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Fig. 2.1 Relationship between chromatogram area and applied potential vs. Ag-Agl
for the determination of sulfate ion obtained with flow coulometric
detector (FCD) - for detecting hydrogen ion
Sample volume: 0.5 ml; Sample concn.: 100 ppm of sulfate ion(sodium sul-
fate); Column: Hydrogen-form cation exchange resin(3 mm i.d. x 550 mm long);

Column temp.: 55° C; Eluent: Water(l ml/min)
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Table 2.1 Peak area per micro mole of chloride ion in hydrochloric acid, potassium

chloride, and ammonium chloride solutions obtained with FCD

Compound used Retention volume(ml) Peak area{counts/ # mole) Ratio of area
Hydrochloric acid 12.5 55259 1.00
Potassium chloride 12.5 54052 0.98
Ammonium chloride 12.5 54821 0.99

Sample concn.: 100 ppm as chloride ion
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BirtoBRHSKTVWEI L3500 RLAE. $4D5, DEORRE, 20k ETETO
BAAVABERHMBECLIVREBIATVBIEERLTV S, LENST, Table 2.2 &RT
B, 2OBOpkN9.l THBE Y7 viLkAF viBREBI BV I LERLRE,

DILORRE, A4Av7uetd574- b0 TBERBTISZADICHVLIAZAERRH
B, BERE GMOASVE) ZORMBEN, ZhHSOLYBNERCRELCETY 28
8) #HFLTVLAo L nHme, BERBEN, 20N PACRYTETCOBBMERA A

Table 2.2 Peak area per micro mole for various anions obtained with FCD

Anion Peak area(counts/ # mole) Ravtion of area
Chloride ion 54063 1.00
Nitrate ion 53441 0.99
Dodecylbenzen sulphonate ion 55226 1.02
Sulfate ion 109829 2.03
Carbonate ion 54604 1.01
Phosphate ion 109748 2.03
Cyanide ion ND 0

Sample concn.: 100 ppm as anion

ND: Not detected by FCD
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W, mEBRoOBAFY CEBWAAY) , BRERBOBAFY (Y VB4 V) BIUTEBHTH
WEROBRAF Y (REBEAZA4Y) OBBHLJUABRRBBC IIDEREOLTL, B=ERK
BB bWTEEEINS.

1. 3. 4 BAXVvOBRER
EELLCREEREE L SREAEA A ORE L RHIBEEOMOME (MEH) EK
NLi EERHECNBERERHBC OV TORRNY, 1025200 ppm OREHHEATIT > . %
DR, Fig. 2.2 nTRE, AEERBBLL-TBOohARER (Y -7 B3FK) & KRB
KEAAVOBREOHALOBEAL, FEBEUERLE. Thid, 28BS LRTEARLAR
BAEHTBLETHIED, TORBEIABEOHAKIOBLL, ZOBRILTHABERN
BL 323 wBRIZIHBOTH S,

LALAEARG, SERHEBCL--CHOALKRERIR, RESEHMEERLE. Thid, RE
ABHTROETHI b DOT, EERUBUPIIRBAILOKFEI A v — VT
£/ vORORBREREGALEERMCETLTLEILERT LOTHS. Zhid, BE
BRHEORT - 2 BETHS. B, BEBAA v oRTEEEORA A Y ORERE, WRHEHE
BREsEBEERL L.

PUEOREL, REAEAA VORABEHER A YO VBRI 92574 - KFY
Z2EEHRBBOFANRERTILOTH 3. '

[*3
£~-3
p=3
1
™
<
S

100 -

FCD response, arb. units
=
2

COND response, arb. units

0 Py 1 3 1
01020 50 100 150 200

Concentration of HCO3, ppm

Fig. 2.2 Calibration curves of bicarbonate ion obtained with conductometric detector
(COND) and FCD
— @ - COND; —(O—FCh
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REYc L O BEROEC -2 2 RTBAA VROV, SBRIBCTHRL, EFEC Lo #ER
L,

et F Y a PV BEVP-AAR 2 Vv ERFEARHVL.

A vS5FuL—2%—:Auto Labtt System | Bla v e —F 4 VP4 vF IS v—2-BLU¥
¥ YBHREIR-2Z2B3BF 4 VI v I v —F kB, BOBOOKBRHUENOOESITLD
BAtxvorue b 75 o0RRRHESLCY -7 HEREAFEFL .

2. 2. 2 HE

A4 VBB : BRI MMBEE A 4 vl RE1Ten, BEES X 282N
OB LY KERHLL, REI mxEIS50 mOY v v PRIFS AL S ACKELT, 50°
C THAELL.

A4y OEBER : B4 4 v OEBKIER (1000 ppw) 2, FIRMEEBRBROMNET 28D
AVRBE (FrY YA, AY9ABITTYE=YLAE) AOHEBL, BEFRLTHEAL L.
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k7o 27570 ABInT030.] 33005 BBV —TA v Iy —-%H

WCHE AN S ARCEAL, KEHAVIBBRIVZRAA YOI n T 30200,
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2. 3 RBEBLIUER

2. 3.1 BAAYORREE
mﬁﬂmﬁ&ﬁsxﬁﬂﬁﬁ@mﬁﬁgﬁﬁﬁ@4xy%,%@ﬁ&bfkiﬁ%4iy§&
ﬁﬁw5AW¢&ALTm%mméﬁﬁu;@%®&tLT%%L,%i,ﬁgﬁ,ﬁﬂ&%ﬁ

CYURRRHBC XD boksosnw by akFk. BonkBA4yORIFIAER%Table

2.3 WK,
aﬂw%,Em%,ﬁm%,mﬁﬁxvﬁ&4%v®ﬁm,%n&m&ﬁﬁ&fbékmmm

mf%éa4tykbzmé%&ﬁ@4¢ymﬁ%ﬁiu,?meﬂml%%bt.ﬂﬁ,v

LoRE By VR, REYVE U VB EHR Vo8 B BREICTOELVEA

zvo#m,%h@o&ﬂ%&@&&kbwmmﬁ$%éu41vﬂbzm%%&ﬁ@4xvm

ﬁﬁﬁim,mﬂbéﬁﬁmléxmﬁmibk.ﬁw,ﬁ&,97ym%,$a&,7z/»

Table 2.3 Retention volumes of anions by elution with water

Anion Retention volume(nl)
lodide ion 12.8
Bromide ion 12.8
Perchlorate ion - 12.8
Chloride ion 12.8
Sulfate ion ' 12.8
Nitrate ion 12.8
Oxalate ion 13.0
Phosphite ion 13.8
Hypophosphite ion 14.0
Phosphate ion 14.2
Sulfite ion 14.5
Fluoride ion 18.4
Formate ion 19.5
Acetate ion 23.0
Propionate ion 25.5
Butyrate ion 30.0
Bicarbonate ion 28.5
Cyanide ion 28.5
Borate ion 28.5
Phenol 28.2
Methanol 28.8
Sulfide ion 34.8
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AFVvHBRBRIue r5 74—k 3BAAVOSBBEEUICTILDE, B4 4 VYOR
BABLZOROB—-RBHER K1) oMoBRI>LTHRHLA.

