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Foreword

At present, countries from all over the world have set forth more and more stringent require-
ments for chemical contaminants in edible agricultural products, and there are more and more pesti-
cide varieties requiring determination, whereas the maximum residue limit (MRL) for pesticides is
getting lower and lower, i. e. the threshold of access for international edible agricultural products is
getting higher and higher. For instance, “Positive List” system implemented by Japan in 2006 stipula-
ted 51 392 “Interim Limit Standards” involving 264 edible agricultural products and 734 agricultural
chemical contaminants, being the strictest regulatory law of pesticide and veterinary drug residues in
edible agricultural products in the present world and covering almost all agricultural products current-
ly planted or cultivated in our country, which poses influence of great magnitude on export of edible
agricultural products of our country. This is both a huge challenge and an important opportunity for
the study of pesticide and veterinary drug residue analytical techniques of our country. Therefore, it
is a long-term strategic task for our country to protect national food safety, ensure the safe operation
of our economy and constantly crack the technical barriers of advanced countries.

Guo-Fang Pang’s team has taken the lead in capturing the research hot-spot of strategic develop-
ment of food safety and displayed great initiative in meeting the challenge. Almost contemporary to
the research of Japan’s “Positive List”, they conducted a systematic study on analytical techniques for
multi-classes and multi-kinds pesticide residues in 10 categories of different edible agricultural pro-
ducts and developed 10 high-throughput sample preparation techniques and high-throughput analytical
techniques for simultaneous extraction, separation, enrichment and determination of 400-500 pesticide
residues with one-time sample preparation. These techniques are respectively applied in determination
of pesticide multiresidues in over 60 edible agricultural products of 10 categories such as fruits and
vegetables, grains and cereals, fruit and vegetable juices and fruit wines, teas, edible fungi, plant and
herbal medicines, animal tissues, honeys, aquatic products, milk and milk powder, etc. , forming an
analytical method system of high selectivity, high sensitivity, high resolution and high throughput for
determination of over 1000 world commonly-used pesticides and chemical contaminants residues,
based on which, standardization has been completed, enabling pesticide multiresidue techniques of our
country to be integrated with those of advanced countries and occupying the international leading posi-
tion in terms of varieties and quantities of chemical contaminants simultaneously analyzed.

This book is the fruit from Guo-Fang Pang’s team, who have been engaged in the research of
pesticide residue analytical techniques over the past 30 years or so, combining their theories with ap-
plications, as well as the fruit from the team who have been whole-heartedly committed to their duties
without any other distractions, stormed one stronghold after another and kept climbing uphill towards
the summit. This research is of technical innovations in the following three aspects:

Firstly, a systematic study has been conducted on the characteristics of GC-MS/MS and LC-MS/
MS for over 1000 world commonly used pesticide chemical contaminants, and a data bank with thou-
sands of mass spectrograms has been established, laying a theoretical foundation for developing the

high-throughput analytical technique.
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Secondly, advanced sample preparation techniques such as accelerated solvent extraction, high-
speed homogenous extraction, solid-phase extraction, gel permeation chromatography. etc. have
been integrated, a series of technical hurdles have been overcome like extracting over 1000 pesticide
residues with the content of ppb level from over 60 agricultural products of 10-plus categories and ef-
fectively separating big quantities of co-extracting interfering matters, and the high-throughput sam-
ple preparation techniques of internationally advanced level have been developed.

Thirdly, Guo-Fang Pang’s team have taken the lead in studying and developing a new technique
of determination per time frames and groups for chromatography and mass spectrometry and sequen-
tially divided pesticide chemical contaminants of chemical properties and retention time that are close
to each other into multiple groups, thus the selectivity of the method has been raised; each group of
pesticides was determined per time frame in accordance with the peaking sequence, thus the sensitivi-
ty of the method has been raised; the ions were chosen to optimize target pesticides to lower the noise
interference, thus the method resolution has been increased, and simultaneous determination of 500
pesticide residues has been realized, whereas the high-throughput sample analytical technique of inter-
nationally advanced level has been developed, and in the meantime, the number of pesticide varieties
simultaneously determined occupies a leading position in the world. The working efficiency by this
method has increased hundreds of times compared with that by the conventional single-residue me-
thod. Based on what is mentioned above, a pesticide multiresidue analytical method system with rela-
tively high automation has taken shape.

