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1.1

1690 mm

1950

1960

1975

810 mm 2

1967

PCB 1993

1970



2009
27 4

ppb
pH

Table 1.2

1999
1,4-

Table 1.1 g L1

ug L1 ppb

Table 1.1 Concentrations (mg L) of toxic elements as their
environmental water-quality standards.

Waste water

River water  Drinking water

Analytes (Ref. 4) (Ref. 5) (Ref. 6)
cd 0.03 0.003 0.003
CN- 1 n.d.a 0.01
Pb 0.1 0.01 0.01
Cr(V1) 0.5 0.05 0.05
As 0.1 0.01 0.01
Hg 0.005 0.0005 0.0005
Se 0.1 0.01 0.01

a. Not detected.



Table 1.2 Concentration (mg L) of nitrogen and phosphorus as
their environmental standards (Ref. 4).

Type Total Nitrogen Total Phosphorus
la 0.1 0.005
Ib 0.2 0.01
e 0.4 0.03
Ivd 0.6 0.05
Ve 1 0.1

a. Quality level of environment water in natural scenic spots
such as national parks. This level satisfies that in the type of
Il to V.

b. Quality level of drinking water prepared by simple filtration
or high-performance cleaning. Quality level of environmental
water suitable for living the salmonidae families, smelts and
carps. This level satisfies that in the type of 111 Ito V.

c. Quality level of drinking water prepared by high-performance
cleaning. This level satisfies that in the type of IV and V.

d. Quality level of environmental water suitable for living the
smelts. This level satisfies that in the type of V.

e. Quality level of environmental water suitable for living the
smelts, and industrial water and agricultural water.



1.2

JIS

ICP-MS
JIS

K 01027 JIS
JIS

ICP-AES

AAS ICP-AES

ICP

Table 1.3



Table 1.3 Typical analytical methods in JIS K 0102 (2016).

Analytical

Elements Method Range (mg L)
Cd FAAS
Enrichment by solvent 0.05-2
extraction
ET-AAS 0.0005 - 0.01
ICP-AES
Separation of Cd by solvent 0.01-2
extraction
ICP-MS 0.0003 - 0.5
Pb FAAS
Enrichment by solvent 1-20
extraction
ET-AAS 0.005-0.1
ICP-AES 0.1-2
ICP-MS 0.0003 - 0.5
As SP
Apparatus for generation of 0.1-0.5
AsH3
HG-AAS
Apparatus for generation of 0.005 - 0.05
AsH3
ICP-AES
Apparatus for generation of 0.001 - 0.05
AsH3
ICP-MS
Elimination of mass 0.0005 - 0.5
interferences

FAAS Flame atomic absorption spectrometry.

ET-AAS Electrothermal atomic absorption spectrometry.

ICP-AES Inductively coupled plasma atomic emission
spectrometry.
ICP-MS Inductively coupled plasma mass spectrometry.

SP Spectrophotometry.
HG-AAS Hydride generation atomic absorption spectrometry.



Table 1.3 (continued)

Analytical
Elements Method Range (mg L)
Se SP
Enrichment by solvent 0.02-0.5
extraction
HG-AAS
Apparatus for generation 0.002 - 0.01
of SeH:
HG-ICP-AES
Apparatus for generation 0.001 - 0.02
of SeH:
ICP-MS
Elimination of mass 0.0005 - 0.5
interferences
Cr SP
Elimination of iron by 0.04-1
solvent extraction
FAAS
Enrichment of Cr by
L . 0.2-5
coprecipitation with
Fe(OH)3
ET-AAS 0.005-0.1
ICP-AES 0.02-4
ICP-MS 0.0005 - 0.5

FAAS Flame atomic absorption spectrometry.

ET-AAS Electrothermal atomic absorption spectrometry.
ICP-AES Inductively coupled plasma atomic emission
spectrometry.

ICP-MS Inductively coupled plasma mass spectrometry.

SP Spectrophotometry.

CV-AAS Cold vapor AAS.

HG-AAS Hydride generation AAS.



Table 1.3 (continued)

Analytical
Elements Method Range (mg L)
Mn SP
Enrlch_m_ent_of |\/|I_’1 by 08 - 10
coprecipitation with
Fe(OH)3
FAAS
Enrichment of Mn by
L . 0.1-4
coprecipitation with
Fe(OH)s
ET-AAS 0.001 - 0.03
ICP-AES 0.01-5
ICP-MS 0.0005 - 0.5
Hg CV-AAS
Apparatus for CV Long 0.0005 - 0.01
Analytical time> 2 h
ET-AAS
Enrichment of Hg by 0.0005 - 0.01

solvent extraction

FAAS Flame atomic absorption spectrometry.

ET-AAS Electrothermal atomic absorption spectrometry.
ICP-AES Inductively coupled plasma atomic emission
spectrometry.

ICP-MS Inductively coupled plasma mass spectrometry.

SP Spectrophotometry.

CV-AAS Cold vapor AAS.

HG-AAS Hydride generation AAS.



