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Abstract

Chromium is often added in some functional foods to aid in the treatment of diabetes or
in fortified dairy products. The toxicity of chromium depends on the oxidation state. Therefore,
it is necessary to identify or quantify chromium species to assess food safety hazards. In this
study, the species of Cr (III) and Cr (VI) were determined by liquid chromatography (LC) with
collision cell inductively coupled plasma mass specctrophotometry (ICP-MS). The main param-
eters such as the concentration of complexing agents, the effect of pH, the mobile phase flow
rate, the extraction solvents as well as the extraction time and temperature were optimized. The
method detection limits (MDLs) of 20 ug/kg for Cr (IIT) and 10 pg/kg for Cr (VI) obtained
based on peak hight at mass 52 for injections at low level spiked samples. The repeatability of
Cr (IIT) was 1.96 % while that of Cr (VI) was 7.78%. The recovery of Cr (III) and Cr (VI) at 1.0
mg/kg was in the range of 88.0 - 103% and 89.3 - 96.7%, respectively. The validated parameters
completely met the Association of Official Analytical Collaboration (AOAC) performance
requirements, which was applied to analyze Cr species in some functional food samples collected
on the market. The content of Cr (III) was found in accordance with products label declaration
while Cr (VI) was not detected.
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1. INTRODUCTION

Chromium (IIT) is widely distributed in foods such as meat, grains, enriching in some
functional foods to increase the effects of insulin and improving diabetes. Therefore, Cr (III) is
often used to supplement foods to a certain extent, which is beneficial for the metabolism of the
body. In contrast, Cr (VI) compounds such as chromate, bicromate and chromic acid may cause
of liver and lung cancer, adversely affect health and need to be controlled [1-3]. However, there
are not many researches to identify chromium species in foods, especially in functional foods.
Therefore, it is necessary to determine the species of Cr (III) and Cr (VI) to give warning and
recommendation to consumers.

There are many researches to the species of chromium in soil and water samples as well
as kinds of common food in nature. Whereas in contrast, do not find many documents to refer
for the purpose of identification and quantification of chromium species in functional foods.
Previous methods often used selective extraction produres followed by analysis using UV-Vis
or liquid chromatography (LC) hyphenated graphite furnace atomic absorption spectrometry
(GF-AAS) system. However, these methods show limitations, such as poor sensitivity, complex
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sample treatment procedures, and time-consuming analysis. Besides, high performance liquid
chromatography combined with inductively coupled plasma mass spectrometry (LC-ICP-MS)
with advantages such as the low limit of detection, the high stability and accuracy, uncomplicated
samples treatment, short analysis time, has been widely applied to identify chromium species
on many different sample objects [4, 6, 7, 8]. Moreover, in Viet Nam, there has not been
published researchs on the quantification of chromium species in food supplements using
LC-ICP-MS system. Therefore, in this study, LC-ICP-MS method was selected to simultaneously
determine species of Cr (III) and Cr (VI) in functional foods.

2. MATERIALS AND METHODS
2.1. Subject

Some kinds of functional food samples (syrups, nuggets and capsules forms) were
collected in Hanoi city to conduct researches.

2.2. Method

In this study, LC-ICP-MS method was applied to determine Cr (III) and Cr (VI) in
functional foods after chromium species were extracted from samples using an ultrasonic bath.
2.3. Experiment
2.3.1. Chemicals and Reagents

All chemicals and reagents were analytical grade. The standard solutions of Cr (III) and
Cr (VI) were purchased from Assurance Chemicals. Other chemicals such as EDTA salt,
methanol, 27.5% ammonium, 65% nitric acid were purchased from Merck. High purity argon
gas 0 99.999 % was from Messer. In addition, equipment standardization solutions from Perkin
Elmer and cooling solutions for Chiller were also used for system operation.
2.3.2. Instrument

An ICP-MS system from Perkin Elmer (Model of Nexion 350X) was used in this study
(Figure 1). Besides, a liquid chromatography system with an anion exchange column (5 um x
4.6 mm x 150 mm) from Hamilton was used to separate chromium species, after those were
extracted from sample matrix using an ultrasonic bath (Elmer).

