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Preface
To write a thesis, a Ph.D.-student needs to identify a research gap worthy of investigation. In
my case, an empirical gap presented itself to me, when I first clicked on the homepage of the
food safety inspection service. After opening that spreadsheet, I was shocked by the endless list
of food contaminated by pesticides and heavy metals. These contaminations are like a
nightmare and have haunted the consumers for decades. Now, when these shadows became
visible, I started to wonder, where exactly are they coming from? Am I able to find any pattern
of which bunch of fresh food is contaminated? If so, can I find a solution to reduce or even
eliminate these chemical hazards? Hence, this thesis aims to reveal the hidden script that brings
pesticides and heavy metals from farm to fork.
With questions in my mind and data on the hard drive, I set forth to trace the pesticides and
heavy metal residues. By following these contaminations, I walked through the most fabulous
and modernized retail outlets downtown, towards the wholesale markets filled with many
middlemen. Later, the concealed contaminations led me to the centres of the most affluent and
refined metropolitan areas, where every piece of fresh food was keenly tested by the food safety
authority; and to the most deprived cities, where the complete food supply chain was under the
shadow of air, soil and water pollution. When finalizing this thesis, I realized that I have merely
shed light on a tiny part of an enormous food provision system involving millions of
participators. However, paraphrasing a quote from J.R.R. Tolkien, I believe that even the
smallest research project can change the course of the future.
At last, I need to acknowledge that my little adventure could not have been completed without
the support of my friends in Wageningen. First, I would like to express my most sincere
gratitude to my supervisors: Peter Oosterveer and Liesbeth Dries. Every time when I
encountered a contradictory phenomenon or empirical puzzle, Peter guided me through the mist
with his theory toolbox. When I came back from fieldwork in 2019, Peter helped me to reframe
the fragmented pieces of interviews into a coherent and well-organized argument. Every time
when I was lost in the maze of data, Liesbeth was always there to reveal the pattern hidden in
the data. In 2020, when I imprudently stepped into the area of spatial analysis, Liesbeth helped
me to conduct the most befitting model. On the one hand, they allowed me maximum freedom
in choosing the research objective. On the other hand, they always offered support when a joint
effort was needed. In short, I would call our four years Ph.D. journey a perfect example of
synergistic supervision. Second, I would like to thank Simon Bush, for his encouragement in
these four years and for allowing me to benefit from participating in the recruitment process.
Moreover, I owe my thanks to Corry Rothuizen, the most beloved coordinator and facilitator
who literately arranges almost everything. For the photo on the front cover, I would like to
thank Suzan van der Schenk. Finally, I would like to thank my fellow PhDs in ENP for the
happy memories that we shared, especially our Ph.D. trip to China in 2018. In the last two years
of my Ph.D. journey, I had to work from home because of the pandemic COVID-19. Hence, I
highly value and miss my days in Wageningen and in the ENP corridor.
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Introduction

Chapter 1

1.1 Overview
For a long time, providing sufficient and adequate food for urban China has been a critical
challenge. The urban population of China grew from 171 million in 1978 to 843 million in 2020,
indicating an enormous increase in total food demand. However, China has achieved widely
acknowledged successes in feeding this growing urban population, not only increasing dietary
intake but also diversifying this. In other words, consumers in urban China consume more meat,
fruits, and vegetables, while staple foods take a decreasing share in their diet (Ma et al., 2019).
Vegetables feature prominently in a typical Chinese diet. The annual vegetable consumption
per capita in China reaches 110 kg, which is among the highest in the world (Tefft et al., 2017).
Hence, satisfying consumer demand for vegetables is regarded as a pivotal task for the (local)
government. China is the largest vegetable producer in the world (FAO, 2020a). However, high
vegetable yields are ensured by applying high levels of chemical inputs, including fertilizers
and pesticides. This has raised concerns among consumers about the safety of their vegetables.
Since the 2000s, the confidence of consumers in the safety of their food has been damaged by
a series of renowned food safety incidents caused by melamine in milk and clenbuterol in pork.
The prevalence of food safety hazards also in fresh vegetables has been highlighted in recent
research (Gale & Hu, 2012; Zhao et al., 2018). Studies on food safety revealed two grievous
hazards, the presence of pesticides and heavy metal residues in fresh fruit and vegetables (Van
Hoi et al., 2010; Zhao et al., 2018). Pesticides are widely applied by farmers to eliminate
unwanted weeds, fungi, and insects and to ensure high yields. In 2017, the pesticides use in
cropland in China reached 11.01 kg/ha, which is much higher than the world average of 2.63
kg/ha (Wu et al., 2014). Moreover, highly-toxic pesticides such as DDT, which have been
prohibited in Europe and North America already decades ago, are still widely used by Chinese
farmers (Wang et al., 2015). Because of the widespread use of agricultural chemicals in food
production, farmers have been exposed to pesticides residues during the production and
handling of vegetables, and consumers through their food intake. Researchers highlight the
appalling ignorance of farmers about pesticides labels and application protocols (Akter et al.,
2018). The inappropriate and excessive application of pesticides forms a critical threat for both
farmers and consumers. Exposure to pesticides residues may lead to multiple problems ranging
from short-term/acute problems (e.g., skin and eye irritation, headaches, dizziness, and nausea)
to chronic impacts (e.g., cancer, asthma, and diabetes) for consumers as well as farmers (Zhao
et al. 2018).
Because the presence of excessive amounts of pesticides residues in vegetables is primarily the
result of farmers' application of pesticides, public authorities, researchers and NGOs have
attempted to reduce the problem by leveraging farmers’ practices. However, farmers'
application of pesticides is primarily determined by their experience, their perception of the
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pest, and market incentives (Akter et al., 2018). Most farmers tend to ignore maximum limits
in the application of pesticides and the prescribed pre-harvest intervals (Zhang et al., 2017).
Moreover, the agricultural reform in 1978 generated highly fragmented land holdings and
millions of small-scale farms. This small scale character of the vegetable production sector
impedes the appropriate application of pesticides and prevents Chinese farmers from making a
decent living from farming their small plots (Wu et al., 2018). Consequently, both researchers
and policymakers acknowledge the difficulty of standardizing production, disseminating
technology, and establishing traceability systems.
To collect, purchase and sort vegetables from countless small-scale farmer households,
hundreds of thousands of wholesalers (often also referred to as middlemen) emerged as
intermediaries between rural producers and urban consumers (Zhao et al., 2018). These
wholesalers grade the vegetables and offer prices to the farmers. To improve the appearance
and secure a longer post-harvest preservation of vegetables, wholesalers tend to encourage
farmers to use pesticides excessively. In addition to this indirect impact on vegetable safety,
wholesalers may also use pesticides themselves, as highlighted in reports from local
governments. Wholesalers are suspected of spraying pesticides on the purchased vegetables to
avoid food loss during storage and transportation.
In addition to pesticides, heavy metals are another threat to vegetable safety and human health.
Previous research has shown that there is a high prevalence of Cu, Pb, Cd, Cr, As, and Hg in
fresh agricultural products in China (Zhong et al., 2018). Research furthermore indicated that
lead and cadmium are frequently detected in vegetables because of bioaccumulation in plants
(Lu et al., 2015). Researchers suggest that atmospheric deposition contributes to heavy metal
pollution (Fang et al., 2014; Lu et al., 2015). While researchers endeavor to reduce lead,
cadmium, and arsenic contaminations in the soil, it is equally relevant to eliminate vegetables
with heavy metal residues from retail outlets and to prevent supplying contaminated vegetables
to the consumer.
The amendment of the "Food Safety Law" in 2015, is the most recent regulation concerning
food safety control in China (Chen et al. 2015). This new food safety law authorizes the Chinese
Food and Drug Administration (CFDA) and the Industry and Trade Bureau (ITB) to oversee
food safety in China and confirms the legal liability of actors in the food supply chain for food
safety hazards. However, the CFDA and ITB are only allowed to regulate food retailers, who
are primarily located in urban areas. Because of the dual rural-urban administration system in
China, the CFDA and ITB have little control over the practices of farmers in rural areas although
they also affect food safety through the use of pesticides, nor do they have control over the
actions of wholesalers who transport fresh food from rural to urban areas. Rural governments
have used extension services to guide farmers in the proper application of pesticides but with
limited success. The main cause for this limited success has been the limited financial and
human resources available to local governments to reach the Chinese small farmer population
of more than 200 million households. Public authorities have also attempted to improve food
safety by labeling agri-food products and by restructuring the food supply chain. In 2003, the
Ministry of Agriculture introduced the "Food certification label policy (Nong Chan Pin Zhi
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Liang An Quan Ren Zheng)”, which classifies vegetables according to three standards: hazardfree, green and organic (Zhou & Jin, 2009). In Europe and North America, food certification
and classification have proven to be an effective way of controlling food safety hazards.
However, monitoring small-scale vegetable farmers in rural China is difficult and recent studies
have found that both consumers and producers lack trust in and recognition of these
certifications (Zhang et al., 2016).
In short, the prevalent safety hazards can neither be simply eliminated by guiding farmers in
their pesticides application nor be suspended by formal food safety regulation. One important
reason for this is that food safety is not a purely technical problem, but also a management and
organizational problem (Gale & Hu, 2012). If food safety were simply a technical problem, the
scientific discoveries and techniques developed over the past two centuries would have shielded
consumers from the hazards experienced by earlier generations. While China has access to
advanced laboratory and sanitation equipment, organizational reforms might play an often
overlooked role in achieving food safety in China (Gale & Hu, 2012). Moreover, food safety is
never a simple relationship between the regulation and the market but overarches multiple
aspects including society and the environment. Thus, a comprehensive framework is needed to
analyze the complex connections within the food system that affect food safety. Such a problem
that involves multiple stakeholders requires systematic investigation, evaluation, and eventually
intervention. This thesis focuses on the prevalence of vegetable safety hazards in urban China
and to find out which factors influence the prevalence of food safety hazards. To integrate these
various actors in the analysis, a broad theoretical framework is necessary.

1.2 A food system approach for food safety management
In this study, a food system approach is employed to investigate the safety of vegetables in
urban China. In recent decades, food research has shifted from an emphasis on producing
sufficient calories for the growing population to a food system thinking that incorporates
environmental outcomes and social concerns (Gale & Hu, 2012). Food system researchers have
established a framework for understanding connections between food production, distribution,
regulation, consumption, and environmental impacts (Ericksen, 2008). Instead of treating these
components separately, the food system approach emphasizes the coordination and interaction
between them. By moving beyond a simplified productivity technology perspective, the food
system approach allows researchers to identify problems that have not yet been investigated
and also recognizes the socio-economic factors that affect food distribution and food quality.
In previous research, the food system is applied to incorporate a set of activities including
production, transportation, distribution as well as consumption (Gale & Hu, 2012). I use food
system thinking to study food safety because food safety management is a complex issue that
includes various environmental, socio-political, and economic determinants. In this thesis, I
conceive the food system as a framework that includes the interactions between actors, the
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activities of the actors and the outcomes of the activities. An overarching analysis applying this
food system approach enables us to include the various factors of food safety management. This
thesis is developed upon the assumption that the interactions between the actors as well as the
socio-economic context determine the safety of food. The following paragraphs review the
existing literature in this field to find the critical factors and combine them in a food system
framework.
First, it is important to identify what factors influence the safety level of vegetables. Previous
research on food safety found a lower food contamination rate in the areas where residents
consumed locally produced food (Zhang et al., 2017). Hence, the superiority of local food in
terms of food safety is considered important and promotes and facilitates the local food
movement (Nandonde & Kuada, 2018). Research on community-supported agriculture has also
revealed the belief that locally produced food is safer than food transported over thousands of
kilometers (Nandonde & Kuada, 2018). On the other hand, the geographical concentration of
agricultural production may lead to unexpected negative consequences on food quality and
safety (Grung et al., 2015). Apart from the prevalence of food safety risks in general, researchers
have discovered that vegetable safety problems are geographically concentrated in particular
areas, posing a greater danger to the local population (Wang et al., 2013). Researchers noted
that agricultural agglomeration results in externalities such as increased soil contamination and
pesticide runoff into water bodies (Grung et al., 2015). In other words, the highly intensive
vegetable production has released high volumes of pollution into water and soil. Such
environmental externalities from agricultural activities cannot be separated from socioeconomic aspects. For instance, spatial agglomeration may have a detrimental effect on
agricultural products by increasing pesticides residues in vegetables. A thorough study
performed by Xu et al. in 2018 includes 15 provinces in China and revealed a significant
difference in pesticides residue detection rates between regions. Additionally, Ma et al. (2018)
examined agricultural product samples from several regions and discovered a significant
variation in detection rates. It remained unclear to what extent vegetable farms in China are
geographically concentrated in certain areas, and what consequences this geographical
concentration may have for food safety. Therefore, it is important to look at the geographical
concentration of vegetable production and its impact on the safety of vegetables.
From an organizational and management perspective, the downstream members in the food
value chain play a decisive role in food safety control. FAO highlighted the importance of the
wholesale sector in the provision of food, especially in developing countries (Tefft et al., 2017).
Vegetables must first be channeled through the wholesale market before they can be supplied
to the urban retailer. Previous studies indicated that wholesale markets with better equipment
and management can filter out low quality and contaminated food (Tefft et al., 2017; FAO,
2020). Additionally, researchers expect that supermarkets may offer safer vegetables than
small-scale retailers since they employ more staff and have more specialized equipment for
contamination inspection (Reardon & Timmer, 2012). So far, empirical research on food safety
hazards that includes different value chain actors is rare (Zhao et al., 2018). It is therefore
important to take an integrative perspective and combine the production, wholesale, and retail
sectors to identify the determinants of food safety risks throughout the food value chain.
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Retail plays a crucial role in the food safety governance of vegetables. In recent decades,
supermarket chains expanded rapidly, including in urban China, aided by government
assistance (Reardon, Timmer, & Minten, 2012). Additionally, vertical integration in the value
chain led by supermarkets, i.e., supermarketization, resulted in a restructuring of the vegetable
supply chain. This reorganization primarily concerns the establishment of a companycontrolled production base and closer cooperation with intermediaries (Gereffi & Christian,
2008). The value chain perspective highlights the complexity, codification practices, and
transactional nature of vegetable procurement (Lowe et al., 2009). From the classical typology
of Gereffi, four distinct value chain governance arrangements can be derived, each with a
different degree of integration and coordination (Gereffi & Fernandez-Stark, 2016). If leading
companies create and distribute their goods internally, the value chain is considered hierarchical,
and the degree of integration is high. Transactions in the vegetable value chain entail an
extremely complicated exchange of information, not in the least because the safety of
vegetables is jeopardized by chemical contaminations that are difficult to identify (Stringer et
al., 2009). The sharing of information and the detection of contamination is also difficult to
codify, since fresh vegetables are not produced uniformly in China, but are cultivated by a large
number of small-scale farmers. Thus, vegetable procurement requires a high level of capability
in managing extremely complicated transactions (Gorton et al., 2015). Supermarket chain stores
have an advantage in coping with complicated transactions since they are coordinated centrally
and adhere to private safety standards. Supermarkets are believed to be able to offer vegetables
with a greater degree of safety than wet markets and other retailers, owing to the fact that
supermarkets are managed by large retail corporations. In practice, retail corporations rent
arable land and employ farmers, or enter into exclusive contracts with farmer cooperatives to
ensure a safe and consistent supply of vegetables for their supermarkets. Nevertheless, most
fresh vegetables in China are still sold through wet markets and small retailers. It is therefore
critical to gain further insights in the activities of critical actors, i.e., retailers and wholesalers,
and the interactions between these actors, i.e., their coordination.
Food safety crises are recognized as being a danger to public health and therefore the
government is considered responsible for food safety oversight. At the same time, food is
produced and distributed by the private sector through the market mechanism. Therefore,
analyzing interactions between the private sector and public regulation in food safety
governance in China is important. Previous studies have examined and assessed the efforts of
public authorities in mitigating food safety risks by strengthening controls and regulations
(Rossi et al., 2019; Zhang et al., 2008). Recent studies have emphasized the need for publicprivate collaboration in food safety issues since public regulation cannot succeed without the
involvement and commitment of the private sector (Chen et al., 2015; Hoffmann et al., 2019).
Based on current research and practical experience, experts have placed a greater emphasis on
cooperation between the business sector and governmental authorities (Cadilhon et al., 2006;
Garcia Martinez et al., 2007; Hoffmann et al., 2019). This cooperation allows different actors
to engage in a multifaceted manner (Tosun et al., 2016). Other researchers also suggested the
inclusion of "co-regulation" into the control of food safety (Garcia Martinez et al., 2007). Coregulation has been described as "a dynamic interaction between public and private players
aimed at ensuring the supply of public goods" (as original text) (Garcia Martinez et al., 2007).
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Food safety risk co-governance is an arrangement in which all participating actors cooperate
and work together using government regulation, market incentives, technical regulation, social
supervision, and information dissemination (Chen et al., 2015; Rossi et al., 2019). So far, the
research on co-regulation has focused primarily on the retail sector and the corresponding
regulation offices, whereas the wholesale sector has been increasingly becoming pivotal in
providing food for urban China. Therefore, as it remains unknown how public regulation
inspects and coordinates with the wholesale sector, revealing the mechanisms of food safety
management in the wholesale sector is important.
As a result of the growing severity of food safety risks, a new regulation was established in
China that targets the wholesale and wet markets in 2017. China's Trade & Industry Bureau
(commonly known as ITB) launched the "Wholesale and Wet Market Renovation and Upgrade
Policy". (known as the renovation program). The purpose of this initiative is to enhance food
safety in wholesale and wet markets by upgrading the markets’ infrastructure. More specifically,
this initiative aims to renovate the marketplace, officially register all vendors and implement a
quick test on the presence of pesticides residues. However, it is unclear whether or not this
initiative has actually increased vegetable safety in wholesale and wet markets. According to
information from the local ITBs, all vegetables will be sampled and tested prior to entry into
the wholesale and wet markets and as all stallholders will be officially registered with market
management it becomes possible to track any food safety incident. This renovation program fits
into the framework of co-regulation, which places a premium on openness, training, market
incentives, and the establishment of a flexible regulatory structure. Transparency refers to the
instantaneous sharing of information between stakeholders. Information that is critical for
preventing food safety risks and fostering mutual trust. Additionally, certain stakeholders may
lack the necessary ability to ensure food safety and if public authorities offer them training, the
overall level of food safety may be improved. Additionally, the efficacy of food safety
management is contingent upon the regulatory framework. Co-regulation is possible if public
authorities can choose policy tools that fit the daily routine of the stakeholders and successfully
leverage their behavior. Further insights are needed into the changes occurring at both the
macro-institutional and micro-behavioral levels.
Another critical issue is the connection between the socio-economic status of the consumer and
the prevalence of vegetable safety hazards. Previous studies showed the presence of inequalities
in the food system and revealed that people with certain demographic features, e.g. lower socioeconomic status, face higher risks of food contamination (Van den Broeck et al., 2017). So far,
inequality analysis has been primarily applied in studies on urban food deserts, where socioeconomically vulnerable consumers have limited access to fresh fruit and vegetables and
therefore have lower dietary diversity and higher obesity rates (Eckert & Shetty, 2011; Herrero
et al., 2017; Zasada et al., 2019). The concept of food deserts, which is an area characterized by
poor access to healthy and affordable food (Walker et al., 2010), was used under the assumption
that urban residents make food choices depending on the food outlets available in their
neighborhood. If these local food outlets cannot provide sufficient healthy and nutritious food,
e.g., fresh vegetables and fruits, the residents may suffer from related health problems.
Researchers noticed that grocery stores and supermarkets are not equally distributed across
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different urban areas which leads to inequalities in food access (Demmler et al., 2018). To
mitigate the prevalent food safety hazards, researchers and public authorities have started to
recognize the spatial disparity of these hazards (Zasada et al., 2019). For instance, recent studies
found that neighborhood deprivation increases residents' risk of foodborne illnesses (Newbold
et al., 2013). Previous research also indicated a correlation between bacterial contamination and
store location because the in-store food treatment can be determined by the characteristics of
the inspector, neighborhood, and community (Pothukuchi et al., 2008). In addition, Harris et al.
(2015) note that the number of food safety violations recorded by local health inspectors differs
by county, city, and state in the U.S. In short, researchers have confirmed the presence of spatial
patterns in food safety violations and the role played by local determinants in this.
However, these conclusions from previous research cannot be applied directly to explain the
spatial variation of vegetable safety. In the 2010s, most research on food deserts was
implemented in metropolitan areas in the United States, where fresh fruits and vegetables are
primarily accessible in supermarket chain stores. The research found that urban areas with a
higher level of racial segregation have limited access to supermarkets. Thus, the residents in
these areas have higher rates of malnutrition, especially obesity. Because pesticides residues,
as a primary hazard, are not determined by in-store treatment, but by the farmers' application,
a different geographical approach may be needed to explain the spatial disparity in vegetable
safety in China. The urbanization of contemporary China has specific features and is
characterized in particular by the Hukou System. After the reform in 1978, the Hukou system
has been introduced as a tool for controlling population mobility, including rural-urban
migration and movements between different cities. Residents without hukou are commonly
called domestic migrants in contrast to permanent residents. Researchers have highlighted the
social exclusion of domestic migrants. Almost all domestic migrants are attracted to the cities
because of the opportunities for work (Meng, 2019). In every city in China, there is a large
group of domestic migrants without a permanent residence permit. If these domestic migrants
are geographically concentrated in certain areas of a city, the municipality may tend to provide
lower-quality public services to these areas. Hence, it can be assumed that the food safety level
is not only determined by the consumers’ knowledge and choice, but also by their sociodemographic features because chemical safety hazards in food cannot be directly assessed by
the consumers. As consumers are not able to distinguish contaminated from safe vegetables, it
is the responsibility of the government to remove contaminated vegetables from the local food
outlets (Gale & Hu, 2012). Although all local food safety inspections follow the same standard,
food safety hazards are likely to be more prevalent in some areas than in others. The
asymmetrical distribution of unsafe or unhealthy food in the city is confirmed in research on
food justice (Lamine et al., 2019). The emerging idea of the local food environment also
emphasizes the importance of equal access to safe and healthy food for all consumers,
regardless of their socio-economic status (Downs et al., 2020).
To conclude, a food system approach enables me to connect food safety hazards with various
actors and to assess them from novel perspectives. Thus, the following critical challenges can
be formulated on the basis of the literature review presented in this section. It is assumed that
food safety hazards are more prevalent in some cities, retail outlets, wholesale markets and
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urban districts than in others. By explaining this disparity, practical implications can be
generated to further eliminate food safety hazards. More specifically, a research gap is
identified with regard to vegetable production, for the geographical concentration of production
may lead to excessive application of pesticides. In addition, the crucial role of the wholesaler
in food safety management needs to be addressed. For the retail sector, the assumption that the
more integrated value chain types provide safer food needs to be tested. Finally, it remains
unknown whether consumers with different socio-economic status in urban China have equal
access to safe food.