15 [Methanol
— v, = v;
10} Pheno!ob/H3BOB
HCN
HCO
u/ 2-Y3 e
H3P02 CH3COOH ™ H,S
51 é ®  C3H,CO0H
i
HF Hcoow  C2HsCOOH
L 7 %sto:;
® 0 [(COOH), H3P03
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" < H2504
X -5
a
h HCL
P HC10,
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T L HI
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0 10 15 20 25 30 35

Retention volume, ml

Fig. 2.3 Relationship between retention volume of anions and first dissociation con-

stant(pK1 ) of corresponding acids
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T3 edRLE. X, pk1 26.4 7515.52 CA2ET 5B TCRVBROBAL YOKREA A
VA, DomanBEHICETVTRERNB A4 VERBHETORERBL TV IKEAF VX
2 TE-Rl44AVHBRSNT, HRETCRLCRBELTVLIZLERLL, —F, JOKE
BhoRThrBA4Y (Pt vR, BRLURLEBAL V) Cs0TR, 414 VBRE
ARAOBIER, il REFAABEELTVE I EERRLANL14).
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CEMnTdREEbnk. ‘
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THBEqn. 2.3 (13) #HVT, AEWLBI 3554754 -F —%RKdk.
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T, Vr BERBRAAVORREER, Vo 3235 AHKEER, Kd 346KRE Vi 45
LAARBEEFOBORT.
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2. 3. 4 BAXVORHRE
BOBOORA+vORHER (Kd) W, Table 2.3 KRLAERA4F v ORBEE%, W
BOEqn. 2.3RAT ALk - THINS R, |
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OHAMBEIE, TOBROBEHE (k) L4 4 vRRBBEAMTO 4 v HRERT 2 5EHEH

-20-



&ﬂmﬁéwaﬂvbﬁi74—&bfﬁ%?%é:&ﬁﬁok.

Table 2.4 Distribution coefficient of anions by elution with water

Anion Distribution coefficient (Kd)
Iodide ion 0
Bromide ion 0
Perchlorate ion ]
Chloride ion 0
Sulfate ion g
Nitrate ion 0
Oxalate ion 0.01
Phosphite ion 0.06
Hypophosphite ion 0.08
Phosphate ion 0.09
Sulfite ion 0.11
Fluoride ion 0.36
Formate ion 0.43
Acetate ion 0.65
Propionate ion §.81
Butyrate ion 1.10
Bicarbonate ion 1.00
Cyanide ion 1.00
Borate ion 1.00
Phenol 0.98
Methanol 1.02
Sulfide ion 1.40
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Fig. 2.4 Effect of column temp. on capacity factor (k') and HETP of phosphate ion
and peak resolution(Rs) between chloride and phosphate ions
k* of chloride ion: 0; Eluent: Water(l ml/min); Sample concn.: 100 ppm;
Detector: FCD
Fig. 2.5 Effect of acetone concn, on k'’ and HETP of phosphate ion and Rs between
' chloride and phosphate ions
k" of chloride ion: 0; Column temp.: 50 ° C; The other chromatographic

conditions are the same as in Fig. 2.4
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Fig. 2.6 Relationship between dielectric constant of eluent and k’ of phosphate ion
k" of chloride ion: 0; — @ — Column temp.: 26-80° C, eluent: water;
~ () -Column temp.: 50° C, eluent: 0-70 % acetone-water; The other chroma-

tographic conditions are the same as in Fig. 2.5
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Fig. 2.7 Relationship between concn. of phosphate ion and chromatogram peak area by
elution with 20 % acetone-water

The other chromatographic conditions are the same as in Fig. 2.5

OBRHBRE MESH) &, Fig. 2.7 RTHW, 5 251000 pprno W © RIT S EHRB &
ABoh, KEBEZHOVLIBAGLRBRESERTH - ..
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Yrl, BY VYBEPIURBY) VEBAAYORPEUETIRBESOLD 1B, 2BBLUS
BWEEBLTHY, Table 2.5 WRTHIK, Thoopk @BEELTVLE, LEWPFST, ThoY
VBAA VORBRBAEAA VIR uT bt 57 4 ~HEERT L, TNOREEL 2pKy
A2HELTVB07T, BALLEREELERL, 8oh iR (Table 2.5) B2 nA2ET .
THDE, “hd) VEBAAVYORHMERR, 20BRbhIvUnEd, pki oM OELEK 5
o, 22T, BELE K EFRT oY vBAAvEAL VHRBCL - CHBIT A0, B
DEODY VEBAA VO k' CBYI3BHMBHROEEC>VLTREL .

Table 2.5 Retention volume and k ° of phosphate, phosphite, and hypophosphate ions by

elution with water

Anion Retention volume (x1) k' (*2) pK1 of acid (25° ©)
(m1)

Phosphate ion 12.59 0.051 2.1

Phosphite ion 12.20 0.018 1.8

Hypophosphite ion 12.43 0.038 2.0

%] Retention volume of chloride ion: 11.98 ml, %2 k"’ of chloride ion: 0
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Fig. 2.8 Chromatographic profiles of the mixture of phosphate, phosphite, and hypo-
phosphate ions
(A) Water; (B-1) 40 % methanol-water; (B-2) 70 % methanol-water; (C-1) 40
% ethanol-water; (C-2) 70 % ethanol-water; (D-1) 40 % acetone-water; (D-2)
70 % acetone-water; (E-1) 0.01 % perchloric acid-water; (E-2) 0.05 % per-
chloric acid-water; (1) Phosphite ion; (2) Hypophosphite ion; (3) Phos-
phate ion: (4) Water in sample solution; The other chromatographic condi-
tions are the same as in Fig. 2.5

Fig, 2.9 Effect of acetone concn. on k' of phosphate, phosphite, and hypophosphite
ions
(A) Phosphate ion; (B) Hypophosphite ion; (C) Phosphite ion; The chroma-

tographic conditions are the same as in Fig. 2.5
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HEEZH W3 &, Fig, 28R THE, ChodBOoXNLCHEHNORIEETHI LD ERHER
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CERTET, CoFEORRERLL., LALANRS, ZohkE, BHES L L CEEHEELD
Bl TRBELEVKREE £2AW, RARRRESESCoBHCL > THAZREBFE
O3B ENRBINI.
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&Y VEBAAYOBRELTOMI W, Beukenkamp (I W X > THREINR TV IR, #5Y
VEBAAVSFIRYVYYBAFYSEa) vBAF >y YEBAF VYORET, Y yBiA VE
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BLLEERBLT, ChoolBA44Avopk) oBAPRORE T MY (FEX:21.T)
N~ VRSV (BBE:L2.]) NEERLLTCHVOR, MEMEBRRF I AL,

Fig. 2.10 &, REHVIZEHMILI2BEY) VBA A Y ORAMO I bS5 L%kKRT. &

COND

Fig. 2.10 Chromatograms of the mixture of phosphates obtained by elution with water

alone

Concn. of phosphates: 1 mM; FCD: 5 mf F.S.; COND: 1000 #S /cm F.S.; The

other chromatographic conditions are the same as in Fig. 2.5
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Fig. 2.11 Effect of acetone on retention volumes of phosphates
The other chromatographic conditions are the same as in Fig. 2.10
Fig. 2.12 Effect of dioxane on retention volumes of phosphates '

The other chromatographic conditions are the same as in Fig. 2.10

DEDDHEY VBAA VOBRELTOBRIAOTRINIBRIE, pK1 H2.1 THB3Y YBRAA
vERS, MOMA) VB4 A Y OEBEBREALEARL, Chond A YRREEE,OR
G4 A VHBINARER, A543 4 -8 ~Vo FRLE. —~K, VrBAAVYORBBEE
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VB EEAFRLEDN, BEY VBAA VY ELORBIBRECEdoRk, 22T, ChoMligy VR
A VEMESBT LD, TPy -ARBIUVVLIFEY Yy -REBEBBECODVTEOBORE
L, WEEILEEL .. '

Fig. 2.11 X U2. 12, 7 Fvy—ARBIU VA FH v - KREBBIZLIIBEY VEBA 4
ORGP BT IRBEBORELFO0B0OFRY. ChOoOERE, 72 VyBIU I Y
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BB TUAFH Yy —RKITLY o hOoREY YBRAAYHPHESRIELCLERLE. BERARR
oy vBAL oS BEBHECOVTR], EROBREORDICXLSpk) OWABRCIMAN, B
ToRBERLTELEIONS, T3bb, HBER - KERBEEZAVLE, B/ y044
VHRBIUZ IS 74 - B ABIERELTCOHBCOREEREEET 2L0END 3,
BERD, KEVEBRBEBELTHVRE, A4 yRERBETORBERY, BBHEPOzH
LRE—E%y, BREROBVEEET ISR IBATCE IS, FHRER - KeERLL
THV3E, 44 v RBERbTCEEn3 2R VYBEOKNEHLLID A4+ vy REHBER I
KFiZh, KMNY »FER8B, LILAMND, A4 EilEowrY v 27 2B IBARES
T5k®, 20BREIVZOEHCHIBHHE, FREENV »FLU5, LEN-T, &
OBEBEBORVEEET IFEDRIAA VYRR IS 7 - KB TSRERHLLTH
ER72708-Td3 PRI (18,19,20).

