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Abstract: The harmful substance in food and drink often brings the harm of different degrees to
people's health. The lack of effective substance in health food cannot meet the needs of people's
supplementary nutrients. Therefore, it is very important to detect the amount of harmful substance
in common food and drink and the amount of effective substance in health food. Through the means
of example and contrast, the paper expounds the health threats brought about super-standard
harmful substance in food and drink and detects the varied food and drink samples by the analysis
technology of ion chromatography. When ion chromatography is applied in the detection of relative
substance in food and drink, the detection limits are always low and the sensitivities are always high.
It also has the features of high effectiveness and low cost. In addition, the current development
bottleneck of ionic chromatography is also discussed, and the future development prospect is also
predicted.

1. Introduction

Food and drinking water are the basis for human beings and all other creatures on the planet to
survive. How to get clean drinking water and eat healthy food is the most important concern of all
people. However, the problems of food and drinking water pollution and their direct diseases are
common in various media reports. Among them, the WHO highlighted the importance of food
safety at the Second International Nutrition Conference in Rome in November 2014 and appealed to
all governments around the world to focus food safety as a public health focus - the formulation of
policy and regulatory frameworks and the establishment and implementation of effective food
safety departments. It plays an important role in ensuring that food producers and suppliers in the
food chain operate responsibly and provide consumers with safe food. As a result, people are eager
to know whether the rice, pasta, even candy, biscuits and other leisure foods are safe and reliable.
Then we need to know what substances in the food and drinking water threaten the health of the
human body and know how to use scientific methods to detect and analyse them.

To detect the content of related chemicals in food and drinking water sensitively, accurately and
efficiently, the commonly used method is ion chromatography (IC). It is a good method to detect
the content of inorganic ions and food additives in drinking water because of its strong selectivity,
high sensitivity and ability to detect many kinds of yin and yang ions at the same time.

2. Overview of ion chromatography

With the increasing demand for food and drinking water analysis, many modern analytical
methods have been developed over the past few decades, including the atomic absorption
spectroscopy (AAS), inductively coupled plasma-atomic emission spectroscopy (ICP-AES), and
inductively coupled plasma-mass spectrometry (ICP-MS) and so on. Besides, some electrochemical
analysis methods are also included. However, these methods are often limited or sensitive, or have
spectral and chemical interference, which are limited in the field of food and drinking water
detection. lon chromatography is a good solution to these problems.

lon chromatography is a technology that can detect organic acids, bases and inorganic anion and
cation in substances. Since 1970s, this technology has developed rapidly through the analysis of
complex samples of ionic compounds. As early as 1971, the Hamish Small team first reported ion
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chromatography. In 1975, he reported in Analytical Chemistry magazine that IC technology can
continuously monitor eluent through ion exchange separation conductance. In 1984, U.S. EPA and
ASTM reported the method of water analysis and detection using IC technology. In 1998, automatic
sampling technology was born. Now, IC technology has been widely used, which can be used in the
qualitative and quantitative analysis of carboxyl (sulfur) ester (anhydride), rare earth elements,
heavy metals, transition metals and common inorganic Yin and yang ions, and has not stopped the
pace of development.

lon chromatography is based on the principle of ion exchange and belongs to the scope of the
liquid chromatography separation mode. The ion chromatography system mainly includes several
parts of the "leaching liquid reservoir, pump, sampling valve, separator, detection system, control
and data processing system”. The ion chromatography can be divided into high efficiency ion
chromatography (HPIC) and high efficiency ion exclusion chromatography, according to the
different mechanism of different chemical substances in the separation samples. Analytical method
(HPICE) and mobile phase ion chromatography monitoring analysis (MPIC). Different methods
have different applications, as shown in Table 1.

Table 1. lon chromatography and its application fields

Name of lon chromatography Application fields
HPIC Hydrophilic zwitterion and carbohydrate
HPICE Inorganic weak acid, organic acid and amino acids
MPIC Hydrophobic zwitterion

In the process of food testing, ion chromatography has good selectivity, and it can distinguish
the composition of many chemical properties in food, which is mainly reflected in the increase of
monitoring range in the washing liquid of strong acid (alkali). After power on, IC can also detect
low concentration ions accurately. In addition, another significant advantage of IC is that it has high
detection efficiency, and can simultaneously detect anions, cations and cyanide ions in the solution,
or anions, cations and sugars, and have strong tolerance to the pH of the solution.

