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Determination of Iron in Brewing Water

Akira Totsuka, Takenobu Izumitani, Yasunosuke Namba
and Yasuyuki Komuyama

(Research Institute of Brewing, Takinogawa, Kita-ku, Tokyo)

The atomic absorption-spectrometric (AA) method for determination of iron in brewing
water has been studied in comparison with the conventional methods using orthophenanth-
roline or «, a’—dipyridyl.

Twenty five ml of brewing water (iron content 0.3-0.01 ppm) was added with 1
ml of 6N HCl and concentrated to 20 ml in an oven at 110°C. Concentrated mixture was
adjusted to pH 2.5-3.0 by the addition of 2 ml of 25% (W/V) sodium acetate solution,
and then 1ml of 2% ammonium pyrolysine dithiocarbamate (APDC) solution was added
After shaking the mixture, it was added with 5ml
of saturated solution of methyl-isobutyl ketone (MIBK) and was shaken again vigorously

to the mixture as a chelating agent.

for 2 minutes, and then the iron content of the solvent layer was determined by the AA
method. Another
recovery test by the conventional procedure was also performed by adding 2 ml of 6N HCI

Results of this procedure correspond closely with the expected values.

to 50 ml sample which was then dried up in an oven at 110°C. Mineral was extracted with
N/2 HCl and the iron content of the extract was determined by the AA method. This
procedure was applicable to water containing a humic substance, while this procedure gave
somewhat lesser recoveries compared with the APDC-MIBK extraction procedure (92-96%).

Colorimetoric determination of iron by the direct orthophenan-throline (OPT) method,
HCI hydrolysis-OPT (HCI-OPT) procedure and direct e, a’—dipyridyl (DP) method were
compared with that by the AA method. It was found that a good recovery was obtained
by the HCI-OPT procedure compared with the AA method, while the OPT and DP method

showed poor recoveries.

## ] .
B nic. —F, TIREBEREA RELOEmICH B

S DFEN FHEO FRICEEESL, WbWYS 7, BEEZBESE S EFOHRIT OO TIHRE

“BHED” BREELE LEDIE, ERDO bz d
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Shi-doicid, B=VH UEEH ) &Y, a, a’-dipy-
ridiyl #1, o-phenanthroline 7123,
rhodanide-thioglycollic " acid 1#:'® sk 5. &Kz
VTR, BERAEOHRENELDTHEATH
v, dipyridyl 2 Ti2 batho-phenanthroline?®29 25
7z, B TIE Ferrozine 1ZX % MEHS DRES 13
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EEOEFED > L oBNTO S SOIREFEIS
D TH B,

DNHNEBBEERKH O GAWE IR FRLEE
N, a, a’-dipyridyl #£, o-phenanthroline #:& Hi#ktg
L, 2, 3S0MRAERBIOTHET 5.

ammonium

£ B A5 &

1. #HB FENESEBROBERKEIEREKRSRY
FUYUA QLE) KWIELLbDERREL, 2°C
THREL-.
2. SWBBEBIUEE 1D BEFRLE HIE
FRIE NIRRT 207 AR ic, HRIEFo—H v
~F35v 7, FeNi-Cu &7 v 7, nN—F— 35
N—F—% 07 METEA L. WESFREE
2485A, i 14.2mA, 21U v b1, BRERIIEE
e 13¢/min, TEF LY ARKE2.2¢/min (G
VRIS $ 7212 3 ¢/min GgEsHh L) & L7,

A MR IC & 2 BB ORIEICH 1o - Tidmethyl
isobutyl ketone (MIBK) #afi/kigikic & b B EHIE
27185 & & b, AR E Bkt oMK MIBK %14
%L BB TR A Y KICX D EA
MIEB L UEKEOEBEZITE - 1.