Fig. 2.13 X U2. 1412, BM—BEERBERECLI80% T4+ - KR L2V VB4 v
DREVO I/ 2+ VS5 ALV HRBHMEIICLZ0 Ho80UOTV L FH v - RIZLBZFEY ¥
BiAVvORGPOI/u= 75 6%kB050RT, Fig. 2.13 BIU2. 4L 0 ¥A G, W
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Fig. 2.13 Chromatograms of the mixture of phosphates obtained by isocratic elution
with 80 ¥ dioxane-water
FCD: 2 mA F.S; COND: 50 #S /cm F.S.; The other chromatograhic conditions
are the same as in Fig. 2.10

Fig. 2.14 Chromatograms of the mixture of phosphates obtained by gradient elution
with 80 % dioxane-water |
FCD: 2 mA F.S.; COND: 50#S /cm F.S.; The other chromatographic conditions

are the same as in Fig. 2.10
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Fig. 2.15 Effect of dioxane on detector responses of phosphates

The other chromatographic conditions are the same as in Fig. 2.10
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MEVET, BERHBOBEHAAMBINZ LB T d . COHBBAR - KGRI
NOBRHBOBZIRECET 23ME, BHBNETE~ LN,

3. 3. 8 WELIUTHMEBAAYORRABCBY2EARROMOEE

3. 3. 6TAHLENLBIE, A4 VEBIne 374~ lb 0T, BHEOMHL,
BEAAVHAOORBUERA A YORRCHEITZIEES 7279 - ThHd. 20T, BHELL
Tk -HBEHY, 2O0OpHH5.8 »52.7 Oph#BH (KNE) whiFsMBRHERI A ELTO
WA A Y (pK:i-1.6) BLUBMBRAA Y ELTOHBBAF Y L HORBEEORER
DWNTREL .

BEEEL TR MAS0.01 mM OFBAESLRERERER VL, O, FELLEES L
CHEFBRHUBOWAR, BHERDTOHRBELIZN v 775 Y FOMRKCIOHERALRITETD »
OT, WBBIUVEHBA A YA RRPKBREBT 320K, 210 mil B2 RABRXBRHEN
Hooh Q. Bohr&Ri, Fig. 2.16 R T, BB+ Y ORBEIRL, HEHR
EORACL2EBEOHOBACLIBAT A EE2RLE, LALENRS, HEA 4 YOR
BABRELRT, #54N54 -5 Vo ARLi. NEOKRER, BHRAA Y NERRO
PHORP I L2 20RBEORD LD, DomanBEHCETOTA 4 yRBRBEREATCREL
TED, X, HEBAA VAR L LR G.8-2.7) KBV TREXAAVELTVLBOT, 4

25p

20

Aetention volume, ml

pH of eluent

Fig. 2.16 Effect of pH of eluent on retention volumes of nitrate and nitrite ions
using the long column
Long column: Hydrogen-form cation exchange resin(9 mm i.d. x 550 mm long);
Detector: Ultraviolet spectrophotometric detector (UVD) at 210 nm; Column
temp.: 30° C; Eluent flow rate: 1 ml/min; Sample volume: 0.5 ml; Sample

concn.: 10 ppm; —() ~—Nitrate ion; —@—Nitrite ion
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2 bS5 4 — B ABBERAA VORBAEBEHAS R ZEUCEER 775 -THD
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pHOMELBH LA, Fig. 2.17 L0 WiAiie, WA+ v OHETPR, BAHACHOREER
g, SE—FORO.6 mERLE., —F, BHEBA A YOI, BREOHOBD &I
1.450 5 0.25mmE CRM P L, 25 2MBERBMALTVEI LERLE,
DR BHARIFARCBE O3/, VBLU LY 7 onliBo4 4 VHER
rue b r574—BVTHEDONTEH Y (21,22), HE#@RopNZ, BREBAA VYOS
AR EHAIE IRV TCOLRAAYOAA VBRI P57 4 -~ KHBYLHERBLEY »
P E-ThHBIENF o, X, AW, BRERLLTHBREFEALTVZ0T, FMI5 L0
BARVDEELLBVEHREZHET 5.

M, ﬁ&%&vﬁm&41/@4¢/mﬁanvr¢774~ua65§ﬂ&%&m£®ﬁm
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Fig. 2.17 Effect of pH of eluent on HETP of nitrate and nitrite ions using the long

column
~(O~—Nitrate ion; —@—Nitrite ion; The other chromatographic condi-

tions are the same as in Fig, 2.16
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RIGKE : ARETCHOLKRBEDA S Y 2RETI2LDO0OEERHUZSTOBREVIIB IS
HEMIRAShARRBRELTE, HETCR~LKBEAA V2RI ILDOBEREBELR
FOoMETHSE, THLE, I0uM A4 Fuks v, 1| sl p—x¥YVE2vyEiU0.1 M Bk
AU AHDORDEIOINAY ) - NVKEBRERV R,

ERE: BERHNBCcBUYIHNBRHCEREAShIEREL LT, 0.5 29{Lh Y9 AKE
BEROE,

B, DEoEke BSERHBCABINTOLIERR Y 7LD, 3OF0BREIVAOE
BRICHAII S,

BAAYOBERER B4 vyoEgKkEE (1000 ppm) &, FIREFEHFRTOXNIET 28
Edz0idzol HAthsLiUHBE »oHBL, EEFRLUTHALL.

1. 2. 3 B

Bhrs7u=2 XS5 yRICHBRINTHA0.1 330 E0L5 nEBBOV-—TA v Iy —%H
WTERHESBRY S ARREAL, XKZ2HVIEMIILIVEHBA A vt 7522l
Buritbvhlr.

1. 3 REABIUZE

1. 3.1 EEMHBBcLIkBLBA+yrokl
EERHBCBII2EHBLANIh28ER, BEE»OORBABAF Y ENS Fuk) v
OMOTBNEBRRBICBYLIEENL 7729 —Thb. 227, WECR~AkFTA 4 iR
He 2D 0BERBECSIITRNERRGEIBORBEA D TABIEH A+ v EREL
fo. ¥ b, Eqn, 2.6 RLAERIGERE L TARBIEE A+ v ERBT 2 FER2vcRiL
72 (23).

