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Spectrophotometric Determination of Anionic Surfactants on the Basis of Color
Change of Bromopheno! and Blue Bromocresol Green with a Quaternary Ammonium lon.

Kam Samg-kyu*, Oh Youn-kemn*
Summary

A simple and rapid spectrophotometric method for the determination of sodium dodecylsulfate
(SDS), sodium dodecylbenzenesulfonate (SDBS), and sodium dioctylsulfosuccinate (SDOSS) was
established by the reaction of these anionic surfactants and cetyldimethylbenzylammonium ion
(CDMBA®) with each of bromophenol blue (BPB) and bromocresol green (BCG), and the
absorbance measurements were made at 590nm and 614nm, respectively.

In the reaction of CDMBA®* and each of BPB and BCG, the conditions of pH were suitable in the
range of 6.0~8.5 and 7.0~9.0, respectively. Beer's law did hold in the range of 0~389.3ug for
SDS, 0~470.4¢g for SDBS, and 0~622.4ug for SDOSS. Many foreign inorganic ions present in
water did not interface. The average recoveries for anionic surfactants in river water were 96.6~
105.2% for BPB and 94.8~105.2% for BCG.
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scintillationdy, HPLCW], TLCY, fluorimentry
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% ¥3F=Y Fol it

Two-phase titrimetry2 4] Li and Rosen (1981)
< A4EYAAY (dimidium bromide,
erioglaucin 3 H,SO0.# ¢ E4e)3 254z
4 CHCl, ¥ CHCL3} 1-nitropropanes}e] &%
4ol & 21833 Hyamine 162224 HAPFo 24
sodium dodecylsulfate (c]3} SDSz} <4¥),
sodium dioctylsulfosuccinate (°]3} SDOSS2} <
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(1983) & <ol 4 AAYAA EA8} Yoz
victoria blue B, &#&vi=4 1,2-dichloroe-
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g, Li F(1984)2 thymol blues}
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polarographyel| ¢|#] SDS, SDBS& #A¥slgl=,
Pihlar % (1986)& bis(dimethylglyoximato)
nickel (I) 2ol AIFA) @ FaAsAs
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Z$ o|l4 ¥ adsorptive stripping voltammetryo}
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o 2+ Kapp and Vinogradov (1978) 7} o= 7}#
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€ % QU9E3AE Seidoz AS3o #3
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O~-CH,CN-paired ion #<(0.2M tetramethylam-
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41 $A)& 900:50:50004 50:875:50o2

solvent gradient profile systemof 2% SDBS#
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base2 8] =A¢ YaFo28E Alltech CN,
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o4 FFP= &A%+ post column dynamic
extraction systemod s|#] SDOSS¥ A %3}sict,
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of 23 £ Ae3gdx, Rubio-Barroso (1988)
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4+ 713l CHCL %€ 553nmol4 3= &43
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-chloro-2-pyridylazo) -5-diethylamino-phenolato}
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#&3e 560nmelA FFE &Aste] SDOSS#
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o]-22] 3§ toluene E+ benzenel 3}
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brane2 2 =4¥ phase separator® $71%&
+23ld §713¢ 658nmelHd FFE 3o
SDS& Aasigich.

fole4 AHLAA FA APUE AH
»a, Li and Rosen (1981) 3 Tsubouchi and
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(Mukerjee, 1956) & %714l 43 #7144
o] FAIY dgE ALAF7] HH {13 B
+4¢ W22 #=, basic fuchsine] ¢ SDS
o] A=y (Waite and Wang, 1976) 2 -2ok4
7t z=3o] Padxn, A¥4de] AeoA He
Fo| =9, triphenylmethane® 44, methylene
blueo} 2|¥# SDOSSe F#¥Y (Motomizu ¥,
1982) & B &°lE %3& NO, (10°M ol o 4%
o] 2},
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39 bromophenol blue (o}3} BPB&l <F3),
bromocresol green (o]3 BCGah <} 21 ¢
AZ|E FHAe H4F YEF o2 (% Q=
2y) cetyldimethylbenzylammonium ion (o]3}
CDMBA'gl 48§ A3l #ol24 AWYA
Aol Akl Aledled mgich