BFRIEECEBNTF +— P EEBSNEE—7 0
BIBMERB TRy —VIER LTS, BHBRER
signal/noise Hh32.0 DA & Lz

EER R OEERT I E & RRICAE L, R
MBETERRB LR EZOE AL
2) Wi Bir FPW- 4 RS E £ B 50mm
(o-phenanthroline #) % 7:i3 30 mm (a, a’-dipyridyl
H) ORIRE LT 530 mp OBLEERE L7,
3) EFBotE, REHEOWTICDOONTHIBMEIRL
REHCOWTIAEREL, Bohic@Eod bl
2RDFEHEHEEZ S > TROBEBBEEL U, B, &
AUTE 2 RODEVD S BEBABEHAIL, TEHHL
BALLSOFERBEZLSNDEDT, BEREZERL
7.

<AV L

3. HE HRINESFRTHAESER (0%
) =20, TRREEFRLERALE. 2%
ammonium pyrrolidine dithiocarbamate (APDC) &
BITEMERR (T BN AE) 182 50ml O
A& VIKITHERL, lEEL 2 E X 3IEESK No.
5CERVTHAL, €DPHARV. 25, APDC
BRI T OEEHRE L.

Methyl isobutyl ketone (MIBK) (FEE/LRRT¥
KK) 3E8EERE M vy /) 2RPGEBLZHNTE
EHEL, I6~11TCORABRAZHR U, Bif 3K
TR,

25W/V FEEERF b U v AT SRR (73
JBEEMTR) BREEB M) v AREKHELT
2W/V%ETED K HBiA AV IKITIERR LTz,

VY ALODOTRETFBMTA 4 REEER
1,000 ppm (= v FHS D] 1068) & i iz,

Rakic 0Tk, BEiRWTN JIS BikEkd
BRI EEDHENBRIE T JIS HRLIL EO R EF
LD EBUT.

IS BB ARMETEKKoM T
FEHLK. 4B, RBFOFERBLTRY S 28F
B7F7avBIz7—VAFERL, $BOHERETED
BRROBALLE L.

RERE AR T ZE TR F TR 4 F SR AZHE S
# 1,000 ppm (v v +ES E08416) % 7D #ERA
A VKCHRUFEAR U, KB, BEMBEOESR,
TROBEGREESVLNELZLOHEL, REDR
FEAER L.

A & VKIBSRBEEEREROTE SN REKE
7 vsN—35 4 b IR120B-IRA410 (HER) #HNT

oA AL, WEHEE 0.6 p8/cm LITE LicD b,

BEBINTOENCEZHRALTHOER L.

4. H7RBE  FT 2 NEeHIc304RILI LR
B UBICF 2 v & — WMRO AT BTE KB AT,
WIN L ERBEIMCEE KB L UORA & VKT
&L, €BOHEGAEMIE L.
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1) BRAEMNYE BKboEB Ak APD
CYNT X Vs {LaHE Licd b, MIBK 2R TK
Bxofmii L, $kiftaveafdosnEEeRTR
SEHRICHET B O RE L.
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K35, L LIEhss, FKPOERLEORIEIC
B LT, St TS 2 DIZBHEEORINIE A
He37cd, APDC-Fe $8{bAM% RIFSEMHO T THE
X E5ITiE, BIEICkOT pH OFBETILS 4
BFHHb. HBRBLUOFENEY — 42 AT pH1~8
O E U7 SRR 0.1 ppm DK} 25 ml % 50 ml
BARAMARIRE (EERE & KBOS D BRIFTELS
HWEONEDITOEETIR, 50ml i fHRBRESEH
W) IKE b, 2% APDC 1ml 2inziEA#% MIBK
S5ml A 25 3T LIREL, LM% KB
P OBBB~NEIST 5. ROTHEE HhIT 1500,
1053 O LU, IR 2 R T BOEMamic gt L
7o, 5B, HRABEOLEORDICNT 3 v 7 UAER
W5 ERRIEEFETIREODTIRELYT o 1o

Fig. 1 iZRkT XSz pH2.50 O & X[BUIARBIFT
»B. UL LBHS pH £ ~ %2 ~%2FHT pH Of#
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Scale reading
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Fig. 1. Effect of pH on the formation of Fe-APDC
complex.

