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Determination of phosphate pyrophosphate metaphosphate
and total phosphorus in seafoods by ion chromatography
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Abstract A method for the determination of phosphate pyrophosphate metaphosphate and
total phosphorus in seafoods by ion chromatography IC was developed. The samples for the
determination of phosphate pyrophosphate metaphosphate were extracted by 100 mmol/L
NaOH solution at room temperature the samples for the determination of total phosphorus
were digested by incineration at high temperature and then solid phase extraction SPE col-
umn was used to eliminate the interferences. The separation was carried out on an IonPac
AS11-HC analytical column 250 mm x4 mm and an IonPac AG11-HC guard column 50 mm x
4 mm using 30 - 80 mmol/L KOH gradient elution at a flow rate of 1. 0 mL/min at 35 C cou-
pled with a suppressor-type conductivity detector. Under optimum conditions the measure-
ment could be completed within 20 min. The effects of pH value organic solvent and coexisted
ions were investigated. The linear range was 0.3 - 60 mg/L the detection limits were from 2. 1
mg/kg to 2.3 mg/kg and the relative standard deviations were from 1. 6% to 2. 6%. The meth-
od was applied to the determination of anions in fish and shrimps with the recoveries of 81. 8%
-100. 0%. The method offered high selectivity sensitivity and gave a satisfactory results for
real sample analysis.
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7 Gao 60 C
® Sekiguchi ° Cui "
1.2.1
1.500 g 25 mL 100
Oliveira " mmol/L NaOH 5 min
20 min 18 000 r/min
Szlyk " 10 min 5 5 mL
450 C 12 h Ciq LC-WCX LC-SCX  MCX SPE
0.5% HNO, 15 min 3 mL 2 mL
1.2.2
0.5000 g 0.5 mL
3 50% NaOH
500 C 3h
50 mL 1 min LC-WCX LC-
SCX  MCX
1.3
0 ~5 min 30 mmol/L
1 KOH 5.1 ~ 15 min 80 mmol/L KOH 15.1 ~ 20
1.1 min 30 mmol/L KOH 1.0 mL/min
ICS-2500 ED50 200 mA
AS50 LC30 EG50 35 C 25 pL
ASRS-ULTRA IonPac AS11-HC
250 mm x4 mm IonPac AG11-HC 2
50 mm x4 mm Dionex UV-2550 -
Shimadzu CR22G 2.1
Hitachi 2510 Branson
LC-WCX  LC-SCX SPE 3 mL Su- 14 AS11-HC
pelco OASIS MCX SPE 3 mL Waters OH"
SPE-Ag” SPE-H*® C,;SPE AS11-HC
1
70% ~T72% 35
50% NaOH Fluka T PO;” 3
35C
2.2
2.2.1
1 wS/cm
8 1.0 g/LP,0}" 1.0 pH pH
g/L PO, PO;” P,0i" PO,
pH
1.2 1.75 2.00 3.51 4.70 5.50 6.25 7.12 8.00

9.00 10.00 10.98 11.85 12.30 13.40 PO}~
P,0!" PO, 1h
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Fig. 3 Effect of sample pretreatment temperature on
the determination of phosphate pyrophos-
phate and metaphosphate

Concentration of solution 1. phosphate 5.75 mg/L 2.
pyrophosphate 5.25 mg/L 3. metaphosphate 5.25 mg/L 4.
total phosphorus 5.99 mg/L P .

Fig. 1 Effect of temperature on the column efficiencies
for the separation of phosphate pyrophosphate
metaphosphate

1. PO}~ 2. PO; 3. P,O%.
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PO3 - PO~ Fig. 4 Comparison of extraction efficiency of phosphate
y 4 3 pyrophosphate and metaphosphate in golden
P2 07 - 80 C thread fish with different solvents at room tem-
3 30 oc perature .
. R Analyte contents in golden thread fish PO;~ 3.5 g/kg
P,0!" PO; PO’ "