BPB 9 BCG %<& bromosulfophthaleind &
o] 4 MAzA AT UEudY AP F=2
A} 313l o} (Tatsuzawa § 1970, Sakai 5 1983).
BPB % BCG+ pH 7.5% <44 CDMBA'# 3
7}sl" CDMBA‘'s} BPB 3 CDMBA' BCGe}9|
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133 Yde uYPdA. & %§4 pH,
1], FEEAA AW 9% 5 A%zl o
o] Fedta A4 Fof §83d T2 FAE
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A 8 % o

A1 9% 717]—BPB4 <4 (5X10*M Wako Pure
Chem, Co., Japan, 4|t %3F)& 167 5m€ &
of %o AP 500wz o] Agiglon,
BCGE& 4 (5X10*M, Wako Pure Chem. Co.,
Japan, 2leF %F)& 174.5%% 0.0IM NaOH 5
o 7isted Ee3in &4 7hle] Ak 500w
23] Ag3gdm, SDSH (144.2u9/n, Wako
Pure Chem, Co., Japan, purity 99.2%), SDBS
898 (174 2¢g/mé, Wako Pure Chem, Co,
Japan, purity 99%) 3 SDOSS$ < (222 .3ug/nf,
Aldrich Chem, Co, USA, purity 99%)& 4714
g Zz ol S35t Al AT =
F ol& 44 Table 1of FAI3tE M 4F U=
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9% AANA g 2dz dFPgE 2o £
3le] 5X107°M2 3o Alggod, dHgQL
Wako Pure Chem, Co, (Japan) ¥ Junsei
Chem. Co. (Japan) ol A|¢&%F =& 134
kg Afel wat EYsia pHE Azl AL

g, Zlelie ABd XF =+ 1F40%E
2183} gic),

H3 5+ HP8452A Diode Array UV/Vis
Spectrophotometer§, pHt= Metrom 6204 A}&
ste] &3l

Table 1. Quaternary ammonium ions (Q') examined

Salt Abbreviation Supplier* Purity
Tetraalkylammonium salts
Tetramethylammonium chloride TMA-C1 A >97%
Tetraethylammonium chloride TEA—C1 B 298%
Tetrapropylammonium chloride TPA-Cl A 298%
Tetrabutylammonium chloride TBA-Cl A >98%
Tetraamylammonium chloride TAA-Cl (o] >95%
Alkyltrimethylammonium salts,
Octyitrimethylammonium chloride DTMA-CI D >98%
Decyltrimethylammonium chloride DTMA-CI D 295%
Dodecyltrimethylammonium chloride DDTMA-C1 D
Tetradecyltrimethylammonium chloride TDTMA-CL A >98%
Cetyltrimethylammonium chloride CTMA-Cl1 A >988%
Stearyltrimethylammonium chloride STMA-CI1 D 297%
Alkyldimetylbenzylammonium salts
Zephiramine Zeph-Cl D >98%
Cetyldimethylbenzylammonium chloride CDMBA-C1 A 297%

* A :Fluka Chem, Co., Switzerland
B : Aldrich Chem. Co., USA

A% —SDS(0~389.3u9), SDBS(0~470.4p
9). SDOSS(0~622.4p9) ¥H3l: £4¢ Z7
25m08 5 Feltaol sa ool pH 7.584
10s#, CDMBA® 3a¢, BPB =+ BCG 1.5w& 7}
e §2 F47AA AN, AEE4dA & 7}
3lo] g 2oz W4 UE S48 oz
84 500nm =+ 6linmol4 FF=§ ZAsigl
o},

A3 9 313

AA4E] F4 FTH-AS 24 SDS 216.3¢
g& 25m & ¥tz H3lm, o7 pH
7.5 10a#, CDMBA' 3&¢ ' BPB =& BCG 1.5
mi& 7isled Awiel wa} 44E AAHRYEL
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C : Wako Pure Chem., Co., Japan
D : Toko Kasei Co., Japan

