <0.4 0.7 .3 — - — - 0.7 AG 11:58
6 2.1 2.4 0.5 0.4 0.7 0.3 2.3 <0.7 - <10 2.3 AG 12:16
“.1) 0.5) (K0.4) (0.7 0.6) (12:29)
7 3.0 3.1 0.5 <0.4 0.7 0.3 1.0 - — <10 0.3 AG 12:51
(2.8) (0.5 0.4) (K0.m 0.3) (13:04)
the rest
8 4.2 3.3 0.5 0.4 0.7 0.3 — — - — 1.0 E 12:36
February 23, 1983
Distance Concentration (ppb) 0.C. O.L Odor cla- Sampling
from source ssification time
No. (km) H,S MM DMS DMDS Cs, CH,CHO TMA NH,
leeward
1 1.0 5.0 0.5 1.6 0.7 0.7 3.6 - — 48 0.9 AH 11:12
6.8 (0.5 (2.8 0.» ©.5) (11:29)
2 1.3 5.0 {0.5 1.2 0.7 0.7 — — — — — AE 11:48
3 1.4 9.5 0.5 2.0 €0.7 0.7 6.1 — - 15 0.1 A 10:49
G.0) .5 .2 (.7 0.4 (10:55)
4 1.9 9.4 0.5 1.8 0.7 0.5 4.9 0.7 - 38 0.3 AH 10:43
(6.6) (0.5 (1.2) (0.7 0.5) (11:05)
5 2.0 8.0 0.5 1.3 0.7 0.4 — — — — 1.3 A 11:16
2.1 10 0.5 1.3 0.7 0.4y <1.0 0.7 - {10a) 1.0 AG 11:30
6 G0 205Y ADY ¥ «o.n? (1:49)%
7 3.0 8.6 0.5 1.1 0.7 0.4 2.0 — — 46 1.0 AG 12:01
3.9 (.5 4 KD 1.2) (12:16)
the rest
8 4.2 6.2 0.5 0.6 0.7 0.4 — - — — - G 12:19

a} The station was different slightly from down the wind at the sampling time.

The parenthesized values indicate thosefor bag samples.
Odor classification: A odor of KP, E burnt odor, G odor of chemicals, H odor of food
0.C.: Odor concentration, O.I.: Odor intensity

Table 5. Relationship between between odor concentration and odor intensity!®

Odor intensity 2.5 3.0 3.5

Odor concentration 11 28 66

Table 6. Regulatory standards of offensive odor substances on boundary line

NH,
H,S

CH,SH
CH,SCH,

1 ppm
0.02 ppm
0.002ppm
0.01 ppm

CH,SSCH,
N(CH3;);
CH,CHO
©—CH=CH,

0.009ppm
0.005ppm
0.05 ppm
0.4 ppm
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Table 7. Results of odor intensity research in area’;B

January 26, February 1, 1983

Distance Concentration (ppb) 0.C. 0.1 Qdor cla- Sampling
from source ssification time
No. (km) H,S CH,SH CH,SCH; CH;SSCH, CS. CH,;CHO N(CH;); NH,
leeward
1 .6 4.9 €0.5 1.6 <0.7 1.2 - — 20 2.0 A 12:18 *
9.2) .5 Q.49 0.7 1.2) (12:34)
2 0.9 5.7 1.2 2.1 0.7 0.3 7.0 <0.4 <100 <10 1.7 AF 11:15%*
8.4) 0.5 (1.0 (Ko 0.5) (11:13)
3 1.0 6.7 0.5 3.3 £0.7 €0.3 - - 31 2.7 A 11:45%*
a2 «0.5) (3.2) ©.7 (0.5) 12:21)
4 1.1 14 0.5 0.4 0.7 1.0 0.4 <100 15 2.3 ABC 11:14 *
Q2 («o.s5) (©.6) (Ko.m 1.2) (11:45)
5 1.4 11 €0.5 0.4 0.7 1.1 — — 32 1.8 AC 11:45 *
an «os K4 KD 1.1 (11:45)
6 2.3 16 5.3 9.6 0.9 €0.3 — — 132 2.0 AE 11:38%*
13) «0.5 (2.1 0.7 ©.6) (11:44)
windward
7 . 11 €0.5 1.2 0.7 0.7 — — 61 2.0 A 11:45 *
6.9) «o.5) ((1.2) (0.7 a.2) (12:00)
7 0.5 3.9 0.5 <0.4 0.7 0.3 — — 18 ¢ — 13:06%*
7.7 (0.5 0.4 (K0.m 0.5) (13:19)
the rest
2 .9 3.9 £0.5 <0.4 0.7 0.7 9.0 {0.4 {100 10 0.5 E 10:42 *
G.4) 0.5 0.4 0.1 ©0.9) (10:39
3 1.0 3.5 0.5 0.4 0.7 0.8 - - 11 0 — 11:17 *
4.9) (0.5 0.4y (0.7 a.2) (11:10)
4 1.1 3.9 0.5 0.4 0.7 0.3 0.4 <100 <10 1.0 CD 13:03+F
7.7 0.5) (K0.49) (0.7 ©.6) (13:10)

The parenthesized values indicate those for bag samples.

Odor classification: A odor of KP, B odor of Night soil, C odor of Municipal refuse, D odor of Municipal sewerage,
E burnt odor, F odor of sea, G odor of chemicals, H odor of food

0.C.: Odor concentration, 0.1.: Odor intensity
# February 1, 1983 ** January 26, 1983
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Threshold value of odorants

Compound

Threshold value (ppb)

Hydrogen sulfide
Methyl mercaptane
Dimethyl sulfide
Dimethyl disulfide
Trimethylamine
Ammonia
Acetaldehyde
Carbon disulfide
Ethyl acetate
Methyl acrylate
Ethyl acrylate
Methyl methacrylate
Methyl-i-butylketone
Benzene

Toluene

o-Xylene

m-Xylene

p-Xylene
Acrylonitrile
Acetonitrile
Dimethylformamide

0.41 a)
0.070 a)
0.64 b)
2.2 a)
0.1 a)
1500 a)
1.5 a)
7600 a)
870 a)
2.3 b)
0.47 c)
210 b)
170 a)
4700 )
310 a)
380 a)
32 a)
60 a)
24000 b)
1800 b)

a) Measured with odor bags by Japan Environmental Sanitation Center'®
b) Measured with odor bags by Hiroshima Prefectural Research Center for

Environmental Science?®

¢) Measured by Leonardos??

Table 9. Relationship of odor concentration to >(C/T) (A) February 16, 1983
Distance from E(C/T) (C/T) (C/T) F(C/T) E(C/T> Odor con-
soure (km) 3 4 TMA £ centration

leeward
1.0 17 —_— — 2 19 27
1.4 6 —_ — — 6 24
1.9 13 — — - 13 38
2.1 10 2 —_ — 12 <10
3.0 7 — — — 7 <10
(A) February 23, 1983
Distance from Z(C/T) (C/T) (C/T) Z(C/T) E(C/T Odor con-
source (km) < A TMA & ) centration
leeward
1.0 18 2 — — 20 48
1.4 14 4 — -— 18 15
1.9 16 3 — —_ 19 38
2.1% 10% —» =% 10® 204 10®
3.0 12 1 — — 13 46

a) The station was different slightly from down the

wind at sampling time.



2 37+ AN T TBELORERSICOWT

(B) January 26, February 1, 1983

Distance from : Odor con-
source  (km) }SJ(C/T) C/Ta €/ Daua €/ Diwms | 2C/TD | centration
leeward 0.6% 24 — — — 24 20
0.9%% 22 5 — — 27 <10
1.0%% 30 — — — 30 31
1.1% 30 — — — 30 15
1.4% 27 - — — 27 32
2.3%% 35 — — — 35 32
windward 0.5% 19 - — - 19 61
0.5% | 19 — — —_ 19 18
the rest 0.9% 13 6 — — 19 <10
1.0% 12 — — — 12 11
1.1 |19 — — — 19 10

(C/T) indicates sum of Concentration/Threshold (C/T). # February 1 #* January 26, 1983

SIC/T) indicates sum of (C/T) for sulfer compounds.
S

(C/T)4 indicates (C/T) for Acetaldehyde.
(C/T)rua indicates (C/T) for Trimethylamine.
SWC/T) was values in Table 10.

i1

(C/T)xms indicates (C/T) for Ammonia.
0.64 ppb was used for Threshold value of Dimethyl sulfide.

