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A new method for the simultancous determination of seven transition metal ions in water and food by
microcolumn high-performance liquid chromatography has been developed. The lead. cadmium. mercury.
nickel. cobalt. silver and tin ions were pre-column derivatized with tetra-(4-aminophenyl)-porphyrin (T.- APP)
to form the colored chelates which were then enriched by solid phase extraction with C ¢ cartridge. The
enrichment factor of 30 was achieved by eluted the retained chelates from the cartridge with tetrahvdrofuran
(THF). The chelates were separated on a ZORBAX Stable Bound microcolumn (2.0 x 50 mm. 1.8 fan) with
methanol-tetrahydrofuran (95 : 5. v/v. containing 0.05 mol/L. pyrrolidine-acetic acid buffer salt. pH = 10.0) as
mobile phase at a flow rate of 0.5 mL/min and detected with a photodiode array detector from 350-600 nm. The
seven chelates were separated completely within 2.0 min. The detection limits of lead. cadmium. mercury.
nickel. cobalt. silverand tinare 4 ng/L. 3 ng/L. 6 ng/L. 5 ng/L. 5 ng/L 6 ng/L. 4 ng/L respectively in the original
samples. This method was applied to the determination of the seven transition metal in water and food samples

with good results.
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Introduction

The RP-HPLC technique with precolumn derivatization
proved to be a favorable and reliable technique for the
separation and determination of trace amounts of metal ions.
Many kinds of reagents have been examined as pre-column
derivatization regents. and several review articles on this
approach have been published. """ Among the various kinds
of reagents. porphyrin ligands are useful because of the high
molar absorptivity and high stability. The molar absorptivity
of metal-porphyrin chelates above 10° is often found.
Porphyrins can form very stable 1: 1 chelates with many
metal ions and these chelates are very stable during the
HPLC separation.” Due to these facts. porphyrin reagents
have. therefore. received increased attention and are fre-
quently applied to the simultaneous determination of metal
ions. !+

However. the routine chromatographic methods need a
long separation time (more then 10 min is needed). To
shorten the separation time. in this paper. a ZORBAX Stable
Bound microcolumn (2.0 X 50 mm. 1.8 pm) with pH range
1.5-12 was used for the separation of Hg-T,-APP. Cd-T.-
APP. Pb-T,;-APP. Ni-T,-APP. Co-T,-APP. Ag-T,-APP and
Sn-T4-APP chelates with pH 10 mobile phase. The seven
chelates were separated completely within 2 min in this
method. The separation time was greatly shortened compar-
ed to the routine chromatographic methods. Based on this. a
rapid. sensitive and selective method for the simultaneous
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Microcolumn high-performance liquid chromatography, Tetra-(4-anunophenyl)-porphyrin.

determination of seven transition metal ions in water and
food was developed.

Experimental Section

Apparatus, The HPLC system consisted of a Waters 2690
Alliance separation model and a 996 photodiode array
detector (Waters Corporation. USA). The pH values were
determined with a Beckman ®-200 pH meter. The absor-
bance measurement was performed with a Shimidzu UV-
2401 spectrophotometer. The atomic absorption spectro-
metry analysis was carried out with a Shimidzu AA-6701F
atomic absorption spectrophotometer.

The separation column used was a ZORBAX Stable
Bound microcolumn (2.0 x 30 mm. 1.8 um) (Agilent Corpo-
ration, USA). The cartridge used was Zorbax C; solid phase
extraction cartridge (1 ¢c/30 mg. 30 um) (Agilent Corpo-
ration, USA). The extraction was conducted on Waters Solid
Phase Extraction (SPE) Device (The device can prepare
twenty samples simultaneously).

Chemicals. All solutions were prepared with ultra-pure
water. which was obtained from a Milli-Q30 SP Reagent
Water System (Millipore Corporation. USA). Pb(1I). Cd(II).
Hg(ID). Ni(Il). Co(Il). Ag() and Sn(IV) standard solution
(1.0 mg/mL) were obtained from Chinese Standards Center.
and a working solution of 0.2 pg/ml. was prepared by
diluting this standard solution. HPLC grade methanol and
THF was obtained from Fisher Corporation. USA. Pyrroli-
dine-acetic acid buffer solution (0.5 mol/L. pH = 10) and
TritonX-100 solution (2.0%(v/v)) were used in this experi-
ment. T4-APP was synthesized by our laboratory as described
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in literature,” and was dissolved with THF to make a 1.5 x
107 mol/l. of solution, All other reagents used were of
analytical reagent-grade. The glass and Teflon wares used
were soaked in 3% of nitric acid for a long time, and then
thoroughly wash with pure water.