¢ Wzdeoz 3o A4Y F434e Fig.15
ch,

Fig.1el4d <& 4 gle ule} Fej BPB =+
BCGs} CDMBA'stel -4 A3 27 ohg §4
FA¢ uglon], ofs)ef SDS7 EMs nhe
BPB =& BCG 4lo] Aslal& 3¢ & 4 it}
o} A2 EA3lx SDSY ¥ =918 CDMBA'SH of
22%37] wEe] CDMBA'SY ¥57} ished
CDMBA's} BPB %+ BCGS}e] Ab5ago] o=
7 g Aoz zEg,

% 1,2& BPB £t BCG x$9 $4340|
=, 3.4& BPB =+ BCGS} CDMBA'$he] 4
A3 Y4se 53409, 568 SDS 23
14 BPB =& BCGS} CDMBA'she] wh-g7d3
B4=e F4FHol},
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Fig.1. Absorption spectra of BPB(3x10°M) and

BCG(3X10™°M) reacted with CDMBA"(6X10°*
M) in the presence of SDS(3X10°M) at pH

olofzto]l F4ITHe wWHelel wis (—)I4E
o iot (4)F4€ A MFUEEGA AHY
Axrtole] ded o] LAY PAtE Ehals]
| Zaka, (H)AHEAH EA3 SO,7, CO07|
¥ 7HAle #718U%E ML+ micelled] water-
rich stern layer2 24 sle] sandwichwjdg -}
Hozd V54 SOy, COOSl 488 75
Asla, -N'Ry7lol| of#] WL whapd Ryol &
B Y Y ADRAAY {1 LA}l
vander waals 432}%0] 7l§3lnz oloe
BAstel A DA olAigAe] g 2P
2 Ao okeixlm 3o}, (Garcia and Sanz-
Medel, 1986)

pHe <da—Q'9} BPB =+ BCGs}e] o|2 3

7.5. Curves of No. 1, 2, 3, 4 5 and 6

were obteined from BPB(imax, Abs:Sonm, o1 CIXE PHS 2% A=s 3o o3

1.953), BCG(imax, Abs:6l4nm, 1.335), 712 pH}$4 o 10w, CDMBA' 2» Y BPB %
COMBA" and BPB(imax, Abs: §52nm, € BCG 1né¥ 25a¢ &3 Felrz3o) stz A
1.223), CDMBA" and BCG(2 Abs : =

ssanni 0.998), SDS, CDMBAf,m::d BPB(1 Bl @ 28 dadjeoz sted 590nm ¥-&
mex.  Abs : 590nm (1.003), 630nm (0. 955)), 6l4nmel4 FHE=F $3E A7+ Table 29 2
and SDS, CDMBA', and BCG(imax, Abs : t}.

625nm, 0.750), respectively.

Table 2. Effect of pH for the ion associates of CDMBA® wich each of BPB and BCG.

Absorbance (590nm) Absorbgance (614nm)

pH Buffer added
BPB(A)* CDSEET(B)‘ A-B* BCG(C)* CDB%CB%‘F D)* CcC-D*
1 HCi+KCl 0.015 0.106 -0.091 0.008 0.035 -0.027
2 HCI+KCl 0.086 0.195 -0.109 0.014 0.078 -0.064
3 IM HOAc+ 1M NAOAc 0.124 0.256 -0.132 0.026 0.110 -0.084
4 IM HOAc+ 1M NAOAc 0.526 0.275 0.251 0.107 0.145 -0.038
4.5 IM HOAc+IM NAOAc 0.846 0.279 0.567 0.358 0.195 0.163
5.0 1M HOAc+IM NAOAc 1,125 0.299 0.826 0.556 0.228 0.328
5.5 0.2M KH,PO,+0.2M Na,HPO, 1.265 0.343 0.922 0.734 0.243 0.491
6.0 0.2M KH,PO,+0.2M Na,HPO, 1.303 0.363 0.940 0.816 0.258 0.558
6.5 0.2M KH,PO,+0.2M Na,HPO, 1.308 0.366 0.942 0.870 0.278 0.592
7.0 0.2M KH,PO.+0.2M Na,HPO, 1.309 0.368 0.941 0.891 0.223 0.668
7.5 0.2M KH,PO.+0.2M Na,HPO, 1.307 0.365 0.942 0.889 0.221 0.668
8.0 0.2M KH,PO,+0.2M Na,HPO, 1.305 0.364 0.941 0.888 0.219 0.669
8.5 1M NH,OH+ 1M NH,CI 1.306 0.366 0.942 0.889 0.225 0.664
9.0 1M NH,OH+1M NH,Cl 1.308 0.386 0.920 0.892 0.224 0.668
10.0 1M HN,OH+1M NH,CI 1.292 0.403 0.889 0.890 0.235 0.655
11.0 1M NH,OH+1M NH,CI 1. 0.408 0.876 0.889 0.258 0.631

