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Fig.1 FIA using spectrophotometric determination for nitrite
with sulfanilamide and N-1-naphthylethylenediamine(JIS K

0170-2 6.3.2, 6.3.3)
Determination range:0.01~1 mg/L

C:H,0; Rl:reagent solution; S:sample; 1:pump; 2:injector for
introducing samples; 3:reaction coil; 4:detector, wavelength
540 nm; 5:waste

Conditions of 6.3.2

sample volume:100 pL for determination range 0.1~10 mg/L,
300 pL for determination range 0.01~0.1 mg/L; reaction
coil: i.d. 0.5 mm, length 90 cm; flow rate of carrier: 2
mL/min; flow rate of R1:0.6 mL/min; R1: sulfanilamide (10
g/L)-N-1-naphtylethylenendiamine(1g/L)-phosphoric acid (100
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mL/L) mixed solution

Conditions of 6.3.3

sample volume:100 pL; reaction coil: i.d. 0.5 mm, length 200
~300 cm; flow rate of carrier:0.5 mL/min; flow rate of R1:
0.5 mL/min; R1:sulfanilamide(2 g/L)- N-1-naphtylethylenen-
diamine(0.2 g/L)-hydrochloric acid(20 mL/L) mixed solution
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Fig.2 CFA using spectrophotometric determination for nitrite
with sulfanilamide and N-1-naphthylethylenediamine(JIS K
0170-2 6.3.5)

Determination range:0.01~1 mg/L

S:sample or water; 1:pump, flow rates in mL/min; 2:air;
3:reaction coil (i.d. 1 mm, length 27 cm) ; 4:reaction coil (i.d. 1
mm, length 110 cm); 5:detector wavelength 550 nm; 6:waste;
R1:buffer solution(imidazole 6 g/L, sulfuric acid 1 mL/L,
polyoxyethyleneoctylphenylether solution” 2 mL/L); R2:
sulfanilamide solution(sulfanilamide 10 g/L, hydrochloric acid
100 mL/L, polyoxyethyleneoctylphenylether solution” 2
mL/L);R3: N-1-naphtylethylenediamine solution (N-1-naphtyl-
ethylenediamine 1 g/L - hydrochloric acid 10 mL/L)
*:polyoxyethyleneoctylphenylether(500 g/L) ethanol 50%
solution

R1 [ 05

QE7 M-Co—s

Fig.3 FIA using spectrophotometric determination for nitrate
with sulfanilamide and N-1-naphthylethylenediamine after
reduction of nitrate to nitrite with copperized cadmium column
(JISK 0170-2 7.3.3)

Determination range:0.02~20 mg/L

sample volume:100 pL; C:carrier solution (EDTA 0.7 g/L,
NH,Cl 3 g/L, pH 8.0-8.5); Rl:sulfanilamide(2 g/L)-N-1-
naphtylethylenendiamine(0.2 g/L)-hydrochloric acid(20 mL
/L) mixed S:sample; 1:pump; 2:injector for
introducing samples; 3:cadmium column(i.d. 2 mm, length 10
~15 cm); 4:reaction coil(i.d. 0.5 mm, length 2~3 m);

solution;

S:detector, wavelength 540 nm; 6:waste;
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Fig.4 Comparison between values determined by JIS method
and values determined by FIA * CFA methods

Left: nitrite; Right: nitrate

OFIA  method(hydrochloric — acidity); /A :FIA method
(phosphoric acidity); O:CFA method(hydrochloric acidity);
[J:CFA method (phosphoric acidity)
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Fig.5 FIA using oxidative digestion with peroxodisulfate and
spectrophotometric determination for total nitrogen (JIS K
0170-3 6.3.3)