In summary, it is sensitive, fast and accurate to detect harmful chemicals in food and drinking
water by ion chromatography.

3. Sample preparation method

Different foods, such as meat products, pills, pills and milk powder, and so on, have different
characteristics. If you want to use IC to analyse, you must go through the sample pre-treatment
process. Naturally, different kinds of foods have different sample pre-treatment methods. Finding
and using the appropriate sample pre-treatment methods will make the following analysis more than
half the effort, and enhance and improve the accuracy, sensitivity and efficiency of the detection.
The sample characteristics that need to be pre-treated without direct injection include: 1) the
physical state and shape of the sample cannot be injected directly (i.e., non-solution state); 2) there
are obvious components of interference detection results in the sample; 3) the content of the sample
is too low to exceed the accuracy of the existing testing methods and instruments. (The original
document is: the analyte concentration is out of the detection ability of the corresponding apparatus
or methods.) The common pre-treatment methods include dissolution, homogenization, extraction,
evaporation, separation, chemical derivation and standardization. In practical application, we should

select suitable pre-treatment methods for sample preparation according to the different characteristics of the
food.
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4. Application examples of ion chromatography in food detection
4.1 Pickled food and instant food

Pickled food and instant food are widely used. Common products include instant noodles,
luncheon meat, Korean pickles, canned fish and so on, which can be easily purchased in various
supermarkets. This kind of food will be greatly welcomed when time is urgent and cannot spend too
much time to prepare meals, such as rescue and relief or war, or in urban life for the sake of
convenience and convenience. But people often neglect the potential danger of this kind of food.

As the pickled fast food is solid, ultrasonic extraction, solid phase dispersion and solid phase
extraction are used to extract samples. For example, in the determination of nitrate and nitrite in
kimchi, a high-speed centrifuge solid phase extraction column is used to carry out the sample.
Sometimes, researchers need to exclude the interference of other ions, such as the detection of
nitrite content in salted fish to avoid the interference of CI', the 1C-Ag preconditioning column is
used to eliminate.

When the leaching conditions are selected, the concentration of the eluent (commonly used
NaHCO3; and Na,CO3 solution or two solutes in a certain proportion) will affect the balance of ion
exchange and the retention of ions. The higher the concentration of the leached ion, the stronger the
ability of the leaching solution to replace the ions from the stationary phase of the chromatographic
column and the shorter the elution time of the solute ions. The short retention time is not conducive
to the separation of interfering ions from NO,". Therefore, it is necessary to find a concentration of
eluent which can make NO;™ and other ions have the best separation effect.

Chen Junxi found that the relative standard deviation (RSD) of five consecutive measurements
of NO, and NO3 was less than 3%, and the recovery rate was greater than 80% when the samples
were low CI” of kimchi. When using salted fish purchased in Guangzhou aquatic product market,
the detection limit is 0.2mg-kg™, and the recovery rate is not less than 83%. This indicates that the
method is accurate, stable and sensitive for the detection of nitrite and nitrate in salted food. The
test results are representative.

4.2 Analysis of effective substance in health food

Calcium is an important nutrient indispensable to the human body. It plays an important role in
the growth and development of human body and participates in the whole life process. Proteins that
bind to Ca®" are useful in muscle, nerve, body fluid and bone. It is the main inorganic component of
human bone and tooth. It is also the essential element for nerve transmission, muscle contraction,
blood condensation, hormone release and milk secretion, which accounts for about 1.4% of the
body's mass. The benefits of calcium supplement and the harm of calcium deficiency are found in
the media reports. Many people have the habit of supplementing calcium. All kinds of high calcium
food and health care products are becoming more and more popular and have a broad and attractive
market. At the same time, some illegal businesses use people's blind calcium supplements, lack of
professional knowledge and other shortcomings, the calcium content of the products sold did not
meet the advertising requirements. Therefore, finding an analytical method conducive to the
analysis of calcium tablets and calcium containing beverages, such as high calcium milk, will be
conducive to market regulation and public choice of products.

Calcium standard solution is simple and easy to get and can be accurately made into standard
series in ordinary laboratories, and the linear condition is ideal. The pre-treatment method of
calcium sample is not very difficult. After the mixed acid of HNO3 and HCIO, is digested with
pure water, the sample can be directly injected after 0.45 U M filter membrane. The minimum
detection limit of calcium ion is only 0.02mg L™, and the recovery rate of calcium ion is between
95.0%-103.0% and the quality control requirement of China is 11 times. In addition, when adding
cu®, Mg?*, K*, NH*, AI**, Fe** plasma to the sample, the relative standard deviation of the six
experimental results is 0.5%-2.0%.