* A,B,C and D are the absorbance of BPB(2x10°M), BPB-CDMBA'(4Xx10°°M) ion associate,
BCG(2X10*M), and BCG-CDMBA" ion associate at different pH values, respectively, and A-
B and C-D mean the subtraction of B from A and D from C.
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Table 2044 ¢ ¢+ Qi+t uis} 3] BPB} fdsict, =2td BPB ¥¢& BCG2} CDMBA'e}9
CDMBA' 3 BCGs} CDMBA‘ste] ub-g pHellA kg pH=AL 72 6.0-8.5 9 7.0-9.0d%
6.0-8.5 ¥ 7.0-9.0o44 Zz o] FFE= a§ % + Aok,

Table 3. Effect of Q' for the ion associates with BPB in the presence of anionic surfactants
AS (SDS, SDBS, and SDOSS) at pH 7.5.

AS- Absorbance (590nm)

Q* None (A) * SDS(B) * B-A* SDBS(C)* C-A* SDOSS (D) * D-A*
TMA* 1.940 1.948 0.008 1,946 0.006 1.950 0.050
TEA® 1.952 1,956 0.004 1,948 -0.004 1.948 -0.004
TPA* 1.948 1.947 ~0.001 1.950 0.002 1.940 -0.008
TBA®* 1.954 1.962 ~0.002 1.956 0.002 1.953 -0.001
TAA® 1.945 1.948 0.003 1,947 0.002 1,947 0.002

OTMA* 1.856 1,952 0.096 1.953 0.097 1.946 0.090
DTMA® 1.586 1.950 0.364 1.962 0.376 1.945 0.359
DDTMA® 0.852 1.945 1.093 1.948 1.096 1.952 1.100
TDTMA® 0.646 1.948 1.302 1.952 1.306 1.948 1.302
CTMA® 0.488 1.950 1.462 1.945 1.457 1,950 1.462
STMA* 0.465 1.948 1.483 1.952 1.487 1.952 1.487
Zeph® 0.463 1.950 1.487 1.956 1.493 1.955 1.492
CDMBA* 0.450 1.953 1.503 1.958 1.508 1.962 1.512

% A,B,C and D are the absorbance of ion associates of Q'(6X10*M) with XBPB(3X10*M) in
the absence and in the presence of ' AS (6X10°M) (SDS, SDBS, and SDOSS),
respectively, and B-A, C-A, and D-A mean the subtration of A from B, C, and D,
respectively,

Table 4. Effect of Q' for the ion associates with BCG in the presence of AS (SDS, SDBS, and
SDOSS) at pH 7.5.

AS” Absorbance (614nm)

Q* None (A) * SDS(B)* B-A* SDBS(C)* C-A* SDOSS(D)* D-A*
TMA® 1.334 1.338 0.004 1.336 0.002 1.337 0.003
TEA® 1.337 1.335 ~-0.002 1.333 -0.004 1.328 -0.009
TPA® 1.329 1.335 0.006 1.328 -0.001 1.325 -0.004
TBA® 1.325 1.332 0.007 1.326 0.001 1.330 0.005
TAA’ 1.327 1.330 0.003 1.330 0.003 1.324 -0,003

OTMA" 1.268 1.338 0.070 1.335 0.067 1.333 0.065
DTMA* 1.207 1.332 0.125 1.330 0.123 1.330 0.123
DDTMA® 0.725 1.336 0.611 1.328 0.603 1.328 0.603
TDTMA® 0.543 1.335 0.792 1.332 0.789 1.330 0,787
CTMA® 0.369 1.328 0.959 1.335 0.966 1,336 0.967
STMA* 0.345 1.330 0.985 1.332 0.987 1.330 0.985
Zeph® 0.342 1.325 0.983 1.328 0.986 1.332 0.990
COMBA"* 0.337 1.335 0.998 1.338 1.001 1.340 1.003