Determination range:0.1 ~2 mg/L; sample volume:200uL;
C:H,0; R1:oxidizing solution (NaOH 20 g/L, K,S,05 5 g/L);
R2:buffer solution(EDTA 2 g/L, NH,Cl 50 g/L, 6 mol/L
hydrochloric acid 80 mL/L); R3: sulfanilamide (1 g/L)-N-1-
naphtylethylenendiamine(0.1 g/L)-6 mol/L hydrochloric acid
(60 mL/L) mixed solution; S:sample; 1:pump; 2:injector for
introducing samples; 3:heating unit(145°C) ; 4:reaction coil(i.d.
0.5 mm, length 20 m); 5:reaction coil(i.d. 0.5 mm, length 3 m);
6: cadmium column(i.d. 2 mm, length 10~15 cm); 7:reaction
coil(i.d. 0.5 mm, length 3 m); 8:detector, wavelength 540 nm;
9:waste
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Fig.6 CFA using oxidative digestion with peroxodisulfate
and spectrophotometric determination for total nitrogen (JIS
K 0170-3 6.3.5)

Determination range:0.1 ~2 mg/L; Rl:oxidizing solution
(NaOH 20 g/L, K;S,03 6 g/L); R2:imidazole solution
(imidazole 30 g/L, H,SO, 5 mL/L, NH,l 50 g/L,
polyoxyethyleneoctylphenylether solution* 2 mL/L); R3:
sample solution pretreated;  R4: sulfanilamide solution
(sulfanilamide 10 g/L, hydrochloric acid 100 mL/L, poly-
oxyethyleneoctylphenylether solution* 2 mL/L); R5: naphtyl-
ethylenendiamine solution (N-1-naphtylethylenendiamine 1
g/L, hydrochloric acid 10 mL/L); 1:pump, flow rates in
mL/min; 2:air; 3:heating unit(120°C); 4:reaction coil(i.d. 2
mm, length 15 m); S:reaction coil(i.d. 2 mm, length 26 cm);
6:cadmium column(i.d. 1.1 mm, length 26 cm); 7:reaction
coil(i.d. 2 mm, length 105 cm); 8:detector, wavelength 550
nm; 9:waste

*:polyoxyethyleneoctylphenylether (500 g/L) ethanol 50%
solution
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Table 1 Pretreatment conditions for total nitrogen by using flow analysis

Clause of JIS Pretreatment conditions
Concentration of K,S,05 solution ;flow rate of carrier and K,S,0g solution; reaction coil; sample o
K 0170-3 Temp./C
volume or flow rate of sample
6.3.2(FIA) K,S,04(15 g/L) alkaline(NaOH 20 g/L) solution; 0.5 mL/min; i.d.0.5 mm X20 m; 250 u L 145
6.3.3(FIA) K,S,04(5 g/L) alkaline(NaOH 20 g/L) solution; 0.45 mL/min; i.d.0.5 mm X20 m; 250 u L 145
1 1 . in: 1 X .
6.3.4(CFA) KZSQOS(ZO.g/L) alkaline(NaOH 6 g/L) solution; 0.60 mL/min; i.d.2 mmX 15 m; sample flow rate 120
0.32 mL/min
6.3.5(CFA) KZS2OS(20'g/L) alkaline(NaOH 6 g/L) solution; 0.60 mL/min; i.d.2 mm X 15 m; sample flow rate 120
0.32 mL/min
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Table 2 Comparison between values determined by FIA * CFA methods and values determined by JIS method