Figure 1. The ICP-MS system used in this study
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2.3.3. Optimizing conditions for analysis of Cr (Ill) and Cr (VI)

The conditions affecting the sensitivity and selectivity of chromium element on ICP-MS
system were optimized including isotopes and other factors such as carrier gas flow, plasma gas
flow, nebulizer gas flow, deflector voltage, torch depth, ect. Besides, the conditions impact on
retention time and substances separation on liquid chromatography system were also investigated
consisting of buffer concentration, mobile phase pH, and mobile phase flow rate.

2.3.4. Optimizing conditions for sample treatment procedure

In this study, the factors affecting extraction efficiency were investigated including
extraction solvent, as well as sample extraction temperature and time.

2.3.5. Method validation

The method was validated with the following parameters: specificity, working calibration
curve, method detection limit (MDL), method quantitation limit (MQL), precision and trueness.

3. RESULTS AND DISCUSSION
3.1. Optimizing the conditions for the ICP-MS system

Chromium has 4 isotopes, of which 3Cr isotope is the most common, accounting for
83.8%. Other isotopes such as 3*Cr 9.5%, 3°Cr 4.3%, 3*Cr 2.4% are less common. Therefore, the
32Cr isotope was chosen to determine Cr (IIT) and Cr (VI). In general, 3>Cr isotope may affected
by “°Ar C, HCIO mass isotopes. In this study, the collision cell used helium gas to remove
spectral interferences. Other parameters affecting the accuracy, sensitivity and stability of
analysis process such as RF power, carrier gas flow, plasma depth, ion lens potential, etc., were
automatically optimized on the system (using software and equipment calibration solutions from
Perkin Elmer). The optimizing parameters are shown in Table 1.

Table 1. Optimizing parameters for ICP-MS system

Parameters Chosen value Parameters Chosen value
RF Power 1250W Nebulizer gas flow 0.80 L/min
Carrier gas flow 1.3 mL/min Sweeps 20 times
Plasma gas flow 19.0 L/min Replicates 3 times
Deflector voltage -11V Mode KED
Dwell time 1000 ms Cell gas Helium, 4 mL/min

The above parameters were simultaneously optimized so that both chromium species could
reach the high intensity while reducing the background noise. After the automatic optimization,
the parameters need to be checked to achieve the corresponding required values. In particular,
the sensitivity of the device is mainly based on the response of Indium intensity, the ratio of
CeO/Ce and Ce*'/Ce. The actual intensity of the parameters after each daily inspection may
varied, but must still be achieved according to the equipment manufacturer testing standards to
ensure the stability and sensitivity.

3.2. Optimizing the conditions for the HPLC system
3.2.1. Investigation of EDTA concentration in mobile phase

In this study, Cr (IIT) and Cr (VI) were separated using reverse phase chromatography
with a Hamilton anion exchange column PRP-X100 (5 um x 4.6 x 150 mm), a mobile phase
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simultaneously containing 14 mM NH4NO3, EDTA salt, pH of 7.0. However, the concentration
of EDTA plays an important role in the complexing ability of Cr (III), so that it can be
separated from Cr (VI) on the column. Therefore, EDTA concentration was investigated at
the levels of 0 mM, 0.27 mM, 0.54 mM, 0.81 mM, and 1.08 mM. The survey results showed
that EDTA concentration in mobile phase was inversely proportional to the retention time and
the resolution of analytes. At the concentration of 0.81 mM EDTA, the retention time was
shortest and still remained well resolution. Therefore, 0.81 mM EDTA was selected and kept
constant in next studies.

3.2.2. Investigation of pH mobile phase

After the appropriate EDTA concentration was selected, the effect of pH to separative ability
of chromium species was investigated. The pH value of mobile phase was changed from 6.0 to
9.0 with a jump of one unit while the other factors in mobile phase were kept constant in the survey:
0.81 mM EDTA, 14 mM NH4NOj5. The results are shown in chromatograms in Figure 2.
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Figure 2. Chromatograms of Cr (I1l) and Cr (VI) mixtures of 20 ppb

The results in Figure 2a - 2d show that, when the pH value increases, the retention time
and the resolution of analytes decrease. At pH of 8.0, both chromium species were well separated
and eluted within 20 minutes, suitable for quantitative analysis requirements. Therefore, a pH
value of 8.0 was selected for next studies.