PO; 445 mg/kg P,03 16.9 mg/kg.
POi' Extraction solvents A. deionized water B. 50 mmol/L
sodium hydroxide C. 100 mmol/L sodium hydroxide.
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2.2.2 e
PO
POii 500 C
P, O;‘ - PO,
HNO, + H,SO,
13 0.5 mL 50%
SO‘Zf NaOH 500 C
HNO, + H,0, HNO, + HCIO, 500 C
1 n=2
Table 1 Comparison of the percent conversion of polyphosphate to phosphate by different digestion methods n =2
Digestion PO} "/ P,0% / PO; / Total phosphorus/ Percent
method mg P mg P mg P mg P conversion® /%
Pyrophosphate standard solution HNO, + H,S0, 0.25 0.01 0.01 0.27 100.0
initial value 0.25 mg P HNO, +H,0, 0.11 0.07 0.02 0.20 44.0
HNO, + HCIO, 0.09 0.03 0.01 0.13 36.0
500 C 3h 0.02 0.19 - 0.21 8.0
NaOH 500 C 3 h 0.22 -2 - 0.22 88.0
Metaphosphate standard solution HNO, +H, S0, 0.60 0.01 0.01 0.62 115.4
initial value 0.52 mg P HNO, +H,0, 0.22 0.16 0.02 0.40 42.3
HNO, + HCIO, 0.16 0.11 0.05 0.32 30.8
500 C 3h 0.02 0.06 0.05 0.13 3.8
NaOH 500 C 3 h 0.48 0.01 - 0.49 92.3
Hexametaphosphate standard solution ~HNO; + H, SO, 0.11 - - 0.11 91.7
initial value 0.12 mg P HNO; +H,0, 0.01 0.02 0.02 0.05 8.3
HNO, + HCIO, 0.08 0.01 0.01 0.10 66.7
500 C 3h 0.03 0.03 - 0.06 25.0
NaOH 500 C 3 h 0.10 0.01 - 0.11 83.3
Hairtail HNO; +H,0, 0.11 0.03 0.02 0.16 68.8
500 C 3h 0.83 0.48 0.02 1.33 62.4
NaOH 500 C 3 h 1.57 0.01 - 1.58 99.4
Corvina HNO, +H,0, 0.11 0.02 0.01 0.14 78.6
500 C 3h 0.94 0.01 - 0.95 98.9
NaOH 500 C 3 h 1.32 - - 1.32 100.0
Branchiostegus argentatus HNO, +H,0, 0.17 0.04 0.02 0.23 73.9
500 C 3h 0.44 0.41 - 0.85 51.8
NaOH 500 C 3 h 2.24 0.01 - 2.25 99.6

a. The result is less than the detection limit LOD . b. The percent conversion of pyrophosphate metaphosphate hexametaphos-

phate in standard solution are calculated as the ratio of analytical phosphate P to their initial values P

of polyphosphate in sample is calculated as the ratio of analytical phosphate

2.2.3
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60 mg/L A =0.004587 +  P,0!" PO;
0.0916C r=0.9998 A= -0.03827 +0.1319C r = 0.10 ~
0.9997 A= -0.02467 +0.0905C r=0.999 8 2.24 g/kg 0.54 ~5.63 g/kg
PO!" P,0!" PO,
8.32 1.60 1.24 mg/L 0.06 ~0.20 mg/kg
RSD n =8 1.6% 2.3% 2.6% 81.8% ~ 100. 0% 2
LODs S/N =3 2.1 2.2 2.3 mg/kg 5
2.5 a
PO’" 1.4% ~8.1%
2 P n=3
Table 2 Recoveries of the analytes spiked in the samples calculated as P n =3
Sample Anion Original/ g/kg Added/ g/kg Found/ g/kg Recovery/% RSD/%
Golden thread PO}~ 9.22 1.63 10.79 96.3 3.2
fish P,0%" 8.74 1.78 10.28 86.5 0.6
PO, 0.16 0.20 0.35 98.0 11.0
Total-P 19.20 5.06 24.10 96.8 1.9
Pomfret PO}~ 0.55 0.33 0.83 84.8 3.1
P,03" 7.90 1.78 9.52 91.0 2.8
PO; 0.03 0.20 0.21 90.0 1.2
Total-P 10.52 3.26 13.72 98.2 1.9
Branchiostegus PO}~ 0.89 0.33 1.18 87.9 3.9
argentatus P,03" 0.01 0.18 0.17 88.9 1.5
PO; 0.01 0.20 0.21 100.0 5.4
Total-P 1.65 0.82 2.41 92.7 2.2
Corvina PO}~ 0.77 0.33 1.04 81.8 1.3
P,0%" 0.01 0.18 0.17 88.9 2.2
POy 0.01 0.20 0.20 95.0 8.0
Total-P 4.03 0.82 4.78 91.5 4.7
Hairtail PO}~ 1.27 0.33 1.58 93.9 2.1
P,0%" 0.01 0.18 0.17 88.9 0.8
PO; 0.01 0.20 0.18 85.0 7.4
Total-P 2.05 0.82 2.78 89.0 2.2
Shrimp PO}~ 1.83 0.33 2.13 90.9 2.0
P,0%" 0.04 0.18 0.21 94.4 6.7
PO, 0.04 0.20 0.22 90.0 6.0
Total-P 4.63 3.26 7.64 92.3 5.0
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Fig. 5 Chromatograms of a the mixed standard solution and b a spiked Branchiostegus argentatus sample
1. POi‘ P a 3.17mg/L b. 12.40 mg/L 2. oni' P a 1.73mg/L b. 1.71 mg/L 3. PO; P a 2.84mg/L b. 2.04 mg/L .
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