217185 ¢ L RERORR 2B T ZEA IR %
PSS, FrEH Y- EZBOTHEDPH ET AL
LRELVOT, BRICBEERZ L 28KLH
> TC—EBDEM Y — L AR IRMT 52 FEEERE L
7z.
F/K25ml iciERe 1ml 2L, 20ml % CELE
®ER Y — A Ak 2ml ZHEmMU2E &0 pH oFH
i3 Table 1 ;R T &S5ic pH2.50~3.04 iTH 1= b,

pH3.0 Ti3 pH2.5 D: & XV b M1 FBIENMEELR
T, KBREZOHAREBHONSDT, BRIEDMH
Bt SEss 2ml OFEEY — & ISHARNT 5
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Table 1. pH adjustment.
Sample Initial After addition
1 0.62 2.97
2 0.63 2.97
3 0.62 3.03
4 0.64 2.97
5 0.64 3.02
6 0.64 2.89
7 0.64 2.85
8 0.64 2.96
9 0.62 3.04
10 -0.63 2.50

pH was adjusted by the addition of 2ml Na-
acetate solution (0.25w/v) to the 25ml brewing
water containing 1ml of 6N HCl. average pH
2.92, min. pH 2.50 and max pH 3.04

k&l
o APDC EEOWRE #% lppm &L &R
i APDC 1~10% (W/V) #sik% 1ml $°2RML,
MIBK iz & b U BRFBOLkic K U SkEELRIE
L7k R S (Table 2) APDC BERZELEEH T 2
% &Ltz
Table 2. Effect of APCD concentration.
(1 ppm Fe added).

Concentration of APCD Chart reading
2

mm

49.5
50.0
50.2
50.0
49.9
50.2
10 50.1

G W

s~ APDC FUGHsEo#ET skhic APDC Zzisin
LTHh 5 MIBK ZiRINS 2% T EDRE O K
ENELT ALK L. Fig. 2 00N LD
iz 20°C it Tl APDC %inZ 3 9fREdT 5 &
APDC 3 LEL2ICHAT S, BEORIEC BT
ki APDC 28fn L Th B L, £ D% MIBK
ERT50I3HLE 2 EDT, APDC Z¥mM
LTHh 5 MIBK %2RINd 5 £ TORMERET 54
FI, 3 LA APDC-#8E(t&%% MIBK iz
BT AIREBEESEET Fig. 3 IKRTL AT, i
& H8OPMDRBELEE LD TRAMEZMIKL
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Fig. 2. Reaction time with Fe and APDC. 0034 0 002 004 0.66 0.08 010
—— Fs ppm
Fig. 4 Calibration and standard addition curve for
260 determination of iron. (APDC-MIBK extraction)
3 0.15 ppmFe ®-@® calibration curve
. O-0 standard addition curve
540 — 010
(%)
Table 4. Effect of treatment (ppm)
2 o
0 0.05 " Methods of | Concentrated to Dried up at
0,025 treatment 1/10 vol. 115°C
. . . Extraction
0 40 80 120 \\\\\\\\\\ APDC-| ey |APDC-
270 sec, Sample MIBK MIBK
Fig. 3. Effect of shaking time. 1 0.106 | 0.100 | 0.072 | 0.080
2 0.045 | 0.047 | 0.037 | 0.040
T2 HOKREETHTLE LT 0.017 | 0.018 | 0.017 | 0.016

Z [EMXE 5EMOAK 25 ml i ¥ 51i0.05,
0.10 ppm O E¥ERE 1 ml ZFEML, 115°C T20ml
FTEM LI, ROTEBY — 2K 2ml 25ML
pH @& L:0t, APDClml, MIBK5ml 2%
i, REHRIFEFBOLE THRIBELRE L. Table 3
WRT & DI EbDTRIFREIEREE . RRICL