AAS ICP-MS

AAS
ICP-MS
JIS Table 1.4
2
1,10-
1 ppb
Table 1.4 Absorption photometry adopted in JIS method.
Analytes Reaction type DLa pg L1
Anionic surfactant lon association 0.25P
Sb lon association 67
Cu Chelate formation 0.32p
Fe Chelate formation 200
NHa4* Dye formation 200
Sz Dye formation 100
PO43 Inorganic complex 20p
Mo Inorganic complex 13

a. Detection limit.
b. Enrichment by solvent extraction.



1.3

1970

Table 1.1 Table 1.5

Table 1.3



Table 1.5 Detection limits (mg L) of pack test®.

Analytes Visual method Colorimetry
CN- 0.1a
Pb 0.05 0.03
Cr(Vl) 0.05 0.05
As 0.2
PO4-P 0.02 0.03

a. Use of a dedicated equipment.

1.4
JIS
7 N-
pH
4
pH4 pH
4
100 mL 5mL
20
JIS KO102 2016
N, N-
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8) ; , 44, 315 (2000).
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10) , , : (Bunseki Kagaku), 44, 505
(1995).

11) , , : (Bunseki Kagaku), 33, 453
(1984).

12) S.Taguchi, K.Tomizawa, S.Hiyoshi, N.Hata, l.Kasahara, K.Goto:
Anal. Sci. 91(1991).
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60, 507 (2011).
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0.012 pg mL1 12)

MIBK 4- -2-
0.006 pg mL-1 MIBK
V)
2.2
2. 21
GSL-500
Simpli UV
() As1000 1011 mg
As( ) 0.05
() 100 mg L1
0.153g 3 M 3.33 mL
100 mL
2.5 wliv 125 g
50 mL 10M
30.03 g 50 mL 1.0M
345 ¢g 50 mL
20 wiv L(+)
10g 50 mL 0.1

M 0.496 g 20
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mL 0.1 M
0.697 g 20 mL
1000 mg L1
0.426 ¢ 100 mL
209 20 mL 30
46 kHz
0.45 um 12)
2. 22
10x7x5
cm, 280 g, Fig. 2.1 Fig. 2.2 (R) (G)
(B) LED NSTM-515AS,
630, 530, 470 nm
S2386-18K
1.5mm
25 nm
Fig. 2.3 CO045A025A
) 25 mm, 0.45 pum
UV-160A UV-2550
840 nm 10 mm

ICP SPS1500S



SPS1700

0.1 M
193.696 nm 371.030 nm
Display
Controller (Sunlike, SC1602B*B)
(Renesas, I
H8-3664F, —
RAM 2 KB, Red-Green-Blue LED
ROM 32 kB,

Current regulator diodes (Nichia, NSTM-515A5, 630, 530, 470 nm)
Clock 16 MHz) (Semitec, CRD-E)}

LED or PD to optical fiber coupler made of
aluminum {14 mm od.x 15 mm in length)

Photodiode (PDY) to detect
light source intensity

digital
converter
(Micrachip,
MCP3204,
12 bit 4ch

Bifurcated plastic-core optical fiber
{Panasanic, FD-G500)

PD to detect light reflected by sample
{Hamamatsu Photonics, 52386-18K)

Battery (Golden Power,  Voltage regulator Sample holder made of aluminum 2
15F8H, 8.4 V, 150 mAH) (National {10 mm od.»x15 mm in length)

Semiconductor,

LM2540CT-5.0)

Fiber for illuminating
sample (0.5 mm od.)
Fiber for collecting light

reflected by sample (0.265
mm od.x 9)

Membrane filter with sample End face of optical fiber

Fig. 2.1 Schematic diagram of reflective colorimeter.
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Fig. 2.2 Measurement of reflection-absorption by portable
colori-meter.
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Molybdenum blue
solution

l

——

o

Hand suction

|

Funnel

\

\

Fixing
Flame for
filtration

|
l
|

<=

Syringe tube

N

Filter

Fritted base

Filter holder
Thick polyvinyl
Chloride tube

Fig. 2.3 Portable filtration system for collection of molybdenum
blue on a membrane filter.
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12)

Fig. 2.4
30 cm3 3.8 mL SM 0.1mL 0.05M
0.1 mL 0.5 As( ) As( )
10M 0.05mL 1M 0.05 mL
85 0.5
30
5SM 0.2mL 2.5 0.020 M
0.2mL 20 1.3 M 0.5mL 5SmL
85 15
1 0.01 M 0.015 mL
Fig. 2.3
2mL
2 2 A
Fig. 2.2
(11)
()
5mM 0.2 mL () ()
B
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30 mL glass test tube
l<— Sample or As( ) standard solution

(3.8mL) (3.6mL )
<“«—— 5 M H2S04, 0.1 mL
<+«—— 0.05 M KMO4, 0.1 mL
Mixing 0.5 min
<—— 10 M Urine, 0.05 mL
<—— 1 M NaNOz, 0.05 mL

Mixing 0.5 min*

Heating 85 (0.5 min)

<+<—— 5 mM NazS203, 0.2 mL*
Mixing 0.5 min*

+«—— 5 MH2S04, 0.2 mL

<+<—— 0.02 M Molybdate , 0.2 mL

<+<—— 1.3 M L-Ascorbic acid, 0.5 mL
(5mL)