1.3 Research aims and questions of the four chapters
This thesis aims to explain the prevalence of chemical safety hazards in vegetables and to
develop practical policy implications to reduce these safety hazards. The overarching research
question is why chemical safety hazards of vegetables are prevalent in urban China, and how
to eliminate them.
This overarching question is further split into four sub-questions:
1. How to explain the spatial disparity in the prevalence of vegetable safety hazards in
urban China?
2. Do more integrated food value chains yield safer vegetables?
3. How did the renovation policy affect the wholesale and wet markets, and to what extent
did it enhance the safety level of vegetables?
4. Do the urban residents living in different parts of the city have equal access to safe
vegetables?
These four sub-questions are answered through empirical research and the findings are
presented in the different chapters in this thesis. In Chapter 2, I start with a thorough diagnosis
of China's food safety concerns. Then I study the spatial pattern of food safety hazards in China
with an emphasis on the agricultural agglomerations in the country and their impact on food
safety. In Chapter 3, I explore the association between the value chain types and food safety
levels in order to evaluate the assumption that the degree of value chain integration influences
the food safety outcomes. In Chapter 4, my focus is on the critical role played by the wholesale
sector in safe vegetable supply by evaluating the implementation of the renovation policy.
Using the co-regulation framework approach, I expect to explain the food safety outcomes of
this renovation policy. In the last empirical chapter, I explore the inequality of safe food
provision in urban China using the concept of urban food deserts. The connections between
these four empirical chapters are illustrated in Figure 1.1 and further elaborated below.
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Figure 1.1 Food system approach with highlights from the four empirical chapters

As shown in Figure 1.1, I start my research from the actors and their connections related to
vegetable safety hazards and their management. Hence, a macro-level evaluation of the safe
food provision is conducted in Chapter 2. More specifically, I include producers, wholesalers,
retailers, and regulators in a nationwide empirical assessment of food safety hazards. In regard
to pesticides residues, it is acknowledged that farmers learn about pesticides application from
their neighbors, local governments, and extension services. Pesticides overuse may hence show
geographical patterns and vegetables produced in the intensive production areas may carry
excessive contamination loads when they are delivered to urban food outlets. Based on this
nationwide investigation, the following chapters of this thesis focus on the core actors in the
food system that may have an impact on food safety hazards. Derived from the global value
chain approach, an in-depth study of the different food retail outlet types and their associated
types of value chain is conducted in Chapter 3. I assume that supermarket chains, especially the
ones with their own vegetable production base, can provide vegetables at a higher safety level
than small-scale outlets, e.g., wet markets and grocery stores. In Chapter 4, the food system
analysis goes beyond the value chain and also involves regulation because the outcome of the
food value chain is leveraged by public authorities. Private-public co-regulation is expected to
enable more actors to participate in food safety control. Thus, I include public authorities in the
study and investigate the complex coordination between public and private actors in the food
system. Finally, consumers are included in Chapter 5 as one of the most relevant actors in the
food system. Whilst a well-functioning food system is expected to supply equally safe food to
all consumers, a socio-economically vulnerable population may nevertheless lack access to safe
food. In short, following the food systems approach, this thesis recognizes the multidimensional connections between various actors and outcomes related to economic and
environmental sustainability as well as social equity.
10
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1.4 Methods
The four empirical chapters attempt to explain the prevalence of food safety hazards. Thereby,
they share a common dependent variable, i.e., whether pesticides residues or heavy metals are
detected in a vegetable sample. To test the theoretical assumptions on vegetable safety, detailed
information is required. However, obtaining food safety inspection results directly from
stallholders or supermarkets is almost impossible, for the information is related to their
reputation and therefore highly sensitive. Thus, collecting data from public authorities is a
practical way out. To reassure the consumers after several food safety scandals, the Chinese
government established a food safety inspection system in 2009 (the Chinese Food and Drugs
Administration: CFDA) and since then this organization publishes the results of its inspections
on a publicly available website.
The main purpose of risk monitoring is to detect food safety hazards by randomly extracting
samples from all food retailers and wholesalers. If the sample taken is found to be contaminated,
the market participant faces administrative liabilities in the form of a financial penalty. The
sampling aims at including all market participants with food trading licenses. Small-scale
retailers with less than 8 employees are categorized as “grocery store” and “independent selfservice store”, while the retailers with more than 8 employees are identified as “supermarket”.
CFDA reports contain the following information: food safety status (contamination
detected/not detected); retailer's name and address recorded during the inspection; wholesaler’s
name provided by the retailer; and purchasing date. Like the European Food Safety Authority
(EFSA), the CFDA applies a general default MRL of 0.01 mg/kg where a pesticide is not
specifically mentioned (WHO, 2016). The CFDA reports also allow to determine the vegetable
type and the season (based on the date of the inspection). Following FAO (2018), vegetables
are grouped into four classes: leafy or stem vegetables; fruit-bearing vegetables; root, bulb, or
tuberous vegetables; mushrooms. Using these data, I generate a food safety dataset for each
chapter in line with the research aims.
All CFDA reports on vegetables were collected nationwide and relevant variables were
documented. While Chapter 2 uses the observations from all prefectures with available data,
Chapters 3 and 4 focus on Shandong and use only the observations from this province. In
addition, the fieldwork for Chapter 4 was carried out in Shandong province as well. I selected
Shandong province for the vegetable safety management analysis because this province is the
most important vegetable producer in China. Economic development in Shandong is slightly
above average in China (GDP per capita in 2017: 10,303 U.S dollars compared to 8,643 U.S
Dollars in China). Shandong province has a population of 98 million, of which 57% live in
urban areas (NBSC, 2018). Chapter 5, which looks at the role of consumers, focuses on
Shanghai, the largest city in China with a population of more than 25 million.
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Following the research aim of every chapter, I additionally retrieved data from different sources
to derive independent variables for empirical analysis. For the macro-level analysis in Chapter
2, I collected demographic data from the Chinese Rural Statistical Yearbook. The data used in
Chapter 3 are derived from the CFDA reports. Chapter 4 involves the implementation
mechanisms of the renovation program. Hence, I conducted in-depth interviews with
wholesalers, stallholders, and market management to identify the incentives for their
compliance. Chapter 5 uses demographic data that was retrieved from the Shanghai Statistical
Yearbook. The different data sources of the empirical chapters are presented in Table 1.1.
Table 1.1 Data sources for the empirical analysis
CFDA reports

Chapter 2

√

Chapter 3

√

Chapter 4

√

Chapter 5

√
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Structured,
open-ended
interviews

Chinese Rural Shanghai
Statistical
Statistical
Yearbook
Yearbook
√

√
√
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Externalities of agricultural
Agglomeration: Food Safety
Hazards in China
2. Externalities of agricultural Agglomeration: Food Safety
Hazards in China
Abstract
In China, the production of perishable vegetables is geographically concentrated in certain
regions. Agricultural agglomeration can result in environmental externalities, such as soil
degradation and pollution. So far, little attention has been paid to the externality effects of
agricultural agglomeration on food safety. We use an empirical study to research the link
between agricultural agglomeration, vegetable supply chains and vegetable safety hazards. A
total of 21,067 food safety test samples were retrieved from the Chinese Food and Drug
Administration to show the spatial disparity in vegetable safety hazards across 272 cities in
China. A spatially lagged econometric model is used to estimate the spatial distribution of
vegetable production in rural China and vegetable safety hazards in urban China. In conclusion,
we suggest establishing cross-county inspections to reinforce pest control and closer
coordination between the urban CFDA and adjacent counties.
Keywords: food safety; food supply chain; agricultural agglomeration; spatial analysis

Chapter 2

2.1. Introduction
Vegetables are widely acknowledged to be one of the most important food items in China.
According to different estimations, annual vegetable consumption in China is at least 100 kg
per capita (OECD, 2018). Both the FAO and the WHO encourage adequate consumption of
vegetables for nutritional reasons (FAO, 2020a). Previous research has highlighted a
remarkably high degree of concentration in vegetable production across the provinces,
municipalities and regions of China (Ji et al., 2018). For instance, in 2018, the top vegetable
producer in the country, Shandong Province, produced over 20% of the total volume of
vegetables in China. Moreover, Ji et al. (2018) observed that the spatial concentration of
vegetable production in China has increased dramatically over the past two decades. This
geographical concentration has not only been prompted by market incentives but has also been
fostered by the local governments. County-level governments have strong incentives to
encourage farmers to grow high-profit vegetables, fruits and cash crops to increase farmers’
incomes (Zhao et al., 2018). However, the further implications of the agglomeration of
vegetable production are not yet fully known.
Since Paul Krugman (1991) introduced the new economic geography to explain the spatial
concentration of economic activities, many empirical models have been developed and applied
in various research fields, including those relating to agricultural agglomeration. Agricultural
agglomeration or clustering refers to the concentration of agricultural production activities in
certain locations (Delgado et al., 2010; Krugman, 1991). By aggregating in adjacent locations,
producers can share access to support services, infrastructure and downstream buyers (Gruber
& Soci, 2010). In addition to these positive externalities, several studies have found negative
externalities brought about by agglomeration, especially through its environmental impact
(Chen et al., 2020; Wu et al., 2020). Recent research has concluded that industrial
agglomeration has led to severe negative effects on the environment (Chen et al., 2020; Wu et
al., 2020). The agglomeration of agricultural production may also lead to increased
environmental pressure.
Generally, the agglomeration of agricultural production generates externalities such as an
increase in soil pollution and pesticide runoff into water bodies (Cheng, 2016). Zhan and Huang
(2017) highlight that the concentration of grain production in less developed regions of China
increased the environmental externalities in these regions. Li et al. (2016) observes the spatial
concentration of phosphorus runoff from cropland in agricultural agglomerations. Others have
found that the use of energy in agriculture exhibits strong spatial patterns (J. Wu et al., 2020).
Furthermore, research in Brazil has highlighted the increasing competition between farmers due
to the expanding agglomeration in agricultural production (Richards, 2018). Recent studies
have indicated that agricultural production in certain provinces in China exceeds the local
carrying capacity and urgently suggest a relocation of agricultural production (Hu et al., 2020).
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In an analysis at the provincial scale, Shandong and Hebei Provinces, the top producers of
vegetables, were found to exceed local environmental boundaries (Hu et al., 2020).
Interestingly, recent studies on food safety also show heightened problems for the same two
provinces. This may point to a correlation between the externalities of agricultural production
in terms of environmental pressures and of food safety hazards. The prevalence of food safety
hazards in vegetables, especially pesticide residue, has been shown in previous research (Gale
& Hu, 2012; Zhao et al., 2018). Pesticide residue on vegetables is the result of increased or
inappropriate pesticide application in vegetable production for the purpose of pest control.
Ouyang et al. (2016) show that provinces with high agricultural productivity have a high level
of pesticide residue in the aquatic environment. Furthermore, Grung et al. (2015) estimate that
the application of active pesticide ingredients ranges from 7 litres per hectare in Shandong
Province to 0.6 litres per hectare in Ningxia Province. This excessive application of pesticides
contaminates not only the aquatic and soil environment but also the food delivered to the
consumer.
Previous studies have shown growing concerns among consumers about vegetable safety
hazards (Ariyawardana et al., 2017; Zhang et al., 2016b). In addition to the prevalence of these
food safety hazards, research has shown that vegetable safety hazards are geographically
concentrated in certain regions and therefore impose more serious threats to the populations of
those regions. A comprehensive survey of 15 Chinese provinces conducted by Xu et al. (2018)
shows a clear disparity in pesticide residue detection rates between samples from different
provinces. Ma et al. (2018) tested agricultural product samples from different provinces and
found a wide range of food safety hazard detection rates. Analysing the spatial disparities in
food safety hazards can help to identify the determinants of these hazards and address them.
While previous studies have provided a mere description of the geographical distribution of
hazards, the aim of this paper is to investigate these spatial patterns in more depth and to answer
the following research question: is there a connection between agricultural agglomeration and
the prevalence of vegetable safety hazards in China? If agricultural agglomeration indeed leads
to higher pesticide application, then the vegetables produced in high-production areas are likely
to have excessive pesticide residue. As a highly perishable product, vegetables are primarily
supplied to neighbouring urban areas. Thus, agricultural production agglomeration is expected
to lead to higher pesticide residue in adjacent urban areas. Based on this assumption, we develop
a spatially lagged model to explore the factors that potentially affect pesticide residue on
vegetables in urban retail markets.
To assess the geographical distribution of vegetable production and retail, this study uses data
retrieved from different sources, including the Chinese Food and Drug Administration, the
Ministry of Agriculture and the Chinese Rural Yearbook. The next section provides background
on the vegetable supply chain in China. This is followed by a discussion of the empirical model
and the main variables of interest, the geographical distribution of vegetable safety and
agricultural agglomeration. The results are presented in Section 4, followed by a discussion of
the empirical findings in Section 5. In the concluding section, we summarize this study and
discuss its policy implications.
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2.2. Determinants of Food Safety in the Vegetable Supply Chain in
China
This research aims to test whether agricultural agglomeration is a determinant of food safety.
In practice, vegetables are delivered to urban consumers through a supply chain, which can be
described as consisting of a wholesale sector and a retail sector. To properly estimate the
connection between the agglomeration of production and the prevalence of food safety hazards
in consumer markets, we need to include these sectors between the farmland and the destination
in the empirical analysis. Thus, we specify food safety hazards as a result of farm-level practices,
wholesaler practices, wholesale market regulations and testing, and retailer practices.
In addition to the producer, the critical role of the wholesaler in the food value chain has been
acknowledged in recent research (Reardon et al., 2018; Zhong et al., 2019). Wholesalers gather
vegetables from farmers and deliver them to urban retailers in wholesale markets, which have
become essential as the main intermediary between rural agricultural production and urban
retail. Typically, in China, a city’s demand for fresh food is satisfied by thousands of
wholesalers. Nonetheless, the number of wholesale markets where transactions between
wholesalers and retailers can take place is limited. These wholesale markets serve as entry
controls that can keep contaminated food out of the urban area. Whereas the individual
wholesaler has only limited capacity in detecting pesticide residues and other food safety
hazards, large-scale wholesale markets are equipped with rapid test kits able to detect the
pesticide residues present in vegetables (Alita, Liesbeth and Oosterveer, 2021). By 2018, the
126 largest wholesale markets in China were formally registered through the Ministry of
Agriculture (MOA) and are now required to test and report the test results from every load of
vegetables that enters the market. However, the remaining small-scale wholesale markets are
not regulated by the MOA. Thus, the vegetables traded through registered wholesale markets
are expected to be safer than those traded elsewhere and, the more vegetables are traded through
registered markets, the lower the expected pesticide residue detection rate of the vegetables in
the city will be.
Furthermore, different types of retailers may be expected to maintain different food hygiene
standards (Reardon, Timmer, & Berdegue, 2012). Food retailers in urban China are placed into
four categories according to their size. Research shows that supermarket chains select their
suppliers carefully and test their purchased vegetables regularly. Supermarket chains are under
central coordination and enforce private safety standards (Dries et al., 2014; Ruben et al., 2007).
Thus, we expect that vegetables in supermarket chains are superior in terms of food safety
compared with vegetables sold by small-scale retailers. Small-scale retailers in China can be
further differentiated into wet markets, grocery stores and local supermarkets (small-scale, selfservice department stores) (Babcock, 2017). In comparison to supermarket chains, small-scale
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retailers are smaller in size and are less capable of detecting and controlling food safety hazards
because they lack the equipment and human resources to organize sampling and testing when
purchasing vegetables from wholesalers (Goldman, 2001; H. Lu et al., 2008).

2.3. Data and Methodology
2.3.1 Measuring Food Safety Hazards
First, we establish a nationwide vegetable safety dataset, retrieved from reports by the Chinese
Food and Drug Administration (CFDA). The CFDA randomly surveys urban food retailers
nationwide to test the safety of their items for sale. The test results are published as food safety
inspection reports on the CFDA webpage. In total, we collected 21,067 valid observations from
the CFDA inspection reports in 2018. Each observation is the outcome of one test on a specific
vegetable from a specific retailer. The observations contain the following information: food
safety status (contamination detected/not detected), name and address of the seller as recorded
during the inspection, and date of purchase. Table 2.1 shows the number of observations with
and without pesticide residue and heavy metal contamination.
Table 2.1 Pesticide and heavy metal residue detection rates
Number of observations

Percentage

No contamination (safe)

20,141

95.60%

Pesticide residue

878

4.17%

Heavy metal contamination

52

0.25%

Source: Based on CFDA reports for 2018
In the vegetable samples, 35 different types of pesticide were detected, including highly toxic
pesticides such as methamidophos as well as low toxicity pesticides such as dimethoate.1 We
use the ratio between the actual amount of pesticide residue detected and the maximum residue
level (MRL) of the pesticide as the response variable. This variable ranges between 0 and 300,
where 300 means that the detected concentration of pesticides is 300 times higher than the MRL.
A higher observed ratio indicates a more severe threat to human health. The dependent variable
is zero for observations in which no contamination is detected. Further details about the detected
pesticides are available in Appendix 1.

1
Pesticides were detected by liquid chromatography–tandem mass spectrometry (LC-MS/MS) in the CFDA
laboratory. The amount of pesticide detected ranged from 0.02 mg/kg to 8 mg/kg. Exposure to pesticide
residue may lead to multiple hazards ranging from short-term/acute problems (e.g., skin and eye irritation,
headaches, dizziness, and nausea) to chronic impacts (e.g., cancer, asthma, and diabetes).
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As shown in Table 2.1, the proportion of zeroes in total is 95.6%. This “zero-inflated
distribution” makes a linear model inappropriate. Therefore, this study applies a two-stage
model by first defining the 21,067 total responses as a binary variable to predict whether
contamination is detected; second, the 878 nonzero observations are treated as a continuous
variable to estimate the likelihood of severe contamination.
To identify the location where the vegetable samples were obtained, we use the city mentioned
in the observation reports. The CFDA reports record the name and address of every retailer
from which a sample was collected. The addresses of these retailers can be traced back to 272
cities, which cover the majority of the 333 officially recognized cities in China. Because of the
large distance between the cities, we use the Euclidean centroid of the city to represent the
locations of retailers in the same city. Figure 1 displays the geographical distribution of the 272
cities in the sample. This study covers the most densely populated areas in the country where
over 90% of the urban population of China lives. The size of the green circles indicates the
number of observations taken from each city. As may be expected, cities with a larger
population size generally have a higher number of collected observations.
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Figure 0.1.1: 2.1 The geographical distribution of the cities and the number of observations per city

Figure 2.1 The geographical distribution of the cities and the number of observations per city

Source: Own representation based on the CFDA reports for 2018
Note: Each circle represents one city. The circle size indicates the total number of samples taken
in each city.
2.3.2 Measuring the Agglomeration of Vegetable Production
The primary independent variable is a measure of agricultural agglomeration. First, we display
the geographical distribution of vegetable production across China and then identify the highproduction areas. We select county-level production volume to represent the agglomeration of
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vegetable production. Vegetable production volumes were collected from the China Rural
Statistical Yearbook for 2018 for 1,488 out of a total of 1,881 counties, covering over 90% of
the national production of China. The geographical location of these counties is represented by
their Euclidean centroid as coordinate points. We confirm the existence of spatial
agglomeration through a significant Moran’s I coefficient. This test shows that the counties
with higher production volumes are located close to each other. More specifically, 8 out of the
top 10 counties with the highest level of vegetable production are located in Shandong and
Hebei Provinces. Figure 2.2 shows the geographical concentration of the high-production
counties in middle and eastern China.
Figure 0.2 2.2 The geographical distribution of vegetable production across 1488 counties

Figure 2.2 The geographical distribution of vegetable production across 1488 counties

Source: Own representation based on the Chinese Rural Statistical Yearbook for 2018
To illustrate the wide disparity in vegetable production among these 1488 counties, Figure 2.3
shows the distribution of production volumes graphically. This figure shows that only 84
counties produced more than one million tons of vegetables in 2018, while the other 1,404
counties had production values below that threshold.
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Figure 2.3: The vegetable production volume in each sample county (in millions of tons)

in million tons

Figure 0.3 2.3 The vegetable production volume in each sample county (in millions of tons)
4

3

2

1

0

Source: Own representation based on the Chinese Rural Statistical Yearbook for 2018
Note: Each circle represents total vegetable production in one specific county in 2018. Counties
are ordered from lowest production volume to highest.
We expect that the agglomeration of vegetable production and the associated negative
externalities of high pesticide use and environmental problems will also lead to higher pesticide
residue detection rates in adjacent cities. Furthermore, we assume that vegetables are primarily
supplied to adjacent cities and that the supply diminishes with increasing distance. We therefore
use the distance from each county centroid to each city centroid to create a spatially lagged
variable of the county production volume.
The procedure works as follows. We establish a 272-by-1760 spatial pairwise distance matrix
𝐷𝐷�� , with elements 𝑑𝑑�� , where i is the index for the 272 cities; j represents the 272 cities plus the
1488 counties; and 𝑑𝑑�� is the distance between every i and j. The inverse distance weight (IDW),
𝜔𝜔�� , is a distance-decay parameter and ensures that each measured point has a local influence
that diminishes with distance.
𝜔𝜔�� =

�

���

(1)

The vegetable supply of a city is determined by its distance from the production location and
the total vegetable production volume in that location. Therefore, the inverse distance weight,
𝜔𝜔�� , is multiplied by the production volume of every j, i.e., the net production of every other
city and county.
ω𝑝𝑝�� = 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝� * 𝜔𝜔��

(2)
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Finally, we generate the spatial lag as the sum of neighbouring values. More specifically, ω𝑝𝑝��
is summed over all i values. We term this sum “Abundance” because it gives an indication of
the vegetable production that could potentially be supplied to the city. Returning to our initial
research question and expectations, we hypothesize that cities that have a higher value for
Abundance are located near agricultural agglomeration zones and will therefore also show
higher detection rates and higher levels of pesticide residues.
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 � �

�

���

�

ω𝑝𝑝�� � �

���

�𝑝𝑝��𝐴𝐴𝐴𝐴𝐴𝐴���𝐴𝐴� ∗

�

���

)

(3)

2.3.3 Control Variables and Robustness Checks
2.3.3.1 Alternative measures for agglomeration
To check model robustness and better simulate reality, we also apply alternative specifications
of the Abundance variable. In practice, wholesalers avoid transporting fresh and perishable
vegetables over long distances to reduce fuel and toll costs. Normally, they buy vegetables from
farmlands within a one-day travel distance. Thus, we expect a spatial discontinuity in the impact
of vegetable supply abundance on vegetable safety. More specifically, we assume that only the
vegetables within a 500/400/300 km radius of the city are transported to the urban area, thereby
affecting the observations of the safety status in the city. The vegetable production volume
outside the radius is treated as zero to indicate this spatial discontinuity. This radius
discontinuity simulates vegetable transportation in practice but also enhances the robustness of
the empirical tests. Thus, we create 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴��� , 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴��� and 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴��� in
which the values of 𝑑𝑑�� > 300 𝑘𝑘𝑘𝑘𝑘 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘, respectively, are replaced by zero.
2.3.3.2 Stages between farmland and destination

As an intermediary stage between farmland and destination, wholesale markets are expected to
eliminate food safety hazards. Nevertheless, the capacity of the wholesale market to serve as a
“gatekeeper” for urban vegetable safety varies widely. Since 2018, the 126 largest wholesale
markets in China are required to report the test results from every load of vegetables that enters
the market to the Ministry of Agriculture (MOA). The remaining small-scale wholesale markets
are not yet regulated. We expect that vegetable safety is higher in larger, formally registered
wholesale markets. Since the sales volume of wholesale markets is not available, we use the
land occupied by the market as a proxy to measure the size of the market. The size of the 126
registered wholesale markets included in this study ranges from 1 to 100 hectares. The
geographical distribution of the markets is shown in Figure 2.4, where the size of the circle
refers to the area of land occupied by the market.
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Figure 2.4 The land occupation of the wholesale markets in ha
Figure 0.4 2.4 The land occupation of the wholesale markets in ha

Source: Own representation based on the Agricultural Service System of the Ministry of
Agriculture
Note: Each circle represents one wholesale market. wmsize indicates the land area of the
wholesale market in ha.
Supermarket chains are also expected to provide a higher level of food safety than other retailers.
We include a rather strict definition of supermarket chains by including only the top five retail
corporations in terms of sales volume because they operate nationwide: Wal-Mart, Carrefour,
Darunfa, Hualian and Yonghui. As such, our definition differs from the broader definition of
“supermarkets” given by Babcock (2017), which also includes smaller local supermarkets.
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2.3.3.3 Other independent variables
In addition, we include relevant demographic features in the empirical model. A considerable
amount of produce is grown within city administrative boundaries, and hence, we calculate “net
urban production” as the difference between urban vegetable consumption and urban vegetable
production. Net urban production is part of the total amount of produce that can potentially be
supplied to the urban population. Previous studies have shown that some of these vegetables
are sold directly by farmers and that urban consumers may have more confidence in the safety
of these vegetables (Huaiyu Wang et al., 2014). The population size of the city may also have
an impact on the food safety status of the city. A larger population requires a larger food supply.
Similarly, the economic development of the city determines the urban infrastructure and can
hence correlate with its food safety status.
Different vegetables have a different likelihood of being contaminated by pesticides and have
different levels of perishability. For instance, leek and spinach may perish within a few days
after harvesting, while sweet potatoes can be stored for several months. Therefore, we include
vegetable types as control variables. Following the FAO protocol, we categorize the more than
one hundred different vegetables in China into four basic types: leafy vegetables, fruit-bearing
vegetables, roots and tubers, and mushrooms. Of these, leafy vegetables are most prone to food
safety hazards.
Finally, we consider vegetable production to be a homogeneous sector, with 91.5% of all
vegetables in China being produced by farmer households that do not hire additional labour,
while the remaining 8.5% is produced by households with the help of daily workers (NBSC,
2019). The export and import of vegetables are not included in the analysis because only 612.8
million tons of vegetables were exported in 2018, which represents 0.8% of the total vegetable
production in China, and 501,700 tons of vegetables (0.07%) were imported in 2018 (NBSC,
2019). Thus, the relevance of these external factors to this study is considered to be low.
2.3.3.4 Robustness check: heavy metal residue
In addition to pesticide residue, heavy metal residue poses a major threat to food safety and
human health. Previous research has indicated that lead and cadmium are frequently detected
in vegetables because of their accumulation in plants (Y. Lu et al., 2015). While researchers
endeavor to reduce the presence of lead, cadmium and arsenic in soils, it is equally important
to eliminate vegetables with heavy metal residue from the retail market and to prevent supplying
these contaminated vegetables to consumers. Previous research has shown a high prevalence of
Cu, Pb, Cd, Cr, As and Hg in fresh agricultural products in China (Zhong et al., 2018). In our
sample, arsenic, cadmium and lead were detected in 52 observations (more information is
available in Appendix 1). Heavy metal residue detection in vegetables is measured as a binary
variable with two values: heavy metals detected/not detected.
Heavy metal residue is the result of atmospheric deposition and is independent of agricultural
production (Fang et al., 2014; Y. Lu et al., 2015). Hence, we expect that we will find no
correlation between agricultural agglomeration and the detection of heavy metal residue in
vegetable samples. As a robustness check for our estimates on the effect of agglomeration on
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pesticide residues, we therefore also estimate an econometric model with heavy metal residue
as the dependent variable with the expectation that no significant coefficient will be found for
the Abundance variables (proxies for the agglomeration effect). All the variables that are used
in the analysis are presented in Table 2.2.
Table 2.2. Variables and their definitions
Table 3Table 2.2. Variables and their definitions

Variable
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃�
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃_𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟�

Variable definition

Obs.

Mean

Std. Dev.

=1 if pesticides residue is detected in 21,067 0.041
observation i, =0 otherwise

0.200

The ratio of the actual detected residue 838
to the maximum residue level

43.191

16.194

=1 if heavy metal residue is detected 21,067 0.002
in observation i, =0 otherwise

0.049

The distance-corrected vegetable 21,067 808.719
production
volume
that
can
potentially be supplied to a city

238.487

𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏_500� The distance-corrected vegetable 21,067 460.112
production
volume
that
can
potentially be supplied to a city within
a 500 km radius

266.471

𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏_400� The distance-corrected vegetable 21,067 394.994
production
volume
that
can
potentially be supplied to a city within
a 400 km radius

243.265

𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏_300� The distance-corrected vegetable 21,067 318.859
production
volume
that
can
potentially be supplied to a city within
a 300 km radius

207.931

The total area of formally registered 21,067 244.642
wholesale markets in the city, in ha

437.860

Retailer types, of which,

21,067 -

-

- Supermarket chain

1,490

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�
𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏�

𝑀𝑀_𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠�
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅�

7.07%
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- Small-scale supermarket

12,459 59.14%

- Wet market

2,935

13.93%

- Grocery store

4,183

19.86%

𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝�

The vegetable production volume 21,067 1,588,388 2,619,890
within a city, in 1000 tons

𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝�

The urban population of a city, in 21,067 404.781
1,000,000 people

485.463

𝐺𝐺𝐺𝐺𝐺𝐺�

The GDP per capita of a city, in 1000 21,067 79,862
Chinese yuan

44,794

Types of the vegetables, o.w.,

21,067 -

-

- Leafy vegetables

9,659

45.85%

- Fruit-bearing vegs.

8,133

38.61%

- Roots and tubers

2,574

12.22%

- Mushrooms

701

3.33%

𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣_𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡�

Source: Own calculations based on the CFDA reports for 2018
Note: The mean and std. dev. of 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� and 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣� are replaced with the number of
observations and share of each category.
Following from the empirical model and our variable specifications, several models are
estimated to investigate the determinants of vegetable safety: Model 1 is a probit model
including all prediction variables (see Equation (4)). Models 2, 3 and 4 reduce the radius of the
spatial impact to 500 km, 400 km, and 300 km, respectively, and replace 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴� with
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴� , 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴� and 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴� . Models 5 and 6 test the impacts
in a subset of the sample that includes only leafy vegetables (model 5) and all remaining
vegetable types (model 6), respectively. Model 7 includes only the observations in which MRLs
were exceeded and uses 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃� as the response variable in an ordinary least squares model.
Model 8 uses 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀� as the response variable in a probit model. We use Pearson’s goodnessof-fit measure to test whether the model fits the data distribution. The result of the test is
significant (P < 0.001), and we conclude that the probit model is appropriate given the data
distribution. To test the collinearity of the prediction variables, we conduct a variance inflation
factor (VIF) test and confirm that the explanatory variables have no significant multicollinearity
(see Appendix 2).
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𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃� = 𝛽𝛽� + 𝛽𝛽� ∗ 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴� + 𝛽𝛽� ∗ 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀� + 𝛽𝛽� ∗ 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� + 𝛽𝛽� ∗ 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢� +
(4)
𝛽𝛽� ∗ 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢� + 𝛽𝛽� ∗ 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒� + 𝛽𝛽� ∗ 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣� + 𝜖𝜖

2.4. Empirical Results
Table 2.3 shows the results for Models 1 to 4, with regression coefficients and standard errors
in parentheses. The coefficients represent the effect of the independent variables on the binary
response variable, i.e., pesticide residue detected/not detected. Because we define the detected
observations as having a value of 1 and those with no detection as having a value of 0, a positive
coefficient shows an increase in the possibility of pesticide residue detection. As the basic
model with all prediction variables included, Model 1 generates the following findings.
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴� shows a significant and positive correlation with detection. For every one-unit
change in 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴� , the log-odds of detection versus no detection increases by 3.168.
Models 2, 3 and 4, the three regressions that include 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴� , 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴� and
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴� , respectively, confirm this result. Hence, Models 1 to 4 show that the higher
the level of vegetable production in adjacent counties, the higher the likelihood of detecting
pesticide residues on vegetables in retail and consumer markets.
Models 1 to 4 also show the significant and negative impact of 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀� , i.e., the size of the
wholesale market, on the detection of contamination. A larger wholesale market corresponds to
a lower possibility of pesticide residue detection. The results are consistent across all four
models. With respect to the retail channel, supermarket chains were selected as the baseline for
comparison. While grocery stores and local, small-scale supermarkets do not differ significantly
from the baseline, wet markets show a significantly higher rate of residue detection than
supermarket chains.
The results for the control variables are consistent across all four models. More urban vegetable
production, 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢� , is significantly correlated with a higher probability of residue
detection. The coefficients on the variable 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢� show that observations from larger
cities include significantly fewer pesticide residue detections than observations from less
populated cities. Surprisingly, the city GDP per capita, an indicator of economic development
( 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒� ), suggests a significantly higher probability of residue detection for more
developed cities. Finally, we placed vegetables into four categories with fruit-bearing
vegetables as the baseline for the categorical variable 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣� . The coefficients show that
leafy vegetables are associated with significantly higher residue detection rates, while root
vegetables are associated with lower residue detection rates.
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Table 2.3. Results of Models 1 to 4
Table 4Table 2.3. Results of Models 1 to 4

Model 1
𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏�

Model 2

Model 3

3.168 (0.745)***

3.218 (0.673)***

𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏_500�

3.472 (0.737)***

𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏_400�

3.957 (0.880)***

𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏_300�
𝑀𝑀_𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠�
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅�

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺

Model 4

-2.119 (0.915)*

-2.388 (0.921)**

-2.345 (0.921)*

-2.367 (0.928)*

0.647 (7.350)

1.387 (7.355)

-0.545 (7.356)

-0.198 (7.356)

-1.057 (6.677)

-1.064 (6.678)

-0.976 (6.677)

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑒𝑒 -0.719 (6.673)
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊

6.127 (0.726)***

6.105 (0.723)***

6.048 (0.721)***

5.987 (0.720)***

𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝�

1.170 (0.276)***

1.086 (0.280)***

1.068 (0.282)***

1.079 (0.282)***

𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝�

-4.472 (0.835)***

-4.341 (0.837)***

-4.392 (0.837)***

-4.427 (0.838)***

𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�

1.651 (0.620)***

1.744 (0.620)***

1.732 (0.620)***

1.714 (0.621)***

𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣_𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡�
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𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
Observations

3.337 (0.350) ***

3.318 (0.350) ***

3.327 (0.350) ***

3.339 (0.350) ***

-0.821 (0.110) *** -0.824 (0.111) *** -0.824 (0.111) *** -0.824 (0.110) ***
-0.389 (3.522)

-0.390 (3.520)

-0.389 (3.521)

-0.389 (3.523)

21,067

21,067

21,067

21,067

Note: Standard errors are reported in parentheses; significance levels: *** p<0.001, ** p<0.01,
* p<0.05.

Table 2.4 presents the results for the four additional models. Model 5 is based on a subsample
that includes only leafy vegetables, while Model 6 includes the other vegetables: fruit-bearing
vegetables, roots and tubers, and mushrooms. As leafy vegetables are more perishable than the
vegetables in the other categories, we expect that the related vegetable supply, 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴� ,
has a larger impact on leafy vegetables. The results shown in Table 4 confirm this expectation
and show that 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴� and 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢� are not correlated with pesticide residue
detection for vegetables other than leafy vegetables. Additionally, 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀� is no longer
significant in Model 5, and the existence of a large wholesale market leads to a lower probability
of residue detection for the subsample in Model 6.
In the second stage of the analysis, Model 7 estimates the impact of the prediction variables on
the response variable 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃� . The results show that a larger vegetable supply in adjacent
counties, 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴� , significantly correlates with higher levels of residue being detected.
Although the coefficients on the other prediction variables are insignificant, they are generally
consistent with the results from Model 1. Because the sample size in Model 7 is smaller than
that in Model 1, the standard errors are larger in Model 7. Finally, Model 8 uses the binary
variable 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀� as the response variable to estimate heavy metal contamination. A first
observation is that agglomeration in production does not significantly affect heavy metal
contamination. This result is in line with expectations. Heavy metal accumulation in food is
widely acknowledged to be the result of polluted soil and irrigation water. Soil and water
contamination are considered to be an externality from industrial emissions and are not factors
that farmers can control. In addition, 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 has a significantly higher detection rate than
supermarket chains, while the other retailer types show no significant differences from
supermarket chains.
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Table 2.4. Results of Models 5 to 8
Table 5Table 2.4. Results of Models 5 to 8

𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏�
𝑀𝑀_𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠�
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅�

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺

Model 5

Model 6

Model 7

Model 8

3.986 (0.917)***

0.501 (1.245)

1.381 (0.602)*

-0.720 (2.072)

-1.408 (1.118)

-4.162 (1.535)**

-1.187 (0.958)

-7.172 (3.977)

0.881 (8.884)

-0.183 (1.304)

8.986 (6.857)

0.243 (2.566)

0.731 (1.158)

2.981 (6.194)

2.699 (2.258)

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑒𝑒 -4.919 (8.123)
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊

4.905 (0.910)***

7.744 (1.208)***

8.490 (6.536)

5.340 (2.382)*

𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝�

1.360 (0.338)***

7.179 (4.753)

-0.209 (2.245)

7.114 (7.732)

𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝�

-4.968 (1.019)***

-2.007 (1.389)***

6.499 (8.477)

-1.319 (2.342)

1.466 (0.776)

1.549 (0.994)

0.351 (5.524)

1.834 (1.640)

9,659

11,408

838

21,067

𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�
Observations

Note: Standard errors are reported in parentheses; significance levels: *** p<0.001, ** p<0.01,
* p<0.05.

2.5. Discussion
The empirical results confirm that as more vegetables are produced in rural areas adjacent to
the city, there is a higher probability of vegetables being contaminated with pesticide residue.
Alternative models were run to test the robustness of this result. In Models 2, 3 and 4, the
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vegetable production volume outside the 500/400/300 km radii from the city was replaced with
zero. By eliminating the impact of distant vegetable production, this spatial discontinuity
enlarged the impact of adjacent vegetable production. The results from Models 2, 3 and 4
confirm the robustness of the initial model. In Models 5 and 6, leafy vegetables and other types
of vegetables were analyzed separately. While the spatial agglomeration of vegetable
production implies higher pesticide residue for leafy vegetables, the detection of pesticide
residue on the other three types, i.e., fruit-bearing vegetables, roots and tubers, and mushrooms,
showed no correlation with vegetable supply abundance. This result confirms the particular
vulnerability of leafy vegetables with respect to food safety. Furthermore, Model 7 shows that
the severity of contamination from pesticide residue increases with the variable Abundance.
This result implies that high agglomeration areas supply their neighboring urban area with
vegetables containing higher levels of pesticide residue. Future research could be based on these
key findings. The high levels of pesticide residue might be the result of easier access to
pesticides and stronger commercial interests because farmer households rely more on
vegetables than on grains.
Model 8 extends the analysis to heavy metals. As expected, agricultural agglomeration is not
correlated with the detection of heavy metals because heavy metal residue on vegetables mainly
results from pollution in the air, the soil and irrigation water caused by industry. As a robustness
check, heavy metal detection is associated with the wholesale market and retailer types in a
similar way as pesticide residue detection. Wholesale markets and retailers may play a critical
role in filtering vegetables with heavy metal residue away from the regular food supply. The
empirical results also show that the existence of a large-scale wholesale market is related to a
lower probability of pesticide residue detection in a city. While supermarket chains, local
supermarkets and grocery stores show no significant differences in detection rates, wet markets
have higher detection rates for pesticide and heavy metal residue. The demographic variables
also reveal several additional determinants of vegetable safety hazards. First, more populated
cities have a lower probability of residue being detected. A potential explanation is that larger
cities have more (qualified) staff in their food safety regulation departments. On the other hand,
the empirical results indicate that a higher GDP per capita is associated with a higher likelihood
of detecting residue, which requires further investigation.

2.6. Conclusions
This study highlights the necessity of enhancing the proper use of pesticides in rural areas. We
find that a high geographic concentration of vegetable production correlates with increasing
food safety hazards. The empirical findings of this study lead to several practical implications
for strategies to mitigate food safety hazards. First, we propose the establishment of crosscounty inspectors to reinforce pesticide control. In addition, county municipalities should
consider diversifying agricultural production in their county to reduce vulnerability to pests and
diseases. Vegetables in China are not traceable because they are produced by millions of
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farming households. As food traceability has not yet been established in China, we suggest that
the urban CFDA should establish close coordination with adjacent counties to reduce food
safety hazards at their origin. Pesticides also threaten the health of farmers, as their
inappropriate application can cause acute poisoning (Akter et al., 2018). Based on our empirical
findings, vegetable farmers in rural areas with higher production volumes have a higher
probability of pesticide exposure. Agricultural agglomeration not only leads to a higher food
safety hazard detection rate but also to more severe threats to farmers’ wellbeing. We suggest
that public authorities support small-scale farming households by providing protection and
securing their access to low-toxicity pesticides. Furthermore, we expect that a collaborative
framework involving farmers, wholesalers and rural municipalities can help to eliminate the
overuse of pesticides in vegetable production.
In conclusion, we conducted an exploratory study that provides an overview of the spatial
distribution of vegetable production in rural China and vegetable safety hazards in urban China
and demonstrated the potential connection between the two. This empirical analysis contributes
to different current debates. By measuring the spatial distribution of vegetable production and
linking this to the issue of food safety, we contribute to the existing body of research on the
implications of agricultural agglomeration. The production of vegetables, as a highly perishable
and profitable agricultural product, is not evenly distributed across the country. In this study,
we generated a dataset of vegetable production at the county level and identified wide
disparities in and a strong agglomeration of vegetable production in China. In this way, this
study provides a comprehensive view of the disparities between different regions. We used
CFDA data to measure the level of food safety with respect to pesticide and heavy metal residue
and provided an indication of the food safety situation in China. Finally, this study added a
supply chain aspect to the analysis of food safety and showed the key role played by the
wholesale market.
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Chemical Vegetable Safety in China:
‘Supermarketization’ and its Limits
This chapter is based on the paper published as:
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‘Supermarketization’ and its Limits2
Abstract
The purpose of this paper is to analyze the process of supermarketization in the vegetable retail
sector in China and its impact on food safety. Data from food safety reports by the Chinese
Food and Drug Administration (CFDA) are used to investigate the degree of vegetable safety
in different value chain types. To assess the predictors of the degree of vegetable safety, a
logistic regression model is applied. Supermarketization has led to the reorganization of the
vegetables provision system, through closer coordination along the supply chain and the use of
secured production bases. We identify four types of vegetable value chains in China based on
their form of coordination. Supermarkets improve vegetable safety even when they rely on
external suppliers, but also wet markets perform significantly better than other small-scale
retailers in terms of vegetable safety. The study has expanded the knowledge of the
supermarketization in urban China by collecting data from CFDA. Furthermore, the study used
the theory of food value chain to understand determinant factors in securing food safety.
Moreover, this study reveals that wet markets also have prospects in solving vegetable safety
problems in China, especially in underdeveloped areas.
Keywords: Supermarkets, Urban China, Food value chain, Wet market, Vegetable safety
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3.1 Introduction
Fresh vegetables have long been recognized as one of the most important food items in China.
The typical Chinese diet is plant-based and thus differs from that of most Western populations
(L. Cheng et al., 2016). Vegetable consumption per capita in China amounted to 447 kg in 2017,
which is significantly higher than the average consumption per capita in the world (134 kg)
(OECD, 2018). China has emerged as the world’s largest vegetable producer, with global output
shares of more than 50% for vegetables (OECD, 2018). In addition, vegetables are among the
top food categories in terms of expenditure in China. In 2014, an average Chinese household
spent over 270 Euro to purchase fresh vegetables, which is almost 20% of the total annual
expenditure on food (NBSC, 2017). Adequate consumption of vegetables is positively
associated with better health from a nutritional point of view, according to WHO dietary
guidelines (WHO, 2016). However, severe safety hazards associated with vegetables currently
threaten public health in China.
Previous research has indicated the prevalence of food safety hazards in fresh vegetables in
China (Gale & Hu, 2012; Zhao et al., 2018). The most grievous safety hazard for vegetables is
the use of agricultural chemicals (Van Hoi et al., 2010; Zhao et al., 2018). Food contaminated
by agricultural chemicals causes over 200,000 acute intoxications annually according to the
Chinese Ministry of Health (P. Liu & Ma, 2016). When toxic chemicals are used for pest control,
vegetables may be contaminated. China is the world’s largest user of agricultural chemicals,
applying more than 30% of fertilizers and pesticides globally on only 9% of the world’s
cropland (S. Wang et al., 2013). Consequently, vegetable safety hazards resulting from the use
of agricultural chemicals are a critical issue in China.
The Chinese public authority has acknowledged the prevalence of vegetable safety hazards and
implemented policies to resolve the problem since the 2000s (Jie hong Zhou et al., 2015). Local
governments have attempted to strengthen extension services that provide farmers with
information on pesticide applications (Kirezieva et al., 2016). However, the governmental
extension services have not sufficiently reduced the amount of pesticides applied in agriculture
(Zhao et al., 2018). Previous research have confirmed that ineffectiveness of extension services
is a common problem in developing countries due to the lack of funding and staff (R. Xu et al.,
2008; M. Zhang et al., 2017).
In addition to reducing vegetable safety hazards by monitoring farmers, the government has
attempted to moderate safety hazards by restraining vegetable retailers (Babcock, 2017).
Traditionally, fresh vegetables in urban China are provided by stallholders in wet markets.
Since the 2000s, local governments have tried to replace wet markets with supermarkets
(Babcock, 2017). This replacement has been justified with multiple reasons. The most
frequently used argument is the food safety issue. Supermarkets are considered instrumental for
realizing food safety improvements by implementing private food safety management systems
and maintaining food hygiene standards (Reardon & Timmer, 2012). A ‘supermarket chain’