* A,B,C and D are the absorbance of ion associates of Q'(6X10°M) with BCG(3X10*M) in
the absence and in the presence of AS (6X10*M) (SDS, SDBS, and SDOSS), respectively,
and B-A, C-A, and D-A mean the subtration of A from B, C, and D, respectively.
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Q' 3=, BPB =& BCG 1.5»% 7131y Hekd
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6linmoA A FR=§ &Y Az Table 3,49
ek,

Table 3,404 4 3= visgl Zo| Qo ¢
217 A4% ASY FE #5ol e 2 3=
ol § Yuidd 4719 AL INVE FHAE Q
€ AS'9 FERTFs BAgel FF=ol Aolr}
A9 gd4€ & & ik, oA Q' YA
ArE AS'ohe] ol&te] Z3n, =9 BPB
EE BCGols| ol¢ Y= FHé ¢ + U
L 4golde Q24 viax 71 4 d4¥F 7}
A1, &£44e] Z3le], BPB =& BCGS} 713
ol &2|¢ol 74 CDOMBA'¥ ~H43gich,

CDMBA'¢} AS°ste| whgu]—CDMBA'S} AS
stol whgu|F Hu3r] #Hle] SDS 144.2u9,
SDBS 174.2p9, SDOSS 222 3ugel cisje] g
Wol o2l CDMBA'S =4 Ha4A7e {4
Azdoz2 3 FRe§ &Y A3 Fig.29
A},

Fig 2014 & 4 S+ uls} o] (CDMBA')/
(AS)+ 1§ =73 s}oje| CDMBA'7} BPB
& BCGool wigof o) FFert FLdcta
Alg o), el CDMBA'el AS& 1:12 ukg
& ¢ # g,

BPB 9 BCGe| ¥-tg—2itgo) Y23 BPB
3 BCGS ZzZe] Arlgg <Udelir] A
CDMBA' 2miof ti#) BPB % BCGe] =4 %
A1 Aol o2 g€ dzBo 3l A4
590nm, 6l4nmej4 HFF=§F FAY AA:e
Fig.3% it}

Fig. 314 <« 4 9+ vule} Fo} (BPB)/
(CDMBA') % (BCG)/(COMBA'}¥& 0.5 3lo} 4
€ 3=t A9 UA#Hz o] o4l BPB
9 BCG ¥x9 Frlofl oz Adzez Frg
€ ¢ £ Ao, "y AS ' Hrle] BE FF
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£ %71& 48] CDMBA' 3mfol| i3 BPB =+
BCG 1.5%¢ 7}sisic.

Ao Ag—Agdel el FYE AFdL
Fig. 49} Zc}. SDS, SDBS 3 SDOSSe] gy
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3, ABA4E 22 0,999, 0,999, 0.99901%ic},
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Table 5, Effect of foreign substances on the determination of SDS, SDBS, and SDOSS by the

use of BPB.
SDS, g9 SDBS, ¢ SDOSS, ug
lons substances added, p¢ ————————Recovery, % Recovery, % Recovery, %
Added *Found Added *Found Added *Found

NH, NHCI 5,000 216.3 215.5 06105 2614 265 %8105 3IB4 NS5 K105
Ag’ AgNO, 50 2163 225 98.2£08 214 270 93103 3W4 BVLS5  9.4103
Ca® CaCl, . ZH,0 5.000 2163 245 92404 614 280 97105 IB4 365 1009105