Table 3. Recovery of iron by APDC-MIBK

extraction.
e | T GEpm | Feg
No Present JMeasured|Recovery|Measured|Recovery
ppm ppm % ppm
1 0.116 | 0.162 97.6 | 0.211 97.7
2 0.106 | 0.159 101.9 | 0.204 99.0
3 0.042 | 0.090 97.8 | 0.144 101.4
4 0.025 | 0.075 100.0 | 0.129 103.2
5 0.008 | 0.060 103.4 | 0.108 100.0

BLTE N EEdRE, BBE OSKBERRE
SEEhTEm L, BRSMERICK D SBE ORERETTIL
SlERiE Fig. 4 0B THS. 708, BERIIC
BET 2 & Table 4 ITRTEHIC, HhBEFIH Fe-
APDC DRI EI NWEC LS HEOTHEETS

Sample 1 gave rise much crystal, sample 2
feathery crystal and sample 3 little crystal at

dry up.

MERF D, T, RICRN MR BB BOTE]
WEEHE LB, AR, PEREOERESZ VIS
DO TEBOUBELET Z2HKIL, BRD20OILR
HFICEEREICE D A, BBTTHODBETLRIIC
B TEY, BNEROETE2IRDTLDESHE
KiZ DN TREEEMINEERATRETH 3.
2) EEALE: BRIAERLER IS RO
RIS 2B RRBRIENER L 20T, BE
HhEUTERMEEEERE Uk, IR E LTERE50
ml Z3Leff 50ml F v~ MEC AR ED, B
¥ 2ml 0% 10ml ©—4—TFE% LTH5115Cic
BOTEREE Uz, RIC N/2-585m]l 2 inzi T
BELUTEImE, RBLAOB, 10ml FBAHE
B ICHE LR TR M 21778 - 7.

4 [EER FAEFORKIC 0.10, 0.20 ppm D8k
ZEOICEML, FLEEE L Th ORFBOtEIC X
DEBEAE UERIZ Table 5 iITRL-&S i,
92~ 6H DEINEER L. F7o, EEERMEICLS
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Table 5. Recovery test of iron by HCI extraction.

Sample Fe 0.1 ppm added | Fe 0. 2 ppm added
Nov Present |[Measured Recovery Measured|Recovery
ppm ppm % ppm
1 0.102 | 0.187 92.6 0.285 94.4
2 0.072 | 0.162 94.2 0.252 92.6
3 0.056 | 0.146 93.6 0. 247 96.5
4 0.032 | 0.122 92.4 0.216 93.1
5 0.016 | 0.108 93.1 0. 206 95.4
100}
€80
)

ey

40t

Fe in the 20‘
sample

0.092 0 o.‘1 0.2 0.3 0.4 0.5

Fig. 5. Calibration and standard addition curve for
determination of iron (HCI extraction).
@®-@® calibration curve
O-0O standard addition curve

TEMAT I -2 2 T A, Fig. 51039 & 5 it B EE
G St

o JiLEREEOREE FTBOLHIC XD 25OE
BAFEHT 5 B0, MEEBSTOCEC T5% RTD
T390, SN ORISR 2T L7z, Table 6 iT7R
T LT N/2-KEREE F TREEMCEERTO.

Table 6. Effect of HCl concentration.

Sample» Normality Chagn rr;lea)ding vs. Sa%aple 1
1 —_ 64.2 100.0
2 0.126 64.5 100.5
3. 0.253 64.5 100.5
4 0.389 64.0 99.7
5 0.523 64.0 99.7
6 0.651 64.0 99.7
7 1.305 62.0 96.6
8 1.970 61.1 95.2
9 2.640 61.0 95.0

50 pg Fe was used.

N VY HOEE $% 0.25ppm, 0.50 ppm AF
I3 a¥HT Si0: & LT 0~50 ppm #Ehn L, HIALIE A
S TR FBIATICHE Lic & & A, Fig. 6 ITRd
ED IR EDF %R .