38

Chemical Vegetable Safety in China: ‘Supermarketization’ and its Limits

operates nation-wide or at least province-wide, possesses a large number of stores and has the
capability of integrating vertically into the value chain (W. Song et al., 2012). Through a
preferential policy (known as the Dragon-Head Companies Program), local governments
selected and supported large-scale retail corporations as lead firms in the supply chain (S. Wang
et al., 2013). The selected lead firms received privileged tax rates as well as access to lowinterest loans with favourable terms through China’s Agricultural Development Bank (Babcock,
2017). With the support of local governments, the expansion of supermarkets has reshaped the
food retail sector in China in recent decades. According to China’s Ministry of Commerce, the
supermarket share of vegetable retail sales comprised 20% of the market in 2013 and rose to
30% by 2017 (NBSC, 2017). The Global Agricultural Information Network (GAIN) claims that
an even larger share of 40% of China’s fresh vegetables were distributed by supermarkets in
2017 (Babcock, 2017).
The expansion of supermarkets has led to the reorganization of the vegetable provision system
(Berger & van Helvoirt, 2018; Dries et al., 2004; Wertheim-Heck & Spaargaren, 2016). This
development is also referred to as ‘supermarketization’ (Reardon & Hopkins, 2006).
Traditionally, vegetables in China are distributed through complex networks of farmer
households, traders, intermediaries and stallholders in wet markets, grocery stores and
supermarkets (W. Song et al., 2012). Following the expansion of supermarkets, traditionally
organized distribution channels of vegetables have given way to direct sales and contract
farming arranged by lead firms (Oosterveer, 2012; Timmer, 2009). Lead firms have established
farm bases (also known as agricultural production bases) with specialized production and
uniform management in terms of production and input use. Moreover, large-scale supermarket
chains have adopted a central coordinating role in food chains (Oosterveer, 2012). Reardon and
Timmer (Reardon & Timmer, 2012) claim that supermarket chains are capable of implementing
private food safety management systems. On the other hand, they also express the concern that
the supermarketization process in developing countries might differ from the process in
developed countries (Reardon & Timmer, 2012). This concern is shared by Goldman (2001),
who investigated supermarketization in developing countries and found that instead of
establishing their own production base, Asian supermarkets prefer to purchase vegetables from
the same intermediaries. A recent investigation of Walmart in China confirms this and reveals
that Walmart has the same external suppliers as wet markets (Michelson et al., 2018).
Supermarkets may hence not be superior in terms of guaranteeing vegetable safety.
While supermarkets are continuously expanding in developing countries, including China,
several researchers have expressed their concern regarding the limits or potentially negative
impacts of supermarket expansion (Polsa & Fan, 2011; Si et al., 2016; Watts et al., 2018;
Wertheim-Heck, Spaargaren, et al., 2014). For instance, supermarkets may not fit into the
traditional consumption pattern and lifestyle of the consumer (Rudawska & Bilinska-Reformat,
2018; Wertheim-Heck et al., 2015). Berger and van Helvoirt (2018) investigated the location
of supermarkets in urban areas and found that supermarkets prefer wealthy neighbourhoods.
Previous studies have highlighted the regional disparity in China and revealed gaps in economic
development between developed coastal cities (e.g., Shanghai and Beijing) and underdeveloped
inland cities (Démurger, 2001; White et al., 2018; Zhan & Huang, 2017). Although Reardon
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and Hopkins (2006) claimed that supermarkets would expand from coastal urban areas to
underdeveloped areas, this assumption has not yet been empirically confirmed.
This paper studies the impact of supermarketization on vegetable retail in urban China to answer
the question to what extent do supermarkets improve vegetable safety? The research is
implemented in four steps. The next section introduces the value chain governance approach
developed by Gereffi et al. (2005) to categorize vegetable value chains in urban China into
different types. Section three explains the data sources and methods. The dataset contains 1393
observations from 17 cities in Shandong Province, based on publicly available data from the
food safety reports of the Chinese Food and Drug Administration (CFDA). Factorial-logistic
analysis is used to assess the impact of different value chain types on the prevalence of
vegetable safety problems. Section four presents the empirical results. The last section discusses
the limits of supermarketization and the comparison with other forms of vegetable supply.

3.2 Conceptual Framework: Vegetable Value Chain Types
In this section, the value chain typology is introduced. The value chain approach developed by
Gereffi et al. (2005) covers the chain segments and the governance structure in value chains.
This analytical framework has been applied to the food industry to evaluate the food safety
performance of different value chains. Following this perspective, food safety improvement is
expected to result from the coordinated activities of the different actors producing and handling
vegetables. Gereffi et al. (2009) distinguish five types of value chains according to their level
of integration and the degree of power asymmetry between the different segments of the value
chain: market, modular, relational, captive and hierarchy. The logic behind this typology is that
the more a value chain is governed through tight explicit coordination by a few consolidated
actors, the more likely the value chain can implement comprehensive private standards to
regulate food safety (Gereffi et al., 2009). This section will provide further background on
retailer types and value chains in the Chinese vegetable sector and develop a typology for the
Chinese context.
Supermarket chain stores have advantages in coping with complex transactions because they
are under central coordination and comply with the private safety standards set by the
corporation (Dries et al., 2014; Ruben et al., 2007). If supermarkets source vegetables from
their own production base, then the value chain can be defined as a hierarchy, following Gereffi
et al.’s typology (2005). The level of integration in the hierarchical chain is high. Own
production bases can be established if the management of the corporation rents agricultural land
and hires farmers to produce vegetables on the land or when an exclusive contract is signed
with a farmer cooperative to secure a safe and continuous vegetable supply. In addition to
supplying from own production bases, supermarket chains can source from external suppliers.
Such external suppliers are often termed intermediaries and can include transporters,
middlemen, traders and wholesalers (Timmer, 2009). Intermediaries purchase vegetables from
farmers and sell to the retailer (Gereffi et al., 2005). The intermediaries are significantly smaller
than supermarket chains in terms of size and sales volume. In these circumstances,
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supermarkets possess a large capacity in leveraging upstream suppliers, and this form of value
chain governance tends towards the captive type (Gereffi et al., 2009).
In addition to supermarket chains, small-scale retailers in China can be differentiated into wet
markets, grocery stores and local small-scale supermarkets (Babcock, 2017). Unlike a
supermarket chain, a small-scale retailer is not superior to the intermediary in size or capacity;
these retailers lack the human resources necessary to implement sampling and testing when
purchasing vegetables from suppliers, and they generally cannot leverage the practices of their
supplier (Goldman, 2001; H. Lu et al., 2008).
Stallholders in wet markets have been selling vegetables to urban residents since the 1980s.
Before the 1980s, vegetables were delivered to urban residents by the state-run vegetable retail
system (Goldman, 2001). After market liberalization, the centrally planned retail system
disappeared and gave way to private retailers (Michelson et al., 2018). A typical formal wet
market accommodates 20 to 100 stallholders. The allocation of stall sites, food safety control
and other regulations are coordinated by a market administrator (Goldman, 2001). In the view
of city governments, stallholders and street vendors are responsible for food safety hazards
because of the limited capacity of wet markets in controlling food safety (Michelson et al.,
2018).
Grocery stores are another important selling point for vegetables in China. Grocery stores used
to be part of the centrally planned retail system and were privatized in the 1990s (Babcock,
2017). Grocery store holders are mostly self-employed, with fewer than eight employees
(Goldman, 2001). The main difference from the wet market is that grocery stores have
permanent premises located in an urban area. Unlike stallholders aggregated on the market
grounds, grocery stores are widely dispersed across blocks and neighborhoods. Individual
grocery stores possess limited human resources, which also limits them in controlling
intermediaries and vegetable safety.
Finally, small-scale self-service stores play an important role in vegetable retail. These stores
are commonly named ‘local supermarkets’ or ‘independent supermarket’, are generally small
and operate only one outlet, different from a supermarket chain (Gale & Hu, 2012). Local
supermarkets differ from the grocery store by their comparatively larger sales and staff. Store
sizes can reach 1000 square meters with up to 50 employees, while grocery stores generally
have fewer than eight staff members (Gale & Hu, 2012). For these reasons, a local supermarket
is expected to have a higher capacity of securing food safety than a grocery store but a lower
capacity than a supermarket chain. In most cases, a local supermarket relies on intermediaries
when purchasing vegetables.
In conclusion, we distinguish four types of vegetable retailers and four value chain types.
Supermarket chains are lead firms in either the hierarchical chain or the captive chain. In the
hierarchical chain, all vegetable transactions occur under a unified standard and are
implemented with central coordination. We therefore expect that the degree of vegetable safety
is the highest in the hierarchical chain. In the captive chain, the supermarket chain is expected
to have enough capital and human resources to ‘capture’ its suppliers and modify suppliers’
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behaviour. The intermediary relies on detailed instructions provided by the large-scale
supermarket chain. The captive chain is highly integrated and dominated asymmetrically by the
supermarket chain. The degree of vegetable safety in the captive chain is therefore expected to
be high but somewhat lower than that in the hierarchical chain because vegetable safety control
is exerted indirectly.
Small-scale retailers can be coordinated through two other types of value chains. The small
scale of these retailers does not allow them to exert control over their suppliers; hence, they
cannot be categorized as leading either captive or hierarchical chains. The distinction in the
type of value chain that they are involved in is based on whether they use an intermediary. In
the case that an intermediary intervenes in the vegetable purchases of small-scale retailers, we
assume the chain type to be relational, based on the similar sizes of the retailer and the
intermediary and hence the absence of a power asymmetry between the transaction partners.
On the other hand, if small-scale retailers purchase vegetables directly from the rural spot
market and thereby bypass the intermediary, we assume that the transaction occurs in a marketbased type of value chain. Table 3.1 provides an overview of the retailer and value chain types
that have been discussed. The degree of vegetable safety is expected to be the lowest in the
market-based chain and to increase with increasing coordination along the chain, or from left
to right in table 1.

Table 3.1: Retailer and value chain types in the Chinese vegetable sector
Table 4Table 3.1: Retailer and Value Chain Types in the Chinese vegetable sector

Value
Chain Type

Market-based
chain

Relational chain

Captive chain

Hierarchical
chain

Supplier

Spot market

Intermediary

Intermediary

Production base

Retailer

Wet
market, Wet
market, Supermarket
grocery
store, grocery
store, chain
local
local supermarket
supermarket
Source: based on Gereffi et al. (2005)
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3.3 Empirical Data and Analysis
3.3.1 Data source
Data for empirical analysis was collected from the food inspection reports conducted in 2017
by
the
‘food
safety
risk
monitoring
system’
(http://samr.cfda.gov.cn/WS01/CL1667/index_5.html). This monitoring system was
established by the Chinese Food and Drug Administration (CFDA) following the new ‘Food
Safety Law’, which aimed to conduct food safety risk assessment, risk communication and early
warning. It is a systematic and continuous collection of monitoring data and related information
on foodborne diseases, food contamination and hazard factors in food. These officially
published reports contain detailed information on the type of food safety hazard, allowed
residue levels and inspection results. The main purpose of risk monitoring is to detect food
safety hazards through randomly drawn representative samples from all food retailers. If the
sample taken is found to be contaminated, the retailer faces administrative liabilities. The
CFDA guarantees the use of the same safety standard in inspections for all types of retailers.
After retrieving all CFDA reports in 2017, we found 683 vegetable samples in 89 cities that are
reported as ‘contamination detected’. Figure 3.1 presents the geographical distribution of the
observations in 89 cities across China. Each circle represents one of the cities in our dataset.
Because the population varies greatly across cities, we needed to convert the original
observation numbers. The size of the circles represents the number of detected observations in
the city divided by the city population in million. Most cities in China are located in the Yellow
River Delta, the Yangtze River Delta and the coastal area. The north and east of the country
have a lower population density and therefore fewer cities. The size of the circles varies
enormously. The developed cities, such as Beijing and Shanghai, had lower rates of
contamination than the other cities.
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Figure 3.1: Geographical distribution of contaminated samples in Chinese cities
Figure 0.1Figure 3.1: Geographical distribution of contaminated samples in Chinese cities

Source: based on CFDA report in 2017
Note: each circle in Figure 3.1 represents one city. The circle size indicates the number of
contamiated samples found in the city divided by the city population in million.
Figure 3.2 reveals a significant correlation between economic development and vegetable safety
degree by showing that cities with a higher GDP per capita have fewer observations of food
safety hazard detections (correlation coefficient is -0.007 and significant at p<0.01). In short,
vegetable safety hazards are prevalent in urban China. In addition, the safety degree is even
lower in economically underdeveloped cities. In the empirical analysis, we will attempt to
reveal the impact of supermarketization on vegetable safety in different cities.

44

Chemical Vegetable Safety in China: ‘Supermarketization’ and its Limits

Figure 3.2: Correlation between vegetable contamination and city development
Figure 0.2Figure 3.2: Correlation between vegetable contamination and city development

Source: based on CFDA report in 2017
Note: one circle in Figure 3.2 represents one city. The unit associated with the X axis is the city
GDP per capita in 1,000 Yuan. The unit associated with the Y axis is the number of
contaminated vegetable samples in the city divided by the city population size in million.
However, risk monitoring is implemented by the provincial division of the CFDA, and the
executive ability of different provincial divisions may vary, which may affect the quality of the
reports. The reports in some provinces are found to be ambiguous or to lack key information,
such as the name of the retailer. After comparing the reports in 31 provincial divisions, we
selected Shandong Province, among others, for its high data quality.
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3.3.2 Overview of the Dataset in Shandong Province
Shandong Province is one of the main vegetable producers in China, with a total output of 97
million tons. The vegetable consumption in Shandong is fulfilled by local production. The
economic development of Shandong (GDP per capita in 2017: 10,303 US dollars) is slightly
above average in China (8,643 US dollars), ranking 10th out of 31 provinces. Shandong
Province has a population of 98 million, of which 57% live in urban areas (NBSC, 2017).
Seventeen cities in Shandong Province are fully covered in the monitoring system. According
to the CFDA, monitoring samples are taken randomly. To validate the dataset, we checked the
correlation between the number of monitoring reports and the city population, and the result
indicates high correlation. This confirms that more samples were taken in larger cities.
The CFDA reports contain the following information (see Table 3.2 for an overview of
variables and summary statistics): food safety status (contamination detected/non-detected);
name and address of the retailer as recorded during the inspection; intermediary’s name given
by the retailer; and date of purchase. Our dataset contains 1393 vegetable samples, of which
144 were reported as ‘detected’, 141 with ‘excessive pesticide residue’, and 3 with ‘heavy metal
residue’. Similar to the European Food Safety Authority (EFSA), the CFDA applies a general
default MRL of 0.01 mg/kg (WHO, 2016). In addition, the reports include information about
the vegetable type. Following an FAO report on pesticide residues, we group vegetables into
four classes: leafy or stem vegetables; fruit-bearing vegetables; root, bulb, or tuberous
vegetables; and mushrooms (FAO, 2018). The observations are also divided into four seasons
based on the date of inspection.
Intermediaries are classified into two categories based on their size, measured by the number
of employees. If the intermediary is registered as a corporation in the CFDA reports
(‘corporate’), it has at least eight employees. A ‘trader’, on the other hand, is a self-employed
individual with fewer than eight employees. Retailers are grouped into four categories
according to the typology introduced in the previous section.
Some limitations should be kept in mind with respect to the dataset. First, the volume of
vegetable sales in supermarket chains is generally much larger than the sales volume of smallscale retailers; hence, supermarket chains could be under-represented in the sample.
Unfortunately, we do not have information about the sales volume of different retailers. Without
a reliable data source for this information, we are not able to weight the data. Second, the
variation within retailer types is neglected. We put retailers with various features into four
categories and treat the retailers within each type as homogeneous, even though their capacity
to control food safety could vary. Third, all vegetable safety hazards are treated in the same
way in the dataset, regardless of possible differences in the toxicity of residues and
contaminations.
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Table 3.2 Overview of the dataset for Shandong Province
Table 5Table 3.2 Overview of the dataset for Shandong Province

Variable

Specification

Number of Observation Percentage
of
sample (n = 1393)

Safety

Detected

144

10.3%

Non-detected

1249

89.7%

463

33.2%

162

11.6%

Without intermediary

768

55.1%

Retailer

Wet market

338

24.3%

Grocery store

231

16.6%

Local supermarket 350

25.1%

Supermarket chain 474

34.0%

Leafy or stem

714

51.3%

Fruit-bearing

396

28.4%

Root, bulb

223

16.0%

Mushrooms

60

4.3%

Spring

219

15.7%

Summer

3

0.2%

Fall

493

35.4%

Winter

678

48.7%

Intermediary Trader
Corporate

Vegetable

Season

the

Source: Based on CFDA reports in 2017
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3.3.3 The model for empirical analysis
A logistic regression model is used to test the hypothesis that the degree of food safety differs
between value chain types. R is applied in the empirical analysis. We used standard R-packages
to guarantee the reliability of the empirical result. Figures 1 and 2 were drawn with the ggplot2
package. The logistic model was estimated with the glm package. The response variable is a
dummy variable: ‘contamination detected’ has value 1 and ‘no contamination detected’ has
value zero. The independent variables are categorical. The retailer variable has four values: wet
market, grocery store, local supermarket and supermarket chain. The intermediary variable has
three values: without intermediary has value zero, individual trader has value 1 and corporate
trader has value 2. The value chain variable has four values based on the combination of
intermediary and retailer type: market-based value chain, relational value chain, captive value
chain and hierarchical value chain. Figure 3 illustrates the 11 combinations of retailer and
intermediary and links the combinations to four value chain types. To ensure the robustness of
the empirical analysis, we added three control variables, which are also categorial variables.
The season variable has four values, namely the four seasons. The vegetable type variable has
four values: leafy, root, mushroom and fruit-bearing. The following empirical model is
estimated:
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆 𝑆𝑆� +  𝑏𝑏� ∗ 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑣𝑣𝑣𝑣� ∗ 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖� ∗ 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
+ 𝑏𝑏� ∗ 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣� ∗ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠� ∗ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

where city represents the fixed effects for each of the 17 cities in Shandong Province to
incorporate potential differences between cities, such as the quality of monitoring divisions,
that could influence vegetable safety results but that are not captured by the other variables in
the model, and 𝜖𝜖 is the error term.

We use Pearson’s goodness of fit to test whether the model fits the data distribution. The result
of the test is significant (P < 0,001). Thus, we conclude that the logistic model is appropriate
for the data distribution. To test the collinearity of predict variables, we conduct the correlation
coefficient matrix in Appendix 1. We confirmed that the explanatory variables have no
significant multi-collinearity, except for the value chain and retailer. Because the value chain
is calculated based on the retailer and intermediary.
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3.4 Results
3.4.1 Value chain types and food safety
Figure 3.3 shows the different retailer and value chain types defined in section 2 and their
respective ‘detected rate of food contamination’. In total, 474 samples were taken in
supermarket chains, of which 355 belong to the captive chain type and 119 samples could be
classified as the hierarchical chain type. As expected, the captive and hierarchical chains supply
a higher degree of vegetable safety than the other chain types. The ‘relational chain’, including
417 samples, seems to perform the worst with respect to vegetable safety. The next section will
present the results of the logistic regression to test the significance of these variations.

49

50

Note: Percentages represent the rate of contamination in the value chain; numbers in brackets represent the number of samples for the respective value
chain type.