'

Heating 85 (15 min)

Cooling (1 min)
<«—— 10 mM Zephiramine, 0.015 mL
Filtration (Membrane filter with a pore size of 0.45 pm)
l<— Water, 2 mL x 2
Drying with a dryer (2 min)
Measurement of reflection-absorption at 630 nm

Fig. 2.4 On-site analytical procedure.
*In absorbance measurement of phosphoric acid.
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2.3

2. 31
13)
14)
2
, DBS 5 Ug
2.2.3
nm
100%
DBS DBS 0.2 mM 9%
Table2.1 DBS 0.3 mM
0.03-0.2 mM 100%
Table 2.2 0.03 mM
0.03 mM

-22 -
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Table 2.1 The recovery of MB containg 5 pg of arsenic.

10 mM DBSa

Addition Absorbanceb Absorbanceb Recovery
before filtration after filtration of MB (%)
amount (ml)
0.1 0.171 0.133 22
0.2 0.171 0.155 9
0.3 0.171 0.205 117¢

a. Sodium dodecylbenzenesulfonate solution.
b. Measured by double-beam spectrophotometer (840 nm).
c. The solution became turbid.

Table 2.2 The recovery of MB containg 5 pg of arsenic.

10 mM Zepha Absorbanceb Absorbanceb Recovery
(ml) before filtration after filtration of MB (%)
0.025 0.171 0.002 99
0.03 0.171 0.000 100
0.05 0.171 0.000 100
0.1 0.171 0.000 100
0.2 0.171 0.000 100

a. Zephiramine solution.
b. Measured by double-beam spectrophotometer (840 nm).

-23-



32

840 nm
630 nm

15)

PTFE

Table 2.3
PTFE

PTFE 2
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Table 2.3 Effect of filter material on reflection-absorbance.

Filter tvpe Concentraion of Reflection-
yp arsenic/mg L1 absorbancec
+

PTEE2 membrane 0.086 0.041+0.004
filter (air dried)

0.172 0.092+0.006

0.086 0.116+0.012

MCEP membrane

filter (air dried)

0.172 0.196+0.012

a. Hydrophilic polytetrafluoroethylene (PTFE) membrane filter.
b. Mixed cellulose ester membrane filter.
c. Averages of the four concentric points.
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0.218 Table2.4 30
0.044 5

0.002 5

Table 2.4 Influence of filter condition on reflection-absorbance.

Filtera condition Concentraion of Reflection-
arsenic/mg L1 Absorbanceb
0 0.218+0.011
0.043 0.228+0.007
Wet

0.086 0.240+0.010
0.172 0.278+0.009
0 0.044+0.002
0.043 0.053+0.002

Driedc
0.086 0.072+0.003
0.172 0.092+0.003

a. Mixed cellulose ester membrane filter.
b. Averages of the four concentric points.
c. Air drying for 30 minute.
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1 Fig. 2.5
0.007+0.002 (Table 2.5

40
25

0.003+0.001

Table 2.5 Effect of drying method on reflection-absorbance of
reagent blank sample.

i Dry time Reflection-
Drying method (min) absorbancea

Air drying 60 0.007+0.002
Sandwiching with filter-paper
(Air drying) 40 0.004
Washing with petroleum
ether(Air drying) 25 -0.003+0.002
Blowing hot air(hair dryer) 2 0.003+0.001

a. Averages of the four concentric points.
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0.25

0.20

0.15

0.10

0.05

Reflection-absorbance

O | | | | |
0 10 20 30 40 50 60

Time(min)

Fig. 2.5 Change with time of the reflection-absorbance
of the reagent blank sample (Air drying).
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0,0.2,0.4,0.5,0.8,

1pg () ()
4

0.002 Table 2.6 Table 2.7

Table 2.6 Homogeneity test of Molybdenum Blue on filter.

Arsenic( ) Reflection- Average Cent?r
absorbance Reflection- Reflection-
amount/ug (4 point) absorbance @ absorbance
0 888? 888; 0.006+0.0004 0.006
0.2 882? 8822 0.060+0.001 0.060
o4 OIBO013 o000 oaos
0.5 gﬂg 8122 0.118+0.002 0.119
0.8 8123 8122 0.168+0.002 0.168
10 0RO o100 o

a. Averages of the four concentric points.
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Table 2.7 Homogeneity test of Molybdenum Blue on filter.

Arsenic( ) Reflection- Average Cent?r
absorbance Reflection- Reflection-
amount/ug (4 point) absorbance @ absorbance
0 8882 888; 0.007+0.001 0.007
0.2 8823 882; 0.056+0.001 0.056
0.4 8233 8882 0.099+0.001 0.099
0.5 811(2) 81:?_529 0.111+0.001 0.107
0.8 81;2 81;? 0.172+0.001 0.172
10 0T8OI o eoc  oars

a. Averages of the four concentric points.
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. 35

2.2.3
() () 0.5 ug 0.995
Fig. 2.6 S
o 3 30 ()
0.01 pg n=5 3ml ()
0.003 pg mL1
0.20

0.15

0.10

0.05

Reflection-absorbance

0 | |
0 0.5 1.0 1.5

Arsenic amount(ug)

Fig. 2.6 Calibration curves for (o ) As(lll) and () As(V).
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2. 36
2.2.3
Table 2.8 ICP

10

0.01 pg mL-1

Table 2.8 Analytical results of arsenic in water samples.