Table 10. Concentration of other odorous compounds in area A February 16, 1983
Distance Concentration (ppb) Sampling '~ 5(C/T)
from source time H

(km) AcEt AcrMe AcrEt MMA MIBK Bz Tol m,p-Xy o-Xyl AN AcN DMF

leeward

1.0 <1 <4 <1 {2 <1 2 10 & 20 (2 <4 <2 11:37 2
G NS BN CS BN CS U G5 BN CO BN CO R G- RN Gy = (G
1.4 <1 {4 {1 {2 {1 1 <10 33 — 40 (4 (2 11:11 —
IR CH NG BN CO NN O NN CoO RGO By N G (G} =
1.9 <1 {4 (1 {2 {1 3 79 28 - (2 (4 <2 11:10 —
= = = e EEE - (G (G ‘
2.1 €1 {4 {1 6 (1 3 25 14 — 39 (4 (2 12:12 —
I IR e BN GO RN GO I CO N G B GO BN CO NN G - =
3.0 <1 ¢4 <1 2 <1 2 ;16— 5 (4 (2 124 —
= = G- - - E e - (= (G
February 23, 1983 v
Distance ' Concentration (ppb) Sampling X(C/T)
from source time H

(km) AcEt AcrMe AcrEt MMA MIBK Bz Tol m,p-Xy o-Xyl AN AcN DMF

leeward

1.0 7 {4 <1 (2 2 3 <10 3 — (2 <4 <2 11:20 —_—
NG BN C BN CO NN GO BN o B G BN Gy = )

1.4 16 {4 <1 6 7 10 69 21 — (2 <4 <2 10:49 —
= = == O - =) = (G

1.9 <1 <4 {1 {2 {1 7 4 3 — 2 4 <2 10:47 —_
G I G I GO NN CO NN GO B o B ) = (G

2.1 <1 9 3 9 {1 3 18 3 1 7 <4 (2 11:30 10
= (v () O = )= = = (Gl

3.0 <1 <4 {1 5 {1 5 34 3 {1 12 <4 <2 12:01 -
= === E = = )

AcEt: Ethyl acetate, AcrMe: Methyl acrylate, AcrEt: Ethyl acrylate, MMA : Methyl methacrylate
MIBK : Methyl-i-butylketone, Bz: Benzene, Tol: Toluene, m,p-Xyl: m,p-Xylene, 0-Xyl: o-Xylene
AN: Acrylonitrile, AcN: Acetonitrile, DMF : Dimethylformamide

The parenthesized values indicate Concentration/Threshold value.

%‘.(C/T) indicates sum of C/T.
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. Studies on Material Circulation in Hiroshima Bay IV

—Seasonal changes in Primary Productiirity
and Envirommental Factors—

Etsuji Date and Kyo Hosuino

Abstract

Seasonal changes in primary productivity and its relation to environmental factors were
studied durihg the period from May 1979 to January 1984 at four stations in Hiroshima Bay.
1) Annual means of net productivity (Px), respiration rate (R) and gross productivity (Pg) per
unit area were respectively in the range of 1.2—1.8, 0.8—1.4 and 2.0—3.1 gC/m?/day.
2) Py per unit area in the coastal region (St. 1-3) in spring showed a maximum value about
In this coastal area Py decreased in the order of autumn,
btween 1/3 and 1/4 of the value in

four times as large as that at St. 4.

winter and summer. In summer the Py value was small,
spring.

3) R showed a high rate between 2.1 and 2.6 gC/m?/day in summer in the coastal area.

4) Annual means of compensation depth were about 10m and in the summer in the coastal area
it'was about 5m. The compensation depth was about twice that for transparency,

5) The load amount for converting Py into chemical oxygen demand (COD) was 316 tons/day
and that from inland to the sea was 20.9 tons/day. Thus primary productivity was considerably
larger than the load amount from inland. v

6) From the results of multiple regression analysis of primary productivity and environmental
factors, Px, R, Pg were attributed to irradiance, water temperature and standing crop of

phytoplankton respectively. The multiple correlation coefficient of Pg was 0.87 and estimates

of Pg corresponded fairly well to observations.
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sampling location
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Table 1.

Seasonal changes in primary productivity in Hiroshima Bay

st, 1 st. 2

st. 3 st. 4

Dep| Spr Sum Aut Win ave. | Spr Sun Aut

Win ave.

Spr‘ Sum Aut Win Spr Sum Aut Win ave

(=]

0.74 0.39 061
—0.03 0.13 0.36 0.16
510,12 —0.03 0.17 0.15
10 | 0.07 —0.03-0.01-0.01

0.20| 0.49) 0.72 0.61 0.39 0.17
0.41 0 0.22 007
-0.02 0.07 0

-0.08 0

0.16
0.10

w

0.11

0.01 | 0.01

0.47
0.18
0.04

—0.10,—0.03

0.24 047 0.09]0.28

0.13

0.47
0.43
0.29
0.16

0.23 0.55

0.27

0.19
0.11
0.18

0.36 | 0.21
0.01
0.11

0.01

0.13
0.14

0.30
0.20
0.04

0.42 0.07

0.28
0o 9%
. .27
(0.02) (0:09)

0.31
0.25 0.12

-0.02 0.01

0.14

0.08 0.01

0.17
€0.09)

00.29
310.20
510.17
10 | 0.09

0.24 0.03

0.05

0.110.17|0.12 0.43 0.12 0.10

0.30
0.23

0.10
0.08

0.16 | 0.12

0.11

0.34
0.21

0.12
0.09

0.056
0.08
0.02

0.14 0.09

0.06 0.08 | 0.06 [ 0.07 0.11 0.06 0.09

0.19
0.16
0.13
0.08

0.08 0.11
6.12
0.02

0.05

0.15 0.15 0.05

0.03

0.06
0:18
0.02
0.02

0.20 0.08
0.14 0.12°

0.07 | 0.10

0.13 0.20 0.07 0.11

0.04
0.10

0.06
0.08
0.07

0.02 | 0.04

0.05§0.07

0.06 0.06

0.07

0
0.24) 0.12

0.05 0.04 0.
€0.22) (0.05) (0.09)

0|1.03 063 0.64 0.31|065|0.8 104 051 0.27

3(0.17 0.43 0.41 0.26 | 0.32

0.24
0.07

0.563 0.34 :0.34 0.12

510,29 0.09

10 | 0.16

0.20
0.03

0.25
0.01

0.23
0.07

0.22 0.19

0.08

0.16
0.06

0.08 0.07

0.33
0.17
0.07

0.56 | 0.53 0.43 0.63 0.39 0.14 | 0,36

0.56 0.39
0.28
0.26) 0.37

0.26 | 0.46 | 0.29
0.13
0.13

0.06

0.62

0.33 0.37 0.10(0.23

0.18

0.61 0.17
0.26

0.15

0.43

0.31

0.22
(0.18)

0.24 0.14

0.03

0.31 0.20

0.18 0.08 0.4 0.08

021 0.31
0.24) (0.14)

Figures in ( ) show the data except for July 1980 and Octobor 1981

Table 2.

unit : gC/m?3/day

Primary productivity per unit area at St. 1—St. 4

St. 1 st. 2

St. 3 St. 4

Spr Sum Aut Win |ave. | Spr Sum Aut  Win

ave.

Spr Sum Aut Win | ave. | Spr Sum Aut Win | ave.

2.5 1.2

0.9

1.8 26 07 1.5 1.0

1.0
2.0

Py 2.7 08

R 1.7 2.1 05 1.3| 0.9 26 09

Ps 4.3 29 30 21131 35 33 24

2.9

1.2
0.8
2.0

1.6 0.7 1.2 22

0.8
2.5 3.0

0.8
0.3
1.1

0.9 1.4
0.8

2.2

1.5 3.2 1.8
1.0

2.6

1.2 1.3

3.0

0.6
1.3

14| 0.7 2.3

3.9 3.3
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(&t Table 1 A% 0.10~0,19 gC/m?*/day @ #i F% 7R
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Fig. 2 ~ 5 M LB AIEY 0 © Pe ORAMEL St. 2
D3RJET1.79gC/m?/day C 804E 4 B) THEPHEDHK
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Table 3 AP RS i) % B A7 70 75 24 b oflizk g
i, BUmEYo»Ozsee7 4 ba (Chla) BRU
Chl-a #¥4 Y OfliEER - LTRDIHERIGE lifv/r
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Table 3 /J\F; r,‘ri’L,H@l'lij@'E & RIEM23.3~8.3 mg
C/mg Chl-a/hr, FEFi{HI21.8~2.7 mgC/mg Chl-a/
hr 2R, FHELSOEZMEIC RV T4 ~7 fit3~5
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" Table 3. Net productivity (Py), chlorophyll a (Chi-a) content and photosynthetic
rate (Photosyn.) in euphotic zone.

Py Chl-a  Photosyn. Py Chl-a  Photosyn .