Twao certified standard matreials, flour (GBW08426) and
tea leaf (GBWO08505) were obtained from Chinese Standards
Center, The standard values of Pb, Cd. Hg, Ni, Co, Ag and
Sn were determined by Atomic Absorption Spectrum (AAS),
Atomic Fluorescence Spectrum (AFS), Neutron Activation
Analysis {(NAA), [nductively Coupled Plasma-Mass Spectro-
metry (ICP-MS), Inductively Coupled Plasma-Atomic Emission
Spectrometry {ICP-IES) and lon Chromatography (IC)
method.

Standard procedure. An appropriate volume of standard
or the sample solution was fransferred into a 50 ml. of
volumetric flask, To which, 5.0 ml. of T,-APP THF solution,
2 ml. of Triton X-100 solution and 5 ml. of 0.5 mol/.
pH = 10 pyrrolidine-acetic acid buffer solution were added.
The solution was diluted to volume of 50 ml. with water and
mixed well, The mixture was heated in boiling water bath
for 15 min. After cooled, the solution was passed through the
Cig cartridge at a flow rate of 10 ml./min. After the
enrichment had finished, the retained chelates were eluted
from the cartridge with 1.0 ml. of THF at a flow rate of' §
ml./min in an opposite direction. The solution was filtered
with 0.45 g of filters and adjusted to the volume of 1.0 ml.,
2.0 pl. of sample was injected for HPLC analysis. A tri-
dimensional (X axis: retention time, Y axis; wavelength, 7.
axis; absorbance) chromatogram was recorded from 350-
600 nm with photodiode array detector and the chromato-
gram of 435 nm is shown in Figure 1.

Results and Discussion

The selection of porphyrin reagent. In this paper, seven
porphyrin reagents, tetra-(4-bromophenyl)- porphyrin (T4
BPP), tetra-(4-chlorophenyl}-porphyrin (T4-CPP). tetra-(4-
methoxyphenyl)-porphyrin  (T4+-MOPP), tetra-(4-methyl-
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Figure 1. Chromatograms of standard samplc and rcal sample: 1)
Real sample (Flour sample). 2} Standard sample The Injection
volume is 2.0 wl. Detection wavelength is 435 nm. Other
conditions as in standard procedure.
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phenyl)-porphyrin (Ty-MPP), tetra-(4-sulfophenyl)-porphy-
rin (T4-SPP), tetra-(4-hydroxyphenyl}-porpyrin {T3-HPP)
and tetra-(4-aminophenyl)-porpyrin (T4-APP) were studied
as pre-column derivatization regents for Co([l), Ni(11), Sn{[V),
Hg(11), Pb{11), Ag(1) and Cd(I1) ions, The experiment shows
that all of the seven reagents can form colored chelates with
Co(1D), Ni(l1}, Sn(1V), Hg(1), Pb(11), Ag(l) and Cd(Il}. The
Ty-MPP, T4-CPP, T,-MOPP, T4-BPP and their metal-chelates
show very poor solubility in water, It is required adding large
proportion of organic solvents to improve the solubility,
which is quite inconvenient, The Ty-SPP and T4-HPP can
form soluble chelates with metal ions. But in alkaline
medium, their metal chelates have a poor retention on the
reversed-phase column, because the sulfonic group or the
hydroxy group on porphyrin reagents can ionize, The ion-
pair reagent (quaternary ammonium salt) can greatly
increase the retention of the metal chelates, whereas, the
metal chelates gives peak tailing and can not separate
completely in condition that the ion-pair reagent existed.
The chromatograms in optimal condition were shown in
Figure 2. So Ty-SPP and T;-HPP are unsuitable as pre-
column derivatization regents, Ty-APP can form soluble
chelates in aqueous medium when Triton X-100 is existed.
The chelates have good retention and peak shape on the
reverse-phase column, Theretore, Ts-APP was selected as
pre-column derivatization regent.