Concentraion of arsenica/mg L1

Sample

No. Sample  taken®/ Reflection- Spectro- ICP-
absorption
. photometry  AESc
colorimetry
Are}kawa 35 <0.003¢ <0.01¢d <0.03d
river
hot springe
Masut(_)ml 0.02 1.8, 1.6 1.7+ 0.2
hot springe

4 Soil extract 0.025 8.1, 7.3 7.9, 8.0 7.8+ 0.3

a. In ICP-AES, the analytical value is indicated by
averagetstandard deviation in three determinations. Two
analytical values are indicated for the other methods.

b. In the reflection-absorption colorimetry.

c. ICP-AES denotes inductively coupled plasma atomic emission
spectrometry.

d. Values indicate detection limits for each analytical method.
They are variable with the volume of sample taken.

e. Unfiltered hot spring water was analyzed as Sample No. 2.
This sample was filtered after storage for 5 day, and then
analyzed as Sample No. 3.
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2.4

0.45 um

630 Nnm
0.5 pg

0.01 pg 0.003 pg mL-1
25

2.5

1) Environmental Health Criteria 224, "Arsenic and Arsenic Compounds”,
2nd ed., 2001, International Programme on Chemical Safety, World
Health Oragnization, Geneva, htty://www.inchem.org/documents/
ehc/ehc/ehc224.htm#1.0.

2) WHO : "Guidelines for Drinking-Water Quality", 4th ed., 2011, WHO
Press, Geneva, 315.

3) 101 , (2003).

4) C.Reimann and P.de Caritat, "Chemical Elements in the Environment,
Factsheets for the Geochemist and Environmental Scientist', 1998,
Springer, Berlin, 43.

5) A.R.Kumar and P.Riyazuddin, 7rends Anal.Chem.,2010, 29, 1212.

6) Arsenic Test Kit, Catalog N0.28000-88, 2000, Hach Company, Loveland,
CO, US.A.

7) D.G.Kinniburgh and W.Kosmus, 7alanta, 2002, 58, 165.

8) K.Morita and E.Kaneko, Anal.Sci., 2006, 22, 1085.

9) H.Matsunaga, C.Kanno, and M.Suzuki, 7alanta, 2005, 66, 1287.
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10) Md.A.Hashem, T.Jodai, S.Ohira, K.Wakuda, and K.Toda, Anal. Sci.,
2011, 27, 733.

11) Y.Suzuki, T.Aruga, H.Kuwahara, M.Kitamura, T.Kuwabara,
S.Kawakubo, and M.lwatsuki, Anal.Sci., 2004, 20, 975.
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, 2007, 14, 166.

13) C.Matsubara, Y.Yamamoto, and K.Takamura, Analyst [London], 1987,
112, 1257.

14) V.P.Dedkova, O.P.Shvoeva, and S.B.Savvin, JAnal.Chem., 2002, 57,
298.

15) S.Taguchi, I.Kasahara, and N.Hata, Bunseki Kagaku, 1995, 44, 505.
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3.1

0.005 pg mL1 1
0.001pg mL-?
2)
0.001pg mL-1
® 3)

0.03 1pgmL1?

0.002 pg mL-1
30 4)

5)

0.0003 pg mL1
50

0.001
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0.1 pg mL1

3.2
3. 21
GSL-500
Simpli UV
1.00 g P L?
0.426 ¢ 100 mL
1.00 g As(V)L-1, 0.1 M 0.153g 3 M
2.0
mM 1.25¢g
50 mL AA 1M
L(+)- 10 g 50 mL
0.10 M JIS
0.57¢g 50 mL 0.1M
0.496 g 20 mL
100 pg Bi mL1 0.48
mM 0.2g 6 M
0.03 M
2.1 mM 0.30 mM 17
mM 0.54 M
0.1 M 0.697 g 20 mL
2,6- -4- DIBK
2,6- -4-
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6 10x7x5cm, 280 g 2
Fig. 2.1 Fig. 2.2 630 nm
25 nm
6)
CO04A025A 25 mm
0.45 pm
UVv-160
10 mm
720 nm 880 nm?2
3. 23
3. 231
0.003 0.1 g 3.3 mL
1.6 mL 0.28 M L- 0.1 mL
5mL 10 40 10
Fig. 3.1 (V)
5M 0.173 mL 3.0mL 5mM
0.3 mL 5 () ()
3. 232
5mL 001 M
0.015 mL
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6 Fig. 2.3
2mL 2 2

630 Nnm Fig. 3.1

20 mL glass test tube

<—— Sample or P standard solution
<«—— 5 M H2S04, 0.173 mL*

(3.3mL) (3.0mL )
<«—— 5 mM NazS203, 0.3 mL*

<«—— Mixed solution®, 1.6 mL

<+—— 0.28 M L-Ascorbic acid, 0.1mL

(5 mL)
I

Reaction time (10 min, 10 40 )
<+<—— 10 mM Zephiramine, 0.015 mL
Filtration (Membrane filter with a pore size of 0.45 pm)