Figure 3.3 Flow of vegetables in value chains and contamination rates
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3.4.2 Supermarketization, value chain reorganization and food safety
Table 3.3 shows the regression results for vegetable safety and predict variables. To ensure the
robustness of the results, four models are tested with different specifications of the independent
variables. Model 1 is the model including value chain type and all control variables. We find
that the city variable has no significant correlation with the response variable. In model 2 we
have therefore dropped city. The results in model 2 remain consistent with model 1. Models 3
and 4 use retailer type and intermediary as independent variables. Model 3 was conducted
including all control variables. Again, the variable city is the only insignificant variable. We
therefore remove the city variable in model 4. All results show to be robust to this change in
the model specification.
Table 3.3 Regression results: retailer, value chain type and vegetable safety
Table 6Table 3.3 Regression results: retailer, value chain type and vegetable safety

Variables
Model 1

Model 2

Market-based

-0.761 (0.475)

-0.841 (0.453)

Relational

-1.546
(0.471)**

-1.406
(0,450)**

Captive

-0.334 (0.502)

-0.346 (0.484)

Hierachical

-

-

Model 3

Model 4

Value Chain

Retailer
Wet market

-0.491 (0.315) -0.411 (0.301)

Grocery store

-1.181
(0.312)***

-1.164
(0.299)***

Local sup-

-0.896
(0.280)***

-0.957
(0.266)***
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Variables
Model 1

Model 2

Sup- chain

Model 3

Model 4

-

-

Intermediary
Trader

-0.659 (0.222)* -0.419 (0.204)*

Corporate

-0.548 (0.339) -0.310 (0.210)

Without

-

-

Season
Spring

0.659 (0.293)*

Summer

-3.358 (1.328)* -3.697
(1.304)**

Fall

0.858
(0.235)***

0.826
(0.228)***

0.900
(0.239)***

0.879 (0.230)***

Winter

-

-

-

-

Fruit-bearing

-0.576 (0.499)

-0.590 (0.497)

-0.551 (0.497) -0.569 (0.495)

Leafy

-1.853
(0.446)***

-1.914
(0.445)***

-1.821
(0.444)***

Mushroom

-0.696 (0.688)

-0.685 (0.682)

-0.657 (0.692) -0.611 (0.688)

Root

-

-

-

-

City-fixed effect

yes

no

yes

no

0.375 (0.264)

0.654 (0.291)* 0.377 (0.263)
-3.283 (1.373)* -3.480 (1.250)**

Type
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Note: standard errors are reported in parentheses; significance levels: *** p<0.01, ** p<0.05, *
p< 0.10
In models 1 and 2, we intend to compare the possibility of contamination in different value
chains. We use the hierarchical chain as the baseline of comparison. An observation taken from
the relational chain has a significantly higher probability of being contaminated than an
observation from the hierarchical chain, holding all other variables constant. The hierarchical
chain also performs better than the captive and market-based chains, but these results are not
significant. Models 3 and 4 provide robust evidence that supermarket chains perform
significantly better in vegetable safety than local supermarkets and grocery stores. Surprisingly,
the incidence of vegetable safety problems is not significantly higher in wet markets than in
supermarket chains. Another result from these models is that chains including intermediaries –
either individual or corporate traders – seem to perform worse in vegetable safety than chains
without intermediaries, but these results are not significant.
Table 3.4 investigates the degree of vegetable safety in the different chains presented in Figure
1 in more detail. The hierarchical chain is selected as the baseline. All value chain combinations
perform significantly worse in the market-based and relational chains than in the hierarchical
chain except for the combinations including the wet market. As expected, the results also show
that the vegetable safety degree in the captive chain is not significantly different from that in
the hierarchical chain.

Table 3.4 Regression results: value chain combination and vegetable safety
Table 7Table 3.4 Regression results: value chain combination and vegetable safety

Value Chain
Model 1

Model 2

Spot market – wet market

-0.375 (0.488)

-0.446 (0.512)

Spot market – grocery store

-1.155 (0.503)*

-1.313 (0.552)*

Spot market – local Sup-

-0.924 (0.485)*

-0.790 (0.531)

Trader – wet market

-0.932 (0.519)

-1.205 (0.572)*

Trader – grocery store

-1.479 (0.476)**

-1.737 (0.506)***

Relational
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Value Chain
Model 1

Model 2

Trader – local Sup-

-1.326 (0.477)**

-1.757 (0.523)***

Corp. – local Sup-

-1.097 (0.584)*

-1.158 (0.627)*

Spot market – Sup-chain

0.060 (0.570)

0.029 (0.608)

Trader – Sup-chain

0.211 (0.660)

0.179 (0.688)

Corp. - Sup-chain

-0.623 (0.534)

-0.736 (0.560)

Captive

Note: standard errors are reported in parentheses; significance levels: *** p<0.01, ** p<0.05, *
p< 0.10

3.4.3 Supermarketization at the provincial scale
The results in sections 3.4.1 and 3.4.2 confirm the expectation that the supermarket chain has
the highest level of vegetable safety. A question that remains is whether supermarket chains
have been established in the whole province, and in particular, in cities with different levels of
development. First, the market share of supermarket chains is not significantly correlated with
the economic development of the city (p-value = 0.522). Second, detection rates of vegetable
safety problems vary from 2.2% to 16.1% but are also not significantly correlated with the GDP
per capita (p-value = 0.402). Finally, the correlation between the market share of a supermarket
chain and the food safety detection rate is not significant (p-value = 0.389).

Table 3.5 City-level aggregated data
Table 8Table 3.5: City-level aggregated data

City

Total

Detected rate

Supermarket
chain share

Dongying

75

5.3%

37.3%
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GDP per
capita (Yuan)
116,448
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Weihai

73

11.0%

30.1%

106,922

Qingdao

72

9.7%

37.5%

102,519

Yantai

64

3.1%

67.2%

91,979

Zibo

55

9.1%

21.8%

89,235

Jinan

91

13.2%

38.5%

85,919

Binzhou

75

10.7%

14.7%

61,189

Rizhao

59

13.6%

52.5%

58,111

Taian

92

16.3%

27.2%

56,491

Weifang

110

7.3%

65.5%

55,824

Zaozhuang

76

5.3%

22.4%

52,692

Laiwu

90

2.2%

14.4%

49,377

Jining

113

13.3%

31.0%

48,529

Dezhou

64

9.4%

25.0%

48,062

Liaocheng

87

16.1%

36.8%

35,754

Heze

90

11.1%

30.0%

28,351

Linyi

107

15.0%

26.2%

23,896

Note: supermarket chain share is the number of samples from supermarket chains divided by
the total number, which is based on the CFDA reports.

3.5. Discussion: moving beyond supermarketization
3.5.1 Supermarkets and hierarchical chains lead to higher vegetable safety
The empirical results indicate that the hierarchical value chain provides vegetables at the
highest safety degree. This result confirms the hypothesis that a higher level of chain integration
leads to more food safety. In the literature, the explanation for this observation is that the high
integration level reduces transaction costs and thereby contributes to the efficient flow of
information between producers and supermarkets (Ding et al., 2015). More specifically,
previous research claims that supermarket managers or the management of the retail corporation
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convey knowledge about standards, monitor the production process and coordinate the amount
of pesticide application. These measures reduce pesticide residues and hence improve food
safety (Ding et al., 2015).

3.5.2 Supermarkets and intermediaries
In addition, our empirical results show a high degree of vegetable safety in the captive chain.
Although vegetables in the captive chain are purchased from intermediaries, the safety degree
is not significantly lower than that in the hierarchical chain. This result does not correspond
with previous observations. Goldman (2001), for instance, placed doubts on vegetable safety in
supermarket chains because supermarkets buy from intermediaries that aggregate vegetables
from farmers and sell to supermarket chains as well as to grocery stores and wet markets. The
high safety degree found in supermarket chains in the current study can be explained in two
ways. Supermarket chains may be able to identify and capture intermediaries that provide safer
vegetables because of supermarkets’ higher capacity of safety inspection. Alternatively,
intermediaries may choose to selectively supply high-quality and safer vegetables to
supermarket chains because they see supermarket chains as their primary partner due to the
volume of purchases (Michelson et al., 2018). According to this perspective, wet markets and
grocery stores are considered residual outlets for excess vegetables or vegetables that do not
meet the quality standards of supermarkets.
However, the overall safety degree of value chains involving intermediaries is significantly
lower than that of value chains without an intermediary. Other research suggests that, in
addition to contributing to the flow of goods, intermediaries are expected to facilitate the flow
of information, coordinate with farmers, provide inputs such as pesticides and guide farmers in
pesticide application (H. Lu et al., 2008). If such additional services were present, then
intermediaries could be expected to have a positive influence on vegetable safety. However,
our results show that this is not the case. This observation could be explained because
intermediaries lack the direct motivation to provide support for farmers and improve
coordination in the value chain. Moreover, because of the mobility of intermediaries between
rural and urban areas, intermediaries may be harder for the public authority to inspect. In
practice, CFDA safety inspection targets only the retailer, and intermediaries are not directly
inspected. It should be noted that this study is based on a simplified notion of the value chain
and abstracted from potential differences between intermediaries. Further research may
therefore be needed to determine the true role and influence of intermediaries on the value chain
and farmers’ practices regarding pesticide use in particular.
3.5.3 A high safety degree in wet markets
Our empirical results show that the wet market provides significantly safer vegetables than
other small-scale retailers. This unexpected result can be explained in different ways. First,
most stallholders are highly specialized and concentrate on selling either vegetables, fruits or
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aquaculture products. This specialization may enhance the stallholders’ capacity to control
vegetable safety. Stallholders in the wet market purchase vegetables very early in the morning
and constantly trim, spray, clean, and sort the vegetables to keep them fresh. In addition,
stallholders have no cold chain for storage and thus have to replenish their inventory with fresh
supplies daily (Maruyama et al., 2016; Suryadarma et al., 2010). Throughout China, local
governments have also launched renovation programmes for wet markets in response to urban
residents’ preferences for buying fresh products from wet markets. In Shanghai and Nanjing,
the city government has upgraded the existing wet markets by providing better rapid pesticidetesting equipment, offering free food safety training for stallholders and upgrading storage
facilities. Previous research in Shanghai confirmed that this upgrade has improved the facilities
and hygiene in wet markets. Although there is no detailed evaluation of this wet market upgrade
in Shandong, it is possible that this policy has contributed to vegetable safety improvement. In
addition, stallholders may benefit from information sharing with peers in the wet market, where
a large number of stallholders aggregate in one space, facilitating the knowledge sharing
regarding food safety.

3.6. Conclusion
In this paper, we investigated supermarketization in the vegetable retail sector and its impact
on vegetable safety. Supermarket chains have expanded rapidly in urban China with
governmental support in recent decades. Supermarketization leads to the reorganization of the
vegetable provision system with the emergence of production bases and closer coordination
with intermediaries. Following the global value chain approach of Gereffi, we identified four
types of value chains based on their level of integration and coordination. To assess the
vegetable safety degree of each value chain type, we used data from CFDA public reports. A
regression analysis confirmed that the hierarchical chain and the captive chain performed better
than the other value chain types in terms of vegetable safety. Surprisingly, the research also
showed a high degree of vegetable safety in wet markets. Based on this empirical result, wet
markets may also play a role in solving the vegetable safety problem in the future, especially in
underdeveloped areas that are not yet covered by supermarket chains. More in-depth research
on wet markets is needed to support this claim.
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Improving Vegetable Safety in China:
Does Co-regulation work?
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Abstract
In the last decade, vegetable safety issues have received growing attention from both consumers
and public authorities in China, for the vegetable safety hazards impose grievous threat to the
public health. In 2017, the Industry & Trade Bureau in China implemented a “Market
Renovation Program”. This program includes the renovation of wholesale and wet markets, the
formal registration of all stallholders in these markets and the introduction of a rapid test for
pesticides residues. We apply the co-regulation framework to assess the implementation and
results of the renovation program on the safety of vegetables. Qualitative, in-depth research and
quantitative analysis are combined to investigate the effects of the renovation program. The
qualitative study elaborates on the implementation of the renovation program and the
behavioural changes of stakeholders in handling vegetables through interviews and field
observations. The quantitative results confirm that the renovation program has a positive impact
on vegetable safety. In conclusion, this study shows that the key factor for the success of the
renovation program is the transition of authority from the local, public authority to the market
management.
Keywords: food safety; vegetable; food supply chain
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4.1. Introduction
In the last decades, consumer demand for food safety has increased dramatically in China due
to urbanization and a rising middle class. Vegetables are among the most important food items
for Chinese consumers. Vegetable safety has therefore received growing attention, for
vegetable safety hazards impose grievous threats to public health. Recent studies show that
pesticides residues are the most prevalent safety hazard in fresh vegetables (Gale & Hu, 2012;
Zhao et al., 2018). Many different high-toxic pesticides including Chlorpyrifos, Carbofuran and
Omethoate are prevalent in China (Xu et al., 2018). Exposure to pesticide residues may lead to
multiple hazards ranging from short-term/acute problems (e.g., skin and eye irritation,
headaches, dizziness, and nausea) to chronic impacts (e.g., cancer, asthma, and diabetes)
(Kumari & John, 2019). Previous studies on consumer perceptions highlighted concerns among
consumers over food safety (Yu et al., 2018). For instance, research has found that the main
reason for Chinese consumers to buy organic food is to avoid pesticide residues and other food
safety hazards, while consumers in other countries mainly buy organic food to minimize the
environmental impact in agricultural production (Grung et al., 2015; Zhang et al., 2016a).
Similar results were found in studies on consumer preferences over different retail formats,
namely, that the choice of retailer by Chinese consumers is mainly driven by food safety
concerns (Ding et al., 2015; Ortega et al., 2015).
Public authorities have also attempted to improve food safety by labelling agri-food products
and by restructuring the food supply chain. In 2003, the Ministry of Agriculture introduced the
“Food certification label policy (Nong Chan Pin Zhi Liang An Quan Ren Zheng)” in China,
which classifies vegetables into three standards: hazard-free, green and organic. In Europe and
North America, food certification and classification have proven to be an effective way of
controlling food safety hazards (Guo et al., 2019; Kendall et al., 2019). However, monitoring
small-scale vegetable farmers in rural China is difficult. Recent studies have found that both
consumers and producers lack trust in and recognition of the certification policy (Liu &
Niyongira, 2017; Riccioli et al., 2020).
In addition, lead firms in the retail sector have started to integrate the food supply chain in an
attempt to improve food safety. More specifically, the expanding large-scale supermarket sector
in China is expected to improve food safety by enforcing corporate (private) food safety
standards (Liu & Niyongira, 2017; Michelson et al., 2018). To avoid food poisoning incidents
and scandals, supermarkets have established their own production bases where farming and
harvesting practices are guided by detailed corporate standards (Michelson et al., 2018).
However, researchers have also expressed concern about the intensive farming and longdistance transport that are characteristic of this supply chain integration (Oosterveer, 2012;
Song et al., 2012). Moreover, previous research may have overestimated the impact of
supermarket expansion on the vegetable supply chain in China. Recent studies have found that
large-scale supermarkets, including Walmart, still purchase a substantial share of their
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vegetables from external suppliers, i.e., small-scale wholesalers (Michelson et al., 2018; Song
et al., 2012). The ability of the large-scale supermarket sector to prevent food safety problems
may therefore be limited.
The amendment of the “Food Safety Law” in 2015, is the most recent regulation concerning
food safety control in China (Chen et al. 2015). The new food safety law authorizes the Chinese
Food and Drug Administration (CFDA) and the Industry and Trade Bureau (ITB) to oversee
food safety in China and confirms the legal liability of actors in the food supply chain for food
safety hazards. However, the CFDA and ITB can only regulate food retailers, who are primarily
located in urban areas. Because of the dual rural-urban administration system in China, the
CFDA and ITB have little control over the practices of farmers in rural areas who also affect
food safety, such as the use of pesticides, nor over the actions of wholesalers who transport
fresh food from rural to urban areas (Wang et al., 2008; Zhang & Qi, 2019). Rural governments
have used extension services to guide farmers in the proper application of pesticides but with
only limited success. The main cause for this limited success has been the limited financial and
human resources available to local governments to reach the Chinese small farmer population
of more than 200 million households (Ding et al., 2015).
In comparison to China, the European Union and the United Kingdom have developed
regulatory frameworks that enable public-private collaboration to oversee food safety controls.
In 2002, the EU introduced the General Food Law and established the European Food Safety
Authority (EFSA) (Chen et al., 2015; Garcia Martinez et al., 2007). Under the General Food
Law, the EFSA was established as an independent authority to undertake risk assessment in the
EU. Within this framework, the private sector is primarily responsible for ensuring the safety
of food products, while public authorities in the member states provide oversight over the
private actors at all stages of production and distribution (Fearne & Martinez, 2005). The food
safety law of the UK took private sector responsibility even further and led to the development
of private farm assurance schemes to implement the official code of practice and guarantee food
safety along the food chain (Kirezieva et al., 2016).
Since 2006, the EU Commission and member states have developed strategies to reduce the
impact of pesticides application on consumer health and the environment. Regulation on market
of plant protection and directive on the sustainable use of pesticides provide the regulatory
framework and practical guidance for farmers to improve the quality and efficacy of pesticide
application equipment, to ensure better training and education of users and to develop integrated
pest management schemes (Kirezieva, Jacxsens, et al., 2015).To mitigate the potential for food
safety crises, public authorities have started to intervene at the market side of the vegetable
supply chain in 2017. The main regulator for urban food provision is the State Administration
for Industry and Trade (ITB). The bureau has subdivisions at the provincial, city and county
level. In 2017, the Industry and Trade Bureau of China introduced the “Wholesale and Wet
Market Renovation and Upgrade Policy (Gui Fan Hua Nong Mao Shi Chang)” (known as the
renovation policy). This policy aimed to improve food safety in wholesale and wet markets by
renovating their infrastructure.
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The renovation program emphasizes the need for “collaboration between public and private”
and “co-regulation with stakeholders”. Such a framework of public-private co-regulation
proposes that the responsibility of food safety control should be shared among the actors in the
supply chain and that safety hazards can be prevented by measures such as market incentives,
education and training (Hoffmann et al., 2019) . The co-regulation framework was introduced
in the early 2000s for food safety management in Europe and North America (Cadilhon et al.,
2006; Fearne & Martinez, 2005). To include the private stakeholders in the regulation, the coregulation framework emphasizes transparency, capacity building and market incentives. Coregulation is feasible if the public authority can select policy instruments suitable for different
stakeholders. The EU‐coordinated control programme is viewed as an excellent example of a
co-regulation approach. The European Food Safety Authority has created a farm- to-fork
regulatory framework and a science-based risk assessment process by collaborating with
member states as well as with private stakeholders in the supply chain (Garcia Martinez et al.,
2007). In recent years, Chinese researchers also point to co-regulation as a potential solution
for food safety governance because fragmented and underdeveloped regulators cannot
adequately monitor all smallholders and hence cannot prevent food safety issues at the source
(Chen et al., 2015; Zhang & Qi, 2019). Thus, they suggest sharing the responsibility for food
safety and provide incentives for the private sector to guarantee food safety.
This study intends to shed more light on how the renovation policy has affected different
stakeholders in the market, an issue that has been absent in most research. Moreover, to date, it
remains unknown whether the renovation program indeed improved vegetable safety in
wholesale and wet markets. Therefore, we specify our research question as follows: did the
renovation program successfully enhance food safety in agri-food markets; and if so, how did
the renovation program achieve the improvement and what role the stakeholders played in this
process. Using both qualitative and quantitative research methods, this research investigates
changes at the macro-institutional level as well as at the micro-behavioural level. We use food
safety inspection data from the Chinese Food and Drug Administration (CFDA) before and
after the implementation of the market renovation program to determine the impact. The rest of
the paper starts with further introducing the conceptual framework of co-regulation, followed
by a discussion of the research methods. Section four presents the findings from our research,
followed by a discussion of these findings in section five and a conclusion.

4.2. The co-regulation framework
A food safety crisis is acknowledged as a threat to public health. Therefore, public authorities
are considered responsible for overseeing the safety of food. Nevertheless, food is produced
and supplied by the private sector through markets. Public authorities endeavour to reduce food
safety hazards by reinforcing controls and regulations (Chen et al., 2015; Hoffmann et al., 2019;
Thow et al., 2018). However, research has found that regulation cannot be effective without the
participation and commitment of the private sector (Rossi et al., 2019; Zhang et al., 2008).
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Mitigating food safety issues, therefore, requires the commitment of both public authorities and
the private sector. In recent decades, various co-governance frameworks have been developed
for the provision of common goods (Tosun et al., 2016). In the 1990s, the theory of social
governance focused on the construction of a collaborative network to analyse the collaboration
between diverse actors (Tosun et al., 2016). Later, researchers introduced the concept of “coregulation” in food safety control. Co-regulation is defined as “a dynamic interaction between
public and private actors to secure the provision of common goods” (Garcia Martinez et al.,
2007; Tosun et al., 2016).
Food safety risk co-regulation is the process by which participating actors cooperate using
government regulation, market incentives, technical regulation, social supervision, and
information dissemination (Chen et al., 2015; Rossi et al., 2019). Fearne and Martinez introduce
the co-regulation framework to combine public intervention and self-regulation (Fearne &
Martinez, 2005). They define food safety co-regulation as “the process by which the
government and companies cooperate to construct an effective food safety system to ensure
better food safety…, under the premise that all stakeholders in the food supply chain (from
production to consumption) can benefit from improved governance efficiency”(p. 2). They
reviewed the development of food safety control in North America and Europa and concluded
that by including the private sector in the standard setting and by sharing responsibility and
authority with stakeholders, a higher level of efficiency in food safety governance was achieved.
Generally, co-regulation consists of four stages in the regulatory process: (i) setting food safety
standards; (ii) implementation; (iii) enforcement; and (iv) monitoring (Garcia Martinez et al.,
2007). First, the co-regulation framework promotes transparent information sharing and
comprehensive consultation instead of top-down standard setting when creating new
agreements, conventions and laws that relate to food safety. More specifically, Fearne and
Martinez argue that private stakeholders should have the right to be informed about different
policy options and the policy decision-making process (Fearne & Martinez, 2005). Second, the
co-regulation framework encourages private stakeholders to implement their own internal rules,
as long as they uphold the agreed-upon food safety standards. Instead of direct regulatory
control, a self-regulatory approach is proposed to manage food safety within firms. Third,
before the introduction of co-regulation, food safety standards were primarily enforced by
seizing products and closing facilities. However, the experiences in Europe and North America
show that enforcement can take the form of promoting good practices through advice and
education rather than enforcement action. In addition, market-based reputational mechanisms
can enhance the compliance with food safety standards. Finally, regarding the monitoring of
compliance, the co-regulation framework demands a shift from direct inspection to performance
evaluation and suggestion. In short, the renovation program granted new requirements and
responsibilities to both public authority and private stakeholders.
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4.3. Research methods and location
This study applies a mixed method approach with a focus on in-depth qualitative research. The
fieldwork was implemented in Shandong Province. Shandong province is one of the main
vegetables producing and consuming provinces in China. The economic development of
Shandong (GDP per capita in 2017: 10,303 U.S Dollar) is slightly above average in China
(8,643 U.S Dollar) and ranks tenth out of the 31 provinces. Shandong province has a population
of 98 million people, of which 57% live in urban areas (NBSC, 2017). There are 17 cities in
Shandong province.
To estimate the results of the renovation program, four cities in Shandong province (Jinan,
Qingdao, Weihai and Zibo) were selected. Data was gathered from the food safety risk
monitoring system on the official website of the Chinese Food and Drug Administration
(CFDA). 4 The data are the result of a systematic collection of monitoring data and related
information on foodborne diseases, food contamination and food hazards from food samples at
the market and retail level. The officially published reports contain detailed information on the
type of food safety hazard, maximum residue levels (MRL) and inspection results. Like the
European Food Safety Authority (EFSA), the CFDA applies a general default MRL of 0.01
mg/kg (WHO, 2016). The main purpose of risk monitoring is to detect food safety hazards
through randomly drawn representative samples from food sellers. The data are representative
of the general food safety situation in China. Because of the limits of using secondary data, we
use the CFDA reports merely to complement the qualitative study. It is beyond the scope of this
paper to conduct an empirical investigation that directly tests the causality between the
renovation program and food safety.
CFDA reports contain the following information: food safety status (contamination detected or
unsafe / no contamination detected or safe), name and address of the seller as recorded during
the inspection, and date of purchase. We establish a dataset by retrieving all observations on
vegetable tests from wholesale and wet markets in the four cities in Shandong province. Our
dataset contains 2784 samples of tested vegetables, and each observation is the outcome of one
test on a specific vegetable in a specific market. We define food safety as a binary variable: the
sample is reported as unsafe if the pesticide residue exceeds the MRL and is considered safe
otherwise. The dataset was retrieved from the CFDA reports in 2016, 2017 and 2018. The
renovation program was implemented in October 2017. The reports from 2016 and from 2017
between Jan. to Sept are categorized as “before renovation”. The reports in 2018 are considered
as “after renovation”. We used the list of renovated markets released by the ITB to identify
which markets in the dataset were renovated and which were not. We found that 1191
observations came from these renovated markets.
Because renovated/nonrenovated and safe/unsafe are binary variables. We therefore add ChiSquare tests to check the significance of differences in safety levels between selected/nonselected markets and before- and after-renovation. We select two cities: Jinan and Qingdao, for
4

