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Examination of confirmation method for ion species in acidic and alkaline household
cleaners by ion chromatography

Maiko Tahara®, Tsuyoshi Kawakami and Yoshiaki Ikarashi

Amounts of acids such as hydrogen chloride and sulfuric acid, or alkalis such as sodium and
potassium hydroxide in liquid cleaners for residential use or household use are restricted as harmful
substances by the Act on Control of Household Products Containing Harmful Substances. However,
the official analytical method using titration is not able to quantify these substances accurately when
present in mixtures with other acids and alkalis that are not designated as harmful substances.
Therefore, herein, a novel analytical method based on ion chromatography was proposed for
identifying ion species. The proposed method has qualitative ability for the acid and alkali components
of 23 targeted cations, anions, and organic acids, although peaks were not completely separated in
some cases. The analysis of five commercial detergents by the proposed method showed that acid
and alkali components could be easily quantified. Moreover, the analytical results for acidic cleaners
confirmed the presence of phosphoric acid in addition to hydrogen chloride, indicating that the
currently used titration method could be unreliable. Therefore, the proposed analytical method based
on ion chromatography can be utilized as a confirmation method for harmful substances in household

cleaners.
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Table 1 Household-use cleaners investigated in the study
Sample Ingredients Property Use

A hydrogen chloride (9.5%), surfactant, auxiliary agent Acid Toilet cleaner

B hydrogen chloride 95% (w/v), inorganic acid, surfactant Acid Residential toilet cleaner

C hydrogen chloride 95% (w/v), inorganic acid, surfactant Acid Commercial toilet cleaner

D sodium hydroxide (2%), hypochlorite, surfactant Alkali Drainage port / pipe cleaner

E surfactant, sodium hydroxide (1.4%), hypochlorite Alkali Toilet cleaner
2. Wik L7z, Z010mLZIEFEICIRY, I EELHS 3%H
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Table2 Results of titration measurement and pH of
the household-use cleaners

Titration (n=3)

NaOH or HCI consumption volume (mL) pH meter

1 2 3 Average
A 217 277 217 217 -040
B 42.1 422 42.3 42.2 -0.36
C 422 424 424 42.3 -0.38
D 12.7 129 124 126 1311
E 8.7 85 8.6 8.6 13.01
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Representative chromatograms under optimum conditions (The concentration of each standard in parentheses)

(a) Cations [Peak 1: Li* (0.25 mg/L), 2: Na* (1), 3: NH,™ (1), 4: MEA (5), 5: K* (2.5), 6: Mg?* (2.5), 7: Ca?* (2.5)]
(b) Anions [Peak 1: F~ (2), 2: Lac (10), 3: Gly (10), 4: AA (20), 5: Sul (10), 6: For (10), 7: CI~ (2), 8: NO,” (10), 9:
Br~ (10), 10: NO,~ (10), 11: SO~ (10), 12: Mal (30), 13: Suc (50), 14: Oxa (25), 15: PO~ (20), 16: Cit (100)]

Table 3 Optimal analytical conditions

Cation

Anion

Integrion RFIC
25 ul

Instrument
ICInjection volume

Methanesulfonic acid

Eluent 3mM (0-23 min), 3-30 mM (23-30 min),
30 mM (30-40 min)
Flow rate 1 mL/min

TonPac CS12A, 4 X 250 mm
TonPac CG12A, 4 X50 mm
35T

minAnalytical column
mmGuard column
Column temperature
Suppressed conductivity

35C

Detection

Cell temperature

1CS-2100, VWD-IC
100 uL

Pottassium hydroxide
3mM (0-21 min), 340 mM (21-50 min),
40-45 mM (50-55 min), 45 mM (55-70 min)

1 mL/min

TonPac ASI19, 4 %250 mm

TonPac AGI19, 4 x50 mm

35C

Suppressed conductivity, UV 210 nm
35C
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Fig.2 Calibration curves of each cation
(a) 1:Li*, 2: Na*, 3: NH,*, (b) 4 MEA, 5: K*, 6: Mg?*, 7: Ca**
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Fig.3 Calibration curves of each anion (1-8: solid line, 9-16: dotted line)
(@) 1: F, 6: For, 7: CI7, 8: NO,, 9: Br, 14: Oxa, (b) 2: Lac, 3: Gly, 4: AA, 5: Sul 12: Mal, 13: Suc, 16: Cit,
(c) 10: NO,™, 11: SO/, 15: PO/~
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T25%LL T THh -7z B FBRE (Limit of detection,
LOD) B L UE® FRM (Limit of quantification,
LOQ) 122V Tid, MEMRO—F T OREL 5 M5
M LBOBEERAED 3B LTI E Lz 204
H, LODIX0.25~21 ng/L, LOQIX0.84~69 ug/LTH -
7o, FWENGOBRMEP, MHBIMRE, RSD, LOD,
LOQIZDWTixTable 4 IZ/RT.
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TAHRKEZRYE—=27IZRONL 2 -725, OnGuard Tl
168 minlZ &R — 27 BE SN, Na ' OE=ITEEL L
1T97:0, EEIZIEIDISMICO A 3#12 X 2 Bt % F v
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R REIE Y B & IR S & BR T (IR 5 f%
w) O 2RETHIML 72 EHI D W T, DISMIC%E Awv
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D, TXRTOAF YFIZCTNOIRE T D BRI 72 B