Precolumn derivation. According to the literature,™
the optimal pH is 8.2-11.8 for the reaction of Co(ll), Ni{1l),
Sn(1V), Hg(Il), Pb{11), Ag(l) and Cd(1l) with T4-APP. There-
fore, a 0.5 mol/l. of pH = 10 pyrrolidine-acetic acid buffer
solution was recommended to control pH, 1t was found that
1.0 ml. of 1.5 x 107" moli/l. T4-APP THF solution was suffi-
cient to complex 3.0 ug of Ni{Il), Sn(IV), Co{ll), Hg(1),
Pb(IT}, Ag(l) and Cd({I1). But in real samples, the foreign
ions, such as Mg>, Pd™, Fe™, Mn™, Zn"", Bi**, Ba™, Cu™
and the like, can complex with T4-APP to consume reagents.,
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Figure 2. The chromatograms of metal T2-SPP and Ta-[IPP
chelates In optimal condition. 1) metal-TuSPP chelates (Mobile
phase: acetonitrilefwater (10 : 95). containing 0.05 mol/I. pH 0.0
pyrrolidine-acetic acid builer salt and 0.05 mol/l, of tetrabuty |-
ammonium nitrate). 2) metal-Ta PP chelates (Mobile  phase:
acctonitrile/water (35 @ 45). containing 0.05 mol/L pH 10.0 pyrroli-
dine-acetic acid bufier salt and 0.02 mol/l. of tetrabuty lammonium
nitrate).
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So more T3-APP was needed. In this experiment. a 5.0 mL
of 1.5 x 10~ mol/L T4-APP solution was recommended.

The reaction of Co(II). Ni(II), Sn{IV). Hg(ID), Pb{II), Ag(D)
and Cd(II) with T;-APP was slow at room temperature.
Heating accelerates the reaction. The reaction was complete
after heating in boiling water bath for 10 nun. and the
chelate are stable for 5 h after cool. so heating for 13 nun
was selected.

Solid phase extraction. Both of the enrichment and the
elution were carried out on a Waters SPE device (which can
prepare twenty samples sunultaneously). The flow rate was
set to L0 mL/min for enrichment and 3 mL/min for elution.

Some experiments were carned out in order to investigate
the retention of metal-T4-APP chelates on the cartridge. It
was found that the Sn-T;-APP. Ni-T;-APP. Co-Ts-APP, Hg-
T;-APP. Pb-T;-APP. Ag-T3-APP and Cd-T4-APP chelates
could be retained on the cartndge quantitatively when thev
pass the cartridge as aqueous solution. The capacity of the
cartnidge for metal-T4-APP chelates was 32 mg m a 50 mL
of solution. In this expenment. the cartnidge has adequate
capacity to enrich the metal-T;-APP chelates.

In order to choose a proper eluant for the retained T-APP
and its metal-chelates, various organic solvents were studied.
It was found that the THF, 1sopentyl alcohol. acetonitrile.
acetone, ethanol and methanol could elute the metal-T;-APP
chelates from cartridge quantitatively. For eluting the metal-
T;-APP chelates from cartridge, the volume of the solvent
needed 15 THF 0.8 mL, 1sopentv]l alcohol 1.3 mL. aceto-
nitrile 1.6 mL. acetone 1.6 mL. ethanol 2.2 mL. methanol
2.4 mL. The maximal ennchment was aclueved when THF
was selected as eluant. The metal-T;-APP chelates have a
good stability in a weak alkaline medium. A 0.05 mol/L
pyvrrolidine-acetic acid buffer salt (pH=10) in THF can
increase the stability of the metal-Ts-APP chelates dunng
the elution, so 1t was selected as eluant. Experiment showed
that it was easier to elute the retained T;-APP and its metal-
chelate on cartnidge in reverse direction than in forward
direction (Only 0.8 mL of eluant was needed when eluted in
reverse direction. However, 2.2 mL of eluant was needed
when eluted in forward direction), so it was necessary to
upturned the cartndge during elution. 1.0 mL of THF
(contaiming 0.03 mol/L pyrrolidine-acetic acid buffer salt
(pH=10)) was sufficient for eluting the metal-T-APP chelate
from cartnidge quantitatively at a flow rate of 3 mL/min. An

Table 1. Regression equation, coefficient and detect limit
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eluant volume of 1.0 mL was selected.