<«—— Water,2mL x 2

Drying with a dryer (2 min)

Measurement of reflection-absorption at 630 nm

Fig. 3.1 On-site analytical procedure.
*In the coexistence of arsenic, the mixed solution without
sulfuric acid was used.
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3.24 J b
JIS 0102 2016

Fig. 3.2 JIS
JIS 3/5 20 mL

13.35mL 4.8 M 0.0081 M

0.00060 M 0.073 M

0.068 M 1.65 mL 20 40 15
880 nm 20 mL

2,6- -4- DIBK 1.5

mL 5 MIBK

640 Nnm

20 mL glass test tube
<—— Sample or P standard solution

<+«—— \Water

(13.35 mL)

<+«—— Mixed solution, 1.65 mL

(15 mL)

Reaction time (15 min, 10 40 )

<—— MIBK, 1.5 mL
Shaking (5 min)

Discard the aqueous layer

Measure the absorbance of the DIBK layer at 640 nm

Fig. 3.2 Analytical procedure of JIS method.
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3.3

3. 31
JIS 2 5 mM AA
(1 [(+)- ]
() 20 40°C 15
(111) AA
1M AA 40°C 15
880 nm Fig. 3.3 Fig. 3.4
0.3
o 02
=
o
E
< 01
0 ! !
0 20 40 60

Reaction Time(min)

Fig. 3.3 Reaction curves for formation of Molybdenum Blue in
the presence of 0.50 pug P/ml under reaction conditions of 0.1 M
H2SO4, 0.61 mM hexaammonium heptamolybdate, 5.4 mM
ammonium amidosulfate, 0.0051(a), 0.11(b), 0.5(c), 1(d) M
L-ascorbic acid at 30
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Absorbance

D | | | | |
0 ) 10 15 20 25 30

Reaction time(min)

Fig. 3.4 Reaction curves for formation of Molybdenum Blue
in the presence of 0.50 pug P/ml under reaction conditions of
0.1 M H2S04, 0.61 mM hexaammonium heptamolybdate, 5.4
mM ammonium amidosulfate, 1 M L-ascorbic acid at 10(a),
20(b), 30(c), 40(d)

(1) (1 7)8)
(1

2)

3.2.3 25°C
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0.50 pg mL1 2.5 ug 10 25 40°C
Fig. 3.5
10 5
30 3% (1)

(1) 10

0.3

o 02
2
o]
E
o

0.1

0 | | | | |
0 5 10 15 20 25 30

Reaction time(min)

Fig. 3.5 Reaction curves for formation of Molybdenum Blue in
the presence of 0.50 ug P/ml under reaction conditions of 0.17 M
H>SO4, 0.67 mM hexaammonium heptamolybdate, 0.096 mM
Bi( ), 5.4 mM ammonium amidosulfate, 5.7 mM L-ascorbic acid
at 10(a), 25(b), 40(c)
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AA 0.50 pg mL1 57 mM"8) 114
mM AA Table 3.1 AA
0.02 0.10 yg mL1 0.10 0.50 ug

114 mM AA 0.5 g

0.50 pug
16% 5.7mM AA

Table 3.1 Effect of L-ascorbic acid concentration.

a a
L-ascorbic  Phosphorus Absorbance2 Absorbance2 Recovery

acid(mM)  amount(ug) filticer?tri?)n filil:;?ciron OZ%B
0.10 0.009 0 100
5.7 0.25 0.026 0.001 96
0.50 0.051 0.002 96
0.10 0.010 0 100
114 0.25 0.026 0 100
0.50 0.051 0.008 84

d. Measured by Double-beam spectrophotometer (720 nm).

V)

()
() 2)9) 3.2.3

0.50 pg mL1 2.5 ug
Fig. 3.6

10 0.3
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mM 0.20 ug mL-1 1.0 pg
1% 1

Fig. 3.7

Absorbance

0 | | ] | |
0 5 10 15 20 25 30

Reaction time(min)

Fig. 3.6 Reaction curves for formation of Molybdenum Blue in
the presence of 0.50 pg P/ml at 0(a), 0.2(b), 0.3(c), 0.4(d) mM
Sodium thiosulfate under reaction condition of 0.17 M H2SOs4,
0.67 mM hexaammonium heptamolybdate, 0.096 mM Bi( ), 5.4
mM ammonium amidosulfate, 5.7 mM L-ascorbic acid at 21
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Fig. 3.7 Reaction curves for formation of Molybdenum Blue in
the presence of 0.20 ug P/ml at 0O(a), 0.3(b) mM Sodium
thiosulfate under reaction condition of 0.17 M H2SO4, 0.67 mM
hexaammonium heptamolybdate, 0.096 mM Bi( ), 54 mM
ammonium amidosulfate, 5.7 mM L-ascorbic acid at 24.5

3. 32

6)

10)
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0.45 pm

3.2.3 0.10 pg
0.02 0.1 mM
100%
0.06 mM
4 Table
3.2 0.03 mM

6 2

0.001 90

Table 3.2 Effect of concentration of Zephiramine on recovery of
Molybdenum Blue on membrane filter and reproducibility of
reflection absorbance.