HoaQ + 20H-— Q@ + 2H20 + 2e= +« « + o« (Eqn. 2.6)

T, H2Qn4 Fuk/ v, OH- REEB»COKRBILBIAA Y, Qlp — <V %
Y, H20lK, e~ HEBRERRBE L -TBHLABTIEB050RT.
BHEUTHERF PO L2238 5 AREEAL, KEAVIBRCIIBA 4+ v RREX
DHEBRLEKBILS FY D200 KBRIEBIAF 20T, AIMBELEE (V-7EM o
BoBEsBit L. TO&E, Fig. 2.18 wRrdTHw, 1045 Vs, - a9 LBV TR
ABELARL, METREAEFALvEp -~V % YOROEBNEBREE LT 2R
FHIMEHE (+0.45V vs. -2 9 {Lil) & —HL, ABEHOTHORBREBA AV RE=F —TK
Be ekRLA, Ean, 2.6 RLABERIG, COXBUBRERBESLIBHLABTORN
ZHmME, WETR~XEKREA AV ED VvV R vOlOoZznEan. 2. 1) B FEOBK
RHAN BonrkBRLBFHOY S F kR, DEOERLY, KEXBAXY (F}
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Fig. 2.18 Relationship between peak area and applied potential vs. Ag-Agl for the de-
termination of sodium ion obtained with FCD for detecting hydroxide ion
Column: Hydroxide-form anion exchange resin(3 mm i.d. x 550 mm long);
Eluent: Water(1 ml/min); Column temp.: 50 ° C; Sample concn.: 100 ppm of
sodium ion(sodium chloride); Sample volume: 0.1 ml; The other chromato-

graphic conditions are the same as in Fig. 2.18
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Table 2.6 Detector responses of sodium and ammonium ions

Detector Relative peak area per micro mole Ratio

Sodium ion Ammonium ion (Ammoniumion ion /Sodium ion)
FCD 100 102.3 1.02
COND 100 20.109 0.20

FVORBARE - TH, BAAVYTRELANENIEGL, FRULALEE>»OKRIEH A
A VHEBRABCIVE = -SRTOBI LN Gh o2,
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WT 1% ABERHEESLTI2 25050RLA. BLEOBRE, A4 VYHBRIu< 73
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ARFLE. BERHB L HEEZRHBEC PV TORKII0N 5100 ppm OREHE TIT - 2.
BonkBEIE, Fig. 2.19 Re4Hc, AEXRHBLLI-THONLKRER (Y-/B3HX
V- EEE) N, TVE=YAAAVOREOBACIOBEAL, FuFEEHERLA.
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Fig. 2.19 Calibration curves of ammonium ion obtained with FCD and COND
~QO-FCD; —@—COND
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ACREUTHAL R,

A4y OERER : B4+ OEBKER (1000 ppm) 3, FRAMERERRKOMDT 2H
Erznizzol GBS LUCREE SoMBL, SEFERLTHEALEL.

2. 2. 3 Bfe

Bhksn= 73 7REABIATV30.1 33005 nIBZEOL-—TA VY Yxs5—%H
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2. 3 RRBIUEBE

2. 3.1 EBB / +voRRNER

e SREERDIUREEBORBE A4 >4, 208 L CRBUUHER A+ vREH
25 AHEEALTAEAV 2 BB LD Z0RBELCRNL, SESIUNBERABL L
DEOEOI T TS AEEBR. BonkBAA vOREERETable 2.7 AT, Bohk
BHIE, YFOA, FLUDABIUAYUDAAA VORE, ThooHEFREETHILD
wAH TR AAVEL TV ZRBEERB A4 YORBEEN, H&AL13.0ml Z5RL, <
NAHSANSA—%—Vo ThaLhkRLE, —F, ANVIL TRV ILBIUET ¥
v i A vORE, 20pkAE0E® 1.3, 2.6 BXU4.T 2HIIBHEMRBA 4 v,
%néoﬁgﬁﬂﬁﬁféékwam¢fxﬁém4fymbrma@f,%@ﬁ%ﬁiﬁﬂa
ELTHAL, 13.32, 4125 & T17.22 mik B OHORL I, ‘
DIoERE, BAAvo4+viiBone 757« - LRBE, BAFYORBEERN,
20HEEBEOR, TuLE, ZORBEORETHRONDEEET I LERRTZHOTHD.

Table 2.7 Retention volumes of cations by elution with water

Cation Retention volume(ml)
Lithium ion 13.01
Sodium ion 13.05
Ammonium ion S 17.22
Potassium ion - 13.15
Rubidium ion 13.23
Cesium ion 13.32
Beryilium ion . ND
Magnesium ion 14.72
Calcium ion '13.31
Strontium ion 13.71
Barium ion 14.50
’Cupric ion(II) ND
Nickel ion(II) ND
Chromium ion(IID) ND
Ferric ion(III) ND

ND: Not detected with FCD and COND

2. 3. 2 HEBBAAYORBEE
HREBAA VELTRBBERETI vA4A 4 v, KBEBEREG A A v ZHBEEY S 2HRCEALT
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Table 2.8 Retention volume of aliphatic animes by elution with water

Amine Retention volume (1) pK
(m1) (25° ©)

Methylamine (Mef) 17.3 3.4
Ethylamine (EtA) 17.4 3.4
Diethylamine (Et2 &) 18.0 3.1
Triethylamine(Et 3 A) 21.5 3.1
n-Propylamine (Prf) 19.8 3.5
iso-Propylamine (i-Prf) 18.3 3.4
n-Butylamine (Buf) 23.6 3.4
n--Amylamine (AmA) 30.0 3.4
n-Hexylamine (HxA) 49.5 3.4
n-Heptylamine (Hpl) 76.0 3.4
n-Octylamine (Octd) -—- (%2) 3.4

*1 Column void volume(Vo):13.0ml

*2 n-Octh was absorbed onto the anion exchange resin column
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Fig. 2.20 Effect of column temp. on retention volumes of amines
The chromatographic conditions are the same as in Fig. 2.18

* n-Octylamine(OctA) was absorbed onto the column
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Fig. 2.21 Effect of concn. of organic solvents on retention volumes of sodium and
ammonium ions

The other chromatographic conditions are the same as in Fig. 2.18
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Fig. 2.22 Effect of acetone concn. on retention volumes of amines
The other chromatographic conditions are the same as in Fig. 2.18
Fig. 2.23 Chromatograms of the mixture of n-alkyl amines
(&) Isocratic elution method(water); (B) Gradient elution method(acetone-

water):; The other chromatographic conditions are the same as in Fig, 2.18
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Table 3.1 n—~7 %/ —nokWawEtExRd. EWSREEH Q) & (@) TR, Fig. 3.1
WRLER SR F v 227 -5 -k BRANTDOH, 2RELXDBRAEHLCBRENRE SN
3. B, EWARERBQ whvTREOHMEn -7 ¥ —voEmNk, 2REBCHEYR
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Table 3.1 Biodegradation conditions of n-butanol

Biodegradation condition Inhibi tor (ppm)
No. DO(ppm)  MLSS(ppm) Cupric ion Formaldehyde Cyanide ion
1 2 2370 - -— —-—
2 2 2370 2 ——— —
2 2 2370 --= 250 -
2 2 2370 - - 10
3 ND 3870 ——— — _—
4 ND 1580 ——— -— ---

Concentration of n-butanol: 1000 ppm, DO: Dissolved oxygen, MLSS: Mixed liquor sus-

pended solid, ND: Not detected by DO sensor
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Fig. 8.1 Apparatus for biodegradation of n-butanol
(1) Aeration vessel(500 ml); (2) Magnetic stirrer; (3) Laoding(100 ppm n-

butanol); (4) Sensor(DO, phH)
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Fig. 3.2 Chromatogram of several carboxylic acid anions in authentic mixture obtained
with FCD |
Eluent: 5 % methylcellosolve-water (1 m1/min); Column: Hydrogen-form cation
exchange resin(3 mm i.d. x 500 mm long); Sample volume: 0.5 ml; - Sample
concn,: 1-2 mM; (1) Formate ion; (2) Acetate ion; (3) Propionate ion;
(4) Butyrate ion

Fig. 3.3 Calibration curve of acetate ion obtained with FCD

The chromatographic conditions are the same as in Fig, 3.2
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Fig. 3.4 Chromatogram of filtrate from activated sludge water under the conditions of

no loading
(A) Strong acid snions such as chloride, sulfate, and nitrate ions; (B Bi-

carbonate ion; The other chromatographic conditions are the same as in Fig.