3.2.3. Investigation of mobile phase flow rate

The mobile phase flow rate was varied from 0.9 to 1.2 mL/min with a jump of 0.1
mL/min. The survey results show that the mobile phase rate was inversely proportional to
the retention time of analytes. When the flow rate was changed from 0.9 to 1.2 mL/min,
the retention time of chromium species was gradually decrease by survey steps. However,
in order to ensure well separation when they appeared simultaneously in samples matrix as
well as the stability of the column, a mobile phase rate of 1.0 mL/min was selected for next
studies (Figure 3).
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Figure 3. Chromatogram for Cr(Ill) and Cr(VI) mixtures of 20 ppb at the flow rate of 1.0 mL/min
3.3. Sample treatment conditions
3.3.1. Investigation of the effects of extraction solvent

Referring to previous research documents, chromium analysis was conducted mainly on
the basis of environmental samples such as water, soil and sediment [4, 6, 7, 8]. In this study,
several different extraction solvents were selected for investigation with the aim of providing a
fast and accurate extraction procedure as well as suitable for laboratory conditions. Besides, it
1s mostly important that the suitability of solvents to selected column and system conditions.
Some of mixed extraction solvents were selected as follows: 50 mM EDTA; 16 mM EDTA,
0.28M NH4NO3, pH of 8.0; 2% NaOH, 3% Na,CO3, 0.4 mol/L MgCl,; 20 mM NaCl; 50 mM
KH,PO4, 5 mM Na,HPO,. Surveys were conducted on functional food samples with known
total chromium content (supplemented in the species of Cr (III) picolinate) when analyzed using
ICP-MS system. Other extraction conditions were kept constant such as: 60 minutes extraction
time, 80°C extraction temperature. The results are shown in Figure 4.
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Figure 4. Chromatograms for Cr (I1l) in different extraction solvents

The results in Figure 4a - 4d show the appearance of Cr (III) peak when the extraction
was conducted with 50 mM EDTA solvent or mixed solvent of 16 mM EDTA, 0.28M NH4NO3,
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pH of 8.0. These solvents contain EDTA salt which is able to form complexes with metal ions.
Thus, chromium can be extracted easily from samples. The extraction of Cr (III) is perfectly
suited to the nature of the sample matrix. The use of other mixed solvents under the same con-
ditions hardly extracts chromium species (Figure 4c - 4d). Therefore, a mixed solvent EDTA of
16 mM, 0.28 M NH4NO5 and pH of 8.0 was selected to investigate next conditions (Figure 4b).

3.3.2. Investigation of the effects of extraction time and temperature

After selected the extraction solvent, other factors were investigated to get the best
conditions for ultrasonic extraction including extraction time and temperature. The extraction
time was studied in about 30 - 70 min, while the extraction temperature was studied in the range
of 50 - 80°C. The best recovery was found at 60 min and 80°C respectively. Investigation of the
effects of extraction time and temperature are shown in Figure 5.
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Figure 5. Investigation for the effects of extraction time and temperature

After the conditions for analyzing and extracting chromium species are investigated and
optimized, the procedure of sample treatment is summarized in Figure 6.

Weigh 2 g of liquid samples/ 1g of
solid samples

I}

Add 10 mL of mixed extraction solvent (16 mM EDTA, 0.28
mM NH4NOs, pH of 8.0), ultrasonicate at 80°C in 60 min

g

Centrifuge 6.000 round/5 min, dilute to volume
of 50 mL using deion water

l

Filter through 0.45 um membrane

J

LC-ICP-MS analysis

Figure 6. The procedure of analysis of chromium species in functional food samples
This procedure is applied to conduct method validation and analysis of real samples.
3.4. Method validation
Blank samples and spiked blank samples at the level of analytes as with standard solutions
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were analyzed to evaluate the specificity. The chromatograms of blank samples did not indicate
the peak of chromium as in the case of spiked blank samples and standard solutions. This demon-
strates that the method has good specificity.