Thus, it can be seen that the use of DX-120 ion chromatograph to determine calcium content in
food by ion chromatography is simple, reliable and not easily interfered by other ions. Moreover,
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the method is simple and efficient, and can be widely applied to the determination of calcium
content in foods.

5. Application examples of ion chromatography in drink detection
5.1 Detection of chemicals in drinking water

We know that the tap water used in normal city needs a series of complicated process and
transportation. The drinking water that we rely on will go into the thousands of households along
the indoor faucets. In rural areas, people also use the way of well drilling to get natural surface
water. If the water is contaminated, or the transport process is polluted, then our drinking water will
be difficult to reach the health standards of the authorities, endangering the health of the people, and
in serious cases the population may be affected.

The chemical composition of everyday polluted drinking water includes all kinds of inorganic
ions. Cations such as Na*, Li*, K*, Mg®*, Ca** and other metal ions, the excessive intake of metal
ions can lead to different results, including kidney stones, liver damage, and so on. Anions such as
F, CI, NO*, Br, PO,*, SO4% and so on, their high content will be the body metabolism disorder,
skin burns, respiratory inflammation and other symptoms, and a strong carcinogen. In addition, in
the process of production of tap water, the disinfectant and its by-products (including chlorine,
bleaching powder and ozone) may also be inflow into the water pipe. Their detection methods are
also worthy of attention.

There is almost no need for complex sample pre-treatment before drinking water is tested.
Generally, the water sample is removed for a period after the ultrasonic bubbles are removed. The
test requirements can be achieved by vacuum filtration through the filter membrane before sampling.
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Figure 1. Chromatograms and peak positions of all anions in mixed solution

Wu Ying and others from Shenyang Normal University used the mixed anion standard solution
to enter the sample at the specific concentration Na,CO3; and NaHCO3 as drenching solution in the
anion detection section. The ion chromatography 1 shows that the anion separation effect is good
and can be detected at the same time. They were quantified by the anionic solution prepared by a
certain gradient standard. After the linear equation was obtained, the samples were then injected
into the IC chromatograph to analyse the content. When the cations were detected, the IC
technology was used by Zheng Shaona of Guangdong environmental monitoring centre to
determine the alkali metal, alkaline earth metal and ammonium ions in drinking water at the same
time.

Chlorine disinfection is the main way to disinfect urban tap water in China, and some of them
are sterilized by CIO, and ozone. Disinfection by-products produced in the disinfection process of
drinking water are harmful, including halo acetic acid and three halo methane, which can inhibit
cell apoptosis (proliferation), influence sugar metabolism and induce tumor disease and so on.
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Among them, haloacetic acid has higher content of two chloroacetic acid (DCAA) and three
chloroacetic acid (TCAA), and its unit concentration has greater risk of cancer. At present, the
determination of DCAA and TCAA in China is mainly by gas chromatography. This method has a
tedious pre-treatment and extraction derivation process, and its application is limited. Liu Yongjian
and other scholars applied 1C method to simultaneously detect nine halogenated acetic acids in
drinking water. The detection limit reached pg/L level, which was also accurate and convenient.

5.2 Detection of food additives in beverages

People can easily buy various kinds of flavoured beverages on the market. Careful observation
of the ingredients list of beverage bottles reveals that in addition to the use of water, sugar and
syrup, various food additives are also used in beverages. The effects of these additives include:
enhancing the sensory quality of the beverage, improving the stability of the beverage, improving
the nutritional value of the beverage, preventing the corruption and deterioration of the beverage,
increasing the variety and convenience of the beverage and so on. A certain amount of food
additives, such as citric acid, aspartame, cyclamate, sativoside, potassium sorbate and so on, not
only have no toxicity and harm, but also make the beverage unique, more durable, and arouse the
consumer's desire to buy. But excessive food additives are mainly reflected in the disturbance of the
body's metabolism, increase the risk of heart disease and diabetes, and there is a potential
carcinogenic risk.