(@C/m?/ ~ (mg/m*®) (mgC/mg (gC/m?/  (mg/m®) (mgC/mg

day) Chl-a/hr) day) Chl-a/hr)
'79. 7 1.28 33.9 1.6 "79. 7 0.84 18.7 1.9
11 — - —_ 11 2.17 23.1 3.9
'80. 2 1.76 73.8 1.0 "80. 2 1.90 60.7 1.9
St. 1 5.19 59.5 3.6 St. 3 4 4.14 45.2 3.8
1.30 64.1 0.8 7 6.57 65.8 4.1
10 1.39 61.4 0.9 10 1.12 85.6 0.5
"81. 1 1.80 23.2 3.2 "81. 1 — - —
ave, 2.12 52.7 1.9 ave. 2.79 49.9 2.7
'79. 7 0 75.0 0 '79.7 0.12 7.36 0.7
11 1.00 9.7 4.3 11 2.63 13.2 8.3
'80. 2 1.26 66.0 0.8 ’80. 2 — - —
4 5.93 72.5 3.4 4 1.45 28.6 2.1
7 0.60 119 0.2 7 2.05 37.5 2.3
St. 2 10 1.11 113 0.4 St. 4 10 1.28 45.0 1.2
'81. 1 1.18 29.2 1.7 '81. 1 1.03 35.4 1.2
'83. 5 1.68 43.6 1.6 '83. 5 0.10 19.5 0.2
8 1.59 43.5 3.1 8 1.76 28.2 2.6
10 1.36 77.0 0.7 10 3.90 49.0 3.3
"84. 1 0.42 8.9 2.0 '84. 1 0.81 11.1 3.0
ave. 1.61 58.3 1.8 ave. 1.51 27.4 2.5
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Table 4. Seasonal change in transparency (Tr.) and compensation
depth (Comp.) at St. 1—St. 4
St. 1 St. 2 St. 3 St. 4
Tr. Comp. Tr. Comp. Tr. Comp. Tr. Comp.
(ad () B/A Ay ) B/A A) By B/A L A) By B/A
Spr 3.9 7.9 2.0 3.7 7.9 2.1 50 10.9 2.2 5.2 11.7 2.3
Sum 2.6 5.9 2.3 2.7 5.2 1.9 3.9 9.9 2.5 5.6 10.8 1.9
Aut 3.8 9.7 2.6 3.8 9.7 2.6 4.9 12.6 2.6 4.9 11.1 2.3
Win 6.1 12.1 2.0 5.7 10.5 1.8 6.5 14.0 2.1 6.7 9.8 1.5
ave. 4.1 8.9 2.2 4.0 8.3 2.1 5.1 11.9 2.3 5.6 10.9 1.9
unit : m
Irradiance (%)
0.1 0.5 1 5 10 50 100
0 '} 2
g
~ 10—
=
Sad
a,
g
—— ’82.10.12
<, -O= s ’83.2 1
. - ~ ’83.10.25
—Oen 7 ’84. 1.25
-
.O - . ...-- St. 4 '82.10.12
- . . eeMe. 7 '83.2.1
¢ . ) . cege~ 7 '83.10.25
ea[Jee 7 ’ .
20 o !' EI' [m] 84. 1.25

Fig. 6.

Vertical distribution of irradiance at St. 1 and St. 4.

An arrow shows the relative irradiance in compensation depth.
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Fig. 7. Relationship between the
estimates and observations
of gross productivity in

Hiroshima Bay.
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Determination of Benzalkonium Chloride in Water,

Sediment and Fish

Yukio Noma and Tsuyoshi Muraramr*

Abstract

In this paper, an analytical method for the determination of benzalkonium chloride in

environmental samples is described. Benzalkonium chloride used as a disinfectant and detergent
is reduced to its alkyldimethylamine with LiAlH, and analyzed by GC-FTID or GC/MS.

Benzalkonium chloride was extracted by -chloroform as a complex with orange Il and the extract

was evaporated to dryness.

refluxed over a water bath for the reduction.

THF and LiAlH, were added to the redidue and the solution was
Alkyldimethylamines as the reductive products

were then extracted with pentane and analyzed by GC-FTID or GC/MS. However, before analysis,
steam distillation was necessary for cleaning up in the sediment and fish. The recoveries by this
method were 81% for sea water, 60% for sediment and 559% for fish respectively, while the
minimum detectable amounts of benzalkonium chloride were 0.003 #g/ml in water, 0.2 ¢#g/g in
sediment and 0.3 #g/g in fish respectively. Benzalkonium chloride could not be detected in any of

126 samples of sea water and 123 samples of fish, but was detected in 30 out of 126 samples of

sea sediment.

1. ¥ £

FE, A o v REEERIC DL TOBRIRES <17
BRTW52, B1 A4 v REELEFC O ORI
D, BEREEST LIcREIL RS b, B
+ v FEEERI R O BB, MitoREA, £
BOBAH, {LhROY v A, PV~ bRy ABEE
K, ERANEREARECR{FIHERTRY, B
FISSED A EE F T §9 48000 b v TH 5. A + v REE
MR R IE U B AIREED S D23 % 545
BiSBERAGSRTH Db OREERT vE= T &M
THD, FO5HLNE BFEEOMRCERIhTS
bRy a2 Y AOWT, BERORE, EEX
Ve 1 B RO IR Y B ST e R L7,

Concentration of benzalkonium chloride in sediment was 0.2—5.2 pg/g/dry.
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1
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Fig. 1. Chemical Structure of Benzalkonim Chloride
Table 1. Physical Properties of Benzalkonium Chloride
R Formula M.W. M.p. Solubility (%, water)
Ci2Hos Ca1HaNCL 339 44.9—46.8 50—75
CusHays Ca3H1NCl 367 50.5—52.5 26.7
CisHas CasHieNC1 395 54.0-—56.8 0.85
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Table 2. Lower Limit of Detection
Lower Limit
Water 0.003 pg/ml
Sediment 0.2 pg/g
Fish 0.3 rg/g
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Fig. 3. Effect of pH on Extraction of

Benzalkonium-Orange II Complex
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Sample Added(#g) Recovery(%) CV(%)
Distilled water 100 99 1.6
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for Concentration by Rotary
Evaporator
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Table 4. Results of Recovery Test

Sample Added(pg) Recovery(%) CV(%)
Distilled water 100 84 0.5
River water 100 80 1.0
Sea water 100 81 0.9
Sea sediment 100 60- 0.8
Fish 100 55 2.7
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Highly-Sensitive and Rapid Determination of

Iron in Sea Water using an Autoanalyser

Hirofumi Izawa and Tohru Szix:

Abstract

A simple method is described for automatic determination. of iron in sea water using the

chromogen Ferrozine,

The method is.capable of analysing samples with iron concentrations

ranging from less than 5pgg/l to 100¢g/l routinely. L-ascorbic acid is used as the agent for

reducing Fe®t+ to Fe?* iron.

the determination of iron.
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20~-turn
mixing coil

—— Sampler wash
.__O_
—(O—— Air 0.32 cm’min!

Samplex

Two
20-turn
mixing coil

{ )
S

Sample 0.80 cm®’min”!

L—«(O— Reductant 0.0 cm®min™

3 1

Colour reagent 0.16 cm‘min”

pull-through 0.40 cm’min™

Detergent:
Brij-35

Colorimeter
550 nm f£ilter
50mm flow cell

v)——» Waste

Recorder

Fig. 1. Schematic diagram of manifold for automatic determination of iron.
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BRTWAZ Eb, 22Tk, BILHELTL-TA
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FOFER, 7 A2 VRS ERTT L ICRE
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Table 1. Effect of concentration of

L-ascorbic acid in reductant.

concentration of L-ascorbic acid in reductant
"0,

%>
0.0005 0.005 0.05 0.5 5

peak
hight 9.0 9.0 9.1 9.1 9.0

Fe: 100 pg/1

Table 2. Comparison of caribration for
iron in two different kinds of

reductants.
Iron 1% L-asorbic acid 10% hydroxylamine
contents hydrochloride
(rg/V (peak hight)
0 0 0
5 3.2 3.1
10 6.4 6.3
20 12.9 13.0
40 : 26.4 26.1
100 61.4 61.5

IV b0 EA—THD, REBMIERERT
Z L bmete, Ok, DBITRTRAELLC1S
FAaLE VIREE AR AZ L EL, BAOHA YV
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Acid Rain in Hiroshima Prefecture (1)

—Differences in the pH of rains collected at 8
stations during July 1980 and March 1983—

Mayumi OosaraA
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Fig. 1. Sketch map of samping stations.
1. Ootake 2. Hiroshima
3. Kure 4. Higashihiroshima
5. Takehara 6. Mihara
7. Fukuyama 8. Shobara



2.2 FAEHAR
1980~1982fEE D 3 D 5 LA H A ED, FOf
R e RRE L, FER L Table 1O &k 0T
H5. ‘

Table 1. Monthly period of data analysed.