50,000 2163 213.5 987403 22614 285 989103 3IW4 WS NT7X06
Mg" MgS0, 500 263 2155 96404 2614 2685 8905 W4 W05  99.1106

50,000 2163 2145 982405 2614 290 99,1106 3B4 N85  B.5:05
Mp® MnCl, 4H,0 50 2163 2185 1010404 2614 2645 1012805 3334 395  988+05
Pv* Pb(NOy}, 50 263 219.0 101.2£03 2614 2635 100806 334 305 991103
Ni* Ni(NO,},.6H,0 50 2163 219.5 100.5£0.4 2614 2630 100605 3334 ]S 1012405
Ba" BaCl,.2H,0 50 2163 219.5 101506 261.4 2635 100807 3B.4 6.5 100.6+0.6
i Za(NOy), 6H,0 50 2163 219.0 1012405 261.4 2690 991405 3334 360 1005806
Hg* Hg (NOy),.nH,0 500 263 218.0 1008+0.4 2614 2695 99305 334 3BS  1009:0.4
Cu® Cus0,.5H,0 500 216.3 218.5 101.0£0.5 2614 2655 101,603 334 36.0 1008£0.3
AP AI(NO,), 8,0 20,000 2163 2185 100.0£0,7 2614 2625 1004105 334 355 1006104
Fe* FeCly.6H,0 *20.000 2163 219.0 101.2+0.5 2614 2655 101.6%0.5 3334 336.0 100806
cr NaCl 500,000 216.3 212.0 98.0105 2214 280 98705 334 S5  9.1+05
Br KBr 5.000 216.3 214.5 99.2+0.3 2614 275 ®B506 3BV4 W3 WIR07
r Kl 20,000 2163 218.0 100805 2614 2635 1008403 3B.4 365 100.9103

50,000 2163 227.0 1049405 2614 258 105506 334 BT 106.5£08
BrOy  KBrO, 50,000 216.3 218.5 101005 2614 2635 100808 3B.4 365 1009107
NO;  NaNO, 50.000 216.3 219.5 1015406 2614 2645 101,202 334 375 1002205
NO,  NaNG, 100,000. 216.3 214.5 92405 2614 275 9835103 33B4 1.8 B95+06
SO.*  NaS0, 5.000 216.3 217.5 1006403 2614 2640 1010402 334 3365 100605
HCO,  NaHCO, 5.000 216.3 218.0 1008408 261.4 %635 100805 3334 365 100.9%0.3
CO,"  NaCo, 50,000 216.3 215.5 %96+£03 2614 285 989+03 334 JS  99.4303
Co» HGO, 50,000 216.3 215.0 94402 2614 2678 986105 3B4 P08 92105
CN KCN 5,000 216.3 215.5 996+0.7 2614 285 9BIIE05 334 V07T 92105
HSO;  NaHSO, 50,000 216.3 214.8 99.3+05 2614 2625 1004103 3P4 55 1006103
S0~ NasS0, 50,000 216.3 214.0 989105 2614 288 ' 99.0+0.5 334 3368 101.0£05
5,00 NaS,0, 5H,0 5,000 216.3 2145 992+06 2614 2635 1008105 3B4 V7S5 102.0+03
SCN-  KSCN 10,000 2163 285 1010407 2614 2628 100503 384 365 100.9%05

20,00 2163 3.6 108.0+0.6 2614 2878 110.1%0.7 334 0.1 108.0+0.7

% Mean value of three determinations
% The agueous solutions were used for the meseurement of absorbance after centrifugation
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Table 6. Effect of foreign substances on the ditermination of SDS, SDBS, and SDOSS by the

use of BCG.
SDS, pg SDBS, ug SDOSS, p9
Jons substances added, pg Recovery, % Recovery, % Recovery, %
Added *Found Added *Found Added *Found

NH NH,C 90,00 216.3 214.8 99.3+02 2614 2670 983105 304 3298 9$8.9+0.4
Ag®  AgNG, 50 2163 213.7 99104 2614 265 $8.1%03 3B BLS 99402
Ca" CaCl 2H,0 5.000 216.3 214.5 992+05 2614 285 BI04 3B4 W70 1011104