Reflection absorbance

Zephiramine Averagetstandard At the
(mM) deviation for four center of
points filter
0.01 0.063+0.0004 0.062
0.02 0.094+0.001 0.093
0.03 0.092+0.001 0.090
0.06 0.089+0.004 0.089
0.10 0.086+0.009 0.083

Formation condition of Molybdenum Blue 0.10 pgP —0.173 mM
H>SOs — 0.67 mM hexaammonium heptamolybdate — 5.7 mM
L-ascorbic acid at 20
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() &
() () 219 0.05 g
5%
0.05 ug 0.4 ug
Table 3.3 0.1 pg mL1
3 ml 0.3 ug 12)

Table 3.3 Effect of arsenic on determination of 0.05-ug
phosphorus.

Arsenic amount Phosphorus Determination
(1) determined (ug) error (%)
0.025 0.050 0
0.05 0.052 4
0.1 0.055 10
0.2 0.061 22
0.4a 0.051 2
0.5a 0.054 8

a. Addition of Sodium thiosulfate.

3.2.3
0.1 Hg 0.999
Fig. 3.8
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1

Reflection-absorbance

0.003 pg n=5 0.05 pg
4% n=5
0.001 pg mL1

0.20

3ml
0.005 pg mL1

0.15

0.10

0.05

O { ] ] ]

0 0.05 0.10 0.15
Phosphorus amount(ug)

Fig. 3.8 Calibration curves for Phosphorus.
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3. 35

3.2.3

Table 3.4
JIS
5%
B 5 ml 10 mL

0.005 pg mL-1 20

Table 3.4 Determination of phosphorus in flesh water samples.
Phosphorus determined

Sample N 1
No. Sample Takena/ Presgrllch) /ug mL
mL JIS methodP
method

1 Nigorigawa river 1.25(10) 0.068, 0.064 0.070, 0.069
2  Arakawa river 1.25(10) 0.068, 0.072 0.066, 0.066
3 Aikawa river 1.25(10) 0.060, 0.056 0.056, 0.056
4 Ojirariver 1 0.015, 0.015
5  Springe 3 0.012, 0.012

(Komagatake-

jinjya)
6  Tap water Ad 0.5(4) 0.17,0.17 0.17,0.17
7 Tap water A 5e 0.0038, 0.0038

a. Values in parentheses are those for JIS method and the others
for present method.

b. KO102, without the enrichment by solvent extraction for the

tap water A and with it for the other samples.

c. Unfiltered samples (the other samples were filtered through

membrane filters with a pore size of 0.45 um).

d. A and B were collected in Fujiyoshida and Kofu, Yamanashi,

respectively.

e. The Volume of the final solution was 10 mL.
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3.4

630
nm 0.1 pg
0.003 ug 0.001 pg mL-1
0.4 ug ()
JIS

3.5

1) 59 (1971 12 28 ).

2) JIS K0102, (2016).

3) DPM-PO4-P, <http://kyoritsu-

lab.co.jp/seihin/list/instructions/dpm-po4.pdf>, (accessed 2017-2-14).
4) M.N. Abbas: Anal.Sci., 19, 1303 (2003).
5) J. Shida, H. Takahashi, Y. Sakamoto: 7al/anta, 41, 143 (1994).
6) Y. Hasegawa, Y. Suzuki, S. Kawakubo: Anal.Sci. 33, 859 (2017).
7)R.P. Mihajlovic, N.R. Ignjatovic, M.R. Todorovic, I.Hoclajtner-Antunovic,
V.M. Kaljevic, J. Serb. Chem. Soc., 68, 65 (2003).
8) , : (Bunseki Kagaku), 56, 561 (2007).
9) Method No0.365.3: U.S.Environmental Protection Agency., 1978.
10) , , : (Bunseki Kagaku), 44, 505 (1995).
11) J.Murphy, J.P.Riley: Anal.Chim.Acta., 27, 31-36 (1962).
12) 35 (1971 6 21 ).
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4.2

4, 21
GSL-500
Simpli UV
® 10 M
175 M
JIS 10 M
215¢g 50 mL
() ()
12 0.863¢g
JIS 0.859 mL 100 mL 1.00 mg Fe( ) mL1
0.1 M HCI log OPDA
40 mM OPDA 0.216g 5
5 50 mL
5 12
100 mg 0.2 M 4.59 mL
0.2M 5.06 mL 200 mL
0.45 pm
52% 48% 6) 0.1
M 0.495 mL
50 mL 5 5
1000 pg mL1 0.5 M KOH
pH4.5 175 M 3.86 mL 2 M
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25.0 mL 100 mL
® 131 M

1.876 g

2627g 3M
100 mL
M 0.125 M 0.675 M

pH10

4. 22

3M® Chemcatcher
47mm  3M®

pH10
pH 4.768 g

21.84 mL

0.125 M Na2B4O7 0.125
5

Fig. 4.1,

2mL 2 M 20

mL 100 mL
20mL 10
SHAKER
SR-1
Macrosep Microsep 10K Da
4500 rpm 45
0.05 M
H-103n
50CPO45AN 50 mm 0.45 pm
UV-2550PC
TR-2A
10 mm 450 nm pH
pH B-71X LAQUAtwin
AA-6800
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Table 4.1
pH 10 270 nm
460 nm 6)

Fig. 4.1 Passive sampler.