. Year 1980 1981 1982 1983
station

month 7 10 3 5 8 11 3 5 8 11 3

Ootake —— = 0000000 O
Hiroshima CO—-—0000O0QO0O0O O
Kure ———=0000000 O
Higashi- -
hilrgoa;%i:na OCQOO0OO0OOO0OO0OCO O
Takehara O0000CO0OO0O0O O
Mihara OCOOO0OOOOO0O0O O
Fukuyama = OO0 0000000 O
Shobara O0O0O0OOOOOOO ©

QO : collected, — : not collected
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Fig. 2. The rain collector,

This collector gathers 100cc rainfall
for precipitation Imm.
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Fig. 3. Monthly frequency of pH collected at 6 stations
during July 1980 and March 1981.
Qotake Hiroshima kure Higashihiroshima Takehara Mihara  Fukuyama Shobara
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Fig. 4. Monthly frequency of pH collected at 8 stations

during May 1981 and March 1982.
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Monthly frequency of pH collected at 8 stations

during May 1982 and March 1983.
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Fig. 6. Frequency of pH in precipitation 5mm during May 1981 and March 1983.
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7o¥IC1981, 1982MFEEED ¥ — & A Hulsk il TSRt
Zwey b LIz ShiFig 7R

FoHkd pH4.75 g cHihi- Tk b, pH4.0~
4.50{K pHEE & 5.0~5.5 OF pH B 2 DD IEHESH O
BASMIFHEINS. EoHMoEHOEE R, ER
E, K, BE, & HEE, MR =ZFE, flic
Fl—Chsd., BRI, K& FRE & WE =
B, L E P S B [ IER pH oFy i h s
5. ERX IS OHIE & B D EROME 2R E L,
Tiebb, EREYECCHIK TS HO%S LG IERST
A LD, O~ 7 LR PEHERE pH A BREERS o 1
b, FERERILIASGOHIRY D L 5HOKEVHTL

B B S V) 5 b R (1)

LT 5.

—75, % pH OEMOEE I, McFReAE
fOHUR & b bR k&G, ERAK Mg T,
Ky, R, HEE, BUrEEE~C, =K, HE, &
DI NEMEE C, 7 pHHogMmL ol ©— 74z
BB T B,

33 BK-Bd - FHE
Table 21 BIDEK, i/, FirRd.
19804FE B D AR A 7 H 5V 1h 108 15
BLTrb, EBOEFRTS.5 HWHETLOTHS.
EEEEHEA 2B X0 BTk h, pHiES5. 1~

Table 2. Max, Min and Mean of pH in precipitation 5mm during 1980 and 1982.
max min mean max min mean max min mean max min mean max min mea_n
' 80/7 '80/10 "81/3 ’80/7~" 81/3
Hiroshima 5.0 3.7 4.1 4.6 3.9 4.2 —~ — — 5.0 8.7 4.2
ﬁ%ﬁ;a 5.5 4.0 4.5 4.7 3.9 4.3 4.9 4.2 4.4 5.5 3.9 4.5
Takehara 5.6 4.0 4.5 5.7 4.5 4.6 5.3 4.1 4.4 5.7 4.0 4.5
Mihara 5.1 3.7 4.3 50 4.5 4.6 5.0 4.2 4.3 5.1 3.7 4.3
Fukuyama 53 3.8 45 4.6 3.9 4.3 5.8 4.2 4.4 5.8 3.8 4.4
Shobara 5.0 4.2 4.5 5.3 3.5 4.1 6.9 3.7 4.2 6.9 3.5 4.2
'81/5 '81/8 ' 81/11 '82/3 ' 81/5~" 82/3
Ootake 59 3.7 4.1 5.5 3.7 4.4 55 3.9 44 4.7 3.6 4.2 59 3.6 4.2
Hiroshima 4.8 3.8 4.2 4.7 3.7 4.1 56 4.2 4.7 6.5 3.8 4.4 6.5 3.7 4.3
Kure 51 3.7 4.3 5.5 4.0 4.4 5.1 4.3 4.6 51 3.9 4.5 5.5 3.7 4.4
ﬂﬁﬁ;a 5.4 3.9 4.4 4.8 3.9 4.3 5.2 40 45 56 3.8 4.4 5.6 3.8 4.4
Takehara 5.2 4.1 4.4 5.3 3.7 4.2 4.9 4.0 4.5 5.3 4.0 4.4 5.3 3.7 4.4
Mihara 4.9 4.0 4.4 6.4 3.7 4.2 57 4.2 4.5 55 4.1 4.4 6.4 3.7 4.4
Fukuyama 6.2 4.2 4.8 5.3 3.9 43 6.0 4.6 51 6.3 4.1 45 6.3 3.9 4.5
Shobara 6.4 3.9 4.4 51 3.2 3.8 59 3.9 45 4.8 3.3 3.8 6.4 3.2 4.0
'82/5 '82/8 ' 82/11 ’83/3 ' 82/5~" 83/3
Ootake 8.1 3.5 43 55 3.7 4.3 56 3.7 42 51 3.6 4.1 8.1 3.5 4.2
Hiroshima 7.5 3.4 4.0 6.2 3.7 43 58 3.8 43 55 3.8 4.3 7.5 3.4 4.2
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Fig. 8. Monthly average rain pH in precipitation 5mm at 8 stations.
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Acid Rain in Hiroshima Prefecture

—Rain, acidity data at Ootake, Hiroshima,
Kure during August and November 1983—

Mayumi Oonara, Hiromichi Ipa, Ryuzi Tsukino*,

Kazunori Masawax1*? and Yoshio Noro*?
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Studies on Self-Purification in Fresh Water VIII

—Experimental‘ Studies on Biological Function of Self-Purification

in the Presence of River Bed Microorganisms— -

Satoshi Tacucur
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AR B AR 2 B AL U CRRATS 5 Fz b in R D $RB0% Al
Wiz,

Biotic Index (BI): N/S

Diversity Index (DI): — 3 (ni/N)log,(ni/N)

P . 3. = 23 nyien,i
Similarity Index (Cz)¥: Cr ST 2TON, N,

In,i? _ In,i?
Ze=EME, Ip-2pl

7L, ni @ FEOMEEK

3. WRRUZEZ

3.1 E£EYHOBE

AE DR THEE UIcEEA B o BB FH 51 & 7
EK1end. BEEOBEL, 78EFESSEAT, T
DELHFL, HBE GREY) »H < R TRE
(k8. FE (GRE) OETHo7z. £
ek, 1Y Fvs v s BBEY, 54> (BEE
¥, e rFewv= . Fva (HEBY, +v (RRE)
W) IR REbh, chbo s bEREAY
AL TELIERT.

W AEI: Theora lata (X7 %54 ), Sigambra ten-

N : BB Gs
S : IBEEN taculata (H ¥ I H AP, Lumbrineris longiforia (XK
A VAR O3 &R, SEEROEHU LY HD
F1  BEBEAREOE IR
Date 81. 8. 3|81.11. 4 [82. 2. 1| 82. 5.13 82. 7.2 82.10.18 i83. 2. 7
Station 2 3] 2 3|2 3|2 1+3:‘ o 2 3 32 3|2 3
Number of Speies 12 7 17 14 14 § 13 14 16 16 18 13 15 13 10| 15 12
Number of Individuals| 57 8 99 17/ 62 100 59 30 29 64 78 134 36 69 18 63 25
Biotic Index 4.8 1.1/5.8 1.2/ 4.4 1.3 4.5 2.5 1.8 4.1/ 4.3 11 3.1 5.6 2.4 4.4 2.5
Diversity Index 3.2 2.8/ 2.5 3.7,3.2 2.9/ 3.0 3.4 8.7 2.6/3.1 1.6 3.5/ 2.5 3.0/ 2.1 3.0
FIBMBEGE MBI (%)
ANNERIDA CBEEM)| 84 75 93 53] 92 90 8 40 59 17 89 17 75 93 56 95 80
MOLLUSCA (lksBhE))| 12 7 24 7 40 17 61 12 79 19 4 28 2 12
ARTHROPODA 2 18] 18 2 10 2 17 8 1 3 3 6 3 4
OTHERS (ﬁ?i%}i@ 2 18 . 6 6 5 20 8 14 3 3 11 4
Main Species
Theora lata 7 6 1 3 8 5 36 6 102 7 3 4 1 2
Sigambra tentaculata 7 1 5 -1 5 2 8 3 4 7 6 s 4 1 2 1
Lumbrineris longiforia |, 13 57 17 19 1 33 3l 35 42
Echiuroidea 2 1 3 01 1 4.1 3 3 2
Prionospio spp. 1 1 1 1 1 3 2 1 9
Capitellidae spp. 2 1, 5 2 1 3 1 3 1
Paraxillera affinus 8 12 8 7 7 1
Streblosoma sp. 10 5 7 9 3 10
Tharyx sp. 5 2 4 1 1 3. .
Spnonidae spp. 2 1 4 4 2
Phillinidae 1 3 1 2 4
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Distribution of Low-Molecular-Weight Halogenated
Hydrocarbons in Ground Water and River Water
in. Hiroshima Prefecture