50,000 216.3 2138 988106 2614 283 B804 3B4 W5 97403
Mg MgSO, 5,000 2163 215.0 94305 2614 295 99306 3B¥4 V0S8 9.210.6

%50,000 216.3 245 92407 2614 2650 1014103 334 B8 1004105
Ne*  MaCl 410 500 263 7.8 1007805 2614 2655 1001.6403 33B4 390 %7103
Pb* Pb(NO,), 500 2163 28.6 1011205 2614 2645 1012304 34 312 93102
N Ni (NOy), . 6H,0 50 263 219.0 101.220.4 2614 2635 100805 334 B70 10111205
Ba* BeCl, 24,0 00 2063 219.5 100.5£08 2614 263.8 1009307 334 55 100.6%0.6
n* Za(NO,)..6H,0 00 216.3 218.6 101.1£0.7 2614 2580 98706 3W4 365 1009105
Hg* Hg (NO,),.nH,0 500 2163 217.5 100608 2614 285 989107 334 365 1009+0.8
Ce*  CuSO,5H0 50 2163 2188 1012403 2614 266.5 102.0+08 3B4 365 100.910.7
AP AL(NOy), 5,0 2,000 216.3 2185 101.0£0,7 2614 2620 100.2£0.3 334 358 100.710.6
Fe* FeCh 60,0 ¥20,000 2163 2183  101.4£05 614 2658 101.7£06 3B4 365 1009107
cr NaCl 500,000 216.3 213.5 8.7£05 214 285 89106 3B4 308 98,9104
Br KBr 50,000 216.3 214.0 989105 1.4 2270 983t04 3B4 W5 99.7+0.3
I K 2,000 263 285  101.0%0.7 214 275 B5:08 3B4 BS 104107

90,00 216.3 229.5 106.1£1.0 2614 2745 1050403 334 ;W5 105.7+1.0
B0,  KBrO, 50.000 216.3 218.0 100,803 261.4 2658 101.7405 3.4 368 101.0:06
NO, NaNQ, 50,000 216.3 219.8 1016403 2614 2648 101305 334 3375 101.2+08
NOy NaNO, 100,000 216.3 214.5 92402 22614 270 BIE06 3W¥4 BI2 N304
SO&  NasSo, 50,000 216.3 217.8 100.740.3 2614 2645 101.240.3 3B.4 345 1003205
HCO,”  NaHCO, 50,000 216.3 218.5 101.0£03 2614 2640 101,002 334 3O 100.5+0.3
CO"  NaCo, 5.000 216.3 215.0 99402 2214 2680 %.7+03 3B4 B0 93105
CoYr  HCO, 50.000 216.3 214.8 993105 2614 2675 B5E04 3W¥4 35 9706
CcN KCN 5.000 216.3 245 92+03 2614 280 987+05 334 08 92404
HSO,  NaHSO, 50,000 216.3 214.3 91204 2614 640 1011205 3B4 365 100.9+05
SO NaSO, 50,000 216.3 24.0 989107 2614 2635 1008+0.3 34 W5 101.2104
$0"  Na$,0,.5H,0 50,000 216.3 214.5 9.2403 2614 2640 101005 334 3360 100.8%0.3
SCN° KSCN 10,000 216.3 218.5 10.0£0.5 2614 2635 1008407 34 3355 100.60.7

20000 263 256  108.9%0.7 2614 205 11.1#08 3B4 XH28 108.3+09

-

* Mean value of three determinations
. ¥ The aqueous solutions were used for the meseurement
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Table 7. Determination of AS in river water by the use of BPB,

SAMPLE *AS”

