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Abstract A method was established for the determination of main nonnitrogenous organic

acids including acetic lactic succinic maleic tartaric oxalic fumaric citric and aconitic
acids and three inorganic anions Cl~ SO,  and PO]  in sugarcane molasses and molasses
alcohol waste by ion chromatography with solid-phase extraction. The diluted sample solution
was purified by strong anion exchange SAX solid-phase extraction SPE in a small packed
column to remove most of sugar pigment and other interfering matrices. The eluate obtained
from the column was rinsed with diluted KOH solution and filtered through a 0. 45 pm inorganic
membrane finally separated on an anion column of IonPac ASI5 with the gradient elution of
KOH solution and determined with a suppressed conductivity detector. The pretreatment and
procedures of SPE for separating organic acids and inorganic anions from their matrix were in-
vestigated. The detection limits were less than 0.20 mg/L. The relative standard derivations
were less than 6. 7%. The organic acids and inorganic anions in three real samples two sugar-
cane molasses samples and an alcohol waste sample were determined the recovery ranges
were from 94% to 109%. The method shows good precision and linearity.
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KOH
1
1.1
Dionex ICS-2000
EGC I KOH Chrome-
leon 6. 80 IonPac AGI15 50
mm x4 mm 5 pm  ASIS 250 mm x 4
mm 5 pum  ASRS-ULTRA Il 4-mm
DS6
0.45 pm Strata™ SAX
150 mg 3 mL Phenonemex
<18 wS/cm
10 g/L
Alfa Aesar
NaOH
10 g/L
1.2
30 C 25 uL EGC I KOH

1
KOH

5 ~60 mmol/L KOH

1.2 mL/min

150 mA

3

Table 1 Gradient program of KOH solution for the

determination of the nonnitrogenous or-

ganic acids and the three inorganic anions

t/min ¢ KOH / mmol/L
0 5
13 5
13.1 30
28 30
28.1 58
46 58
46.1 5
50 5
1.3
Y uS X mg/L
1.4
Strata™ SAX SPE 2 mL
20 mL 0.5 mol/L KOH 1 mL/min
5~10g
100 mL 1 mL
SPE 1 mL/min
5 ~10 mL
0.1 mol/L KOH
15 mL 20 mL
0.45 pm
2
2.1
2.1.1
EGC Il KOH
KOH
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Fig. 2 Chromatogram of a molasses sample
1 1. acetic acid 2. lactic acid 3. Cl~ 4. succinic acid + ma-
AS15 leic acid 5. tartaric acid 6. SO}~ 7. oxalic acid 8. fumaric
acid 9. PO}~ 10. citric acid 11. aconitic acid.
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Fig. 1 Chromatogram of a mixture of organic acid KOH 4
and inorganic anion standards 20 mL 3
1. acetic acid 10 mg/L 2. lactic acid 16 mg/L 3. Cl~
5 mg/L 4. succinic acid 10 mg/L + maleic acid 20 Step 1 ~ Step 4 123
mg/L 5. tartaric acid 10 mg/L 6. SOﬁ’ 5S5mg/L 7. ox- 4 0.1 mol/L
alic acid 10 mg/L 8. fumaric acid 5 mg/L 9. POi’ 5 KOH 3 KOH 15
mg/L 10. citric acid 10 mg/L 11. aconitic acid 30 L
m

mg/L .
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Fig. 3 Chromatograms of the eluants of organic acids
and inorganic anion in an SAX column by 0.1
mol/L KOH solution for four times 4
2
Table 2 Linear relationships and detection limits LOD of organic acids and inorganic anions

Analyte Linear range/ mg/L Linear regression equation r LOD S/N=3 / mg/L
Acetic acid 1.1-53 Y= -3.3773 +5.5728X 0.9653 0.01
Lactic acid 1.6 -80 Y =0.0953 +0.2071X 0.9682 0.14
Cl- 0.5-25 Y =1.3596 +1.5382X 0.9967 0.02
Succinic acid 1.0 - 49 Y= -0.7646 +0.3885X 0.9385 0.08
Maleic acid 1.9-97 Y=-0.7646 +0.1972X 0.9385 0.15
Tartaric acid 1.0-52 Y =0.1860 +0.2102X 0.9999 0.14
S0; - 0.5-23 Y =3.1259 +0.3661X 0.7422 0.08
Oxalic acid 1.0 -51 Y= -0.0205 +0.2651X 0.9991 0.11
Fumaric acid 0.5-23 Y= -0.0239 +0.2599X 0.9998 0.12
PO}~ 0.4 -22 Y=-0.2011+0.3112X 0.9984 0.10
Citric acid 1.0-51 Y =0.0348 +0.1578X 0.9985 0.19
Aconitic acid 1.0 -100 Y =0.0824 +0.1363X 0.9967 0.20
X mass concentration mg/L Y peak height pS .

3 n=3
Table 3 Spiked recoveries of organic acids in a sugarcane molasses sample n =3

Analyte Background/ mg/L Added/ mg/L Found/ mg/L Recovery/% RSD/%
Acetic acid 44.71 4.90 49.69 101.6 6.0
Lactic acid 69.01 10.50 79.19 97.0 5.1
Cl™ 1042. 86 16.00 1059.58 104.5 6.5
Succinic acid 35.88 9.85 46.21 104.9 3.2
Tartaric acid 7.13 10. 40 17.01 95.0 3.5
S0; - 111.11 24.60 137.09 105.6 5.3
Oxalic acid 23.96 10.10 34.02 99.6 2.6
Fumaric acid 1.04 2.00 3.22 109.3 6.7
POi’ 10.02 4.45 14.21 94.2 4.0
Citric acid 55.87 10.20 65.67 96.0 4.3
Aconitic acid 134.65 20.52 154. 60 97.2 3.8
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n=3

Table 4 Organic acids and inorganic anions contents in sugarcane molasses and molasses alcohol waste samples n =3

Sugarcane molasses from Guangdong

Sugarcane molasses from Taiwan

Molasses alcohol waste from Guangxi

2004 31 1 67

Analyte Content/ mg/kg RSD/% Content/ mg/kg RSD/% Content/ mg/kg RSD/%
Acetic acid 3606 6.0 2970 7.2 1500 5.1
Lactic acid 5565 4.7 4891 5.6 8864 4.8
Cl~ 84102 6.4 16581 7.0 50461 6.0
Succinic acid 2893 2.9 2203 3.2 1516 2.5
Tartaric acid 575 3.2 346 4.0 286 2.6
SO; - 8961 5.7 9007 4.3 5376 4.0
Oxalic acid 1932 2.5 408 2.8 428 2.9
Fumaric acid 84 7.0 29 6.0 - -

PO}~ 808 4.1 437 3.9 675
Citric acid 4506 4.1 3488 4.8 3829 5.0
Aconitic acid 10859 4.1 15637 3.2 486 3.1
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