Taku OxamoTo, Yukio Noma and Yoshiharu SHIRANE
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Table 1. Physicochemical Data of LMCHs ®

Chemicat PRy el S ia Gedte
Chloroform CHCl; 61.3 150.5 8200 1.500
1,1,1-Trichloroethane CCI,CH, 74.0 127 (25°C) 900 1.349
Carbontetrachloride CCl, 76.7 90.0 785 1.594
Trichloroethylene CHCI=CCl, 86.7 86.7 1100 1.462
Bromodichloromethane CHBrCl, 87.0 1.980
Tetrachloroethylene CCl,=CCl, 121.2 14.0 150 1.623
Dibromochloromethane CHBrZCI 119.0 2.451

2.3 SWHE

SPE~FYy vERG S BB RTT o . Bk

100m6% 100mBEOMMEMIC & », ~F4 v 2niE Nz, a

JR&E S BTI05MIRE 5 MR 1Ty, BESBEICE

Z, ~FYUBEMMEO 0 TR L, M smy

Y YO T—BRO~FY VEECDREBGEDOF Ay :

Y b SITREALL, FAZ vt 257 OHIES b q

% Table 21, EEEDOHF R s v= b 75 AD—Hl%

Fig. LITRt. ERILE ~ 7 SIS & AR o7 ¢ ( p

2 7.

Table 2. Operational Conditions of _‘AM
GC Analysis for LMCHs —d

¥ T T r

0o 1 2 3 4 5 6 7 8 8 10

Equipment : Shimadzu GC—5AE (min)
Column : 3mm i.d. x3m Glass Column Fig. 1. Typical Gas Chlomatogram of
M
Packing  : 25% DC—550 on Chromosorb W AW LMHHs
DMCS 60~80 mesh a: Chloroform
Carrier Gas : N; 40 ml/min o Carbontesmachrane
. d: Trichloroethylene
Detector : ECD (MNl) ¢: Bromodichloromethane
. R f: Tetrachloroethylene
Temperature : Column 120°C, Inj. 210°C g : Dibromochlorometane

Det. 220°C

Chart speed : 10 mm/min Dieu b O BACH Uiz, ¥ie, RBIKILA o+ V50

BIRHKE B L CIER Lich, 75 2 a D &R
D7 4 A F =D T, BRI AT A~ LTRE
DLMHHs i & » THR Ihinn L3 i LTHG .

LMHHs O2H1Z i\ TR B DR ERRE, BiEo
SRR O EE R 5 UERH D, PR
BRI ERNZEE D LMHHs 12 & 2 Biea 8T 2
Joib, BEAATA—CULENLEHALE. WMEEO~
F VIR T O R BEARALY 0¥ A
Wiehy, By PRESTIFARAIR=F 57 4 —~IT L

3. REBRRUEE
3.1 LMHHs OBENH

BEBRIHETZI2ED LMHHs 2BALTHWAL 0O
BHD, 5 LIiEMIIRE EOMBEcEEClihE
PDEEETH - 72D T, HEHIUDERGE T, BERO

Fhzho LMHHs OHERFKRERCHHE, R
JRIC T B B R K DU Tl Table 312, 7
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Table 3. LMCHs Concentrations in Ground Waters (¢g/1)
St. No. CHC1, CC1,CH; CCl1,4 CHC1:CCl1, CHBrCl, CCl,:CCl, CHBr:Cl
1 — — 0.005 — — — —
2 0.13 — 0.005 -— — _
3 0.098 — 0.007 — 0.014 0.12 —
4 N R —— — R — —_—
5 0.17 — — -— 0.21 — 0.24
6 —_— — —_— —_ —— —_— —
7 —_— — — —_ — N —
8 — — — — — 0.053 -
9 —_— —— —— J— — —_—
10 0.32 — — - 0.029 - —
11 — — — — - 1.6 —
12 — — — 0.19 — 1.0 —
13 0.32 — 0.004 — — — —
14 0.13 — — — — — —
15 0.13 — 0.007 — — — —
16 — — — — 0.066 — 0.061
17 —_ — — — — — —
18 —_ — — — — —_ —
19 0.32 — 0.005 — — 0.079 -
20 0.21 — 0.004 — — — —
21 0.15 — 0.004 —_ 0.017 — -
22 — — 0.005 —_ — — —
23 — — — —_ — — —
24 — — — — — — —
25 0.10 — 0.007 — — - —
26 0.26 —_ 0.004 — —_ — -_—
27 — — 0.006 — — — —_
28 — — 0.007 — -— — -
29 — — 0.006 — — — —
30 — — — — — — -
31 — 5.9 — 110 - 0.75 —
32 0.028 - 0.091 — 0.039 —
33 0.18 0.043 0.005 0.067 — 0.11 -
34 0.051 0.022 0.28 0.017 0.042 —
35 — — 0.009 — - — -
36 0.16 — — — 0.019 — —
37 — — — — —_ — ——
38 0.77 — — — 0.034 — —
39 — —_ —_ — — -— —
40 — — — — — — —
Max. Conc. 0.77 5.9 0.022 110 0.21 1.6 0.24
Detection rate(%)38 10 43 13 20 23 5
Mean 0.23 1.5 0.007 23 0.051 0.42 0.15
Detection limit 0.097 0.022 0.004 0.06 0.013 0.02 0.03

KAOHBA D 5 B28H A A5, )l 10ME D 5 B 9 HiLE D
5, Wit E M &, LMCHs i3 Fig. 21
5 L7e & 5 i bstpE o b R ER O S\ WHEEE
D—o>TH Y, FOREINECIH D & bISR
Wik 2EET D b0 LB, LhL, TORELN
Al LMCHs p3\3i battine BBk R REW 2 &
B LT, —3aE LEERETHo 7o, BHRAL
LR LS T A EREII T KA, b
YyrsererzrLy>l, 1,1tV rrenZ Y >T T
BREFUYSI R R AL AST RES SRR ALY

—: under Detection limit
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Table 4. LMCHs Concentrations in River Waters (z#g/1)
St. CHC1; CC1,CH; CC1, CHCI:CC1, CHBrCl, CC1,:CCl, CHBr,Cl1
Oze R. — — 0.015 — _— — —
Yahata R. — — 0.011 — 0.019 0.041 —
Kurose R. — — 0.009 — 0.018 0.22 —
Kamo R. — — - — — — —
Nuta R. 0.17 — 0.011 — — — —
Fujii R. — 0.023 — — — 0.084 —
Sanna R. — — 0.008 — — 0.39 —
Ashida R. — — 0.008 — — 0.025 —
Saijo R. — — 0.010 — — — —
Nikou R. — 0.040 — — — — —
Max Conc. 0.17 0.040 0.015 — 0.019 0.39 -
Detection rate 10 20 70 0 20 - 50 0
Mean 0.17 0.031 0.010 — 0.019 0.15 —
Detection limit 0.097 0.022 0.004 0.06 0.013 0.02 0.03

—: under Detection limit

130,000

(t/yr)

1959
Fig. 2.

M : Trichloroethylene
@: Tetrachloroethylene
Q: Carbontetrachloride
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Table 5. Gidelines for Drinking Water
Quality Quantification (#g/L)

7 Chemical W}?(;gamgatml\x;IPN
CHCl, 30 .
CCl1;CH; — 300
CCl, 3 3
CHCI=CCI, 30 30
CCl,=CCl, 10 10
Trihalomethane — 100

Trihalomethane=CHCl; + CHBrCl, +
CHBr,Cl4-CHBr;
MPN : Japanese Ministry of Public Welfare

(ng/ £)
1000

Ground Water
100¢ b of

River Water

10F

AT 11+
T

0.001

$IT$IT

abcde } 8 abcde g

Fig. 3. Concentration Levels of LMHHs in
Ground Water and River Water

: Chloroform

: 1,1,1-Trichloroethane
: Carbontetrachloride

: Trichloroethylene

: Bromodichloromethane
: Tetrachloroetlylene

: Dibromochleromethane
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o KERETRENCBETEZE0DHATES.

e Tik LMHHs 458 & [MpsIc P o &, B,
KB, —A M0 DOBKBESELFHL, Zhbe
LMHHs 358 & ol kBRI AR - .