Recovery
csion SIS pu | fouws pum tomd 0
Ongpo river Middle August 15th, 1991 50 0 0.11
50 0.58 0.71 103.4
Lower August 15th, 1991 50 0 0.16
50 0.58 0.72 96.6
Chango river Middle August 16th, 1991 50 0 N.D
50 0.58 0.61 105.2
Lower August 16th, 1991 50 0 0.17
50 0.58 0.76 101.7
Kangjeong river Middle August 16th, 1991 50 0 0.25 :
50 0.58 0.86 105.2
Lower August 16th, 1991 50 0 0.38
50 0.58 0.98 103.4
Yeonwoi river Middle August 16th, 1991 50 0 0.12
50 0.58 0.72 103.4
Lower August 16th, 1991 50 0 0.34
50 0.58 0.95 105.2
% : Samples were filtered through a glass filter after concentrated five times
% :SDD as AS" was added to the samples,
N.D. : Not detected.
Table 8. Determination of AS™ in riverwater by the use of BCG.
SAMPLE *AS Recovery
Location sa&%lu{lg Date ﬁ::}pz ?::;? I{&;‘;‘)i 6
Ongpo river Middle August 15th, 1991 50 0 0.11
50 0.58 0.72 105.2
Lower August 15th, 1991 50 0 0.16
50 0.58 0.71 94.8
Chango river Middle August 16th, 1991 50 0 N.D
50 0.58 0.61 105.2
Lower August 16th, 1991 50 0 0.17
50 0.58 0.78 105.2
Kangjeong iver Middle August 16th, 1991 50 0 0.24
50 0.58 0.84 103.4
Lower August 16th, 1991 50 0 0.13
50 0.58 0.74 105.2
Yeonwoi river Middle August 16th, 1991 50 0 0.34
Lower August 16th, 1991 50 0.58 0.93 101.7

# : Samples were filtered through a glass filter after concentrated five times
* :SDS as AS was added to the samples,
N.D. : Not detected, 57—
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Tbale 9. Recovery test of SDS, SDBS, and SDOSS by the use of BPB.

Sample SDS. ug Recovery SDBS, ug Recovery SDOSS, ug Recovery
No.  Added Found ™  Added Found ®  Added Found = ¥
1 216.3 220.5 101.9 261.4 266.5 102.0 333.4 339.5 101.8
2 - 216.3 223.5 103.3 261.4 264.0 101.0 333.4 340.5 102.1
3 216.3 214.0 98.9 261.4 255.5 97.7 333.4 328.5 98.5
4 216.3 216.5 100.1 261.4 260.5 99.7 333.4 330.5 99.1
5 216.3 213.0 98.5 261.4 262.5 100.4 333.4 332.5 9.7

Error range : +3.3%

Error range : +£2.3%

Error range : +2.1%

R.S.D,: 2.04 R.S.D.:1.25 R.S.D.:1.62

Table 10. Recovery test of SDS, SDBS, and SDOSS by the use of BCG.

Sample SDS, ug Recovery SDBS, #¢ Recovery SDOSS, pg Recovery
No  Added Found ™%  Added Found @  Added Founa ¥
1 216.3 221.5 102.4 261.4 267.5 102.3 333.4 0.5 102.1
2 216.3 224.0 103.6 261.4 265.0 101.4 333.4 3415 102.4
3 216.3 213.5 98.7 261.4 254.5 97.4 333.4 327.0 98.1
4 216.3 215.5 99.6 261.4 260.0 99.5 333.4 330.5 9.1
5 216.3 212.5 98.2 261 .4 263.5 100.8 333.4 332.5 99.7

Error range : +3.6%

R.S.D.: 2.34

Error range : +2.6%

R.S.D.: 1.93

Error range : 12 4

R.S.D.:1.88

| 8

444 8¢l BPB 9 BCGE pH7.5 244 2
GUNE e AT FEElL @)Y CDM-
BA'¥ 3-7131= CDMBA's} BPB 3 CDMBA'‘s}
BCGstel 4xagel o8 2z Aol =3
A, AAAN ARMoz @ASIn, oY Aol

mE #olSAAHEYA (AS) & H7isid AS 9}
Q7 ol &Y wEA Q'S FES Fase]
Q's} BPB =+ BCGste] 4234 dasjaz
AS'9] Z7tof =} BPB =+ BCGel 249 4
ol AdAE A& ol8sd A7 5%nm, 614nm
A FF=E At Feld AWYAMY
SDS, SDBS ¥ SDOSSS| +#Z=334¢ ¥4y
sgen, it 2 AsE A4

1. CDMBA's} BPB 9 CDMBA'$} BCGe}o|
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ol Yol uixe HAH wg pHe A7 6.0-
8.5, 7.0-9.00l=3, CDMBA't AS'% 1:12 9
¢ ¢+ U

2. SDS, SDBS %l SDOSS9 Azwsle 474
0-389.3ug, 0-470.4pg. 0622 4pgos o|ollA
sz WL FEUNAA Ao shEIgc.
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