The calibration curve for both of Cr (III) and Cr (VI) species was established in the range
of 2 - 100 pg/L with a correlation coefficient R? > 0.995 in accordance with the quantitative
requirements.

The results of evaluating the calibration curve equation, method detection limit, method
quantitation limit (MQL), repeatability (RSDr), recovery (R %), measurement uncertainty
(U %) of analytes are summarized in Table 2.

Table 2. The results of evaluating method of analysis
Calibration  Correlation MDL MQL

0, 0, 0,
Substances curve coefficient R (ug/kg) (ug/kg) RSDr (%) R (%) U (%)
y=16.229 1.96 - i
Cr (11l 5001 1x 0.9995 20 66 6.88 88.0-103 15
y =-3027.6
Cr (VI 5803 5% 0.9998 10 33 7.78 89.3-106 20

The method was validated with the parameters meeting the AOAC performance require-
ments, showing that the method was completely suitable for determining Cr (III) and Cr (VI)
species in functional foods.

3.5. Analysis of real samples

Some functional foods samples of syrup, nugget and capsule forms collected in Hanoi city
were analyzed. The results are summarized in Table 3.

Table 3. The results of analysis of Cr(Ill) and Cr(VI) in some functional food samples

No. Types Cr species Cr content on
Cr (1D Cr (VD labels

M1 Syrup ND ND NA

M2 Syrup ND ND NA

M3 Syrup ND ND NA

M4 Soft capsules 65.4 +£9.81 pg/tablet ND 67 ng/tablet
M5 Hard Capsules 195 £29.3 pg/tablet ND 200 pg/tablet
M6 Hard Capsules 85.0 + 12.7 pg/tablet ND 90 pg/tablet
M7 Nugget <66 ng/kg ND NA

M8 Nugget ND ND NA

*ND - Not detected: the content is less than the value of method detection limit
*NA - Not applicable: there is not information on the labels

The results in Table 3 show that samples of syrup and nugget without information for
chromium on labels showed low levels of Cr (III) (less than method detection limit) or not
detected both of chromium species. Some functional foods supplemented with chromium (form
of Cr (IIT) picolinate) in capsules forms which have the content of Cr (III) in the range of
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65.4 - 195.0 ng per tablet. These content levels reached 94 - 97% compared to the produc
announcement records in the range of 67.0 pg to 200 pg per tablet. Moreover, all analyzed
samples did not detect the appearance of Cr (VI), show that the products are manufactured from
safe materials as well as processed and stored properly. Preliminary research shows the safety
of chromium fortified in several products on the market in Ha Noi city. Figure 7 illustrated a
chromatogram analyzing a functional food sample in soft capsule form (M4).
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Figure 7. Chromatogram for chromium species analysis in a functional food sample (M4)
4. CONCLUSION

In this study, the method for analyzing chromium form content in functional foods by
LC-ICP-MS was optimized for the analytical conditions and investigated the factors affecting
sample treatment procedure. The validated parameters were in compliance with the requirements
of the AOAC standard. The method was applied to determine Cr (III) and Cr (VI) contents in
several functional food samples. Chromium (I1I) was found in 3 of 8 products with the content
meeting the declaration on labels, and not detected the appearance of toxic Cr (VI) in survey
samples. This study also contributes to clarify the existence of chromium in functional food
samples. However, the studies should be carried out on larger sample sizes, especially low-level
supplements or more complex ingredients such as powdered milk in order to promptly issue
risk warnings affecting consumers’ health.

5. REFERENCES
[1] D. G. Barceloux, “Chromium,” Clinical Toxicology, vol. 3, no.2, pp. 173-194,1999.

[2]J. Kota$, Z. Stasicka, “Chromium occurrence in the environment and methods of its specia-
tion,” Environmental Pollution, vol. 107, no. 3, pp. 263-283, 2000.

[3] J. Emsley, “Chromium”, Natures Building Blocks: An A-Z Guide to the Elements, Oxford,
England, UK: Oxford University Press, pp. 495-498, 2001.