3.2 #Fsks® LMHHs O#8) & #{kicoWT

LHEOTETE T O TR DEEL RS D0 H
HC, TEROBHE TR DB & Sicou TREEL <
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B 2 5 I ARIEHE L CHT AR LD 1, EEMEVEE
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VI K25 LMHHs 25 ST b {ERE OBk
13 e A ETHERENRB IR TV 2 &, LMHHs
INEREO PR A R b AR IR L, BRI
T o THTFAFCBE LB MELEEWI RAELT
Wh. . Ei, fHIA T VAT Py srREFY
L% 100g/1 LR S 5 BT Bk FER O LR
BT, 1~10¢8/ § DY AT RENHE L b1
1eg/) 4 DR A B B0 iy BIFc e 2 H e D
AR LTW S, UL, BHEDOK L BRADME
=17 LMHHs 233 2 A& B Sh iz 2 &2,
K& A FiKEMT LMHHs 2 88 S h T2 21k
210 ¢ ¢, chET LMHHs p3 ke D BBEC
B S R, TSRO EERERD b ORE,
~M%%%@$&&¥%,%%%mﬁﬁ?a%oﬁ%m
RIS,

% = IR D BEE A RS MU T D B Kk © LMHHs
O%E%Mﬁbtﬁ%%Twmsmﬁ¢.::@cﬁﬁ
LBHEDF FFrre=FLYR Y R BEFUY
PEREL, BFb T LRCEES b Ov IR
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EALTWADAER SRS, Shik= I BHBEFROR
Beigns b 0 e A 2 VORI L TRl EF X DR,

=05k LMHHs ik %0 b o0 HE» B
Xt < T HBMBAIE X > TORICERT 5 b D
2B LIk mbh Ty B, LMHHs (X Table 11-
TR U X 5 kIR 5 YR EE 3160~8800mg/ 4 FREE &
Pt D B T b I HIC BT I N T B A TAREFC L -
CHEMENHTRBBEL T bDEEZLBID. KIC
HFKIC A » 72 LMHHs O Bhikic o\ T DeWalle
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Table 6. LMHHs Concentrations in Exude Water from Municipal Waste Dumping Site (¢g/1)

Chemical Site A Site B Site C Site D-1 Site D-2
CHCl, 0.036 0.11 0.10 0.29 2.3
CCl4CH, 0.031 0.035 0.26 0.13 0.15
CCl, 0.024 0.016 0.016 0.017 0.016
CHCI=CCI, 0.093 0.78 9.2 0.16 0.17
CHBrCl, <0.013 <0.013 €0.013 0.053 0.84
CCl,=CCl, 0.021 7.5 91 0.13 0.17
CHBr,Cl 0.03 0.03 0.03 0.03 0.30
FCHRRDET DO 6.5FR T LT 5 EHEIX R 4 B %

TW%, ZOX5CHTROBEIERE R b FRK
KHRDEELDTIINLDTEH B,

%72, LMCHs (2K TORE,: b &  , BERLHTHED
HEOMEGTERZ END, HTFKICA 7 LMCHs
R 1 o THEHRARE DM T AR S35

W, HHENIHT R OEA LB EAR 1T B 4
P DT EARABCHWBR TS HEEFEICTH 5
A, RECHTRKOEB L Tl iz 7o,
Althoff 5'11,1,1-F )/ mr= & VIL L o TSEIC
5 NI TR 7 AR DENTH% HHH L C97~125 7
BV /GO HET AT T, 1 Eo REDARE TWF
DHTFRICR LUCHER, 7 ~10% A BB ofiEss
WHUTFCHA L, BERLEL S ED 2 LItk T
HTAOKEZREETESE LT 5, ¥io, EEHRC
X BRAFE TR L 7o Tk pg/ 4 A — &~ DFERK
OYUITIL L w247 D 608 DIEHER AR CH B L LT
W5, CHEIEEREC L AkREeF VT VI X LS
LEZHRD, A F2KE IR ) ERB TR,
WFRIE L —EHE R S e TR @ X8 5
BRI LR MBE L T3,

oo E TR LMHHs AEERTEDCIEE I TH R,
ZEbBH, FRERAN G, SEOHFHE AR
BOTLMTRBEROBIEARHMCTE D2 End, 48
BB RERERONEFEORFNE TS

5 %
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Environmental Agency (1974)
Draft Analytical Report: New Oreleans Area
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Water Supply Study
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Studies on the Amount and the Q uality of Leachate
from Indusirial Waste Landfill

—Precipitation and Evaporation in Yasuura-landfill—

Katsuyuki Cuosui, Akiko Kipa,
Yukio Noma and Masao Nosusoo
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Analytical Results of Elemental Contents.

Table 1.
Sample Classifi- Want:r {g T TN p Content (C, N, P, mg/g+dry; others, pg/g+dry)
cation > H Pb T-Cr A Fe Mn C Zn N
No. @ G g T As u
1— 1 0.0 18.6 56 22 022 0.08 060 240 47 0.1 60000 5400 63 11000 52
2 Dust 532 9.0 48 44 075 012 1. 310 150 0.1 170000 38000 600 11000 39
3 01 340 56 14 16 011 <0.05 30 11 41 14000 120 29 70 36
2— 1 Casting 3.7 1.5 12 0.3 0.09 001 <0.05 6 15 3.7 7100 600 13 280 (5
2sand or 0.0 0.0 7 0.1 <001 <0.01 <0.06 <5 20 <01 6100 16000 6 (10 <5
3 Dross 63 31 27 0.8 <001 001 <005 <5 3% 2.7 7800 120 22 76 7
3—1 3.5 59 52 0.6 008 0.2 {5 530 53 610000 4800 530 78 57
2 516 6.9 41 01 019 0.0l 2 42 28 19000 1100 59 250 22
3 36.7 3.3 140 0.1 058 002 25 5 1.4 43000 1800 8 240 24
4— 1 RorEanie oo e 45 3.2 9.5 <0.01 030 170 18 0.5 10000 470 41 19000 860
2 sludge 7.8 16.2 6 14 3 0,18 <0.05 24 18 B 3500 190 390 150 1100
3 70,3 12,6 8 1.9 1.9 002 <0.05 1 50 5.6 27000 310 10000 63000 120
5— 1 79.6 167 39 23 15 0.05 <0.05 210 46 6.3 6700 160 95 14000 21
2 791 285 92 5.5 5.2 004 008 1200 55 0.5 42000 830 20 16000 3000
6  Incin- 56 40 5 0.1 7.5 002 0.23 570 150 2.6 23000 1500 1000 4000 93
7 erated 295 3.4 45 11 54 003 020 480 110 1.1 27000 920 6700 7600 130
8  municipal 294 3.1 35 08 11 0.05 059 460 47 2.8 52000 730 740 4800 al
9 refuse 203 63 37 04 13 007 078 770 66 1.4 36000 630 360 3800 39
10 :{:é‘;‘;ipa‘ 77.0 443 230 27 23 21 0.3 75 30 10 47000 450 310 1200 2
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Table 2. Extractable Contents and its Ratio in the 6 hour Extraction Test.
Sample Concentration of extract (COD, T-N, & T-P, mg/l; others, #g/g )
No. Ccob T-N T-P Hg Cd Pb Crot As Fe Mn Cu Zn Ni
1—1 250 160 <0.01 - €0.0002  0.0010 0.16 €0.05  <0.002 17 260 €0.01 4200 1.5
2 6.7 1.0 0.15 < 0.0010 €0.01 < 0.007 0.04 1.9 < 0.18 <0.01
3 1.7 1.7 1.0 < <0.0005 < < 0.022 {0.02 <0.02 < <0.01  0.02
2— 1 3.3 1.9 0.03 < < < < 0.003 < 0.35 < 0.04 <
2 1.5 0.5 0.01 ¢ < < < < 4 1.9 < 0.01
3 32 1.4 .00 < < < < < 0.03 1.7 < 0.14 0.03
3—1 560 3t 0.02 ¢ < < < < 17 7.6 < 0.01  0.17
2 9.8 1.0 0.01 < < < 0.41 < < <
3 2.4 0.5 0.06 < < < < < < 0.03 < 0.01 <
4—1 62 1.9 1.6 < < < < < 4 0.33 < 0.14  0.28
2 1.9 3.4 89 < < < < 0.032 < 0.07 ¢ 0.01 4.5
3 11 1.9 o1 < < 0.12 < < < 1.0 1.2 2.8 <
51 32 6.6 21 < < < < < < 0.05 < 004 <
2 79 12 0.8 < < < < < < 0.32 < 0.01 1.2
6 4.5 1.1 0.01 ¢ < < 0.25 ¢ < < < ¢ <
7 130 11 0.29 < < 0.12 < < < < 0.70 <
8 280 1 0.31 ¢ < 1.0 < < < < 0.86 0.11  0.04
9 11 1.1 0.10 < < < < < < < <
10 620 160 1.1 < < < < < 0.30 0.19 0.18 0.06 0.15
Bl €0.5 0.2 0.05 < < < < < <0.03 < < 4
Extraction ratio (%)
No. Ccob T-N T-P Hg cd Pb Cré+ As Fe Mn Cu Zn Ni
1—1 3.3 73 — - 1.6 6.7 - — 0.28 48 — 38 29
2 0.10 0.22 0.13 - 0.7 - — 70 - 0.05 — 0.0016 —
3 0.023 1.2 0.59 — — — 5.4 - - — — 0.56
2—1 0.21 6.3 — — — — - 0.81 - 0.58 - 0.14 —
2 0.16 — — - — — - — — 0.12 — — —
3 0.89 1.8 - — - - — — 14 — 0.18 4.3
3—1 8.1 52 — — — — — - 0.028 1.6 - — 3.0
2 0.18 10 - - - - 9.8 - - — - — -
3 0.013 5 — - — - — — - 0.012 - — —
4—1 1.0 0.6 0.16 - — 0.70 — 0.0074  0.32
2 0.24 2.4 2.5 - - 0.91 — 0.37 — 4.1
3 1.0 1.0 0.031 - — 2.4 - — — 3.2 0.12 0.044 —
5— 1 0.62 2.9 0.14 - — — — - 0.31 — — —
2 0.64 2.2 0.094 — — — — — 0.39 - - 0.40
6 0.68 — — - — — 1.7 — — — — - —_
7 2.2 10 0.044 — — 0.25 — - — - 0.10 — —
8 6.0 14 0.028 - — 2.1 - — — — 1.2 0.15 0.0083
9 0,22 2.8 0.008 - — - - — — — —_ - -
10 2.0 5.9 0.48 — — — - - 0.0064 0.42 0.58 — 0.13
Rt M, =y r I FA RO O DEREIED D