Table 4 Performance of the proposed method

Peak Range (mg/L) Correlation coefficient RSD (%, n=5) LOD (ug/L) LOQ (pg/L)
1 Li* 0.025-0.5 0.998 0.79 0.25 0.84
2 Na® 0.1-2 1.000 0.80 0.34 11
3 NH," 0.1-2 1.000 0.70 045 15
4 MEA 0.2-5 0.999 0.57 1.3 4.3
5 K” 0.25-5 0.999 0.57 044 15
6 Mg?** 0.25-5 0.999 0.75 0.62 2.1
7 Ca®" 0.25-5 0.999 0.40 15 49
1 F- 0.1-5 1.000 0.44 34 11
2 Lac 0.5-10 1.000 052 3.0 9.9
3 Gly 0.5-10 1.000 25 16 52
4 AA 0.5-10 0.997 0.93 7.2 24
5) Sul 0.5-10 1.000 0.50 3.0 9.8
6 For 0.5-10 1.000 0.35 40 13
7 Cl” 0.2-10 1.000 15 13 45
8 NO, 0.3-15 1.000 0.12 12 40
9 Br- 0.2-10 1.000 0.38 15 48

10 NO;~ 0.6-30 1.000 12 18 60
11 SO/~ 0.8-40 1.000 052 14 45
12 Mal 0.5-10 0.999 0.66 44 15
13 Suc 0.5-10 0.999 1.8 12 40
14 Oxa 0.5-10 0.999 1.7 21 69
15 PO 0.6-30 1.000 0.61 54 18
16 Cit 0.5-10 0.999 0.66 39 13
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Table 5 Recovery of ion species from water (n=5)

Low High
Peak
Concentration (mg/L) Recovery (%) Concentration (mg/L) Recovery (%)
1 Li* 0.05 99.6 0.25 101
2 Na® 0.2 102 1 100
3 NH," 0.2 100 1 100
4 MEA 1 100 ) 100
5 K” 05 99.7 25 99.2
6 Mg** 05 100 25 99.2
7 Ca*” 0.5 101 2.5 99.9
1 F 0.5 100 25 100
2 Lac 1 101 5 100
3 Gly 1 99.6 B 100
4 AA 1 102 5 100
5 Sul 1 117 5 102
6 For 1 101 5 100
7 Cl 1 103 5 100
8 NO, 15 100 7.5 99.7
9 Br- 1 99.9 5] 100
10 NO;~ 3 102 15 100
11 SO/~ 4 96.5 20 99.2
12 Mal 1 99.6 5 99.6
13 Suc 1 994 5 99.9
14 Oxa 1 99.9 5 99.7
15 PO/ S 104 15 100
16 Cit 1 98.5 5 99.5

DESN, AW T ANV —~DORFET AL ERTES

Z L Sbdro7z (Table5).

AN & B HTIBEEH] 5 WD e R OKER, TR

TCl %, #MA, D, ETNa' 2%, #HEBBIUCT
PO,” 7" &7z (Table 6 B X UFig. 4). AT
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DI E139.3%35 & 1804% L ERX Tlr o725, 1) >
WA 97%PEH LTz, EROBRHAEE R DELH
mCHh o7z,

AFRFEEO I v 7 ADEBEZTLI %L
B ERRT 5 OATHEFICERTHETH - 7-.

4. ¥L®

R YA 35 & OYRIE H BRI H) h oA E W R I
ENTWVBIELAKTE F 72 13 mEE O NKER L MY o A
F 203K LS U T 2023 LT, BUTOREE ]

Table 6 Concentration of ion species in household-
use cleaners determined by the proposed

method
Sample Na* Cl” PO,
A 1.1 12 ND
B ND 9.3 9.7
C ND 94 9.7
D 2.6 1.5 ND
E 39 3.3 ND

Unit: w/v %, ND: Not detected

DFWEFERpHA — 7 — I X 2 METIE, AEWHICIE
EENTWRWBRELZT VA Y BMEH S TWEE
2, ALK F 72 3HRRRAE OIS AKERIE b Y A F i
KEBALA ) 7 ADOEHEIILE[NTH > TD, ikl
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Fig.4 Chromatograms of (a) product B and (b) product E

Left figure: cations, light figure: anions
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