Spectrophotometric properties. The absorption spectrum
of metal-T;-APP chelates was obtained from tridimensional
chromatogram recorded by photodiode array detector.. The
maximum absorption wavelengths of Ni-T;,-APP. Sn-T,-
APP. Co-T,-APP. Hg-T-APP. Pb-T-APP. Ag-T;-APP and
Cd-T;-APP are 428 nm, 432 nm, 432 nm, 451 mm, 466 mn,
428 nm and 438 nmm. To achieve maximum sensitivity. each
metal-T;-APP chelates were monitored at its maximum
absorption wavelength.

Chromatographic separation. The Co-T-APP. Sn-Ta-
APP, Ni-T;-APP. Hg-T+-APP. Pb-T;-APP. Ag-Ts-APP and
Cd-T;-APP chelates were stable m weak alkaline medium.
The pH of mobile phase within 8.5-11.8 can avoid the
chelates decomposing and get a good peak shape. So
methanol-tetrahvdrofuran (95 : 5, v/v, contaming 0.05 mol/L
pyrrolidine-acetic acid buffer salt, pH=10.0) was selected as
mobile phase. Because the routine silica based reverse phase
bonded columns were not stable in pH 10, a ZORBAX
Stable Bound microcolumn (2.0 x 30 mm. 1.8 uym) was
selected as analytical column in this experiment. ZORBAX
Stable Bound column have a good stability in pH 1.5-12.

Calibration. Under the optinum conditions. regression
equations of metal-T;-APP chelates were established based
on the standard samples mjected and their peak areas. Limits
of detection are calculated by the ratio of signal to noise (S/N
= 3). The results were given in Table 1. The reproducibility of
this method was also examined for 10 mg/L of Ni(II),
Sn(IV), CodID), PoID), Cd(I). Ag{) and He(II). The relative
standard deviations (n=10) are also given in Table 1 too.

Interference, Under the pre-column denvatization condi-
tion. the foreign ions of Mg™. Cu™". Pd™*, Rh*, Fe*. Mn™",
Zn™. Pt". Ba”, Bi’” and Ru® and the like react with Ti-
APP to form color chelates. To examine the selectivity of
this method, the interference of the routine foreign 1ons was
investigated. When 5.0 mL of 1.5 x 10~ mol/L T;-APP was
used, with 10 mg/L of Ni(II). SnV), Pb(Il), Co(II). Cd(II)
and Hg(II) respectively. the tolerance amount with an error
of + 5% was 5000 gg/mL for Fe(Ill), Mg(ID), 1000 ug/mL
for Cu(Il). BidIl), ZndI). Ba(ll) and 500 ug/mL for Pd(ID),
Pt(II), Ru(IIl). Rh(IIT). The results show that most foreign
1ons do not interfere with the determination.

Applied to the food samples. 0.2-0.30 g of sample (wheat
flour or green tea leaf) was weighed accurately mto the

Components Regression Equation Lm(ﬁi?:lg ¢ Coeflicient Ditlfg;t_l;,}]lt ii?:]/;'
Cd-T,.APP A=256x10"C+172 0.5-520 r=10.9995 3 1.6
Pb-T,-APP A=212x10"C-125 0.6 -620 r=0.99% 4 22
Hg-T;-APP A=178x10°C+88.3 0.9 - 980 r=0.9998 4 1.8
Ag-T;-APP A=126Xx10°C-764 0.9 - 980 r=0.99958 6 2.1
Co-T,-APP A=216x10"C-138 0.6 - 830 r=10.9997 5 1.8
Sn-T,-APP A=187x10°C+792 0.5-620 r=0.99% 4 22
Ni-T;-APP A=204x10°C-128 0.6 -620 r=0.9998 5 1.7