~
o

0.5pprn Fe

- -0

Scale reading
8

-

® L

]

n
o

. 0.25ppmFe

-
o

0 10 20 30 40

———>Silica ppm
Fig. 6. Effect of silica.
—— direct, ---. HCI treatment

v Y S Db e T Ak AT L, ST
T2 EickDBCcEnliksC Eid Fig. 6 &
DLW THE., B, Curtis T T7HFLVEEREE
WX B aRET SO £ R4 A D 2%
ZRD TN B H, HEYAT 28LEORETIIE
L A N

T BHEEOXE PKPICEEEE A LT
DYDEAERM SN TN S50, BER/KICDNTE
—HDHEOEEEH LTS LEEINBIFKE
HH1PDT, BORECKIZTTIEEEDOERBIC >N
THRET L7

a) BHEALOREYE MERBRFEAO L#E (20
mesh DfZEE LI dD) 2008 Z13LARY N
ic& b, N/10-NaOH 5% 7.050 ml(j:ﬁth@ﬁ?{;{t
¥ R10% LIE LTED 300 8 ER) ZRmL,
i T 1 BeE % 9000 8 2043mE Lot L, BB
KRR E Lic, #%to pH 1312.8TdH - 7.

b) @ofle A HEE BHEEREZOZ
FHR BT U,

B iiEomed: 30ml Bz v~ WRRUAIC
SR 25 ml % & DR 2ml Anz, 115°CiIck
WT BREEIR 4N 8 2.5ml THIL, FFEAK
No. 5C ZAHWVTFEL, BiA A+ vKickBikEkEdH
HET25ml & L.

C BRAK(E 30ml F+ g —VHRTAIK
FREERE 25 ml % & 0, WE—@IERBEZAOTER
KILL7-Db, AN HE:2.5ml ZRHWTHH, HHE
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Ak No. 5C ZRAVTHFBL, B4 AvKic X5k
WeIbeET25ml &L, B, B,C T2 TR
BERZTIEOREMD 52507z, Table 7 [T7RT &
S, BEEETIKOEEEN SBRAKELETHON

Table 7. Iron in humus.
Treatment Iron ppm vs. wet digestion
Direct 26.66 95.7
HCI 27.39 98.3
Wet digestion 27.86 100.0

7B & D B85 BIEND, HBSRIETIEN2 ZED
POTEEhOUEEETE S, COoTEh D, B
2EBTHRAKICOOTHIERIHESBEHTE 5.
2. hEELOHE

A%REE s UTRTEOLE: (Gl LK), o-phe-
nanthroline (OPT) #:, a, a’-dipyridyl (DP) 7%
RV, BERKRO#kSERIE, HRLU7-.

1) o-phenanthroline (HCI-OPT) #:iZ T¥R/KiER
F#: (JIS K0101-1966) 49.1 i X 32, 7333, Table
9, 10 TR A & 31 OPT TIRGESZNE

L7z D% Direct-OPT * L TR U7z,

2) a, &’-dipyridyl B2 EBRFFRESHTHE: 201—10 i
L B9,

A EEROXE HBEHOHREBRICBIITEE
WOWTHRES Lok dis Table 8 1R U7, k1
~ 3 EBA A KIS —SE R Lo b o, 2k
V~3 133 SICHROFG LTI LI REEE0.1%
WUz dd, 3k 4~6124 A KT LE 8k
ZHEBUILbD, R4 ~6 33 SIEEER0.1%
WL 0T, EFREHE HCLOPT kEid&b
D TEP UIEAER UIch3, DP g 78 b BV %
5z 1.

B vYhoE BEELHEENC SIO: L LT25
ppm, 50 ppm FHINL ¥ Y H OFEEBEKRES Lic. Table

Table 8. Effect of humus.