3.2

Table 3.2 Removal of bicarbonate ion from prepared samples

Prepared sample Concentration(ppm) Peak area(count)
No treated Treated ()
Bicarbonate ion 100 28785 0
n-Butyrate ion 100 38436 37929
Bicarbonate ion
+ 160+100 67126 38083

n-Butyrate ion

% Acidified with 10 mM hydrochloric acid and bubbled for 3 min with nitrogen

Bohk, LEedaT, chdO¥ -2, HEISIHNTOBAF v RRE L > TERL R
Oruetr5h, FBbb, BAA YDA A VIR I T 54THELLETTHOTH
5. Fig. 3.40AQOE -7, HRPath3 8B IUHRRAA vORTABRERA 4 ¥
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27, BRAEAAVERET S LDOHFBEE LT, Schafferb 1D XB3HEE20TH
ﬁbk.?KbB,ﬁﬂ%ﬁ&K;OﬂZ#BSKLh&,ﬁﬁbkﬁ&ﬁx%ﬁiﬁxwxb
NV B tilVRBAREAA VERELE. Boh k@R %E, Table 3.2 WRY. OB
ek, BRAREAF VO IT100 BAXBRETEL, COR, n-BBAFT VYRIERT AN -
Stz 0REORLARDOALh- 2N, EREAEFAT ¥R, BRFLUn -7 td
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Fig. 3.5 Biodegradation curves for n-butanol
(A): Biodegradation condition(1); (B) and (C): Biodegradation condition(2);
(D) : Biodegradation condition(3); (E): Biodegradation condition(4); (1) n-
Butanol; (2) Formate ion; (3) Acetate ion; (4) n-Propionate ion; (5) n-
Butyrate ion; The chromatographic conditions are the same as in Fig. 3.2

* n-Butanol was determined by gas chromatography
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Fig. 3.6 Schematic diagram of biological nitrification-denitrification process for
nitrogen removal
(1) Raw water containing ammonium ion(400-500 ml/min); (2) Nitrification
process(500 1); (3) Denitrification process (500 1); (4) Settling process
(250 1); (5) Treated water; (6) Return sludge; (7) Bicarbonate ion; (8)
Methanol
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Fig. 3.7 lon-exclusion chromatographic separation of bicarbonate ion from the solu-
tion containing chloride, sulfate, nitrate, nitrite, and phosphate ions
Eluent: Water(l ml/min); Column: Hydrogen-form cation exchange resin(9 mm
i.d. x 200 mm long); Column temp.: 30° C; Sample concn.: 10 ppm each;
Sample volume: 0.5 ml; (4) FCD(1 mA F.S.); (B) COND(300 #S/cm F.S.); (1)
Bicarbonate ion; (2) Chloride, sulfate, nitrate, nitrite, and phosphate

ions
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Table 3.3 Determination of bicarbonate ion in actual samples

Sample Concn. (ppm)
Added Found Error Recovery (%)

Biological nitrification

process water (pH:7.5) 0 17.8 —— -
20 31.2 -0.6 98.7
40 57.6 -0.2 99.7
Urban river water 0 51.6 - —
20 12.2 - +0.6 100.8

40 91.6 0 100.0

Fig. 8.9%, 5 o 10OpH&AB T S F 2 HILLEIBRRORBAEI L YORKLT Y E=
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Fig. 3.8 Ion-exclusion chromatogram of biological nitrification process water at pi
7.5 obtained with FCD
FCD: 1 mA F.S.; (1) Strong acid anions and phosphate ion; (2) Bicarbonate
jon; The chromatographic conditions are the same as in Fig. 3.7

Fig. 3.9 Relationship between nitrification efficiency of ammonium ion and concn. of
bicarbonate ion in the process water over the pH range 5-10
* Ammonium ion was determined by ion-exclusion chromatography with coulome-

tric detection
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Fig. 3.10 Typical chromatograms of ammonium ion in authentic mixtures of alkali metal

cations (B) or alkali and alkaline earth metal cations(A)
Sample concn. (ppm): Lithium ion, 10; Sodium ion, 30; Ammonium ion, 20;
Potassium ion, 50; Rubidium, 100; Cesium ion, 100; Magnesium ion, 30; Cal-

cium ion, 50; Strontium ionm, 100; Barium ion, 100; Sample volume: 0.1 ml
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Table 3.4 Analytical results for actual samples

Sample Ammonium ion concn, (ppm)

Present method Phenate method

Activated sludge process water

(influent water) 35.8 37.2
Activated sludge process water

(treated water) 17.7 15.4
River water (Kiso river) ND ND
River water (Syonai river) 1.35 1.23

ND: Not detected by FCD

Fig. 3.11 Chromatograms of ammonium ion in activated sludge process water obtained
with FCD and COND
(8) FCD; (B) COND; (1) Strong basic cations; (2) Ammonium ion; The

other chromatographic conditions are the same as in Fig. 2.18
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1. 3. 5&RILFER I VB REBLCOEMFENHL-KEZLEIRKFOT v =
LA VEEELL.
Fyve=validyELTI2 M5130 ppm A S LK%, Table 3.5 iR AEELHT €
BABL, FRBEIESASEBEABERLE, chooBBo k- THBOhALAF vHilR7uot
75 h%, Fig, 3.12 @A, BEIXUCuH0b0xRL, SRETERKPOT v 29 LAY
OB EE A Table 8.5 iR, Fig. 3.12 @2 u=t 75 6AE, HEREL-THEOALLO
T, REBA A VHIOOT vELY Al A VYORFASEERLL., COKOT VY ESTLAAR

il

Fig. 3.12 Ion-exclusion chromatograms of ammonium ion in biological nitrification-

denitrification process waters obtained with FCD
(1) Raw water:; (B) Nitrification process water; (C) Nitrification process
water: (1) Stromg basic cations; (2) Ammonium ion; The chromatographic

conditions are the same as im Fig. 2. 18
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Table 3.5 Determination of ammonium ion in treatment process water under the various

nitrification conditions

Nitrification condition Ammonium ion concn. (ppm)

DO pH ORP MLSS Raw Nitrification Denitirfication Treated
(ppm) (mV)  (ppm) water process water process water water

3 8 +130 2950 120 (x1) ND(*2) ND ND

0 g -70 3080 127 39(x3) 26 14

3 6 +120 2690 128 123 122 110

%1: Chromatogram(A) in Fig. 3.12, #2: Chromatogram(B) in Fig. 3.12, =*3: Chromato-
gram(C) in Fig. 3.12, ND: Not detected by FCD

YORBEILI20 ppm THoAA, CORUABEETCHAELBTIEODOB LU pHERE{LX B
&, TYE=ZDAAXVORBERMSOELLE., $75h 5, Table 3.5 5 L UFig. 3.13 @
BLOWMZ#g, DO :3ppm, pH:8 TRT7ZVEZYAAFVERADONT, 7=V A
AFVYHREERRCBLIhL I EERLE, ULALEHAS, DO : 0 ppm, pH:8 T, Table
3.5 8L UFig. .11 OCIRTBI, 7VE=V LA A VI3 penRB OO0, WL L EIR
FARBLTCVBILEERL, COT7TYEY A4S VEBBORSEABIBECS LTRSS
CRBIhAROLIEERLE, —F, READOMN ppm HFELLELTH, pHX6 OB, 7
VESYAAGXURBDOoN, TEhNRNBLEALHELIARVLIEERLE, LEXFST, O7
VELOAAF VRBBROREEMEIRCSOLTHOILAEREBINZOL I EERLE, plib
WBEFA3T7TVESDAAAYOBLEPELRBLOR, BZRB=-Fo ]l 2R~z B, EDFEY
HIERBECHELIEBREERREBEL L TCORBREAA VERBELTVE LY THS, BHER
~NERE, KBRIEBERAS VREBBEHVIERRBEAA YR/ ne 57 4 -1,
EMENHL-REELBIRKkbO 7 veE D Al 4 VvORBEBCHLCRIBBAETS,
AESFCORBEIROHBFHANEHEZCSYI25HSHAFEBRTHI L 5B L.
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BAAVARBRCBELICAREETALENSS. CORBIBKRPTOHBS K UCEHEA 4
v, A%, J1SE09 S LCStandard Methods(20) REIh2#kic, BruRIGKRELH
VALBELIDERBINTOLE, LILARS, Cho0BhER, REALVYORBEERTP
T, LASBEIMMIECHECEREEETIREZ{o0BEBNS 5. MAT, RKELL
TOT Ny VvERLLIIBRAFT VOERBCBIZ 7Yy YO, P FIVABR-F7F L
FLYUVTIVECLIBRBAAF VOERBAA Y ~O0BROBUEMHTIELA T 20D
FIivAORBRBEEPROBREFME LR . TEThYy, BEREOUEIS, ChooERHRE
BHERI ~8Th2, DEoBHEISG, chookEd, EXRLRSIORBEIRCEYBH
BHAELLCRMERDY, BEPIVERBRAA v OoRRACHBESADITNEOB I
CEEIhTW3. ' )