“In the measured solution. %in the original digested sample.
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Table 2. Detenmination results of certified standard foed samples
Q,
Samples Standard value (ug/2) By this method (ug/e) R(iES;O
Flour AS(0.283), Ag(-). Ba(21.2), Bi(0.342), Ca(2900). Cd(0.218). Ce(1.23),  Ag(—). Cd(0.202), Co(4.86), 22
(GBWOB426)  Co(4.71), Cr(3.76), Cu(10.2), Fe(34), He(0.086), Mg(360), Mn(6.3), Hg(0.078), Ni(1.68). Pb(0.824),
Mo(0. 733), Ni(1.83), Pb(0.832), Sn(2.18) Sn(2.36)
Tea Leaf As(0.191), Ag(—). Ba(15.7), Ca(28)), Cd(0.128), Co(2.23), Cr(0.8), Ag(-). Cd(0.136), Co(2.11), 1.8
(GBWOS303)  Cu(16.2). Fe(373). He(1).142). Mg(2240), Mn(766), Ni(3.61), Pb(1.06).  Hg(0.136), Ni(3.84). Pb(1.18),
Sn(1.24), Se().0412), Zn(38.7) Sn(1.38)
Table 3. Detennation results (ug/L) of the water sample with this method
‘ Samples (ug/L) RSD % Recovery %
Components - . =zt
River water Lake water Plant effluent Tap water (n=3) {(n=3)

Co 18.5 14.6 36.8 12.8 1.8 98-101

Ni 26.2 138 44.2 16.2 23 97-103

Sn 16.7 313 285 8.67 31 96-104

Cd 346 112 16.7 222 22 97-104

Ag 8.61 18.7 18.6 - 1.8 93-101

Pb 12.5 8.63 228 6.38 21 96-102

Hg 287 3.62 12.5 - 1.7 98-103

Teflon high-pressure microwave acid-digestion bomb (Fei
Yue Analvtical Instrument Factory, Shanghai, China). 2.5
mL of concentrated nitric acid and 2.5 mL of 30% hydrogen
peroxide were added. The bombs were sealed tightly and
then positioned in the carousel of the mucrowave oven
(Model WL 3001. 1000 W. Fer Yue Analvtical Instrument
Factory, Shanghai, China). The system was operated at full
power for 6.0 min. The digest was evaporated to near
drvness. The residue was dissolved with 5 mL of 3% of
nitric acid and transferred into a 30 mL of calibrated flask
quantitatively, then diluted the solution to volume with
water. The Co. Ni. Sn, Hg. Pb, Ag and Cd contents were
analvzed by using a proper volume of this solution according
to general procedure. The results (deducted the reagents
blank) were given in Table 2.

Applied to the water samples. For the fresh water (tap
water. nver water and lake water) the water sample was
analvzed according to the general procedure. The results
(deducted the reagents blank) were given in Table 3, together
with the results of a recovery test by added 0.2 ug of Ni, Co.
Sn. Ag, Pb. Cd and Hg in water sample and diluted to 30 mL

of final solution. For planting effluents. the sample was
digested as literature”” and analyzed according to the general
procedure. The results (deducted the reagents blank) were
given in Table 3 too, together with results of a recovery test
by added 0.2 pg of Ni. Co, Sn. Ag, Pb, Cd and Hg in water
sample and diluted to 50 mL of final solution. A standard
method using atomic absorption spectrometry reported in
literature™” had also been used as a reference method. The
results are also shown m Table 4.

Conclusion

In this paper, tetra-(4-aminophenyl)-porphyrin was firstly
used as pre-column denvatization reagent for lead, cadmium,
mercury. nickel, cobalt, silver and tin 1ons, and the ZORBAX
Stable Bound microcolumn with pH range 1.5-12 was used
for the separation of Hg-Ts-APP. Cd-Ts-APP. Pb-T4-APP.
Ni-T4-APP. Co-T4-APP. Ag-T,-APP and Sn-T,-APP chelates
with pH 10 mobile phase. The seven chelates were separated
completely within 2 min. Compared to the routing chromato-
graphic method, more then 80% of separation time was

Table 4. Detennation results (ug/L) of the water sample with reference method

: Samples (ug/L) RSD % Recovery %
Components - . e
River water Lake water Plant effluent Tup water (n=3) (n=3)
Co 174 152 33.6 14.6 31 94-106
Ni 282 16.3 483 152 3 93-103
Sn 17.8 30.7 30.1 8.32 28 93-102
Cd 3.96 11.8 132 2.13 33 96-108
Ag 8.62 16.2 17.8 - 26 92-99
Pb 11.8 876 244 6.76 30 91-102
Hg 2.81 541 13.5 - 3 93-106
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shortened. The metal-chelates were preconcentrated by Ci:
cartnidge and the enrichment factor of 30 was achieved. The
detection limits of this method reaches the ng/L level. Most
foreign ions do not interfered with the determination. This is
one of the sensitive, selective and rapid methods for the
simultaneous determination of Ni. Co, Sn, Pb. Cd. Ag and
Hg. In a word. for the simultaneous determination of Ni, Co.
Sn. Pb. Cd, Ag and Hg in water and food. this method 1s
high sensitivity. high selectivity and high rapidity.