Table 4.1 Analytical condition of determination of iron for
GFAAS.

Wavelength (nm) 248.3
Sample taken (pL) 20

Dry temperature () 2600 for 2 sec
Ashing temperature () 2600 for 2 sec
Atomize temperature () 2600 for 2 sec
Slit width (nm) 0.2

Ramp current (mA) 12
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4. 23

4, 231
200 mL
1M 7 25
4, 23 2
1
140 mL
Fig.
1
30 mL
MW 10K
4.2.3.3
4.2.3.5
MW10 K 0.45 um
MW10 K
6
4, 23 3
Fig. 4.3
20 mL

200 mL

Fig. 4.

4.6

40

-55 .-

2

60 mL

0.45 um

4234

(

)

Fig. 4.2
1) pH
150 /
0.45 pm
MW1000

OPDA
()



3 3 mL pH4.5
40 mM OPDA 5

0.1 M 1mL
5 10
R= A/5 ()
()
Fed3* FeLG)+ L i=1 2
i=1
4, 23 4
0.1 M Table 4.1
() 2 M
0 20 40ngFemL? 0.1 M
4, 23 5
1mL pH10 1mL
mL
4. 23 6
4.4
pH10 SmL
pH10 3mL 2

24 mL
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pH10 52mL 50 mL
1 mL 4.2.2
2.4 mL
pH10
20 mL Fig. 44 B
20 mL
B C

.57 -

Fig. 4.4

2

M
pH10

A

5mL 3 mL

A 2mL

Fig. 4.4

C,01M

0.4 mL



River water sample 200 mL

— Measurement of pH

(60 mL)

v

(100 mL)

14— Passive sampler

Shaking for 1 hour at 150 rpm

!

Elution of iron and humic acid
on a chelate disk (See Fig.4)

!

Determination of extractive iron
by GFAAS and extractive humic
acid by spectrofluorometry

» Measurement of

total iron at GFAAS

——» Measurement of
reactive iron

—» Measurement of
humic acid

v

Filtration (0.45 pum)

L, Measurement of
total iron at GFAAS
—» Measurement of
reactive iron

—» Measurement of

humic acid
v

Ultrafiltration (MW104)

L » Measurement of
total iron at GFAAS

—» Measurement of
reactive iron

L—» Measurement of
humic acid

Fig. 4.2 Scheme of speciation procedure.
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20 mL glass test tube

14— Sample or Iron( ) standard solution, 3 mL

Heating for 3 min at 40

<«— pHA4.5 Buffer solution(0.50M Sodium acetate-0.67M
Acetate) (40 ), 0.5mL

r— 40mM OPDA(G5 ), 0.5 mL
A
Heating for 3 min at 40

l<— 0.1M H205(40 ), 1 mL

Start reaction

|

Measurement of absorbance
(Spectrophotometer: 430 nm, Reaction time: 10 min)

|

Calculation of reaction rate(R)
R=(A10-As)/(t10-ts)
t: Reaction time, A: t of absorbance

Fig. 4.3 Analytical procedure (Reactive iron).
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Chelate disc

»

2 times
v

H,>Tart-0.025 M H4Ci

l<— Diluted pH10 buffer,

L Elution of iron and humic acid

<«— 2 M HNO3, 5 mL

v

—— (Eluent, 24 mL) —

v

t-0.135 M NaOH), 5 mL

Elution of iron and humic acid

3mL

<«— Water

Elution of iron (50 mL, A)

147 2 M HNO3, 3 mL
(2 mL)

Elution of iron

— (1 mL)

<«— 2 M HNO3, 1 mL

«— Diluted pH10 buffer (0.025 M Naz2B407-0.025 M

<«— pH10 buffer, 5.2 mL

<+— pH10 buffer,

1 mL

<+— Washing

l I Water water, 2.4 mL
(Eluent, 8 mL) (20 mL, C) + € Water

<«— pH10 buffer, 0.4 mL (5 mL)

<«— Water l

v
(20 mL, B) Measurement of

! ,

} by s

Measurement of extractive iron by GFAAS

extractive humic acid

pectrofluorometry

Fig. 4.4 Analytical procedure (Extractive iron and humic acid).
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4.3

25

80

4, 31
ugFe( ) mL-1 pH3.6
27
4.5
1200

1‘_

=]

e

=

0 |

Fig. 4.5 Change of iron concentration in storage.

30
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1 lpgFe( )mL-1?