HCl- Atomic-

Type | Humus a-a’ | Ortho-
Sample Dipyridyl| phenan- absorp-
of Fe| added ppm | throlin tion
ppm | PP™
© non 1 0 0.015 0.010
Tg non 0.03 | 0.205 | 0.283
% | non 3 0.16 | 0.500 | 0.504
8 | 0.1 | U 0.03 | 0.050 | 0.039
;§ 0.1 | 2 0.13 | 0.356 | 0.350
0.1~ | 3 0.16 | 0.501 | 0.492
non 4 0 0.00 0.005
T | non |5 0.03 | 0.100 | 0.102
= | non | 6 0.13 | 0.360 | 0.362

Q

g | oam | « 0 0.050 | 0.042
S | 01s ]| ¥ 0.10 | 0.145 | 0.122
0.1~ | & 0.16 | 0.355 | 0.342

9 ICRT EHICDPETIR V) ADTHMBED Shi.
3. a, a-dipyridyl (DP) &

DP H:THKPDAEFHB RN TH 2 DITH LMD
57, HEOBEEAEEOROEERORKICDN
T OPT &, [RFRLEEEA LicE A, 0.075 ppm
DA Uz, %27 DP 38Rk 0 ki D0
T OPT #:;, BFELKICEVRE Uick A Table
WWICRTEHICERBEDOEL TN, WTIFNbIHKER
Hl7e, UL, COBRRBEEELEYY ADATIR
B LMOARDIOTRORKRFEZT TN/ T
MIKEREL, chdholit—2F 239 Lick%:
K& U7z, Tablell S S50k Sic, KHPO,
2B\ B DP Bt on 5 EiZ OPT o
41.8% X fhdFhs OPT #:D68.9~81.3% % 7R3 DIT
U, HOLIZEBWETH - k.

ZORRICE S E, KHPOw RO FBEHT DT
B 24T, b Table 12 DS E DL
DEHBELAELICECA, B VEBRE MR X5

Table 9. Effect of silica.

Addition DP Direct-OPT HCI-OPT AA
Fe ppm 0.250 | 0.450 | 0.250 | 0.450 | 0.250 | 0.450 | 0.250 | 0.450
Silica 25 ppm 21.1% | 30.3% | 5.3% | 11.4% | 99.0% | 100.8% | 101.9% | 100.9%
50 ppm 40.4 28.2 16.8 13.9 | 100.0 | 103.4 | 1049 | 103.5

This table shows the recovery of iron at the presence of silica.
DP; a-a’ dipyridyl, OPT; orthophenanthrolin, AA; atomic absorption
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Table 10. Comparison of iron analysis. (ppm)

Sample| DP |Direct-OPT|HCI-OPT AA
1 0 0.010 0.048 0.047
2 0 0.013 0.075 0.075
3 0 0.010 0.011 0.012
4 0 0.004 0.008 0.009
Table 11. Effect of salts on the iron
determination. (ppm)

Sample DP |HCI-OPT l AA
control 0.20 0.300 0.291
-NaCl 0.24 0.295 0.272
-KCl 0.21 0.300 0.291
-CaCl; 0.22 0.305 0.288
-CaCl;,KCl, NaCl 0.20 0.295 0.282
-MgSO, 0.21 0.305 0.283
-K.HPO, 0.12 0.287 0.277

Control contains following salts;FeCls, 1.466 mg:
K.HPO,, 4.6 mg: KCl, 24.7mg: NaCl, 76.0mg:
CaCl,, 14.8 mg: MgSO,, 12.0 mg and filled up
to 1 L with deionized water, pH 6.1. Fe, Mg,
K, Na, PO, SO4 and Cl ions were 0.300, 5.4,
2.3, 15.0, 30.0, 2.5, 9.6 and 67.3 ppm, respectively.

Table 12. Effect of PO, on the iron determina-
tion by a,a’ dipyridyl

Sample DP (DP/AA) x100
ppm %
control 0.100 39.7
+2 pmol HsPOs 0.085 30.7
e ot g 0| 0210 866
HCl-treatment 0.140 50.5

Control was ~-K;HPOy in table 11 and Fe was
0.277 ppm by AA.

PH OHRBEZTE S 1:BZB—F L - 7208, 2084
THEONIERBEFBRIEEDS6.6HIC L & F - 1.