Further information can be found at http://samr.cfda.gov.cn/WS01/CL1667/index_5.html
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qualitative investigation using in-depth interviews and field observation. We expect that the
implementation of the renovation program, and hence its effects, differ between cities.
Considering that the renovation policy was issued by the central government but implemented
by the city-level ITB, it is expected that the provincial capital city will receive more attention.
In addition, the ITB in the capital city might possess more financial and human resources to
implement the renovation program. The peripheral cities may lack resources and pressure to
renovate markets. Thus, the renovation may have a smaller impact on the peripheral cities.
Before we can claim that the renovation program has succeeded, we need in-depth interviews
and field observation to verify the results and to clarify the mechanism behind this renovation.
In Jinan, 16 markets were selected for renovation. These 16 renovated markets consisted of 8
wholesale markets and 8 wet markets. Qingdao is a coastal city, where 14 markets were
renovated (8 wholesale markets and 6 wet markets). In these two cities, 14 markets were visited
during the research. The differences between renovated and non-renovated markets were
observed. The differences in market infrastructure before and after renovation were recorded
by interviewing staff. Wholesalers and retailers were interviewed to assess their behavioural
change due to the renovation. In total, we randomly selected 56 wholesalers and stallholders
and conducted interviews with them. As shown in Table 1, different types of wholesale and wet
markets are covered in the fieldwork. The selection of the interviewees was based on two
characteristics: the market level and the participant level. Markets are distinguished as wet
markets and wholesale markets; and as renovated markets and unrenovated markets. We have
visited each type of market to ensure the representativeness of this study. Hence, we visited 3
renovated wet markets; 6 renovated wholesale markets; 2 unrenovated wet markets and 3
unrenovated wholesale markets. At the participant level, we interviewed wholesalers and
retailers in each market. We asked open-ended questions until no new information was found.
In the fieldwork, we found that conducting four interviews per market was appropriate for
collecting information about the participants’ daily routines. Nevertheless, accessing and
interviewing the market management is a more challenging task. We successfully interviewed
5 market staff in the renovated markets, of whom 4 are from Jinan and 1 from Qingdao.
However, the management of unrenovated markets refused all external visitors. In general, we
have a comprehensive overview on the participants of the renovation program.
Table 4.1. the interviews conducted in different cities and markets.
Table 9Table 4.1. the interviews conducted in different cities and markets

Visited
market

Interviewed
Interviewed
wholesaler/stallhold market
er
management

Jinan

8

32

4

Renovated
markets

6

24

4
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Wholesale
market

4

16

3

Wet market

2

8

1

2

8

0

Wholesale
market

1

4

0

Wet market

1

4

0

Qingdao

6

24

1

Renovated
markets

3

12

1

Wholesale
market

2

8

1

Wet market

1

4

0

3

12

0

Wholesale
market

2

8

0

Wet market

1

4

0

Unrenovated
markets

Unrenovated
markets

To secure the external validity of this study, we visited markets in different cities. The type,
size and location of the markets vary, as well as the size and background of the wholesalers and
retailers that were interviewed. For internal validity, a clear narrative from the policy document
to safety inspection was created. The steps were elucidated following this structure: the
announced renovation plan, the change in infrastructure following the plan, the behavioural
change due to the new infrastructure, and the change in food safety levels brought by the change
in behaviour.
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4.4. The implementation of the renovation program: towards coregulation
4.4.1. The renovation programs
The formal document of the renovation program considers the market management and tenants
of wholesale and wet markets as key stakeholders. The renovation program for wholesale and
wet markets that was released by the State Administration for Industry and Trade in 2016
includes five measures:
•

The market management should provide training for tenants. Tenants are required to learn the
Food Quality and Safety Protocol before they enter the market. The protocol indicates the food
safety standards and penalties for food safety hazards.

•

Tenants must register with the market management if they want a place in the renovated market.
The market management requires tenants to provide a copy of their ID card for traceability.

•

Tenants are required to provide certification of the origin of the vegetables (including details of
the producer and harvest time) for traceability.

•

The market management should set up a rapid testing room with specialized staff. Vegetables
in the market should be regularly tested.

•

The market should keep records of the test results and set a display screen to announce the test
results for consumers.

•

The renovation program was implemented under the instruction of the city administration of
industry and trade. The city ITB selected the markets to be renovated by the end of 2017.
4.4.2. Actors in the renovation program
Generally, the renovation program of markets in China involves three actors: the local policy
maker as overseer of the market, the wholesale and wet market management, and the
wholesalers and stallholders as tenants of the market. In practice, the renovation program can
be seen as an intervention guided by the local ITB, implemented by the wholesale and wet
market management and modifying the behaviour of the wholesaler and stallholder. This
section discusses the role played by these actors. Figure 4.1 illustrates the actors in the vegetable
provision system and whether they are included in the renovation.
Figure 0.1Figure 4.1. Actors in vegetable provision system involving renovation program

m.
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Figure 4.1. Actors in vegetable provision system that are involved in the renovation program.

Note: CFDA stands for the Chinese Food and Drug Administration. ITB stands for the Industry
and Trade Bureau.
Conventional markets in urban China can be distinguished into wet markets and wholesale
markets. A wet market is a location for the public gathering of buyers and sellers at a known
time. Wet markets contain a limited number of stallholders (10-30) and provide fresh food for
consumers living nearby. Wet markets involve a large number of transactions of relatively small
quantities of goods on a face-to-face basis between a seller and buyer. Sellers in a wet market
are commonly designated as stallholders because they rent a market stall to display, advertise
and store their goods. Stallholders in wet markets normally operate independently on an
individual or family basis. The types and quantity of vegetables are decided by the stallholders
themselves. In the 1990s, the stallholder and market owner (enterprise or collective) maintained
a simple tenant-landlord relationship (Si et al., 2018). In the last decade, urban municipalities
and consumers have raised demands on the environment of wet markets. As a result, the market
owner is required to hire security and cleaners to preserve order in the market (Zhang & Pan,
2013). Moreover, the market owner is responsible for reconciling conflicts between consumers
and stallholders. For this purpose, the market owner must hire specific personnel and market
management. Through this process, the market and stallholders have established a more
coordinated relationship.
Wholesale markets are usually located in urban areas. The wholesale market provides space for
hundreds of wholesalers to display and store their goods. Normally, stallholders from the wet
market and other retailers visit the wholesale market in the morning and buy in bulk. Without
wholesalers, retailers would need to purchase directly from farmers, which would involve many
minor transactions (Goldman, 2001). Through the wholesale market, the number of transactions
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is reduced, and the marketing process is simplified. In this case, the retailer does not need to be
concerned with any of the sorting, reassembly or distribution functions and concentrates solely
on selling to consumers. Wholesalers shuttle between farmland and urban areas, purchase
vegetables in small quantities from farmers, aggregate vegetables in bulk and bring them to the
wholesale market. Because most wholesalers drive their vehicles into the market, they need to
check in at the entry gate. An entry toll is usually paid at this point based on the size of the
vehicle and an estimated volume or a weight established from passing over a weighbridge. After
the check-in, wholesalers unload the goods at a space allocated to them by the market
management. Large-scale wholesalers that can afford the rent will store and display their goods
in a permanent shopfront. Other wholesalers park their vehicles in the covered space. In the
1990s, wholesale markets were merely open spaces for parking vehicles and exchanging goods
(Goldman, 2001). In the last decade, wholesale markets have experienced similar adjustments
as wet markets. Market management and regulation have been established in both wholesale
and wet markets, and wholesalers must comply with the requirements of the market
management.
As tenants, wholesalers and stallholders are both regulated by tenancy agreements with the
market management. These tenancy agreements are publicly accessible in the market.
Furthermore, tenancy agreements have similar terms in different markets, emphasizing fire
drills, fair trade and fraud prevention. Sanctions such as penalties for violating these clauses are
announced publicly. To enforce market regulation, market management has the power to punish
and reward tenants in the market. In the interviews, stallholders, wholesalers and market
personnel mentioned that sanctions such as a penalty or cancellation of the tenancy agreement
are rarely implemented in practice. Nevertheless, the market management holds many tools to
reward tenants and can thereby influence their behaviour. For instance, the stall closest to the
market entry is preferred by tenants because of the higher turnover. Some tenants are offered
better and larger positions in the market because they comply with the market rules. In addition,
tenants are offered rent discounts in the following year if they can continuously comply with
the market rules in the current year.
Market management and tenants are expected to provide agri-food products free of food safety
hazards. In every wholesale and wet market, the market management demands tenants to
guarantee the safety of their agri-food products. The importance of food hygiene and absence
of food safety hazards are emphasized in the tenant agreement. Agri-food products are exposed
to chemical contamination during production, transportation and storage. Vegetables can be
contaminated at any stage before they reach the consumer. Thus, vegetable safety requires
engagement of the wholesaler, stallholder and market management. Nevertheless, without
institutional guarantees, tenants and market management lack the tools and incentives to ensure
food safety.
The ITB Department of Market Regulation is responsible for supervising wholesale and wet
markets and other food trading entities. This department controls general market transactions
in China, through drafting and implementing measures regarding the market order, regulating
online transactions in goods and services, administrating supervision over contract execution,
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investigating and punishing illegal acts such as contractual fraud, taking charge of chattel
mortgage registration, regulating brokers and auctions, organizing and instructing the credit
rating of commodity transaction markets, and initiating special campaigns to address ongoing
marketplace problems.
Within this extensive domain of the ITB, food safety issues were not their primary concern in
the past. The relationship between markets and the bureau has been changed dramatically in
recent decades. In the 1980s and 1990s, most markets were established and managed by the
local ITB and local municipalities. Later, markets were privatized and transferred to private
corporations (Fung et al., 2006). Because these corporations usually run multiple businesses in
the city or province, complying with the ITB’s requirements is crucial for them. The scope of
the ITB with respect to food safety ranges widely and includes general matters relating to
cleaning, the disposal of waste materials, and detailed technical requirements for food hygiene.5
However, neither the ITB nor the market management had an inspection plan and protocol to
survey and control food safety and quality before the market renovation policy in 2017. Until
then, wholesalers and retailers had to apply for a food trade license to be permitted to trade food.
However, due to the large number and the flexibility of the retailer and wholesaler, the bureau
had difficulties controlling the quality and safety of their goods.
In 2016, the state administration released the executive order for a wholesale and wet market
renovation program. Early 2017, the city-level ITB started approaching market management
and selected the markets to be renovated. Later, in October 2017, the top-down renovation
program was implemented. The wholesale and wet markets were required to maintain a high
standard of food hygiene, employ their own staff of inspectors and establish a fully equipped
and staffed laboratory. In the next section, we discuss the implementation of the renovation
program in more detail.
4.4.3. Implementation of the renovation program
In general, the market management actively participated in the implementation and enforcement
of the renovation program, leaving the standard setting and monitoring to the ITB. The
infrastructure of the wholesale market and wet market has significantly improved after the
renovation following the standards set by the ITB. As part of the implementation, large-scale
wholesale markets, such as Qilipu, established special rooms and hired staff for rapid testing of
food safety hazards. The room is at the entry of the market, and the staff takes samples from
every vehicle that enters the market gate. The market management of Qilipu hired at least five
people for the inspections while the smaller wholesale market, Huazhong, has only one
inspector. Although the ITB provided equipment and instruction for staff, the market
management is required to implement the renovation program and cover the costs. Large-scale
wholesale markets can afford the costs of renovation and payment for additional staff. Smaller

5

Further information can be found at http://www.samr.gov.cn/spscs/
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wholesale markets may lack the resources to comply with the requirements of the renovation
program.
During the interviews, wholesalers were asked about what would happen if pesticides residues
were found in the sample. The wholesalers in different markets provided similar answers: “if
the vegetables are contaminated and the contamination is detected, the whole batch of goods
cannot be sold in the market. In addition, staff will ask us to remove the goods out of the market”.
This answer implies that the enforcement of the renovation program is the obligation of the
market management. The stallholders in the wet market describe the procedure to be similar as
in the wholesale market. The market management also mentioned penalties for selling
contaminated food. However, none of the display screens in the markets that were visited
actually worked. The management mentioned: “the test results are recorded yet not accessible
for external visitors”.
The vegetables in the renovated markets are still not traceable. The wholesalers and stallholders
can only provide general answers such as “the cabbage was produced by a local farmer; the
onion was delivered from Hebei province”, etc. In addition, the sellers have received no training
or instructions about vegetable safety or pesticides residues. The market management and staff
for safety tests hardly communicate with the sellers. They believe that sellers sometimes spray
illegal chemicals on vegetables to keep them fresh. One CFDA document also indicates that
sellers were found to be using fungicides on vegetables during transport and storage.
The standard for the food safety hazards rapid test was issued by the State ITB without
consulting the market management. The rapid test room aims to directly detect food safety
hazards. The main threat for vegetable safety is pesticides residues. Thus, the rapid test aims
primarily at detecting pesticides. Moreover, heavy metal pollution and other chemical
contamination can also trigger the rapid test alarm. Pesticides include fungicides, herbicides,
and insecticides. To detect pesticides residues, gas chromatography, high-performance liquid
chromatography, capillary electrophoresis and mass spectrometry methods have been
developed (Kirezieva, Luning, et al., 2015). These methods are effective and precise, but they
are also time-consuming and complex, and they require expensive instruments and highly
skilled personnel (M. Zhang et al., 2015). Therefore, an enzyme-based biosensor (also known
as the enzymatic method) was selected by the ITB as an acceptable alternative that is simple,
rapid, sensitive, low-cost and reliable in the detection of pesticides.6 The enzymatic method can
detect almost all pesticides applied on vegetables, including parathion, malathion, methyl
parathion and chlorpyrifos (Songa & Okonkwo, 2016).
However, the enzymatic method has been criticized for its low accuracy. The official maximum
tolerance level for pesticides is 0.01 mg/L. The enzymatic method can achieve a lower accuracy
depending on the pre-test concentration and the skills of the staff. Hence, the enzymatic method
can provide false negative results in practice, i.e., contaminated vegetables are likely to be
omitted and considered as safe. However, the enzymatic method is unlikely to provide false
Enzymatic method was invented by J. E. Bean and D. J. Ankinson in 1964. In 2010s, this method is mainly
applied in China and India in on-site pre-test for its convenience.
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positive results, i.e., mistaking safe vegetables as contaminated because only a high volume of
pesticides will trigger the enzyme-based biosensor (M. Zhang et al., 2015).
In conclusion, we find that three out of the five measures from the renovation program have
been implemented. By following the standard issued by the ITB, market management set up a
food safety hazards rapid test room and tests goods that enter the market. The test results are
recorded for the local ITB. In every renovated market, the sellers are required to register with
their ID card and pay the rent in advance.
Table 4.2 gives an indication that the renovation program has a positive impact on vegetable
safety. Before the renovation, in 2016 and 2017, the share of unsafe vegetables in markets that
were destined for renovation was between 12% and 14%. This was similar to detection rates in
other markets. In 2018, after the renovation, the share of unsafe vegetables in renovated markets
dropped to 7.45%, whilst the share in other markets increased to 16.67%. For the results in
Table 4.2, the X²-coefficient is 341.331 (p<0.001). This indicates that the renovation has
significantly improved the safety level in renovated markets.
Table 10Table 4.2. Number (share) of unsafe vegetable samples in markets selected for renovation and other
markets.

Table 4.2. Number (share) of unsafe vegetable samples in markets selected for renovation and
other markets.
Selected markets***
Before renovation
After renovation

Other markets

2016 86/600 (14.33%)

82/603 (13.60%)

2017 45/336 (13.39%)

54/426 (12.68%)

2018 19/255 (7.45%)

94/564 (16.67%)

Source: based on CFDA reports.
Note: significance levels for Chi-Square test: *** p<0.001, ** p<0.01, * p<0.05.

Table 4.3 exhibits the variation between cities. We assume that the success of the renovation
program is highly dependent on the investment of the city-ITB. As we expected, the share of
unsafe vegetables in renovated markets in Jinan decreases significantly after renovation
compared to other markets, whilst this improvement in vegetable safety is not observed in
Weihai and Qingdao after renovation.
Table 11Table 4.3. N
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Table 4.3. Number (share) of unsafe vegetable samples in markets selected for renovation and
other markets in the studied cities.
Before
Jinan

Zibo

Weihai

Qingdao

After

Selected

87/610

(14.26%)

5/146

(3.42%)

Other

37/177

(20.90%)

27/126

(21.43%)

Selected

10/113

(8.85%)

2/49

(4.08%)

Other

9/223

(4.04%)

13/170

(7.65%)

Selected

14/124

(11.29%)

3/14

(21.43%)

Other

21/131

(16.03%)

8/27

(29.63%)

Selected

20/89

(22.47%)

9/46

(19.57%)

Other

69/498

(13.86%)

46/241

(19.09%)

Source: based on CFDA reports.

In short, we found that the most significant measure of this renovation is the establishment of
rapid test room and the implementation of the comprehensive test. This rapid test was enforced
and resulted in a lower detection rate of food safety hazards in wholesale markets. The success
of the renovation is mainly the result of the collaboration between the ITB and market
managements. First, the ITB offered clear instruction on the standard setting and training for
the food safety test staffs. Although we cannot confirm that the market management was
consulted in standard setting, the city ITB selected the least complex and time-consuming test
method, the enzymatic method, to ensure the renovation can be implemented and enforced. The
main barrier for the ITB to enforce the food safety standards by inspecting every wholesaler
directly is the mobility of wholesalers. Nevertheless, market management enforced the standard
by using the dependency of the wholesaler on the market. In addition, the successful
enforcement is the result of the authority transition from ITB to the market management. After
the renovation, the market management was granted the authority to force the wholesaler
disposing the ineligible vegetables. Whereas the market management closely monitored the
rapid test results, it remains unknown whether the monitor data was delivered to the ITB as
well. At last, we found that the wholesaler was excluded from every process of the renovation
program. The participation of the actors in four co-regulation processes is presented in Table
4.4.
Table 12Table 4.4. Participation in the co-regulation processes.
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Table 4.4. Participation in the co-regulation processes.