Sample T-N mg/L (recovery %)
TN TOC JISK 0170-3 JISK 0102
mgL | mgL | 632 6.3.3 6.3.4 6.3.5 452 455
FIA-UV FIA-Spec. | CFA-UV CFA-Spec. Batch-UV | Batch-Spec.
0.44 0.43(98) | 0.49 (111) - - - -
2.20 0 2.04(93) | 1.95(89) - - - -
Plain | 440 4.04 (92) | 4.04(92) - - - -
water | o 11 0.10 (91) | 0.09;(88) | 0.08,(79) | 0.08,(79) - 0.084 (80)
0.55 50 | 0.51(93) | 0.50(91) | 0.49(89) | 0.49(89) 0.44 (80) | 0.51(93)
1.10 1.02(93) | 1.01(92) | 0.97(88) | 0.98 (89) 0.94 (86) | 1.02 (93)
0.44 - 0.38 (86) - - - -
2.20 0 - 1.90 (86) - - - -
Sea 4.40 - 3.86 (88) - - - -
water | o 11 - 0.10 (91) - 0.095 (86) - 0.11 (100)
0.55 50 - 0.53 (96) - 0.55 (100) - 0.55 (100)
1.10 - 1.00 (91) - 1.07 (97) - 1.00 (91)
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Table 3 Pretreatment conditions for total phosphorus by using flow analysis

Clause of JIS Pretreatment conditions
Concentration of K,S,0g solution ;flow rate of carrier and K,S,0g solution; reaction coil; sample o
K 0170-4 Temp./C
volume or flow rate of sample
H,S04(1.93 mol/L) 1.8 mL/min; K,S,04(26 g/L) solution 1.2 mL/min ; sample 1.2 mL/min; .
7.3.2(FIA) oxidation coil:2.9 mL 95, UV irr.
7.33(FIA) §23208(14 g/L) solution 0.5 mL/min; carrier (water) 0.5 mL/min; oxidation coil:i.d.0.5 mmx20 150
Determination range(0.1~1 mg/L):H,SO, (0.83 mol/L)-K,S,04(10 g/L) solution 0.32 mL/min;
7.3.4(CFA) sample 1.0 mL/min; Determination range(1~10 mg/L):H,SO,4 (0.21 mol/L)-K,S,04(2.5 g/L) | UV irr.
solution 1.0 mL/min; sample 0.32 mL/min; oxidation coil:i.d.2 mmx5 m
73.5(CFA) K,S,04(20 g/L) §olution 0.60 mL/min; sample 0.32 mL/min; oxidation coil:i.d.2 mm, sufficient 120
length for digestion

UV irr. :digestion by UV irradiation
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Fig.7 FIA using oxidative digestion with peroxodisulfate and
spectrophotometric determination for total phosphorus (JIS K
0170-4 7.3.3)

Determination range:0.1 ~ 10 mg/L; C:H,O; D:oxidizing
solution(K,S,0g 14 g/L); S:sample; R1:molybdate solution
(ammonium molybdate tetrahydrate 5 g/L, sulfuric acid 1.44
mol/L, bis(+) tartratodiantimonate(Ill) dipotassium trihydrate
0.2g/L) ; R2 ascorbic acid solution(30 g/L); 1:pump; 2:injector
for introducing samples; 3:heating unit(150°C); 4:reaction
coil(i.d. 0.5 mm, length 20 m); S:reaction coil(i.d. 0.5 mm,
length 3.5 m); 6: heating unit(80°C); 7:reaction coil(i.d. 0.5
mm, length 10 m); 8:detector, wavelength 880 nm; 9:back
pressure coil(i.d. 0.5 mm, length 3 m); 10:waste
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Fig.8 CFA using oxidative digestion with peroxodisulfate and
spectrophotometric determination for total phosphorus (JIS K
0170-4 7.3.5)

Determination range:0.1 ~ 10 mg/L; S:sample or water;
R1:o0xidizing solution(K,S,0g 20 g/L); R2:color developing
solutionfa 500 mL of molybdate solution (ammonium
molybdate tetrahydrate 4.6 g/L, sulfuric acid 0.79 mol/L,
bis(+) tartratodiantimonate dipotassium trihydrate 0.07g/L)
mixed with 10 mL of sodium dodecyl sulfate solution(172
g/L)] ; R3 : ascorbic acid(35 g/L) solution contained 10 mL of
sodium dodecyl sulfate solution per L); R4:sample solution
pretreated; 1:pump; 2:air; 3:heating unit(120°C); 4:reaction
coil(i.d. 2 mm, sufficient length for digestion); S:reaction
coili.d. 2 mm, length 26 cm); 6:heating unit(37 C);
7:reaction coil(i.d. 2 mm, length 250 cm); 8:reaction coil(i.d. 2
mm, length 105 cm); 9:detector, wavelength 880 nm; 10:waste