% %=

FFRIEERIC K BKHD MBESED RIEIC 20T
13, FIsuMAN' SERGTLK, [RSFIAINTD25
31519,

FKPOEKBREFENRES LB ONBHEICE
T B, COFBALEOEICERT 2. B
TEBRENRE LIcEa, RFEEEOKAR &L
DTHEZGEVZ S, bbb, HMBRETEREE R

ik L7175 Z, APDC-MIBK [c &b #fEmibL, I8
BExzoF 2BRFEOLHEIET 2 itk hBEIC
GOEBVTRETH S C &3, BEURED IO EERN
FRICE2HENSBHONTH .

APDC % dithiocarbamate o —# & LT H.
MaLissa SICEDAERINIF v— FRET, BHEE
BICBOTE L DEBA A v EKICRIEEOH#ELAD
&L, LdrdbZosE{tamid MIBK (X D#PHIT
ERMLEhE, CoX) BHERREERhOME
SBROBHEHMHEL LTEbDTEUTH S 1%, K
FERETIRE L OLBOMBPICERA I LTINS 212,
%7z, APDC-MIBK #i#1iZ anion OF#HEBRAL D
%95%, MIBK QbW 3 EEIAESIRICK > TR
ERERT2® Lo -FlEsids. APDC ick?
ket AE pH 2.5 ISR pH Hdp 248, 2k
ZIEBNE% —EBOEE Y — 4 icX » pH 2%
5z&itk, pH2.5~3.0 OBRICEEL S 5D T,
BIERTHOBENEET L ENTE D,

APDC-gk${t. &% MIBK ([Ciziid 2 BOREIZ
EHOTEETHY, ERUERROBEATORERDIE
EAENCTITH 7z, 158, HIEBICIHRERDOED
DEIZE  DBEAMNEIL ;- 1ods, BHIKIIKBETE
BEEODMBRREOOONRH D, TOHARRELI
HATE - 12, SEDEA = v H Y IKS b A KR
X2 [KE~NDELBOTHPHhRERHE] -k
BEMID SNISh - 1208, ImiEH bRk
KB L1 BA I S HITKENDEBOBITHD -
feo Uleh3oC, KBEABEOSMHITEZKETF
BlgkscEmgEF L0 b0 EbN 3.

—HRICEEERAKD K ST, RATNCHIZDELVE
HEBERELTOS DI, RREERSBEORRETTL
WAL UIROOT, BEEE UTHRE LR &
Z10%DOATEZEOHEANTHEA TS EMNTE 5.
COBAMBICAVZERBE 2SN, SEDHE
BOMBEL A zohict DT Ehic#%:
SOEIHHT2ODEBOND DS, BEEOEZEN
HobhdDT, T ULAFBEERIIEERVIEH
Ko,

fBEEORACH I VAE T NERO—DICFT
F—WRROADUNH 5. BE L OEBD S biC
{3 N/2-HCl T4 icgkzmib T F U ARICE
BT aPbH5DT, MEVCAZEEICEHE LEE
CRERDOFEREI S, L UMBRS AICE T RULER
ZHTCEICEOBERERA ST EETHTETH 5.

JEFBIEIC Y 2 BBIERFD & ) H DFRBITON
TiZ PLATTE 5% Xk -THOTHEL TED S
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Tuj

- BEERRZ A - Nz

(BT 849%, 19714

hTwa. BERKRO &~ #13Si0; & LT 10~50
ppm FAETHDT, COTHRELDTKED. Ly
Lobhbiid Table 5 iCRU-ESiIC EOFh%EE
Wi ZOERREORERE 2483A 10T 2516
T Si ORIBE RS DT P OEZT, MED over
up Lich, #RA Lk a—AY— 7Y 7ORED
ZICHXT 2 DL BN 3.