%:1,$ﬂ%a$wfu,%:ﬁ?ﬁ&t%41y®41y®4ﬁv&ﬁauvb¢574
~ L ABEBRBICEHBAA YORBEREC2OLTRFLE, $40bb, HRBIUVEHAR
AFVERETIBAA VY EREBEAHVCZzoNET 2B E LTEARI LR, 20BE210 nn
CEYIEARABUBEANE, @ OEFERAA VAORBLERN A DBEBECE =S —
LTEBTIHERDOLTRHMLL, A%, AVFNRL-REEFRLETHEKRSLUCHT TR
MEBEI»COBODREIBANEALCH Z2BTEMNKRESTCE L ZMINAKCHLTBHLE
B, RESERIBOhoTHET 3.

3. 2 EB

3. 2.1 %=

ko<t 257 :Spectra-Physics #H B0 B ERERE I vt /S 7 5BV L.
M S : Spectra-Physics #ETT0 HEABRXRHE, HIIH630 HEBRHSEL LI UHAH
C-202 MABERRMSEHEINCERL, BBRSICEHRNRAA v, FEBAL VEH0H
OMHBLE. M, BESICECERHEZL, BARXRHBCLIIBBSIUVERR A VO
RACHT 2HRREEUICTIRDEHFEHALLED OTH S,

Bt Fra P VEVP-6MIAB 2 RVYERFEZ2HEAV L.
4YF7U—%—:huto Lab*t B System | HE L UBERs/ ot~y 710X Ba v a -
FAVIAVFIU—F—RAO, BOSOORBENSOEBLIVEAF v ORBBMS X
CE-EREDFEERZL .

SREER : BARBUIV2I0 MoaxxEHAHY, EEEEATOHEBPIUHBER A4 v £
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3. 2. 2 HE

A4 VB D TB613RI MR A A4 S (BR1Ten, EEES %) 282N
BB LD RFBRHEL, HEImxBIN0 mOY s v FIFSZASA (vv 2 H50) B
SJUNEI mxESI0 mOY %+ 5 MIF S AAFL8 (Ya—FAFK) CEO0BOKEL,
10A570° C oBicHEAL .

A v OBEREE BRA4 v OBEREKER (1000 ppm) 1, AIXMERBRRORIET 25
(FLUDABIUAY Y LH) AoRBL, BEERLCHERL . ’

3. 2. 3 @B

Bk ue b 7S 7 HRHBENATHLAE0.1 530 R0.5 nlBBOL T4 Vv Ixs¥ -%H
WTHBEBOFOOREY S ANICEAL, KBXU X - KkEZHVIEABC LR
PLUEHBAS YO 2 b3 2 45FBRHEEBICLYEE,

3. 2. 4 HUFPHL-RKREFLBERE

BEHWB_E0 ] OFig. .6 RLAHEERATI8) £HY, CoRHEFToRAET
BUEARBRELTY VBAA Y EZEUTYE=DLAE V%, 400 nl/ninTRENCARLT
HALREL, BRETEIOHEEERL L.

3. 3 KRBIUZBE

3. 3.1 vy ZAS5hfH0ifiBELUERBAS YDAy ) ——Kizkd 44 vEg
Y | |

HBAL Y IHRBRER A4 Y (pK:-1.6) TH Y, HHBRA 4 VIBRER A+ ¥ 0K:3.0)THh
20T, B_WTAEEAFT VIR I bS5 74 —ORHAEFNERBOREISOTFHREINS
B, MBRAKREAVIBBCLORBARB I ENEAONS, 2270, vy 22 552H0
THEOED0 ppuO BB LUVHBER A4 YOREGVOL5 nlZ Yy 25 AWICEAL, Kig
BELTHOCTEARXRBEZCL 70225048, 8ohksu<e 2541, Fig. 3
A3 R THE, A2 VHRELIBERBRAA VHOOBEBRBAA YORBARLE., LALIEN
b, AMEHORBMERS) R LUERAFCRD - .

2T, BIETRE~BREBRAA VORRBIELULABRRDOTREAROREOM A
LOWMAKTZLEMBELT, WEHOREZHEIHBASEIFRELDLTRHLE. T, &
BWiEE e L2100 nmf B BRERB LBV AY ) - NMEFELE, BBBIUVEBER A4 VO
RREBBCHBI2BHERDP0 A2/ — OB, Fig. 3.14 CRTRIEC, WBRERBA AV TH
ZHEAF VORBIBWERE T, shhi4 4 v TRBEHEI I ORSEC AL VBRI AR E
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Fig. 3.13 Ion-exclusion chromatogram of the mixture of nitrate and nitrite ions ob-
tained by elution with water alone using the long column
Detector: UVD at 210 nm; Column: Hydrogen-form cation exchange resin(9 mm
i.d. x 550 mm long); Column temp.: 30 ° C; Eluent flow rate: 1 ml/min;
Sample volume: 0.5 ml; Sample concn.: 10 ppm each

Fig. 3.14 Effect of methanol on retentioﬁ volumes of nitrate and nitrite ions

— (O~ Nitrate ion; —@~— Nitrite ion; The other chromatographic condi-

tions are the same as in Fig. 3.13

ARUE., LALENRS, BB+ YORBIER, BEMEdoxsy ) - VOBRBEOMARILL

DBTEBBCEBAL, 2AXAF Y TREBEPCEREEL VWSR2 EERLE. LADST,
HWEMEORsH 1. 44N 04,253 CHA LR, Ui~ BRHEA 4 Y ORRABOMAL, HHR
hOAy ) - LOBEOHAC L IBMEKOBBREORDC L 2HMBM A4 ¥ OpkO WA NA
T, BBRPOKREASY ) o4 vEBREBH BB coMREORVCERTY 258
AL bOEEA LR 3(21,22). ‘

Fig. 3.15 @, 5 %A%/ - A—KEAVAABCI2@ERBIVERARA A v OREMO7
DY 7S ABLUEBRBAAS YEIOIne 7505505057, WHEMBORRIT4ALR
BRERERLAY, BE@HEAF Y OY -7 dFig. 3.15 OABIUBERTHE, V-F ¥
rERLE, 20T, cOY—F 1 v/ RAEFRL, COMRAThIRAEILBECDL
DHBLET, BHEEAFVHE2AET, WMBASYRTESATLE., CORSARY, B
BEHOREREASES - VIELORELLBATOLERINL LHD, CORLIEER
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Fig. 3.15 lon-exclusion chromatograms of the mixture of nitrate and nitrite ions(A)
and nitrite ion alone(B) obtained by elution with 5 ¥ methanol-water using
the long column
The chromatographic conditions are the same as in Fig. 3.13

Fig. 8.16 Effect of column temp. on UVD responses of nitrate and nitrite ions using
the long column

—(O— Nitrate ion; —@ — Nitrite ion; The other chromatographic condi-

tions are the same as in Fig. 3.13

FL2dboTRE, BHRBAA VAR YT ASARTOI a2 0 75 BRETLTY D
B, 44 ySREETOALVEVYBOKRZEAF VEOBBICI - TAREI R, 20—-BHFH
BAA VEBLLINTOBZEARLEQS)., LEaXRLT, vVl 25 sATOEHRA S YO
BILARAZNET -0, GRBAA YO0 Y745 2R TOBERBEE TR L
wCHETHEENREINE, $4DS, Ya—FASLOBANERINL,
FEREAF VHIRERBA A VERBBPTRRETHI LS, AECHBLAFETHS
AFvru=bd3724-CB0THRDONTY S (24,25,26,27).