Because the sensitivity of the conductivity detector to organic acids is relatively high, the
detection of trace organic acids in food is preferably by ion chromatography. The contents of
sodium cyclamate, sorbic acid, benzoic acid, benzoic acid, anasai and saccharin sodium in the
beverage were measured by ion exchange and conductivity detection by Wang Aiyue, the Henan
Centre for Disease Control and prevention. They use lon Pac AS19 4 x 250 mm as analysis column,
lon Pac AS19 4 x 50 mm as protection column, 18 mM, KOH as drenching liquid, 1.0 ml/min flow
rate, obtained the linear excellent standard curve, the final detection limit reaches the pg/L level.
The standard deviation of repeated measurement is small, and the recovery rate is high. In addition,
they found that the sweeteners such as citric acid, tartaric acid and aspartame would not interfere
with the chromatographic conditions. This indicates that this method can be widely applied to the
determination of additives in mainstream beverages without eliminating interference from related
organic matters.

5.3 Detection of nitrite and nitrate in milk and other dairy products

Milk is a common daily drink. Some businesses will add nitrite or nitrate as a colour developing
agent and preservative in the process of separating and preserving milk. In addition, the storage
time of raw milk is too long, the feed of the cows, the nitrite in the water, and so on, will also make
the finished milk (sub) nitrate in the hands of the consumers exceed the standard, endangering the
health of the human body.

The methods for the determination of nitrate in dairy products include gas chromatography,
AgNOj; selective electrode for direct potential of nitrate in milk powder, automatic cyclic septum
determination, cadmium column reduction and spectrophotometric analysis, etc. their common
characteristics are the shortcomings of time-consuming operation and non-adaptation to large batch
samples, and the use of Cd powder. It doesn't conform to the idea of green chemistry. In this way,
ionic chromatography has its own advantages and will have wide application space in the future.

One of the more classical methods of ion chromatography is to use Na,CO3; and NaHCO3 as the
drenching solution. After adding CH3;COOH and NaOH to remove the insoluble organic
compounds, such as protein and lipid, the samples are directly injected into the sample. Zhou Hong
reported that the detection limit of this method was as low as 0.15 mg/kg, and its sensitivity was
100 times of that of the national standard method (1.5mg/kg). The recovery rate of fresh milk and
infant milk powder was between 89.5%-112.0%.

Later, Cui Xiaoging and others found that CH3;COOH precipitates were adsorbed on the
chromatographic column at the time of detection, resulting in irreversible damage to the
chromatographic column. To improve the method, acetonitrile was used in the pre-treatment of milk
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and water samples, and the supernatant was centrifuged to remove the precipitation, and then 0.22
um organic phase filter membrane was used to filter the back sample. Acetonitrile can produce fine
protein precipitation, high precipitation efficiency, and can obtain a cleaner sample matrix to reduce
the contamination and damage of impurities in the 1C system.

On the whole, IC technology has high recovery rate and the detection limit is at the level of
um/L, which is a good method.

6. Summary and prospect

lon chromatography has been a frontier and popular analytical technology after a long period of
development. Through the analysis of the above examples, the technology is quick to analyse the
common anions such as NO*, NO*, CI" and other cations, such as Ca** and Na’, and can be
separated by high efficient separation column. The advantages of this method are high sensitivity
(the detection limit is in the pg/L level), and the selectivity is good (using appropriate separation
methods, separation columns and monitoring methods can be realized), and a variety of ionic
compounds can be analysed at the same time.

However, in practical applications, ion chromatography still has room for improvement. For
example, ion chromatography is inseparable from the pre-treatment steps of samples. For solid food,
such as food, solid dispersion, solid phase extraction and ultrasound can be used to form the
solution and then sample. The detection of liquid substances and general drinking water can be
directly injected into sample or after concentration and then re-entered (when the sensitivity is not
high or only trace amount of material to be measured), and milk and other fluid containing lipid and
protein need to be precipitated and centrifuged. The service life of chromatographic column is
limited, and the cost is high. Sometimes, to get good test results, it is a great expense to constantly
replace high-quality fillers. In addition, if a mobile phase, such as strong acid and strong alkali, has
been reacted with the remnants of the sample after the chromatography column, the precipitate will
block the exit of the column, cause pollution and influence the reuse of the column. To obtain stable
and accurate results, the ion chromatography column needs to be balanced for a long time. There
are many problems in the experiment, such as the large displacement of the cation peak and the
instability of the peak type, which often affect the experimental results and accuracy of the
detection.

The above points are common development bottlenecks of IC technology in recent years, which
are mainly reflected in the development of chromatographic columns and fillers. If the ion
chromatography technology is to be applied more widely, we should consider getting rid of the
above constraints. We should reduce the production cost and improve the efficiency and accuracy
of column utilization. In this way, the IC technology will have a broader development platform.
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