Rkl ot Gamilg) 2hikds s,
Table 10 {T/RT LD /& X DP HETHARIETS
OPT B XURTFBOLETHERN T2 & 0H 5.
Fho, RFEOLEE OPT Hi3EHEE% 0.1%3MmL
1A BEE PTG, DP R TFTH4A5053. C
NRAEICELZSHE OFILBEICO N ELEZL LN
5. bbb, RFBOLE, OPT EizWIhbifs
BT @M1, BASEHSEREST 528 DP
ETRERB Y — 4 %28TAlE LT Fe®” % Fe** &3
BBRIEDH DI, HETDOBITAICER LT
Eitksd. UL, OPT BICEBOTIIEENE A1
X 3" hydroxylamine hydrochloride 1z X 280D 4 %
EWLTHDPRILH LN XD CHERRIEE VI C
ERE -1

i dipyridyl RiCdH - TIZFBE DS batho phe-
nanthroline, 2, 4, 6-tri pyridyle-S-triazine=>o-phenan-
throline>2, 2/, 2”-ter pyridyl>a, «’-dipyridyl DI
&R DM, ERFREHICHNS a, a’-dipyridyl
DFBEDL JIS HicH 0 515 o-phenanthroline X
DHEBLTENBFEREEZ LMD,

¥/, DP ORIV Y ADIFEE S T 5710,
BEORKTIRELY 1 BIEF Y ) WOTFBEHP LR
W EDDMTIE TR ONSELD BEVETHRE
LIS hidis S0,

T 5K, MIKEROTRE LIcERDP S, HE%
KB L1841 DP o2l OPT #H:o 41.6%
LYY, o4 4 VOB LZ T2 L5
L TH5, Mass 530 |3 DP Hic X 38DRIEIC
&H7c b, carbonate, nitrate, pyrophosphate, silicate
SOTHBEEY YEBOWIMCKI DS ENTES &
BRTNBL, bhbhoRIzIh%ED 530k
WX 3., Lirl, EEY YBEMA X ST pH 2L
1ERICBOTH, Bo5hIEBFETRILEDSE. 6%I1C
EEFE S ERER UL HIREEOMEL LY
LB DMHESMOBERICI 2L ALEZ 5.

PUbz$RT 2L, BUTOEBTHRERICK 528
DUEHETRA A VRO LEBIKA AV REITDE
LZHOHERBEING. L bioA + v ORETES
W 2 I+ 3 TBBERDRAKCOAEHEVLS

25, WHE, EEANKTIR PO & LUTEHO0.4ppm
(#iFH 2.0~0.0ppm) EETH D, REAHFEINET
IRV, Y RATELEE IR XU YAV
LD & IR L, FRERic X 0 gAKiL DK%

SEIERIKE LTHBATE 2 EWHSBRIEAEZ 28T
BWDH L EBRRTNE., L LAEIORERD S
2, 1EAWBTOIEETHRERL LIoKIZZSIT
HDITEEBO T BOMRETIL ) RENH 5
EWVWZ XD, bbb, ELRCIXOFERRLEND
TERBUERAKE LTHRERHTH Y, ToilE
LTRERTEXRNC EBELNTH B,

RO BB OB OHBEBRDLOI UL
BHREBEFNMEFRAZ TRABLICE#H N LE
T. (FHREOABIIBPFMER R TS AT
BOTRELR

L #

D) BETBOLAEMTE O EERE K~ DB A%t
AW LT A, APDC-MIBK # ki o,
EUXER, BHERNZEO WFhhrod BREFTH -7
APDC #Eingiio pH ofgicid, —EBOFRY —
FERRMTACEE LIz,

2) fEEHEE LTHE L HCl #iikR B0
HBOREREERT S bOEKRE, 10%50REHH
W CREGE AN DOBHBTIRET H - fe.

3) EBUTAREH:TRO «, «-dipyridyl (DP)i%, T
/KRB LD o-phenanthroline (OPT) %
FURFBOLHIC K Y BERKDOSERBEE L
fek A, OPT BlIRTFEOEHI B LIERSA
7o%5, DP gid»Z DB EZR U, ORI
DP #:ofiinny, FOE, fho4 2 v OB Ll
BELTWha.
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