CODDHEHEDE DILFA YT (1-1), THEH A
(3-1), BEHIK (7 £ 8), FTAHI A0) TH5.
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DOBBCRPBER Licicw t Bbhbhb, i, Zh
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Hieinz T, EEEETHHOTREELE L bND
&BIZOWTIL, @2 F A b, EEAEFETR, FEHEIK
2, PHIAA L, THEDAME, = v HVIEE L OR
BCBH LTV 20T £ A b DB A0, fHitée
BEEAREIE, MK, ThHER»S, BEHI&A

HBH LTS, BHERIERS DA, B TH,ET
H%. 7L 1-1ILEHRO pH 23 K < BHIERLE
V., SBRREREK RSPk ARG VR 5 B (4
E5) HoHH, ZhbOBEHEECII—E LA DHs
BB T S c A DD, HIROBERET D C LIk TE
ot BERELT, Wik BLRE 5 ops
RENREZBRLY, EEFEHROEc DE&RBITED
EERETH, SHOBRFFEE L2 THA).

4.3 RIPBHERHRE

Z OB L BB HBEOR SEFIWRT. Bl
oo T, WEIT, RE 5 BEHRBRE IR L TESR
5. ‘
BRI S HIEE, COD T, EEETR
(B3R 4 O—H) LBHIK (7 & 8 D—IR) HE T
1ATHD. chboofistdy 1 BE L3008 EH OB
2{ERNTS5 A E TR R R B - T 5,



HEAS 2 BETE DY 5

Table 3. Leachate Concentration in the 30 days Leach Test.
No, Ratio* COD, mg/1 T-N, mg/l T-P, mg/l pH ORP

w/v% 1-d** 2-d  5d_ 104 30-d d 2d  5d  10d_ 304 I 2-d 54 10d 30 mV
5 39 34 20 4 33 15 15 19 20 27 02 .01 .01 <005 .01 3.8 270
110 66 60 54 67 64 20 24 25 39 50 02 .01 <006 .01 .01 3.5 300
20 130 150 110 150 110 34 38 4 55 8 .02 .01 <.005 <.005 .01° 3.3 298
5 55 3.6 1.8 1.6 2.2 0.6 07 0.7 08 1.2 03 .03 .03 .02 .03 81 99
2 10 38 40 24 25 3.6 07 07 08 09 1.5 .03 .03 .02 .01 .03 82 8
20 42 4.2 5 6.4 5.6 08 09 1.1 1.3 19 03 .08 .02 .01 04 82 &1
5 78 69 8 79 100 5.8 57 51 59 6.4 .03 .03 .03 .ot A1 81 90
310 120 120 120 130 200 7.8 87 81 7.2 9.1 03 .03 .02 .01 16 82 68
20 180 280 330 370 380 6 16 16 9.2 8.4 03 .02 .02 .02 44 126 38
5 10 12 15 1 48 52 57 58 60 381 3.4 3.6 27 3.4 8.1 192
4 10 19 19 34 27 22 83 87 94 10 1 3.9 40 38 29 25 8.1 180
20 20 20 25 25 37 13 14 15 16 18 6.2 56 50 35 22 81 130
5 76 10 12 13 13 33 40 52 63 78 1.2 1.1 1.2 98 1.7 8.2 12
5 10 2 25 A 31 2 45 57 7.8 10 13 1.6 1.2 1.3 .6 1.6 8.3 128
20 0 37 39 29 35 727 1. 13 17 2 1.2 1.2 1L1. 79 1.4 81 125
5 1.0 1.0 0.6 0.8 <0.5 06 07 08 08 1.1 .08 .10 .11 .08 .4 87 112
6 10 1.2 11 1.0 08 <05 0.7 06 09 1.0 1.2 Jd2 15 .11 .13 06 8.8 110
20 0.5 08 0.8 1.0 <0.5 0.5 06 1.1 1.3 1.6 2 .25 13 18 16 8.6 118
5 0 26 38 52 44 1.7 2.0 37 51 5.3 .04 .08 .05 .03 .05 82 123
7 10 2 21 B8 5 67 2.2 25 36 80 9.2 09 .1 .07 .04 05 8.0 120
20 36 35 47 57 57 32 26 6.1 86 14 .08 .10 .07 .03 04 B85 100
5 19 14 46 49 4 L7 1.2 40 44 5.4 07 09 .06 .03 038 88 100
8 10 3% 31 150 93 84 20 1.6 83 55 9.1 05 .04 08 .03 02 88 &
20 100 100 120 140 110 46 3.6 6.2 87 14 09 .10 .07 .06 .01 8.5 50
5 24 1.6 25 08 1.0 08 06 0.7 09 1.1 07 05 06 .05 .05 88 68
9 10 15 05 6.6 3.6 1.8 07 06 1.4 1.2 1.4 07 .06 .10 .06 07 89 62
20 2.2 1.5 40 32 20 0.6 07 1.2 13 1.8 .06 .07 08 .06 .16 9.1 62
5 280 260 290 320 260 8 92 120 140 110 22 .83 38 .37 .96 8.0 —170
10 10 540 380 520 610 590 140 150 190 210 210 .36 .32 .56 .48 2.2 7.9 —232
20 1400 1400 1400 1400 1500 260 280 350 400 400 .28 48 99 96 2.6 7.8 —232