Table 4 Comparison between values determined by FIA*
CFA methods and values determined by JIS method

Sample Found T-P mg/L
P (recovery, %)
JISK
JISK 0170
T-P TOC 0102
mg/L | mg/L | 7.3.3 7.3.5 46.3
FIA CFA (batch)
025 0.26 i 0.23
o L0104 92)
. 0.50 0.51 i 0.51
Plain (102) (102)
1 -
water 0.025 0.019 | 0.022
50 (76) (88)
0.050 0.046 | 0.044 | -
92) | (88)
025 0.24 i 0.23
0o LG9 (92)
0.50 0.49 i 0.50
Sea (98) (100)
t -
water 1 005 0.027 | 0.021
50 (108) | (84
0.050 0.051 | 0.045 | -
(102) | (90)
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Fig9 CFA using distillation  pretreatment and
spectrophotometric determination for fluoride compounds (JIS
K 0170-6 6.3)

Determination range:0.08~2 mg/L, 0.4~10 mg/L; S:sample
or water; Rl:sulfuric acid(0.9 mol/L)-phosphoric acid(0.15
mol/L) mixed solution containing F~ 0.3 mg/L for distillation
R2:0.5%  polyoxyethyleneoctylphenylether  solution for
collection of distillate ; R3 :lanthanum-alizarin complexone
solution(alfusone 5 g/L, acetic acid 80 mL/L, imidazole 20
g/L, acetone 250 mL/L, F* 0.1 mg/L); l:pump; 2:air; 3:
reaction coil(i.d. 2 mm, length 0.5 m); 4:heating unit(145 C);
S:distillation unit; 6:distillate; 7:reaction coil(i.d. 2 mm, length
2 m); 8:detector, wavelength 620 nm, light path length 3 ¢cm);
9:waste

Table 5 |ZRT I, KB E N TFIETITo721% FIA IE%

WHLIZSATE 82~120%, ZB %25 A7 CFA kEEAL
725 A1E105~114% ., 7Sy T IEDLETEL 79~87% D[H]IT =R
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Table 5 Comparison between values determined by FIA
CFA methods and values determined by JIS method

Found F mg/L (recovery, %)
mel [EE | aaa ]IS K002
FIA CFA )

0.08 0.096(120) 0.087(109) -

0.40 0.38 (95) 0.43 (108) -

0.80 0.75 (94) 0.84 (105) 0.63 (79)
4.0 329 (82) | 4.47(112) 3.49 (87)
8.0 7.06 (88) 9.09 (114) 6.89 (86)

*:Sample distillated by JIS K 0102 34.1
Sample: river water

Table 6  Effect of coexistent sodium chloride on
recovery of fluoride

Coexistent F Found
NaCL% | mg/L mg | e

1.0 0.82 82
0.20 50
0.17 43
0.17 43
1 0.4 0.18 45
0.17 43
0.18 45
0.19 48
02 0.02 10
0.02 10
0.44 44
10 0.41 41
3 0.46 46
0.49 49

02 Unmeasurable

state

WAL A A % & TeaEFCIL, Table 6 IRENDEINT,
EIEEMEL, 3% DHEALFT NI LRHAFETHE 7obinA
AUYRE 1 mg/L DA T 40 F% DA, 0.2 mg/L DK
BETIX, A —2Lieh  JIERRRER ST,