Acknowledgement. The project was supported by Natural
Science Foundation of Yunnan Province (0111143).

References

. Shi.Z. H:Fu. C. G. Talanta 1997. 44. 5393

. Biesaga. M.: Pyvrzynska. K.. Trojanowicz. M. Talamta 2000, 51,
309.

. Robards, K.; Starr, P Patsalides. E. dnahest 1991, 116, 1247,

4, Wang. L. Hu, Q. F.; Yang, G. Y. Yuan, Z. B. J dnal Chem. 2003.
358.1054.

. Cheng. 1. K. Chemical Journal of Chinese Universitv (Gaodeng
Yuexiao Huaxue Xuebao) 1995, 16. 696,

. Wang. P: Lee. H K. J. Clromatogr: 4 1997, 789. 437

- Hu, Q. F: Yang. G. Y. Yin, LY. J Emviron. AMonit. 2002, 4. 956.

. Stahlberg, I J. Chromatogr A 1999. 833. 3.

. Malik. A. K. Seidel. B. S.. Faubel. W.. Rao. A. L. J Chem.
Erniron. Res. 2000, 9. 3.

10, Li. Z. Yeng. G. Y. Wang. B. X2 Jiang. C. Q. Yin. 1. Y. J

tJ

Uy

n

D oo - O

Qinfen Hu et al.

Clromatogr: 4 2002, 971, 243.

- Huw. Q. F.: Yang. G. Y- Yin. J. Y. Yao. Y. Talanea 2002, 37.751.
- Xu. X, T Zhang. H. S Zhang, C. Y., Chang. J. K. dwal. Chem.

1991. 63,2532,

. Yang. G. Y. Zhang, C. M Hu. Q. F.. Yin. I. Y.J Chromatogr. Sei.
2003. 41.195.
. Chen. X. H Zhu Y: Yang. 1 L Chin. J. dnal Chem. (Fanxi

Huaxue) 2000. 28. 1260.

. Igarashi_ S.; Ide, N.; Takaga, Y. dwad. Chepr. Acra 2000, 424, 265
. Hu. Q. F.. Yang. G. Y: Zhao, Y. Y: Yin, J. Y. dnal. Bicanal,

Chem. 2003, 375_831.

. Kobayvashi. M.. Saitoh. K. Suzuki. N. Clromatagraphia 1985. 20.

72.

. Guo. M. Kong. L. Li. X Zow. H. F. Chin. J. Chromatogr (Sepu)

2002. 20 137.

. Saitoh. K.: Shabata, Y: Suzuki. N.J Chromarogr. 1991, 542. 351.
. Duff, G. A: Yeager. 8. A.: Singhal_ A. K., Pestel. B. C.; Ressner.

J.M.. Foster. N. J Clromatogr: 1987. 416.71.

- Hu Q: Yang. G. Y. Ma. I Liw. I. K. Bull. Korean. Chem. Soc.

2003. 24. 1433.

. Yang, G. Y. Dong. X. C.: Dai, Y: Hu, Q F: Yin, . Y. J Lig.

Chromarogr 2004, 27. 441

. Lei. Y. W Ge, C. C: Zeng. D. Z. Chin. J. Chent. Reag (Huaxue

Shiji) 1994. 16. 105.

- Fang. M. Hu. S. K. (i J. Rock. Mineral. Anal. (Yekuang Ceshi)
1991. 16.318.
. Zeng. Y. Zhang, H. S.. Chen. Z. H. Handbook of Modern

Chemical Reagenrs, the Forth Fascicule. Chromogenic Agent of
Inorgame Ton, Chemical Industry Press: Beljing, 1989: p 783.

. Analysis Methad of Water and Waste Jater. 3rd Ed.. Chinese

Environment Protection Agency. Ed.. Environmetal Science Press:
Beijing. 1989 p 578.