Standards
setting

Process
implementation

Enforcem Monitori
ent
ng

ITB

yes

yes

no

yes

Market
Management

unknown

yes

yes

yes

Wholesaler

no

no

no

no

4.4.4. Implications of the renovation program for wholesalers and stallholders
Whereas the wholesalers were not consulted in the standard setting and received no food safety
knowledge or training, their behaviour and routines were modified. Comprehensive inspection,
meaning that every batch of vegetables is tested, results in significant changes for wholesalers.
In wholesale markets, the tests can cover all goods because the wholesalers drive their vehicle
into the marketplace through the market entrance. The market personnel describe the procedure
before and after the renovation as follows: “the wholesalers are required to stop at the entry.
Their vehicles are weighted, and they need to pay the rent according to the weight of their
goods. After the renovation, samples will be taken from their vehicle while the vehicle is being
weighted. The driver is asked to park nearby the entry temporarily until the rapid test result
comes out. If the result is positive, vegetables in this vehicle are not allowed to be sold in this
market. The wholesaler must remove the goods”. Buyers drive empty vehicles into the
wholesale market to purchase vegetables. They can enter and leave the market without
inspection because their vehicles are much smaller than the wholesalers’ and easy to distinguish.
Officially, the rejected vegetables are being disposed. However, the market management has
no authority to oversee wholesalers’ activities outside the market. The interviews revealed
several possibilities with respect to the rejected goods. The wholesaler has the right to apply for
a reassessment. Their vegetables will be sent to a third-party inspection institute to acquire more
accurate results. However, the staff of the market mentioned that they have never encountered
this situation, possibly because the rapid test is likely to provide false negative results but
unlikely to provide false positive results. Wholesalers are aware that the third-party test is very
likely to reveal more hidden hazards such as the use of prohibited pesticides. When asked about
the rejected goods, wholesalers claimed: “we always dispose of the goods as formally required”.
The risk for wholesalers seems too high if they try to find buyers outside of the wholesale

74

Improving Vegetable Safety in China: Does Co-regulation work?

market. The market staff believed that “the wholesaler attempts to sell the rejected goods to
retailers to avoid loss”. Nonetheless, the staff also acknowledged the difficulty of trading
outside of the market. Typical stallholders in wet markets or retailers sell 20 to 30 types of
vegetables in small quantities (10 to 20 kg) in their stall or store. However, a wholesaler sells
one type or a few types of vegetables in large quantity (more than 1000 kg). Thus, a retailer
needs to visit more than ten wholesalers to find all vegetable types and, likewise, a wholesaler
must trade with dozens of retailers until all the goods are completely sold out. Thus, it is
beneficial for retailers and wholesalers to assemble in a certain location to complete their
transactions. Outside the formal wholesale market, it is impossible to find such a location in
urban or suburban areas.7
In response to the renovation, wholesalers have changed their behaviour to avoid being rejected
at the market entrance. Wholesalers mentioned: “we consider the issue of food safety more
when buying vegetables from the producer”. Before the renovation, wholesalers considered
merely the price and freshness of the vegetables. As they know that contaminated vegetables
will be rejected by the market, they have adjusted their buying behaviour to minimize the risk
of rejection. In the interviews, wholesalers vaguely mentioned: “we purchase from a ‘reliable
source’ or a ‘local source’; we know which vegetables are safe for we have experience in
producing vegetables”. The personnel in the market agreed that “many of the wholesalers used
to be vegetable farmers themselves”. Wholesalers may prefer to buy local vegetables because
they are more familiar with local farmers and can check whether the farmer has a reputation of
pesticides overuse, when the vegetables were harvested, and what the length of the post-harvest
interval was. Pesticides residues on vegetables depend on the pesticide type, amount that was
applied and the post-harvest interval. If more information is available, the experienced
wholesaler can select the vegetables that are most likely hazard-free. However, tracing the
vegetables in the wholesale market back to the producer may not be possible due to the lack of
information. In addition, another hidden activity was revealed by the market personnel: “to
avoid food loss, many wholesalers sprayed fungicides and other chemical stuff on the
vegetables. After the rapid test was established, wholesalers stopped or at least reduced
spraying fungicides on vegetables, for the risk of being detected is too high”.
Not all wholesalers are equally dependent on the market, and we observed clear differences
between wholesalers. Large-scale wholesalers possessed sufficient human resources and
equipment to maintain the safety of the vegetables that they sell even before the renovation.
Small-scale wholesalers, on the other hand, may lack the resources and capacity to control food
safety. The additional safety inspection established by the renovation program helped small
wholesalers to detect contaminations and thereby enhanced their food safety level.
In addition to wholesale markets, the renovation program was also implemented in wet markets.
Although both types are included in the renovation program, the impact of renovation might be
different. The safety control in wet markets differs slightly from the control in the wholesale
market because the stallholders have a different daily routine. Stallholders drive small vehicles
It should be noted that this conclusion is based on interviews with small-scale wholesalers only because the
large-scale wholesalers refused to answer questions about food safety hazards.
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to transport vegetables from the wholesale market to the wet market. After arriving at the wet
market, they need to move their goods from the vehicle to their stall as quickly as possible.
Unlike the large-scale wholesale market, most wet markets are located in urban areas with a
high population density. Thus, asking stallholders to wait outside the market is impractical. The
market personnel visit every stallholder’s stall and randomly take one or two types of vegetables
to test. If the result is positive, the retailer is asked to dispose of this type of vegetable. The staff
claims that: “stallholders will normally comply because the value and quantity of one vegetable
type in their stall is low”.
The interviews with stallholders failed to find any remarkable change in behaviour: “we buy
and sell vegetables as we used to, with or without the rapid test”. When the staff comes to
collect samples for the rapid test, the stallholders simply comply. One staff member in the wet
market said that “some of the stallholders buy vegetables from the vehicles parked in the street
for lower prices. The vegetables in these vehicles did not enter the wholesale market due to
either low safety degree or to avoid paying the market fee. However, fewer stallholders choose
to buy from the “street parking vehicles nowadays thanks to the rapid test”. The CFDA data
supports our observation. Table 5 indicates a clear after-renovation difference between
wholesale markets and wet markets. Whereas the selected wholesale markets reduced the
detection rate from 13.66% to 3.43%, the renovated wet market have a comparatively high
detection rate 10.87%. The results for Table 4.5 show that the renovation did not significantly
change the safety level in wet markets (p=0.291). However, the renovation successfully
changed the safety level in wholesale markets (p<0.001).
Table 13Table 4.5. Number (s

Table 4.5. Number (share) of unsafe vegetable samples in wholesale and wet markets selected
for renovation and other markets.
Before
Wholesale
market

Wet market

After

Selected

87/637

(13.66%)

4/117

(3.42%)

Other

93/772

(12.05%)

31/275

(11.27%)

Selected

44/299

(14.72%)

15/138

(10.87%)

Other

43/257

(16.73%)

63/289

(21.80%)

Note: significance levels for Chi-Square test: *** p<0.001, ** p<0.01, * p<0.05.
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4.5. Conclusion
The renovation program involves the public authority, market management and tenants. The
program was implemented mainly by the ITB with the participation of market management.
After the state administration issued the renovation plan in 2016, the city-level ITB was
required to implement the policy. First, the city-level ITB selected some of the markets in the
city and provided guidance on how to build the rapid safety check, the equipment for rapid
testing, and instructions for the staff. The market management is required to build the safety
check, display screen and entry control, and pay the staff’s salary. The wholesalers and
stallholders were not consulted in the renovation policy. Nevertheless, the behaviour of the
wholesaler has changed because of the recently established infrastructure.
This study reveals the important role of the wholesaler and the wholesale market in
guaranteeing vegetable safety. We highlight that the vegetable safety level can be enhanced by
developing a co-regulation strategy between private market management and local public
authority. This study reveals that the key factors for the success of the renovation are the
commitment of the local public authority, expansion of the market management domain, and
the dependency of the wholesaler on the market. The conclusion of this study is relevant for the
rest of China as well as for the Global South. In urbanizing areas, consumers raise higher
demands for food safety. By reinforcing inspection and control in the marketplace, food safety
hazards can be reduced. For the municipality, this study provides an additional solution for food
safety issues besides retail modernization. Supermarketization is not the only possibility for
developing the food retail sector. By transferring certain responsibilities to the market
management, the local municipality can enhance the food safety level. The high dependency on
the market for food retailers and wholesalers in cities in the Global South gives the management
leverage to secure the quality and safety of the food they sell despite their flexibility and small
scale. This strategy is particularly effective in wholesale markets.
Moreover, this study highlights the role of the “market management” as a relevant actor in the
public-private co-regulation framework. In previous research, conventional wholesale and wet
markets have been treated as an assembly of stallholders. However, the local municipality has
empowered market management and supported its expansion in the regulatory domain. This
has made the market management a comprehensive regulator that controls crucial resources for
the provision of vegetables. The provider of such a location for trading holds an essential
resource. For markets in urban China, this resource is the authorization given by the
municipality. The permission of transactions in urban areas is a privilege granted to certain
markets. If wholesalers and retailers need to trade agri-food products, they must trade in these
markets. Any transaction outside the market location will be ceased by the security office. After
the renovation, market management reinforced the control over wholesalers and retailers.
In addition, the renovation has expanded the domain of market management. By expanding the
power of the market management, the ITB successfully established a rapid test room and entry
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controls in markets. In this study, we did not have the chance to interview policymakers in the
local or central ITB. Nevertheless, the local ITB used to own and run the wholesale and wet
markets until the 2000s. With privatization, most markets are transferred to people close to the
local, public authority. From a practical perspective, for the local ITB, reaching a few market
management teams is much easier than locating thousands of wholesalers and retailers.
Controlling products, i.e., maintaining traceability, or controlling the producer is almost
impossible for the urban ITB. Ensuring that all transactions happen in renovated markets and
controlling the entry of the market seems to be a practical alternative. In addition, consumers
were not consulted, and thereby they were excluded from the renovation. Because consumers
were not treated as a relevant stakeholder, transparency, i.e., setting screens for the test results,
was not guaranteed.
Our results show that larger wholesale markets are more successful in improving the food safety
level in urban markets. We therefore recommend further concentration in the wholesale sector
and increasing the scale of wholesale markets to allow a more targeted and controlled roll-out
of the market renovation program. Furthermore, we have shown that successful wholesale
markets benefit from close collaboration between the market management and the market
regulatory administration. Hence, co-regulation is therefore recommended as a guideline for
future reforms of food safety regulations, especially in Southeast Asia and South Asia, where
public concerns over food safety have been growing rapidly.
This study is limited by a focus on a single province in China, Shandong, and a single
agricultural product, vegetables. We suggest implementing similar research in other regions
and for other food items. Another limit of this study is that we did not interview policymakers.
Therefore, we did not have access to in-depth information about the decision-making process
and the reasons for the selection of markets in the renovation program. Regarding the public
authority, we have interviewed four members of the safety control staff in the markets. In this
way, we obtained insights in the behavioral changes at the individual level, but not at the higher
administrative level. Finally, this study revealed several limits of the renovation policy. Because
the vegetable production sector is highly fragmented, the traceability of products remains
elusive. The renovation program might be able to leverage the preferences of wholesalers for
food quality and safety. Nevertheless, this policy is unlikely to modify farmers’ behaviour. This
study also reveals that the general safety level of vegetables and the main safety hazards remain
problematic because still over 13% of the vegetables in wholesale and wet markets are
contaminated. Although the renovation has significantly enhanced the safety level in some of
the markets, the overall share of unsafe vegetables in the renovated markets has merely been
reduced to 7%. This means that vegetable safety is still worrisome in urban China.
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Accessing safe and fresh Vegetables:
Equity in the Food Environment of
urban China
5.Accessing safe and fresh Vegetables: Equity in the Food
Environment of urban China
Abstract
This study was undertaken to evaluate the local food environment in urban China and to find
out whether urban residents in China have equal access to safe and healthy food. We selected
safe / contaminated vegetables and fresh / processed vegetables as two indicators to measure
the local food environment. The former reflects the commitment of local government, and the
latter displays the preferences of local consumers. We found that a vegetable sample is more
likely to be contaminated, if it is retrieved from a township with a high population of domestic
migrants than from other townships. Furthermore, processed vegetables are more prevalent in
townships with more domestic migrants or rural residents than in other townships. In addition,
the focus in previous research on local food environment and obesity is replaced by more
context-specific concerns, which are correlated with the presence of a socio-economically
vulnerable population. This study has also contributed to the research on the Hukou system by
revealing the unsatisfying local food environment for domestic migrants. We expect that more
studies using spatial clusters will shed further light on the increasingly complex urban food
environment of mega-cities in the Global South.
Keywords: local food environment; food safety; Hukou system

Chapter 5

5.1. Introduction
In recent decades, the global South experienced a rapid urbanization. Millions of rural residents
moved into the cities in search of work opportunities and better living conditions. The new
urban residents require infrastructure and public services to maintain a basic livelihood.
However, in many developing countries, the urban governments and the private sector are not
well prepared for this growing influx (Crush & Battersby, 2016; FAO and World Bank, 2018;
Tefft et al., 2017). Consequently, urban migrants suffer from the lack of public services
including water, shelter, roads and electricity. Moreover, urban residents, especially the new
migrants, require adequate food intake (FAO and World Bank, 2018; Tefft et al., 2017). In the
last four decades, the urbanization rate of China grew from 18% in 1978 to 60% in 2019,
referring to an enormous rural-urban migration (NBSC, 2019). This domestic migration has
created dozens of mega-cities with tens of millions of inhabitants. So far, little is known about
these mega-cities and the dietary quality of the food these migrants consume.
Whilst previous studies treated the dietary pattern as an individual choice, recent research found
that the dietary pattern is to a large extent determined by the accessibility and affordability of
different food items (Caspi et al., 2012; Moore et al., 2008). In other words, the consumers’
food choice is constrained by the distance to the food outlet and the food price, regardless of
the consumers’ knowledge about a healthy diet (Bader et al., 2010). The concept of the local
food environment was introduced to measure the safety, healthiness and affordability of the
food that is accessible for the consumers in a certain geographic area (Díez et al., 2016; Tefft
et al., 2017). A well-functioning local food environment is supposed to provide equal access to
nutritional, safe, healthy and adequate food for all urban residents, regardless of their socioeconomic status (Tefft et al., 2017). In urban areas where these demands are not fulfilled,
malnutrition, overnutrition and inadequate dietary intake are prevalent. The Urban Food
Agenda, developed by the FAO, presents a range of factors that may lead to an inadequate diet,
including the rising inequalities (i.e. food access) within and between urban and rural areas, and
the role and extent of migration to urban areas (FAO and World Bank, 2018). The inequality in
access to food of good quality, especially between groups of people with different socioeconomic status, has been highlighted in food environment studies (Cummins et al., 2005;
Gordon et al., 2011).
Previous research revealed that the access to affordable and nutritious food (e.g., fresh fruit and
vegetables, fishery products) is insufficient in deprived urban areas (Alkon & Agyeman, 2011;
Russell & Heidkamp, 2011). Studies in developed countries revealed the expansion of food
deserts and food swamps in areas inhabited by a socio-economic vulnerable population (Alkon
& Agyeman, 2011; Russell & Heidkamp, 2011). The in-depth investigations in Europa and
North America are based on the results from large-scale surveys on residents’ socio-economic
status and dietary patterns (Widener et al., 2013). These quantitative studies have identified the
most vulnerable communities and districts with unhealthy dietary patterns that require attention
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and intervention. They identified the proximity of corner stores compared with healthy food
outlets; the daily routines of local residents; customer service; available public transport and
even personal safety as determinants of shopping behavior (Gravina et al., 2020). Researchers
also evaluated the local food environment in urban China from a residents' perspective and
concluded that Chinese consumers have a relatively adequate access to fresh vegetables and
fruits (Liu et al., 2020). However, it remains unknown whether the more heterogeneous urban
areas are properly covered in these case studies. Comprehensive studies in China on socioeconomic vulnerable groups and their food environment are absent.
The food desert research has addressed the complex interconnected socio-economic processes
that shape the local food environment. The concept “food desert” was firstly introduced in the
1990s to characterize the high spatial and socio-economic inequality in access to healthy food
(Wrigley, 2002). It is assumed that urban residents make their food choices depending on the
food outlets available in their neighborhood (Wrigley, 2002). If local food outlets cannot
provide sufficient healthy and nutritious food, e.g. fresh vegetables and fruits, residents may
suffer from related health problems (Gordon et al., 2011). Most research on food deserts was
done in metropolitans in the United States, where fresh fruits and vegetables are primarily
accessible in the large supermarket chain stores. Research finds that the urban areas with higher
levels of racial segregation and lower income have limited access to supermarkets (Beaulac et
al., 2009; Walker et al., 2010). Consequently, residents in these areas have a high rate of maland over-nutrition, especially obesity. In the U.S., the urban areas with poor supermarket access
often have a higher density of convenience stores and fast-food restaurants that provide readyto-eat, energy-dense food (Luan et al., 2015). Nevertheless, when researchers attempted to
apply the food desert concept in Europa, Latin America and Africa, they only found weak
evidence for the existence of food deserts, e.g. the absence of organic food stores (Battersby &
Crush, 2014; Crush & Battersby, 2016; Helbich et al., 2017). Access to the supermarket is not
connected with the health condition of residents in these regions. Furthermore, obesity is proven
to be an inappropriate indicator for measuring public health, for it is not as prevalent as in the
U.S. and thus can rarely be considered as the primary public health concern in these regions
(Crush & Battersby, 2016). For urban China, using the proximity of a supermarket to predict
the availability of fresh vegetables and fruits may also be impractical because fresh food is
provided by many different retailers including wet markets, small grocery stores and
supermarkets (Su et al., 2017). Nevertheless, the basic idea of the food desert remains to find
socio-economic vulnerable groups that have insufficient access to healthy food, which remains
relevant and is therefore operationalized in this study.
The definition of safe and healthy food is highly dependent on the socio-cultural context. For
instance, while the U.S. considers obesity as one of the primary threats to public health, public
authorities in East Asia, especially in China, highlight foodborne gastro and esophageal diseases
caused by nitrites and high blood pressure caused by sodium (Marklund et al., 2020). The
existing literature on the food environment focuses primarily on obesity and healthy food access
without sufficient concern for context-specific variations (Fong et al., 2021; Newbold et al.,
2013; Testa et al., 2021). This study contributes to filling this gap by defining safe and healthy
food specifically for the local context and develop appropriate indicators for measuring the local
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food environment in urban China. In this study, we identify socio-economically vulnerable
groups in urban China and elaborate why they may have insufficient access to safe and healthy
food, with a particular focus on the issue of spatial access.
This research aims to study the access to safe and healthy food of socio-economic vulnerable
groups in urban China and contribute to the current debate on the local food environment. The
specific research question is whether urban residents in China have equal access to safe and
healthy food. For this aim, this research needs to define three key critical issues including what
is safe and healthy food; the socio-economic vulnerable population that may have insufficient
access to safe and healthy food; and spatial access of the socio-economic vulnerable population
to safe and healthy food.
The following section elaborates the background of this study by defining safe and healthy food
and socio-economic vulnerable groups in urbanizing China. Section three presents the methods
used in this study and explains how accessibility to safe and healthy food is measured for
different types of urban residents. In the second part of section three, we elaborate on the data
source and provide a brief data description. Section four presents the results of the empirical
analysis followed by a discussion in section five. In the conclusion, we provide policy
implications for local policy makers in China as well as in other developing countries.