3. 3. 2 BHBBRECHYILSLEEORE

BEEBAF Y IEEOLRARI-THARBTZLAAONATVZRY). 22T, 5085010
opr OWBEL LIUBEBRA S YORAPO05nld 0 Y2/ d 3 2HKEAL, EARRRBER
BB 45 ABEOEEEAGT C OREHE TR LA, COREHLLBERE5
YAy —m-KTHB, BEE, Fig. 3.16 CRTHBE, EHEB A v ORBERENRAF L
BEOBAKEECEHCRIL, T0° C TREERSEABShE I EERLE., —F, @HBRA
AVORBEBERIAS ABEORMALRCS LT >BAL, BHERAA VO—BIVHBRAA
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Fig. 3.17 lon-exclusion chromatograms of the mixture of nitrate and nitrite ions(4)
and nitrite ion alone(B) obtained by elution with 20 % methanol-water
using the short column
Short column: 9 mm i.d. x 100 mm long; Sample volume: 0.1 ml; The other

chromatographic conditions are the same as in Fig. 3.13

vtk Lo Ak RLE, BLOBRNIS, BBA4 v L HEHBA L vOoRMEBETIRES
A5 ABERS CRTTHRE3I 89,

3. 3.3 Ya-tAS3rARVIBRELIVERBAL DAY —V-KRELBAFVE
b5 Rk |

3. 3. 1 TR~k BEBAL Y0y AS5LNTARETCHBZOT, Ya— A5
LEFVTZOEBBEA1/5 DTEL, 505010ppn OWBBIUVERBA A Y OREVO
SOV TRAL K.

Ya-bASARRAVLBILELTHBAA Y EERBRAL Y OBORSBELT 0T, B
BAL v OBHEBAS v AT ABT oD R, BAlEDhO S - VOREER VT A
SLEMOEBOTAL) bBERHMASUEILDENRD -, HBAL Y L EHBA A VOHOR
PP B, Fig, 3.17T DAWRTHRIE, 20% 4%/ - KkEHVIEHRICIDFRTE L.
CORBEBRBTCOWmBEA 4 ~ 13, Fig. 3.17 O BRI #, W44 v ~OR{LER
ARV bS5 L%RL, BRBSERTH - .

DEORENS, va-th 520l oMBELUERBA 404+ YRR, 20% 7
- N-KREHBOZEBBUIIOPOINTERTES LN R,
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3. 3. 4 ZEABRAXRBRHBCII>BABSIVEHFBRAF Y OoRERA4 VAo 0B RBRKRH

Slanina(28) i, 210 nmic B 2 EAMKEZ LAV IEREEZN, B, ®R, YV vBb
JUBBAEAA vASURBKRDOBBAF V20 BEHBRA A YL TGERNTHZ &
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75 ¢ 3100 ppm OHLY, B, UV VBPIUEBREAS VIHEBRSITEHR A 4 v ORI
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—%, BESIUNERBRHBC L THOINEBRSLIVERKRAA VORAMO I n =}
75ald, WRIIUEMBRAA YCASETZI 00 -7 &RLE. LALENS, Wk B
W, BY, R, ) VBRIUVREBARKIAS VYOREPOI/I v S ARBVTE=>0
¥-2%mLE. ¥%bb, 1BHOASZVWEY -/, BEBAAYEMAT, CheiFRCE2
A4 VBRI h2BBUERA A v TH3BLPPICHBA4 Y L BREBAA VY THI D
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AAVIEDHBVBOBAF Y TCHBLDREIOAF VY RBBERAPCEETE2HBER A 4
voEELZRL, 3EHOZhE, BYTIHBLBOBALT Y THI3RDIRE A4 Y RREE
HbhBE s 2RBAEAA VYOELEERL L.

DEogiie, ERSIUCHAEERUBIBENLTTEEOBRRMECHZ0T, 2hdif
Y, Bl UV VBBIUBBAIEAA VESGUHREDTOWMBSICHBRA 4 Y ORKBERIE
AT tidRL, BARRBAHO AL VBRI n= 574 -0, LEOEFERA
Y AAURHTOBBBIUVERB A4 VvOoRIBERCHLCHAATHAZ LERLL.

3. 3. 5 HRH#H

BEOHO10ppn OWBB LU EHB A+ YOREDO0 1 mlE, Y2~ b A 5HEALT2
%Ay - n-KREBOTERL, EARXBRHBBCIV /0=t 7534%280R. Bohn
2S5 LOY - BIOBRAM (1=6) X, WHEBAA VCHLT0.8 %, HHEBRALVICELT
1.1 YoZBERTH, BHEBA L VARRELBAAVTHEdhDDOT, Ya—th
SAEAHVIBERBLIVEBRAA Y044 VBRIt 574 -8, RESERBOFS
NBZBEETHBILERDLE.

3. 3. 6 REBFIURHRER

0501 o2 ppno BB LIUVEHEBE AL YOLY -2 B3IV Y- 7HRICLIIMER
WEIFSEBHEERL L.

HEOE0] ppn OWEBL LIUHEHEE A+ YOREME, Y2 - P2 FARKEAL, Thitk
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3. 3. 7 WMHEANASLITCEHENHEL-REZRETIEKR~OBH

$&u¢b,7y%;ﬁA4fy%@t#*%ﬁ%i%ﬂ?5%@@&%$mﬁkwmgiﬂ
BIEAE, chiVBELHEzORAFVERATVLILEDNERTFTRKABENIOGOT V%
:bA4*v%§t%:&%ﬂm(BODﬂﬂm)ﬁﬁkbfh%ﬁﬁmmKW@m&$$ﬁﬁ
ﬁ&41y%ﬁﬁiibk.ﬁﬁu?&f&ﬁpm@xy75v74w&—a&©6ﬁ&,ya
— P S ANEALL.

Table 3.6 Analytical results for actual samples

Sample Concn, (ppm)
Present method Colorimetry

Nitrate ton Nitrite ion Nitrate ion Nitrite ion

Biological nitrification

process water 118(x1) 32.3(x1) 111(%2) 32.1(x2)
Biological denitrification

process water 0.06 ND 0.04 ND
Urban river water 1.14 0.11 1.20 0.14
Urban river water 5.90 1.00 5.63 0.93

«1: 10-fold dilution, =*2: 100-fold dilution, ND: Not detected by UVD

PORE, TATOEBBRHrovTEBR s u /3 ANBLh, ARLHBEOHOS
FRE0—B, Table 3.6 KFRIBERETH - L.