WAL AF L D IH 7 ~ar A& i ciE, FY
ROWRPULETHD,

6. BIEB DAL KBKEREEE, HHTKER
BERE TEEERUPAEES IR ERD—
HEWIETHERONA

JIS K 0102 OYEIZAE, BREEAKRLHEK DK E IR I
AVNTIE/ R E PSS ROUIEN 2014 423 H 20 A

(CERBEA PO S IZ, BIE TOWRNIHTIEITLR O

-44 -



% Table 7 lZF &0 7=,

Table FIIZBOEEROERE S, TNOHLOERITERHAS
AT IRAVIIHTIE DRI E R G K O DOFRER 7 iE0 JIS K
0102 DOfEZFE-, JIS K 0102 (25| S 7z JIS K 0170 O f
SR FET L,

JISK 0170 THUAKALENT= 9 THH DIL | HoRITEEHEM D
TREA A FRTEVEAIZ FRS 8 THH 23, BREEE DB DK
EBEICEAE N TWD,

7= ) — VT, o PR R EE & A72 FIA 1
KO CFA IEB RS, B3 Sy FIELRICFEED 4 73
JTrFEVARNI RIS TS, ZOBRBIETIET =
=)V DOFEFRIZ L > TRARFM B RR DTG, PRNHT
IECORIEIRELTED SN Ny FIELESLTNDD
LEMEGRTHDEDOEBENRDD,

7 oFALEMTIE, JIS K 0170 Ik bEn T 4T
PUar 7y RO E RIS FIA #£(6.3.2) RO
CFA 74 (6.3.3) BMERFESHL, CFA IE TIOR3
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BRI LB T, 7oA A A DRI DL D
ZEDD, ZOLIRREHIH L TR D LR B EERATHZ LM
BUESNTWD, 1633 2 miy A i el oAbk
L ECEURB~EHT 25613, —EEDO7 vk
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Table 7 Flow analysis adopted to revised Notifications of Environment ministry

Revised Notifications

Analytical Substances

Clause of JIS K 0102
adopted to Notifications

Clause of JIS K 0170 cited to JIS
K 0102

10, 39

Notification 64 Phenols 28.1.3 Flow analysis Part-5 6.3.2(FIA)*, 6.3.3(CFA)"

2160 tllfz)caltgor; 3 9, 64, Fluorine compounds 34.4 Flow analysis Part-6  6.3.2(FIA), 6.3.3(CFA)"

Notification 59,64, | (- ide 38.5 Flow analysis Part-0  7.3.2(FIA), 7.3.5(CFA)

46,10, 18,19

Notification 64, 39 Ammonium 42.6 Flow analysis Part-1  6.3(FIA), 6.5(CFA)
compounds

Notification 59, 64, . . Part-2 6.3.2(FIA), 6.3.3(FIA),

10,39 Nitrite 43.1.3 Flow analysis 6.3 4(CFA), 6.3.5(CFA)

Notification 59, 64, Nitrate 43.2.6 Flow analysis Part-2 7.3.2(FIA), 7.3.3(FIA),

7.3.4(CFA), 7.3.5(CFA)

Notification 59, 64

Total nitrogen

45.6 Flow analysis

Part-3  6.3.2(FIA), 6.3.5CFA)

Notification 59, 64

Total phosphorus

46.3.4 Flow analysis

Part-4 7.3.3(FIA), 7.3.5CFA)

Notification 59, 64,
46, 10, 18, 19

Chromium(VI)

65.2.6 Flow analysis

Part-7 6.3.2(FIA), 6.3.3(FIA),
6.3.4(CFA),

Revised Notifications of environment ministry

Notification 59(Testing methods for environmental standards of water) (1971)®

Notification 64(Testing methods for effluent standards) (1974) *

Notification 39(Testing methods for pollution status of underground seepage water) (1989)
Notification 46(Testing methods for environmental quality standards of soil pollution) (1991)

10)
11)

Notification 10(Testing methods for environmental quality standards of groundwater pollution) (1997)'?
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Notification 18 (Testing methods for soil leaching tests) (2003)'¥

Notification 19(Testing methods for soil content tests) (2003)'*
*: Flow analysis included the distillation step
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