[4] H. Gurleyuk, “Determination of chromium (IIT) and chromium (VI) using suppressed ion
chromatography inductively coupled plasma mass spectrometry”, Journal of Analytical
Atomic Spectrometry, vol. 16, no. 9, pp. 926-930, 2001.

[5] R. A. Gonzalez, K. Ndung’u, AR. Flegal, “Natural Occurrence of Hexavalent Chromium in

the Aromas Red Sands Aquifer, California”, Environmental Science and Technology, vol.
39, no. 15, pp. 5505-5511, 2005.

[6] S. Catalani, J. Fostinelli, M. E. Gilberti, P. Apostoli, “Application of a metal free high
performance liquid chromatography with inductively coupled plasma mass spectrometry
(HPLC-ICP-MS) for the determination of chromium species in drinking and tap water”,
International Journal of Mass Spectrometry, vol. 387, pp. 31-37, 2015.

m Vietnamese Journal of Food Control, Vol. 3, No. 2, 2020



Pham Cong Hieu, Le Van Ha, Nguyen Minh Chau... Nguyen Van Ri

[7] H. Ernstberger, K. Neubauer, “Chromium Speciation in Water by HPLC/ICP-MS”, Perkin
Elmer Appl. Note, 2015.

[8] L. Ya-An, J. Shiuh-Jen, A. C. Sahayam, H. Yeou-Lih, “Speciation of chromium in edible
animal oils after microwave extraction and liquid chromatography inductively coupled
plasma mass spectrometry”, Microchemical Journal, vol. 28, pp. 274-278, 2016.

Xac dinh dong thai ham lugng dang Cr (1II) va Cr (VI) trong thuc pham chiic
nang bang phuong phap LC-ICP-M$S
Pham Céng Hiéu', L& Vin Ha', Nguyén Minh Chéu', Lit Thi Minh Hién'
Pinh Viét Chién', Nguyén Trung Hiéu?, Nguyén Vin Ri?
Vién Kiém nghiém an todn vé sinh thuc pham Quéc gia
2Truong Pai hoc khoa hoc tw nhién, Pai hoc Quoc gia Ha Noi
Tom tit

Crom thuong duoc bod sung trong mot s6 loai thuc phém chtrc nang nham hd tro diéu tri
bénh tiéu duong hay trong cac san pham sitta bo sung vi chat. Trong tu nhién Crom ton tai cac
dang oxi hoa vi de tinh khac nhau, do do6 can thiét phai xac dinh cadc dang Crom dé danh gia
chinh xac mdi nguy an toan thu:c pham. Trong nghlen cuu nay, dang Cr (HI) va Cr (VI) duogc
xéac dinh bang phu:ong phap sic ky long ghép nbdi khoi pho plasma cao tan cam tmg (LC- ICP-
MS) sir dung ché d6 va cham (collision cell). Cac thong sé quan trong duoc tdi vu nhu: ndng
do chat tao phuc, anh hudng cua pH, toc do dong pha dong, dung moi chiét, nhiét do va thoi
gian chiét. Phuong phap cho thay c6 do dac hicu tot, gidi han phat hién cua Cr (IIT) 1a 20 pg/kg,
Cr (VD) 1a 10 pg/kg. B 1éch chuan twong doi 1ap lai cua Cr (1) 1a 1,96% va cua Cr (VI) la
7,78%. Do thu hoi cua Cr (III) va Cr (VI) tai khoang nong do 1,0 mg/kg lan luot trong khoang
88,0 - 103% va 89,3 - 96,7%, hoan toan dép tng theo quy dinh cia AOAC. Phuong phap duoc
tmg dung phan tich dang Cr (IIT) va Cr (VI) trong mot so mau thuc pham chirc ning trén thi
trudng, budc dau cho thay cac mau c6 ham lugng Cr (IIT) phu hop véi cong bo trén nhan san

pham va déu khong phat hi¢n dang Cr (VI) doc hai.

Tir khéa: Céc dang Crom, Cr (III), Cr (VI), thwc pham chite nang, LC-ICP-MS.
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