D EE~nRE, KERE/ 4 v SRBEAACIRARRBRKI 44 VBRI bS5 T
f—, BETNASICABENEL-BREEREIRADTORRS LUVERBRA 4 Y ORAK
FEBCBRPBCRETEA &R .
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4. 2 EB
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BIE : Spectra-Physics #HEI770 BREABRXBRHBBC LI VFERI IUEBFARA 4 v 2B RY
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TR : F v a FAEVP-65IAM 2 ~vERFEAV A,
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AREEBRLCHRBEERAL L.
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Fig., 3.18 Effect of pH of eluent on UVD responses of nitrate and nitrite ions
— (O — Nitrate ion; —@— Nitrite ion; The chromatographic conditions

are the same as in Fig. 3.13

Fig. 3.19 Ion-exclusion chromatogram of the mixture of nitrate and nitrite ions(4)
and nitrite ion alone(B) obtained by elution with 0.1 mM sulfuric acid-
water (pi:3.7) using the long column
Detector: UVD at 210 nm; Long column: Hydrogen-form cation exchange resin
(9 mm i.d. x 550 mm long); Column temp.: 30 ° C; Eluent flow rate:

1 ml/min; Sample volume: 0.5 ml; Sample concn.: 10 ppm each
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Fig. 3.20 Ion-exclusion chromatograms of the mixture of nitrate and nitrite ions
' obtained by elution with 0.1 mM sulfuric acid-5 % methanol-water using the
short column
Short column: 9 mm i.d. x 100 mm long; Sample volume: 0.1 m1; The other

chromatographic condiions are the same as in Fig. 3.19
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Fig. 3.21 Calibration curves of nitrate and nitrite ions by elution with 0.1 mM sul-
furic acid-5 % methanol-water and with 20 % mathanol-water alone
—(O— Nitrate ion; —@— Nitrite ion; The chromatographic conditions
are the same as in Fig. 3.19
Fig. 3.22 Ion-exclusion chromatogram of nitrification process water

The chromatographic conditions are the same as in Fig. 3.19

Table 3.7 Analytical results for actual samples

Sample Concn. (ppm)

Present method Colorimetry
Nitrate ion Nitrite ion Nitrate ion Nitrite ion

Biological nitrification

process water 116 (%1) 33.5(=1) 111(x2) 32.1(x2)
Biological denitrification

process water 0.05 ND 0.04 ND
Urban river water 5.85 0.88 5.63 0.93

*] : 10-fold dilution, *2: 100-fold dilution, ND: Not detected by UVD
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Fig. 3.23 Schematic flow diagram for ion-exclusion chromatography coupled with cation
and anion exchange resin columns
(1) Eluent(10 % methanol-water); Pump(l ml/min); (3) Sample loop for de-
termining of nitrate and nitrite ions(0.1 m1); (4) Hydrogen-form cation
exchange resin column(9 mm i.d. x 110 mm long); (5) UVD; (6) "Delay coil
tube” (1 mm i.d. x 10 m long); (1) Sample loop for determining ammonium ion
(0.1 m); (8) Hydroxide-form anion exchange resin column(9 nm i.d. x 550
mm long); (9) FCD; (10) 2-pen strip chart recorder; (11) Dual sample in-

jector with 2-sample loop
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Ton-exclusion chromatograms of nitrate and nitrite, ammonium, and sodium
ions by elution with 10 % methanol-water

(A) Mixture solution containing nitrate ion(10 ppm) and nitrite.ion(10 ppm)
. (B) Mixture solution containing ammonium jon(100 ppm) and sodium ion(100
ppm); (1) Sodium ion; (2) Ammonium ion; (3) Nitrate ion; (4) Nitrite ion
: FCD: 2 mA F.S.; UVD: 0.32 A.U.F.S.5 The retention volumes of potassium
magnesiﬁm, and calcium ions were the similar to that of sodium ion; The
other chromatographic conditions are the same as in Fig. 3.23

Ton-exclusion chromatograms of nitrate and nitrite, ammonium, and sodium
jons by elution with 10 ¥ methanol-water

(4) and (B): Mixture solution containing nitrate ion(10 ppm), nitrite ion

(10 ppm), ammonium ion(100 ppm), and sodium ion(100 ppm); (1) Ghost peak

(ammonium ion); (2) Ammonium ion; (3) Ghost peak(sodium ion); (4) sodijum
jon; (5) Nitrite ion; (6) Nitrate ion; The other chromatographic condi-

tions are the same as in Fig. 3.23
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Fig. 3.26 lon-exclusion chromatograms of nitrate, nitrite, ammonium, and sodium ions
by elution with 10 % methanol-water
(8) Mixture solution containing nitrate ion(10 ppm), nitrite ion(10 ppm),
ammonium ion(100 ppm), and sodium ion(100 pm); (B) Water alome; (1} Gho-
st peak (ammonium ion); (2) Ghost peak(sodium ion); (3) Nitrite ion; (4)
Nitrate ion; The other chromatographic conditions are the same as in Fig.
3.28

Fig. 3.27 lon-exclusion chromatograms of nitrate, nitrite, ammonium, and sodium ions
by elution with 10 % methanol-water using "delay coil tube”
(A) and (B): Mixture solution containing nitrate ion(10 ppm), nitrite ion
(10 ppm), ammonium ion{(100 ppm), and sodium ion(100 ppm); (1) Ghost peak
(ammonium ion); (2) Ghost peak(sodium ion); (3) Ammonium ion; (4) Sodiull
ion; (5) Nitrite ion; (6) Nitrate ion; The other chromatographic condi

tions are the same as in Fig. 3.23
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Fig. 3.28 Calibration curves of nitrate, nitrite, and ammonium ions

— ()~ Nitrate ion; — A — Nitrite ion; —[J— Ammonium ion
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lon-exclusion chromatograms of biological nitrification-denitirfication
process waters

(A) Raw water in biological nitrification-denitirfication; (B) Nitrifica-
tion process water(The sample solution of 25-fold dilution was injected on-
to the cation exchange resin column for the determination of nitrate and
nitrite ions); (C) Denitrification process water; (1) Ghost peak(ammonium
ion); (2) Ghost peak(sodium, potassium, magnesium, and calcium ions); (3)
Ammonium ion; (4) Sodium, potassium, magnesium, and calcium ions; (5) Ni~
trite ion; (6) Nitrate ion; The chromatographic conditions are the same

as in Fig. 3.23
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Fig. 3.30

Fig. 3.31

. LN -
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Time, min

0 10 20 30
Time, min
lon-exclusion chromatogram of the mixture of chloride, sulfate, nitrate,
phosphate, and bicarbonate ions obtained by elution with water alone
Detector: FCD(1 mA F.S.); (1) Chloride, sulfate, and nitrate ions; (2)
Phosphate ion; (3) Bicarbonate ion; The other chromatographic conditions
are the same as in Fig. 2.5
Ion-exclusion chromatogram of the mixture of chloride, sulfate, nitrate,
phosphate, and bicarbonate ions obtained by elution with 60 % acetone-water
Detector: FCD(1 mA F.S.); (1) Chloride, sulfate, and nitrate ions; (2)
Phosphate ion; (3) Bicarbonate ion; The other chromatographic conditions

are the same as in Fig. 2.5
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Fig. 3.32 Effect of acetone on COND responses of strong acid anion(chleride ion),
weak acid anion(phosphate ion), and very weak acid anion(bicarbonate ion)
() Chloride ion; (2) Phosphate ion; (8) Bicarbonate ion;  The other
chromatographic conditions are the same as in Fig. 2.5

Fig. 3.33 Bffect of acetone on FCD responses of strong acid anion(chloride ion),
weak acid anion(phosphate ion), and very weak acid anion(bicarbonate ion)
(1) Chloride ion; (2) Phosphate ion; (3) Bicarbonate ion;  The other

chromatographic conditions are the same as in Fig. 2.5
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Fig. 3.34 Relationship between FCD or COND responses and concn. of phosphate ion
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Table 3.8 Analytical results for actual samples

Sample Phosphate ion concn, (ppm}

Present method Molybdenum-blue method

Domestic sewage{influent water) 5.1 5.2
Domestic sewage(treated water) 4.5 4,2
Phosphorus removal process waler
(influent water) 23.6 24.4
Phosphorus removal process water

(treated water) 1.4 1.4
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Fig. 3.35 lon-exclusion chromatograms of phosphorus removal process water
FCD: 0.5 md F.S.; (1) Strong acid anions; (2) Phosphate ion; (3) Bi-

carbonate ion; The other chromatographic conditions are the same as in

Fig. 2.5
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