This research is of great significance in the following three aspects:

Firstly, it is of strategic importance. In the process of globalization of world economy, interna-
tional competition is getting more and more cut-throat. Developed countries in the world have been
protecting the interests of their own countries by setting up technical barriers and obtained remarkable
results. As early as in 2006, our country suffered economic loss up to 100 billion US dollars as a re-
sult of foreign technical barriers, and foreign technical barriers have become the main obstacles to our
foreign trade development. Edible agricultural products take up relatively the most majority of en-
countering foreign technical barriers of pesticide residues, so the research of such techniques will turn
into powerful weapons for removing the technical barriers of world advanced countries, which also re-
flects the increase of the comprehensive national strength of developing China.

Secondly, it is of realistic importance. Pesticide maximum residue limit (MRL) is not only the
standard for food safety, but also the threshold of access for international trade. Countries from all
over the world attach great attention to food safety, so there are more and more pesticide residue limit
thresholds for international trade of edible agricultural products and stricter and stricter limits; the
international trade rhythm is getting faster and faster, and efficiency is getting higher and higher.
Such circumstances necessarily call for higher standards and greater challenges for the high sensitivi-
ty, high resolution, high selectivity and high throughput of analytical methods, whereas these multi-
residue analytical techniques have basically met all these requirements.

Thirdly, it is of academic importance. Pesticide chemical contaminants high-throughput analyti-
cal techniques are the topics of hotspot research by our counterparts from all over the world, which is
very hard to tackle. This research has realized the integration with the international advanced tech-
niques, and in the meantime exceeded the similar techniques of advanced countries in terms of the

number of pesticide varieties simultaneously determined. The research papers were published on fa-
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mous international journals in countries such as USA, UK, Holland, Germany, etc. and have gained
recognition by our international counterparts. In addition, our presentations made at international
meetings were very well received by our colleagues from all over the world, which helped our country
to exert international influence in the arenas of international residual analysis and trace analytical

chemistry and has induced the technological progress of the said area.

Fu-Sheng Wei
Academician of the Chinese Academy of Engineering

October 18, 2012
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Preface

This book is a summary of the research on analysis of pesticide residues in edible agricultural
products in terms of theory and practice by the author’s team who have been involved in this field for
nearly 30 years. The chapters are designed per the categories of edible agricultural products such as
fruits and vegetables. grains and cereals, fruit and vegetable juices. fruit wines, teas, edible fungi,
Chinese herbal medicines. animal tissues, honeys, aquatic products, milk and milk power, etc. , each
chapter of which deals briefly with the industrial development and the requirements for such tech-
niques in the international trade, summarizes the development of corresponding sample preparation
techniques and analytical techniques and lays an emphasis on the detailed description of the research
results of high throughput analytical techniques in agriculture products by the author’s team.

In the process of writing this book, the author’s team searched 15 international influential jour-
nals” that have been published for the past 20 years or so (1991-2010), and found there are 3505 SCI
papers on analytical techniques for pesticide residues in edible agricultural products from 72 countries
(regions) across the five continents, among which 1942 papers are from 33 countries in Europe, 852
papers from 13 countries from America, 641 papers from 18 countries (regions) in Asia, 38 papers
from 2 countries in Oceania and 32 papers from 6 countries in Africa. Putting the 72 countries and re-
gions in sequential order per paper quantities, countries that rank the top 20 are Spain, USA, China.
Italy, UK. Canada, Japan. Germany. France, Belgium. Greece, Holland, Brazil, India, Switzer-
land. Ireland, Portugal, Australia, Czech and Poland. A comparison of countries that rank the top 20
per the first 10 years (1991-2000) and the last 10 years (2001-2010) has found that countries that
rank the top 3 in the first 10 years are USA, Spain and UK, with China in 13" place, whereas coun-
tries that rank the top 3 in the last 10 years are Spain, China and USA. Our country has jumped to
Rank No. 2 in the last 10 years from the 13™ place in the first 10 years. This fully demonstrates that
our country, in terms of paper quantities, has already run neck and neck with the big countries in the
world in the field of inspection of pesticide residues in edible agricultural products.

Concerning sample preparation techniques of pesticide residues in edible agricultural products.
there are 3505 papers involving 89 sample preparation techniques. In terms of paper quantities, the
top 20 techniques are SPE, LLLE, MSPDE, SFE, GPC, Derivatisation, QuEChERS, ASE., SPME,
IAC, MAE. LC, DSPE, SE, SBSE, SDME, TLC, UAE, SPMD and DLILME.