* Ratio, 5% 10% and 20% means 1.0kg, 2.0kg and 4.0kg of each sample respectively in 20 1 of sea water.
* The concentration of the leachate after the input of samples into sea water.
Analytical results of the used sea water: COD, <0.5mg/1; T-N, 0.4mg/1; T-P, 0.04mg/1.
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Table 4. Comparison of Leachate Concentration between 30-days
Leach Test and 6-hour Shake Extraction Test.
COD, mg/1 T-N, mg/l T-P, mg/l
A B* A/B A B A/B A B A/B
30-days 6-hour 30-days 6-hour 30-days 6-hour
leachate extract A/B leachate extract leachate extract
1 64 86 0.74 50 54 0.93 0.01 0.38 <0.05
2 3.6 12 0.30 1.5 1.3 1.2t 0.03 0.01 -
3 200 190 1.1t 9.1 11 0.83 0.16 0.03 —
4 22 22 1.00 11 2.4 4.67 2.5 30 0.08
5 20 56 0.34 13 9.3 1.4t 1.7 1.5 1.1%
6 0.5 4.5 <0.11 1.2 1.1 1.1% 0.06 0.01 —
7 67 130 0.52 9.2 11 0.84 0.05 0.29 <0.05
8 84 280 0.30 9.1 11 0.83 0.02 0.31 £0.05
9 1.8 11 0.16 1.4 1.1 1.3t 0.07 0.10 0.50
10 590 620 0.95 210 160 1.3t 2.2 1.1 2.0%
Bl 0.5 0.4 0.04
# The average of component samples in the case of Samples 1—5.
+ Value over 1.0.
- 3
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Table 1. Analytical Results by Acid Digestion with HCI-HNO; Mixture.
Sample  Fe Mn Zn Cu cd Pb Ni Cr As L
No. mg/e  rg/e  vg/g  rgle  egle pglg pelg esls tg/g %
1 420 3700 6800 1400 1.3 370 200 460 9.5 2.8
2 320 3300 9400 1200 2.7 840 260 580 17 5.2
Com- 3 100 1300 3700 2000 2.4 530 83 80 3.4 9.8
bustion 4 430 3800 4800 1000 3.1 190 120 120 40 20.7
i 5 29 1100 160 34 0.42 17 58 73 3.9 2.8
residue 6 22 810 120 49 0.07 7.1 28 39 6.6 4.6
7 24 1400 8100 190 0.37 150 39 1100 1.2 7.9
8 55 1800 6200 310 1.6 73 220 8 15 9.3
9 300 1800 1600 390 0.80 170 330 5400 28 3.1
10 21 650 100 22 0.27 18 18 24 9.2 4.8
11 34 590 100 3% 0.31 17 46 120 5.9 6.4
Sludge 12 5.6 150 510 70 1.5 82 32 32 9.0 48.1
13 3.8 94 120 9 0.56 89 21 19 3.2 13.4
14 4.0 23 360 13 0.75 98 26 18 5.1  18.0
15 7.8 520 140 3  0.33 28 9 21 12 5.2
16 48 5650 160 260 0.24 58 27 76 7.5 3.9
Casting 17 340 860 29000 5600 2.4 310 67 390. 550 0.0
Sand 18 280 1500 9500 14000 6.2 340 34 300 220 3.9
19 85 960 1100 220 0.60 94 71 150 2.1 3.6
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Table 2. Analytical Results by Acid Digestion with HNO,-H,0, Mixture.
Sample Fe Mn Zn Cu Cd Pb Ni Cr As
No. mg/g  wpglg  rgle  egl/s  eg/s  rglg  vgl/g  relg ve/g
1 260 3000 6100 1400 1.4 380 190 380 19
2 200 2600 6800 1100 3.4 590 230 430 28
3 78 1200 4100 2000 2.5 530 82 78 5.4
Combustion 4 390 3600 4400 1000 3.0 140 130 140 18
residue 5 18 1200 180 34 0.42 17 64 130 2.9
6 18 790 120 48  0.08 7.6 24 63 7.2
7 13 1100 7000 180  0.36 290 38 1100 2.6
8 31 1600 5800 280 1.4 65 130 98 18
9 320 1800 1500 380  0.83 180 330 6200 46
10 14 590 99 20 0.24 20 19 53 11
11 30 550 94 33 0.35 19 48 150 5.1
Sludge 12 4.8 150 520 69 1.5 91 30 29 15
13 3.5 92 130 10 0.60 82 20 18 3.6
14 3.8 23 360 12 0.78 80 22 61 4.7
15 7.6 510 140 35 0.32 39 11 22 9.6
16 40 480 170 250  0.28 58 27 100 7.7
; 17 340 890 29000 5700 2.3 220 76 380 380
Casting sand 18 280 1400 6800 11000 4.3 250 49 190 200
19 66 850 950 170  0.61 110 74 170 4.5
Table 3. Analytical Results by Acid Digestion with HNO;-H,SO; Mixture.
Sample Fe Mn Zn Cu Cd Pb Ni Cr As
No. mg/g tg/e  wrg/g  rgle  rel/s 'vg/g  rglg vg/g  rglg
1 450 3600 6900 1400 1.5 110 230 500 31
2 380 3400 9600 1200 3.4 210 290 1500 37
) 3 110 1300 3600 2300 2.6 210 85 200 7.5
Combustion 4 400 3500 4700 970 2.9 140 120 170 48
residue 5 28 1100 170 35 0.40 4.5 69 170 4.2
6 23 790 120 46  0.04 2 26 160 4.4
7 30 1600 9000 190 0.37 200 43 2700 3.7
8 57 1800 6200 310 2.8 14 340 490 17
9 390 2000 1700 410 0.89 100 340 7000 46
10 24 860 110 20 0.24 7.9 18 30 11
11 33 570 100 33 0.29 6.5 30 160 3.2
Sludge 12 4.1 150 510 70 1.7 110 35 60 9.6
13 3.5 84 120 7 1.8 34 21 18 3.0
14 3.8 23 360 12 0.33 59 20 15 4.3
15 7.8 470 140 34 0.17 5.3 10 29 6.6
16 54 580 180 250 0.27 58 30 220 10
: 17 360 880 31000 5900 2.4 290 71 510 900
Casting sand 18 280 1400 0600 15000 5.2 280 38 420 720
19 78 950 630 190 0.46 97 75 250 9.2
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Table 4. Reproducibility of Acid Digestion Method with HCI-HNO; Mixture.

Sample Fe Mn Cu Zn
No. mg/g Lg/g rel/g ~_tg/g
1— 1 430 3900 1440 6640
2 428 3880 1440 6790
3 428 3900 1460 6760
. . 4 420 3860 1440 6690
Combustion residue 5 415 3710 1440 6470
Average 424 3850 1440 6670
St. dev. 6.42 80.0 8.94 126
CV. % 1.51 2.08 0.62 1.89
10— 1 22.4 656 23.0 94.3
2 22.1 638 23.0 93.0
3 21.9 642 22.5 92.8
4 22.7 667 22.8 94.9
Sludge 5 21.8 647 23.1 92.4
Average 22.2 650 22.9 93.5
St. dev. 0.370 11.6 0.239 1.07
CV. % 1.67 1.79 1.04 1.14
18— 1 283 1360 13400 9360
2 295 1450 14400 9240
3 304 1650 13800 9170
Casti nd 4 290 1490 13300 9070
asting sa 5 290 1390 13900 8990
Average 292 1470 13800 9170
St. dev. 7.77 114 439 144
CV. % 2.66 7.74 3.19 1.57
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Fig. 1. Ratios of Analytical Data between HCI/HNO, Digestion
and HNO;/H,0, Digestion.
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Table 5. Efficiency of Reduction of Iron in the Analysis of Chromium,
HCI-HNO, HNO;-H,0, HNO,;-H;S0,
Sample g Cr, pg/g* Fe Cr, 1g/g Fe Cr, vg/g
No. mg/g A B A/B  gm/g A B A/B mg/g A B A/B
1 420 460 330 1.39 260 380 220 1.73 450 590 310 1.90
2 320 580 430 1.35 200 430 250 1.72 380 1500 230 6.52
3 100 80 83 0.96 78 78 75 1.04 110 200 64 3.13
4 430 120 96 1.25 390 140 95 1.47 400 170 55 3.09
5 29 73 84 0.87 18 130 85 1.53 28 170 — —
6 22 39 41 0.95 18 63 29 2.17 23 160 47 3.40
7 24 1100 1100 1.00 13 1100 1100 1.00 30 2700 2600 1.04
8 55 85 150 0.56 31 98 17 5.76 57 490 440 1.11
9 300 5400 4300 1.26 320 6200 5100 1.22 390 7000 5300 1.32
10 21 24 24 1.00 14 53 — — 24 30 22 1.36
11 34 120 140 0.86 30 150 — — 33 160 75 2.13
12 5.6 32 26 1.23 4.8 29 28 1.04 4.1 60 60 1.00
13 3.8 19 — — 3.5 18 18 1.00 3.5 18 25 0.72
14 4.0 18 18 1.00 3.8 — — 3.8 15 11 1.36
15 7.8 21 20 1.05 7.6 22 19 1.16 7.8 29 16 1.81
16 48 76 70 1.09 40 100 63 1.59 54 220 130 1.69
17 340 390 360 1.08 340 380 360 1.06 360 510 270 1.89
18 280 300 290 1.03 280 190 170 1.12 280 420 210 2.00
19 85 150 140 1.07 66 170 130 1.31 78 250 150 1.67
* A: Flame AAS analysis of the solution after the reduction of iron by the use of absolute

calibration curve;

B : Flame AAS analysis of the solution without reduction of ion by the use of NH,Cl addition

and the standard addition method.
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