1
2 35
an)
1L
200 mL
100 mL 1
4 38
0.1 M 160
W,38kHz,40 ,1h
62
200 mL
Fig. 4.6
5
Fig. 4.6
The lid of the processed styrene bottle Passive sampler

Styrene bottle

Fig. 4.6 Iron collector.
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3M®
2 M
0.45 pm
10 mL/min
2M 2mL 1
96

3ml 1

460 nm

10

1 3M
3M®
0.1 pgFe( ) mL1 50 mL
2M Iml 1
2M 5ml 1 2M
305 nm
20mL 10

Table 4.2 Fig. 4.7
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Table 4.2 Cleaning the chelate disc.

Contamination
concentration as
humic acid

(Mg mL1)

Washing Times

0.5

0.1

0.07

0 | o |~ |

0.05

10 0.06

03

Contamination Concentration
as humic acid (ug mL1)

0.0

Washing Times

Fig. 4.7 Cleaning the chelate disc.
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1 g Fe(lll) mL1 0.5 ug mL-1 10 pg Si mL-1

100 mL 4.2.3.2
pH B
pH10 pH10 5mL 3mL 2
4 pH10
Table 4.3 Fig. 4.8 3
pH10
Fig. 4.4 A
Fig. 4.4 B

Table 4.3 Elution of HA from chelate disc.
Concentration

Washing Times

(MLgHA mL-1)
1 76.1
2 22.0
3 9.12
4 0]
80
60 |
o
;.;, 40 |
=
0
20 |
0 ! O
1 2 3 4

Fig. 4.8 Elution of HA from chelate disc.
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4. 33

0.1 pgFe( ) mL1 pH7.0 0.45 pym
()
0.45 pm Fig. 4.9
6
® 1 ug Fe( )
mL-1-0.5 pg mL-1-10 pg Si mL-1
()
Fig. 4.10
Fig. 4.10
Fig. 4.10

Fe3* FeOH2* FeOH2*
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100 100
100 | Total Fe 112ngmL* 100 r Total Fe 107 ng mL?
Oreaction 80 80 Oreaction 1%
80 )
5, Bunreact 60 o o EEE s tion | e
E 60 mcollection of < E %0 <
2 ir = 2 B collection of s
g 4 40 £ 40 4
20 20 20 12
0 — Jr—— £ 0 0 prry FFFFFR R 0
A B C D A c D
Fraction Fraction
Before collection of iron After collection of iron

Fig. 4.9 Concentrations of reactive, unreactive and collection of
iron, HA and their rations to the total concentration for artificial
river water samples (0.1 pg Fe( ) mL1, pH7.0) (n=2). Fraction :
(A) MW<104, (B) MW104 0.45um, (C) particle size <0.45um and
(D) collection of iron.
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1500

Fe/ng mL?t

I3
=]
S

HA/ng mL1
N w Py
o o o
o o o

=
o
S

o

111000

| Total Fe 1646 ngmL*
Oreaction
unreaction

O Collection of iron

Before collection of iron

A B C
Fraction
| Total HA 459 ng mL?
A B C
Fraction

100

1 80

1 60

R/ %

{ 40

1 20

1500

Fe/ng mL*
=
o
o
o

500

400

HA/ng mL*
= N w
o o o
o o o

o

Total Fe 1692 ng mL!

OReaction
Unreaction

& Collection of rion

4 60

A B D
Fraction
[ Total HA 437 ng mL?
A B C D

Fraction

After collection of iron

100

-4 80

R/ %

{ 40

4 20

Fig. 4.10 Concentrations of reactive, unreactive and collection of
iron, HA and their rations to the total concentration for artificial
river water samples (1 pug Fe( ) mL?
mL-1, pH7.5) (n=2).
(C) particle size <0.45um and (D) collection of iron.
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4. 34

2017 9 20
2017 12 5 2018 1 22 pH
72 78 7.2 Fig. 4.11
1 pgFe( )
mL-1-0.5 ug mL-1-10 pgSi mL-1
Fig. 4.11
Fe3* FeOH?* FeOHy*
100 100
Total Fe 79 ng mL? Total Fe 73 ng mL*
Oreaction 1 80 60 | Oreaction | 80
60 ' munreaction @ unreaction
™ mcollection of iron | e ¥ mcollection of iron 1 60
€ = E 4 R
o 40 | < = =
c @ £ x
E 1 a0 s 4 40
20 | 20
1 20 % 1 20
N : | 0 o
A D A C
Fraction Fraction
140 100 100
120 Total HA 140 ng mL?* 120 | Total HA 139 ng mL?
1 80 1 80
100 — 00 [ ]
15'80 16 = }5' 80 1%
2 g z
g 1 a0 o 1 a0
w0 | 40 |
1 20 1 20
20 20
0 — 0 0 0
A B C D A B C D
Fraction Fraction
Before collection of iron After collection of iron

Fig. 4.11 Concentrations of reactive, unreactive and collection of
iron, HA and their rations to the total concentration for Arakawa
river water sample (pH7.8) (n=1). Fraction : (A ) MW<104, (B)
MW104 0.45um, (C) particle size <0.45um and (D) collection of
iron.
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Fes3+

FeOH2* FeOH2*

4.5
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0.5 ug
0.01 pg 0.003 pg mL1

25
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0.003 pg 0.001 pg mL?
0.4 pg ()

0.1 pg
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