A comparison of the techniques per the first 10 years and the last 10 years has found that tech-
niques that have been in the leading position for the past 20 years are SPE and LLLE, which ranks 1™
and 2. Techniques that rise the fastest are MSPDE, which rose to No. 3 in the last 10 years from
No. 6 in the first 10 years, and ASE rose to No. 8 in the last 10 years from No. 15 in the first 10
years. Techniques that remain relatively stable are GPC and Derivatisation, and the newly emerged is

QuEChERS, which occupied the 7" place since it emergence in the last 10 years. In addition, SDME,

% Fifteen international influential journals: Chromatographia. Journal of AOAC INTERNATIONAL , International Journal of
Environmental Analytical Chemistry, Food Additives and Contaminants, Journal of Agricultural and Food Chemistry, Journal of
Separation Science s Rapid Communications in Mass Spectrometry , Food Chemistry, Analyst. Talanta, Analytical and Bioanalytical

Chemistry s Analytica Chimica Acta s Journal of Chromatography A, Analytical Chemistry and Trac-Trends in Analytical Chemistry.
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SBSE, SPMDs, and DLLME respectively rank No. 16, No. 18, No. 19 and No. 20. A comparative
study found that concerning sample preparation techniques, simple, quick and high efficiency are the
general tendencies for the study and development of sample preparation techniques. In this book, an
introduction is made item by item to the applications and prospects of sample preparation techniques
that rank the top 20 in each of the corresponding chapters. And a brief survey is also made where ap-
propriate for the newly emerged sample preparation techniques that are out of the top 20. Regarding
the high throughput sample preparation techniques developed by the author’s team, an elaborate in-
troduction is respectively made in the corresponding chapters.

Concerning pesticide residue analytical techniques for edible agricultural products, there are 3505
papers involving 204 analytical techniques. Techniques that rank the top 20 in terms of paper quanti-
ties are GC-MS, LC-MS/MS, LC-UV, GC-ECD, LC-MS, LC-FLD, ELISA, LC-DAD, GC-NPD,
GC-MS/MS, Sensor, GC-FPD, LC-Q-TOF-MS, TLC, CE, EIA, GC-FID, CE-UV, LC-ED. GC-
ITD and TA.

A comparison of the technique development per the first 10 years and the last 10 years has found
that the technique that developed the fastest is LC-MS/MS, which rose to Rank No. 1 in the last 10
years form No. 9 in the first 10 years; GC-MS/MS rose from No. 19 in the first 10 years to No. 8 in
the last 10 years; Sensors jumped from No. 17 in the first 10 years to No. 10 in the last 10 years; the
newly emerged techniques in the last 10 years are LC-Q-TOF-MS, LTQ-Obitrap, etc. ; techniques
that are relatively stable are GC-MS, ELISA, LC-MS, GC-ECD, LC-DAD. CE, etc. ; techniques
that dropped the fastest are .C-UV, which dropped from Rank No. 1 in the first 10 years to No. 6 in
the last 10 years; techniques that have a tendency of dropping are LC-FLLD, which dropped from No.
4 in the first 10 years to No. 7 in the last 10 years, GC-NPD from NQ. 7 in the first 10 years to No. 11
in the last 10 years. A comparative study found that concerning analytical techniques, accurate, quick
and high throughput techniques are the general tendencies for the study and development of analytical
techniques. In this book, an introduction is made item by item to the applications and prospects of an-
alytical techniques that rank the top 20 in each of the corresponding chapters. And a brief survey is al-
so made where appropriate for the newly emerged analytical techniques that are out of the top 20. Re-
garding the high throughput analytical techniques developed by the author’s team, an elaborate intro-
duction is respectively made in the corresponding chapters.

What is worth mentioning is that over the past 20 years the most shinning techniques are L.C-
MS/MS and GC-MS/MS. In the above-described 15 scientific journals, there are 339 papers on chro-
matography-mass spectrometric techniques in the first 10 years (1991-2001), while there are as many
as 1018 papers on the same topic published in the last 10 years (2001-2010), which is three times
those in the first 10 years for the last 10 years. This fully demonstrates that chromatography-mass
spectrometric techniques have entered into an era of unprecedented development in the field of inspec-
tion of edible agricultural products. Scientists and technologists of our country devoted to this area
are closely keeping pace with this technique and have brought about the great leap of our country from
Rank No. 14 in the first 10 years to No. 2 in the last 10 years in the field of pesticide residue analysis.

Looking back to over 10 years ago, the author’s team still did not possess a chromatography-
mass spectrometer in their own laboratories, but after deliberating the latest development of analyti-
cal techniques, they predicted chromatography-mass spectrometric techniques would play a more and
more important role in pesticide residue analysis of foodstuffs, feeling a pressing need to study and
develop such techniques, so they decided to borrow instruments from outside sources to conduct the

research of high throughput multi-grouped residual analytical techniques for pesticide chemical con-