5.2. Research Background
The local food environment agenda promotes equal access to safe and healthy food for the
urbanizing world. In this section, we elaborate on food safety, on healthy food and on the
urbanizing population in contemporary China. In this study, we focus on vegetables, for they
are important food items in China. Safe food is defined as not contaminated by pesticides or
heavy metal residues. Next, we elucidate the critical role the township government plays in
securing food safety. Following food safety, we exhibit the consumption of unhealthy food in
China and its connection with public health issues. Finally, we introduce the urbanization
process in China, characterized by the “Hukou” system and its restrictions to urban migrants.
5.2.1 Defining safe Food
Generally, the Chinese have a high intake of fresh vegetables. However, the safety of these
vegetables is threatened by chemical hazards, especially pesticides and heavy metal residues
(Gale & Hu, 2012; Zhao et al., 2018). Pesticide residues on vegetables are the result of increased
or inappropriate pesticide application in vegetable production for the purpose of pest control.
The excessive application of pesticides contaminates the food delivered to the consumer.
Previous research revealed that many highly toxic pesticides that are prohibited in Europe and
North America are still extensively used in China. Exposure to pesticide residues may lead to
multiple hazards ranging from short-term/acute problems (e.g., skin and eye irritation, headache,
dizziness, and nausea) to chronic impacts (e.g., cancer, asthma, and diabetes) for consumers as
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well as farmers (Zhao et al. 2018). The accumulation of heavy metals in agricultural products
is another serious threat to human health. Previous research has shown that there is a high
prevalence of Cu, Pb, Cd, Cr, As and Hg in fresh agricultural products in China (Zhong et al.,
2018). Thus, safe vegetables free from chemical hazards is the first standard in defining safe
food.
To prevent selling fresh vegetables that are contaminated with pesticides or heavy metal
residues, the commitment of farmers, rural extension services, urban wholesalers, retailers and
the urban government is necessary. Food safety has long been a critical issue for public
authorities. To eliminate chemical hazards, public authorities in urban areas closely inspect the
safety of food. The “New Food Safety Law” allows the Industry and Trade Bureau and Food
and Drug Administration to inspect and regulate food retailers and wholesalers (Chen et al.,
2015). In addition to farmers’ pesticides application, downstream wholesalers and retailers are
also relevant for food safety. So far, the determinants of the safety of food in different urban
areas have not been investigated.
Research revealed that food safety is to a large extent determined by retailers, wholesalers and
the local government (Alita et al., 2020) and that the capacity and commitment of these actors
can have an impact on the safety of food (Guo et al., 2019). The detection of pesticides and
heavy metal residues requires equipment and trained personnel in food trade, retail and the food
safety inspection office (Babcock, 2017). Researchers also found that large supermarket chains
provided vegetables at a significantly higher safety level compared with small-scale grocery
stores (Alita et al., 2020). Moreover, it was shown that upstream wholesalers have an impact
on the food safety level as the vegetables provided by larger wholesale markets were found to
be safer than from smaller ones (Alita et al., 2021) because the larger markets established closer
coregulation schemes with the local government.
As the local government plays a crucial role in inspecting local food retailers and ensuring food
safety, the local food environment is also highly dependent on this public authority. The State
Administration of Industry and Trade (ITB) has five levels: state, province, prefecture, county
and township (SAMR, 2021). Previous research on the urban economy in China found that the
townships, as the smallest administrative unit, show homogeneity in economic activities and
demographic features, while the district and city show large heterogeneity within their territory
(Oi et al., 2012). One of the explanations is that the district and city level governments have no
direct contact with the local residents, whereas the township governments maintain public
security, sanitation, market regulation and other public services (Chen et al., 2016; Oi et al.,
2012). While the four upper levels of the ITB issue policies and workplans, the township ITB
employees visit the food retailers regularly, test their goods and issue penalties if food safety
hazards are detected (SAMR, 2021). Therefore, the safety of the vegetables sold in certain
townships is highly dependent on the township ITB.
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5.2.2 Defining healthy Food
Whilst fresh vegetables are considered a key component of a healthy diet, the value of processed
vegetables is disputed. Depending on the processing methods used, processed vegetables can
be distinguished into lightly processed for preserving their appearance, taste and nutrition, e.g.
frozen and canned vegetables, and ultra-processed for additional flavor and taste, e.g. fermented
and pickled vegetables (Moubarac et al., 2013). In China, while frozen and canned vegetables
are rare, fermented and pickled vegetables are prevalent. The consumption of such fermented
and pickled vegetables is considered a risk factor for human health, for they are processed with
either salt, nitrite or benzoate (SAMR, 2021).
First of all, a high intake of salt is confirmed to be associated with hypertension and
cardiovascular diseases (He et al., 2018). Therefore, WHO recommends adults to consume less
than 5 g of salt per day (WHO, 2021). However, the average daily intake of salt in China reaches
12 g, which is among the highest in the world (Xu et al., 2020). Researchers noticed that pickled
vegetables, in addition to the salt used in cooking, contribute to a large part of the daily sodium
intake in China (Anderson et al., 2010; Xu et al., 2020). The content of salt in pickled vegetables
can easily exceed 5g per 100g (SAMR, 2021). Thus, ultra-processed vegetables are considered
a component of a low-quality diet.
Moreover, nitrite, a more grievous hazard for the consumers’ health, is widely applied in the
vegetable processing industry to extend the preservation of processed vegetables (Mirvish,
1995). The presence of nitrite in food is associated with an increased risk of esophageal and
gastrointestinal cancers (Mirvish, 1995) and researchers confirmed that the high incidence rate
of these diseases correlates with the high intake of fermented and pickled vegetables in China
(Wang et al., 2019). Public authorities show a high tolerance for the presence of nitrite in
processed food. In general, the presence of nitrite below 30 mg/kg is considered legitimate
(SAMR, 2021).
5.2.3 The socio-economically vulnerable Population in urbanizing China
Urbanization of China is characterized by the Hukou System. Since 1958, the People's Republic
of China has established a household registration system (Hukou system) and used it to control
the growth of its urban population (Afridi et al., 2015; Bao et al., 2011). Unlike population
registration systems in other countries, the Chinese system was designed not only to provide
population statistics and identify personal status, but to also directly determine the rights and
social services of residents (Song, 2014). The population is classified into “rural” and “urban”
residents, whereby urban residents receive social benefits that are far superior to those of their
rural counterparts (Song, 2014). Between 1958 and 1978, the national urbanization rate grew
slowly from 10.6% to 17.9%, because rural-urban migration was restricted. After these
restrictions were eased in 1978, urbanization increased annually by 1% to reach 60% in 2019
(NBSC, 2019). However, the Hukou system remains a tool after 1978 for controlling population
mobility, including rural-urban migration and migration between different cities (Wang et al.,
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2017). Residents without Hukou are commonly called domestic migrants in contrast to the
permanent residents.
Researchers have highlighted the social exclusion of domestic migrants (Meng, 2019; Ouyang
et al., 2017; Wang et al., 2017). So far, research on domestic migrants focused on estimating
the efficiency loss caused by the discrimination of migrants, as well as the impact of exclusion
policies and regulations on their daily life and wellbeing (Ouyang et al. 2017; Wang et al. 2017).
It is likely that the growing migrant population also has reshaped the urban area. Previous
research found that domestic migrants with the same origin preferred to inhabit the same area
(Pi & Zhang, 2016). Researchers found that many street vendors provided cooked food in such
areas that suited the preferences of these migrants (Pi & Zhang, 2016). In addition, considering
that many of the domestic migrants work in factories and live nearby their workplace, they
formed “worker towns” in the suburban areas where the factories are located (Ouyang et al.,
2017). In these areas, local governments provided insufficient public services. Researchers
explained the high crime rate in these suburban areas as the consequence of the lack of police,
for instance in the case of a town with merely 5,000 registered permanent residents that was
inhabited by 15,000 migrants (Song, 2014). Similarly, medical care and public schools were
insufficient. The local government simply mitigated this shortage by prohibiting domestic
migrants from receiving medical care or public education. We expect that this lack of public
service also extends to the domain of food safety controls and therefore that vegetables sold in
areas with relatively more domestic migrant inhabitants are more likely to be unsafe.
In addition to the distinction between domestic migrants and permanent residents, the Hukou
system also makes a distinction between rural and urban residents with respect to access to
public services. Researchers have long criticized the deficient public schools and medical care
for the rural population (Li et al., 2017; Meng, 2019; Ouyang et al., 2017). The public goods
supplied to rural areas are of lower quality compared with urban areas. Whilst this study focuses
on the urban food system, also rural residents are included within a city’s administrative
boundaries. Since the 1980s, a city in China is officially recognized as the prefecture including
both the urban area and the rural areas surrounding the city (NBSC, 2019). For large
metropolitans such as Shanghai, the rural residents living in the suburban areas work in industry
and the services sector, but still they are recognized as rural Hukou (Hao Wang et al., 2017).
For similar reasons as for the domestic migrants, we expect that the vegetables supplied to the
areas inhabited by rural residents are more likely to be unsafe.
So far, we focused on the top-down mechanisms in the geographic disparity of safe food.
Because the township governments provide insufficient public goods and keep a weak control
over the food safety in areas where domestic migrants and rural residents live, food safety
hazards are expected to be more prevalent in these areas. As these hazards, i.e., pesticide and
heavy metal residues, cannot easily be observed and identified by consumers, we cannot expect
that consumer choice is leveraged by food safety hazards. However, the choice between healthy
and unhealthy food is indeed made by the consumer. It can be expected that consumers with
low socio-economic status have a preference for unhealthy ultra-processed food, and hence,
that the neighborhoods that they live in provide such unhealthy food excessively. Research on
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public health revealed a solid connection between income and processed food consumption
while fresh vegetables and fruit retailers are absent in areas where socio-economic
disadvantaged people are living (Yuan et al., 2019). Although research confirmed the
preference of the socio-economically vulnerable population for processed food, it remains
unknown whether processed vegetables are more accessible in the urban areas where this
population inhabits (Trinh et al., 2019; K. Wang et al., 2019).
In conclusion, from this overview we may generate four hypotheses linking domestic migrants
and rural residents with safe food and with healthy food. These are : (1) the more domestic
migrants inhabit in an area, the more likely it is that the vegetables sold in this area are
contaminated by pesticides or heavy metal residues; (2) the more rural residents inhabit in an
area, the more likely it is that the vegetables sold in this area are contaminated by pesticides or
heavy metal residues; (3) the more domestic migrants inhabit in an area, the more likely it is
that the vegetables sold in this area are ultra-processed instead of fresh; (4) the more rural
residents inhabit in an area, the more likely it is that the vegetables sold in this area are ultraprocessed instead of fresh.

5.3. Methods and Data Description
5.3.1 Developing response and explanatory Variables
We expect that the safety and healthiness of a vegetable sample is influenced by the lack of
public service in the neighborhoods inhabited by socio-vulnerable population. To
operationalize safe food and healthy food, we define two response variables. The main safety
hazard for vegetables in China are pesticides and heavy metal residues. Vegetables
contaminated by these hazards are considered as unsafe. The first response variable is therefore
defined as binary: zero for samples in which no contamination is detected and one when a
contamination is detected. For determining the healthiness of a food item, we apply similar
criteria. Processed vegetables are considered unhealthy, while fresh, unprocessed vegetables
are considered healthy. The second response variable is binary as well: processed vegetables
are defined as one and fresh as zero. An overall null hypothesis is that the safety and healthiness
of vegetable samples are randomly distributed, regardless of where the samples were taken from.
However, in this study, we expect to observe variation in food safety and healthiness in different
neighborhoods.
For the explanatory variables, a larger number of rural residents or domestic migrants is
expected to decrease the safety of food and increase the presence of processed vegetables. In
other words, hypotheses one to four assume that the absolute number of migrants and rural
residents are correlated with food safety. Thus, we define the explanatory variables as the
number of domestic migrants and rural residents in the township, where the vegetable sample
was retrieved. Moreover, the proportion of rural residents or domestic migrants in the total
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population may have an impact on the safety of food and the provision of fresh food. Thus, we
calculate the proportion of rural residents in the total population of the township as an
alternative explanatory variable. Similarly, we conduct the alternative variable for domestic
migrants as its proportion of the total population. To ensure the robustness of this study, we
include the two alternative variables in the empirical analysis.
5.3.2 Spatial Model
In the initial hypotheses, we assume that the level of food safety and freshness are determined
by the presence of domestic migrants or rural residents in the township where the sample was
taken. However, food choice may not be restrained by administrative boundaries, for consumers
can cross the township borders to buy food elsewhere. Thus, we expect to observe a spatially
lagged effect, whereby the response variables are correlated with the explanatory variables of
the adjacent areas. More specifically, a large presence of domestic migrants and/or rural
residents may have an impact on the level of food safety / healthiness in the adjacent townships.
In addition, observations from the adjacent townships may share the same customers and
thereby have similar possibilities of being safe and unprocessed. We therefore expect the
response variables to be autocorrelated. By including this spatial factor, we assume that the
observations about the safety and freshness of food are not only determined by the domestic
migrants and rural residents in townships that they belong to, but also by their presence in
neighboring townships. Thus, we generated a row-standardized adjacent neighbor matrix for
each observation, in which adjacent observations are defined as 1 and non-adjacent as 0. Finally,
we develop a spatial Durbin model that includes spatially lagged response variables and
spatially lagged explanatory variables.
(Safety/Freshness) = β0 + 𝛽𝛽1*(rural/migrant) + 𝜌𝜌𝜌𝜌*(Safety/Freshness) + 𝜃𝜃𝜃𝜃*(rural/migrant)
+ 𝜀𝜀

•𝑊𝑊: n x n spatial weight matrix, in which the adjacent observations are defined as 1 and the
other as 0
•𝜌𝜌: spatial autoregressive parameter
•𝜃𝜃: spatially lagged parameter

5.3.3 Control Variables
Previous research has shown the critical role played by the food outlet in food safety control.
Different types of food outlets may have a different capacity in maintaining food safety
standards (Reardon, Timmer, & Berdegue, 2012). For instance, supermarkets under central
coordination selected their suppliers carefully and tested their purchased vegetables regularly
(Dries et al., 2014). Thus, we expect that vegetables in supermarkets have a higher safety level
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compared with vegetables sold by small-scale retailers. Small-scale retailers in China can be
further differentiated into wet markets and grocery stores (Babcock, 2017). In comparison to
supermarkets, small-scale retailers are smaller in size and are less capable of detecting and
controlling food safety hazards because they lack the equipment and human resources to
organize sampling and testing when purchasing vegetables from wholesalers (H. Lu et al., 2008).
Thus, in this study, the retailer type is specified as a categorial variable with three values: wet
market, grocery store and supermarket.
Different vegetables have a different likelihood of being contaminated by pesticides. For
instance, leek and spinach may perish within a few days after harvesting, while sweet potatoes
can be stored for several months. Therefore, we include vegetable types as control variables.
Following the FAO protocol, we summarize the more than one hundred different vegetables in
China into one categorial variable with four basic types: leafy vegetables, fruit-bearing
vegetables, roots and tubers, and mushrooms.

5.3.4 Instrumental Variable
Endogeneity is likely to bias simple cross-section regressions. Unobserved heterogeneity,
particularly with respect to differences in initial geographic features, may affect both the
number of domestic migrants and the level of food safety simultaneously. Also, reverse
causality is likely to be a source of endogeneity if the local food environment affects the
presence of domestic migrant. Theoretically and practically, we cannot exclude the possibility
that the response variable i.e., safety and the explanatory variable i.e., proportion of domestic
migrants are determined by unmeasured variables, i.e., correlated with the error term.
To obtain an unbiased and consistent estimator for the response variable, we applied a twostage least squares (2SLS) regression. We selected the number of companies registered in the
township as our instrumental variable. The more companies present implies that more jobs are
available in the area. Because most of the domestic migrants move to the city for jobs, the
number of registered companies strongly correlates with the number of domestic migrants in
the same township (p value <0.001). Moreover, the number of registered companies is expected
to have no correlation with the food safety status or the freshness of the vegetables in the
township. Thus, we use a 2SLS regression to estimate the connection between food safety status,
processed food and domestic migrants, with the number of registered companies as our
instrumental variable. As we should use the instrumental variable with caution and test its
validity, we apply a weak instrument and Hausmann test to diagnose the application of the
number of companies as the instrumental variable.

5.3.5 Data and Background: Shanghai and CFDA
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Shanghai is the largest city of China with a population of 24.28 million people, of which 9.78
million are domestic migrants (without Hukou) that are attracted by the employment
opportunities in this prosperous city (NBSC, 2019). While many cities in China started to ease
migrant control by granting them a permanent residence permit, Shanghai keeps a rigorous
control over domestic migrants. The paths to a residence permit are only open for the highskilled and wealthiest appliers. Thus, receiving a Shanghai Hukou is basically impossible for
these 9.8 million domestic migrants, because they work mainly in the industry and service
sector as low-skilled worker. 8
The 14.50 million population with Shanghai Hukou (citizenship) can be further separated in
13.1 million people with Shanghai urban Hukou and 1.5 million with rural Hukou. Shanghai
covers an area of 6340 km², of which 283 km² are cultivated farmland. According to the
municipality, 2.9 million tons vegetables were produced in Shanghai in 2018, which covered
80% of the vegetable demand of the Shanghai residents.
Shanghai has three-levels of city government: municipality, district and townships. While the
municipality has the authority to generate blueprint and policy, and to allocate human and
financial resources, the employees at township level governments are responsible for
implementing the policies. We will use township level data in the analysis.
To obtain a comprehensive overview of food safety levels that covers the whole of Shanghai,
we retrieved data from the Chinese Food and Drug Administration (CFDA). The CFDA
randomly surveys urban food retailers nationwide to test their goods and publishes the test
results as food safety inspection reports on the CFDA homepage. Before 2019, CFDA was
independent from the ITB. In 2019, the CFDA and the ITB merged to a new institution: Market
Regulation Administration. We use data for 2018 only, when the CFDA and ITB were still two
independent institutions.
In total, we collected 4064 valid observations from the CFDA inspection reports in 2018, and
each observation is the outcome of one test on a specific vegetable from a specific retailer. The
observations contain the following information: food safety status (contamination detected/not
detected), fresh or processed, name and address of the seller as recorded during the inspection,
and date of purchase. The first response variable is defined as a binary variable: zero for
observations in which no contamination is detected and one for hazard detected.9 The second
response variable is binary as well: processed vegetable is defined as one and fresh as zero.
Table 5.1 shows an overview of the contamination detection in processed and fresh vegetables.
While 88 in 3458 fresh vegetable observations are contaminated by pesticides and / or heavy
8
110,000 persons received a permanent residence permit in 2019. A person can receive Shanghai permanent
residence permit by: paying tax as a high-skilled worker for 7 years in Shanghai; owning a company that creates
over 100 jobs or pay over 10 million Yuan tax in Shanghai; receiving a post graduate academic title in a top 500
university overseas.
9
In the vegetable samples, 21 different types of pesticides were detected in 70 samples, including highly toxic
pesticides such as methamidophos as well as low toxic ones such as dimethoate. These pesticides were
detected by liquid chromatography–tandem mass spectrometry (LC-MS/MS) in the CFDA laboratory. The
detected amount of pesticides ranged from 0.02 mg/kg to 8 mg/kg. In our sample, arsenic, cadmium and lead
were detected in 18 observations.
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metal residues, none of the 606 processed vegetable observations were considered contaminated.
The CFDA sets a strict inspection standard for fresh vegetables following the guideline of FAO
with low tolerance for chemical hazards. Nevertheless, the CFDA shows unexpected tolerance
for processed vegetables with an upper limit for sodium benzoate for instance of 5g / 100g,
which is difficult to exceed.

Table 5.1: Overview of the Contamination Detection
Table 14Table 5.1: Overview of the Contamination Detection

Number of observations
Fresh

Processed

No contamination (safe)

3370

606

Contamination detected

88

0

Source: based on the CFDA reports for 2018

The CFDA documents also include the address of the food retailer when retrieving samples.
However, as we need the GPS coordinates of the retailer instead of its street address, we
converted the addresses to coordinates by attaching the API access of the Gaode Map, which is
the most commonly used map service in China. After comparing the coordinates and the
boundaries of townships, we established to which township the coordinate belonged. Figure 5.1
shows the geographical distribution of the contamination detected observations per township,
whereby the intensity of the color corresponds with the detection rate.
Figure 0.1Figure 5.1: Chemical Hazards Detection Rates in Townships
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Figure 5.1: Chemical Hazards Detection Rates in Townships

Note: The lightest color represents a detection rate in the township between 0 and 1.2% of the
total observations, while the darkest color indicates a rate between 8.3% and 13.3%.
Source: Own representation based on the CFDA reports for 2018

Figure 5.2 shows the rural population in the different townships in Shanghai. The rural
population lives in the periphery of Shanghai. As shown in Figure 5.3, the domestic migrants
concentrate in the suburban area between the inner-city and the rural area. In Table 5.2, we
exhibit the variables in the empirical analysis and their definition.
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Figure 5.2: Rural Population in Townships
Figure 0.2Figure 5.2: Rural Population in Townships

Source: Own representation based on the Chinese Statistic Yearbook for 2018
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Figure 5.3: Domestic Migrant Population in Townships

Source: Own representation based on the Chinese Statistic Yearbook for 2018
Table 15Table 5.2. Variables and their Definitions

Table 5.2. Variables and their Definitions
Variable
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆�

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃�

Variable definition

Obs.

Mean

=1 if hazard is detected in observation i, =0 otherwise

4064 0.021

=1 if the observation i is processed vegetable, =0 4064 0.149
otherwise
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𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅�

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�

Rural residents of the township

4064 7622

Domestic migrants of the township

4064 70294

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅_𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟�

The proportion of rural residents in total population of the 4064 0.113
township

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀_𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟�

The proportion of domestic migrants in total population 4064 0.481
of the township

𝐿𝐿𝐿𝐿𝐿𝐿_𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�

The domestic migrants in the adjacent townships

4064 -

The safety hazards in the adjacent townships

4064 -

𝐿𝐿𝐿𝐿𝐿𝐿_𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠�

𝐿𝐿𝐿𝐿𝐿𝐿_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝� The processed vegetables in the adjacent townships
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅�

4064 -

Retailer types, of which,
- Supermarket

2529 62.5%

- Wet market

457

- Grocery store

1078 26.6%

11.3%

𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝�

The vegetable production volume within a township, in 4064 11516
ton

𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣_𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡�

Types of the vegetables, o.w.,

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐�

- Leafy vegetables

1680 41.5%

- Fruit-bearing vegs.

1575 38.9%

- Roots and tubers

135

3.3%

- Mushrooms

70

1.7%

Companies registered in the township

4064 2170

Source: Own calculations based on the CFDA reports for 2018
Note: The mean and std. dev. of 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� and 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣� are replaced with the number of
observations and share of each category.
We developed four Probit models with spatial lagged variables. Models 1 and 2 investigate the
determinants of 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆� . Model 1 includes 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� and 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀� as core explanatory
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variables and Model 2 uses 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� and 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀� as alternatives. Models 3 and 4
apply 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃� as response variable, while Model 3 selects 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� and 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀� as core
explanatory variables and Model 4 uses 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� and 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀� as alternatives.
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆� = 𝛽𝛽� + 𝛽𝛽� ∗ 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� + 𝛽𝛽� ∗ 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀� + 𝛽𝛽� ∗ 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿� + + 𝛽𝛽� ∗

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿� + 𝛽𝛽� ∗ 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢� + 𝛽𝛽� ∗ 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� + 𝛽𝛽� ∗ 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣� + 𝜖𝜖

5.4. Results
Table 5.3 shows the results for Models 1 to 4, with regression coefficients and standard errors
in parentheses. The coefficients represent the effect of the independent variables on the binary
response variables, i.e., pesticide residue detected/not detected for Model 1 and 2, and
processed/fresh vegetables for Model 3 and 4. A positive coefficient shows an increase in the
possibility of pesticide residue detection or being processed. As the basic model, Model 1
generates the following findings. 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀� shows a significant and positive correlation with
food safety hazards detection. 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� is not significantly correlated with such detection. Model
2, which includes 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀� and 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� , confirms the robustness of this result. The
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿� and 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿� show that neither the hazards detection nor the domestic
migrants in adjacent townships have an impact on the safety hazards detection.
Model 3 shows that the higher the 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� and 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀� , the higher the likelihood that the
vegetable observation includes a processed instead of fresh vegetable. The 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀� and
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� in Model 4 confirm the robustness of this result. We find that a higher
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿� is significantly associated with a higher likelihood of processed vegetables,
while the 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿� is not.

With respect to the retail channel, grocery stores were selected as the baseline for comparison.
As we expect, the hazards detection in supermarkets is significantly lower than in grocery store,
and in wet markets significantly higher. Regarding the vegetable types, we distinguished
vegetables into four categories with fruit-bearing vegetables as the baseline for the categorical
variable 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣� . The results show that leafy vegetables are associated with significantly
higher residue detection rates, while roots and mushrooms have no correlation with this
response variable.
Table 16Table 5.3. Results of Models 1 to 4
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Table 5.3. Results of Models 1 to 4
Model 1
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅�

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�

Model 3

8.582 (8.714)

2.071 (0.376) ***

7.319 (2.094) ***

6.607 (0.885) ***

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅_𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟�

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀_𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟�

Model 2

-0.577 (5.858)

5.556 (2.143) **

4.734 (1.007) ***

4.054 (0.460) ***

6.033 (3.229)

5.102 (2.775)

𝐿𝐿𝐿𝐿𝐿𝐿_𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠�

-8.654 (5.092)

-7.904 (5.215)

𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝�

2.760 (3.647)

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

-1.314 (0.172) *** -1.365 (0.177) *** 2.036 (0.612) ***

𝐿𝐿𝐿𝐿𝐿𝐿_𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�
𝐿𝐿𝐿𝐿𝐿𝐿_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝�
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅�

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣_𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡�
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
Observations
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Model 4

5.772 (3.829)

0.388 (0.127)**

0.381 (0.126)**

0.518 (0.121) ***

0.532 (0.122) ***

-0.438 (2.742)

-0.437 (2.758)

-0.448 (3.829)

-0.467 (3.715)

4064

4064

4.956 (1.323) ***

5.618 (1.123) ***

-2.564 (2.089)

-1.486 (2.110)

-5.293 (1.603)***

-4.427 (0.838) ***

1.606 (0.609) **

-3.157 (1.110) *** -3.421 (1.100) **

4064

4064
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Note: Standard errors are reported in parentheses; significance levels: *** p<0.001, ** p<0.01,
* p<0.05.

Table 5.4 shows that the estimated result with the instrumental variables. The 2SLS with the
instrumental variable has resolved the endogeneity problem. The number of the companies has
proven to be an appropriate instrumental variable to estimate the correlation between vegetable
safety and domestic migrants in Model 1, as well as between processed vegetables and domestic
migrants in Model 2. Table 4 presents the coefficients and their significance. These results are
consistent with the original models. We also include diagnostic tests that provide some new
information.
First, an F-test on the instrumental variables in the first stage is applied and the null hypothesis
for this test is that the selected instrumental variable, the number of companies, does not
correlate with the response variable and is therefore a weak instrument. This means that
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐� passes the diagnose test for weak instruments and is an appropriate instrumental
variable.
We also used the Wu-Hausmann test to find out whether strong endogeneity was present in the
original models. The insignificant result for the Wu-Hausmann test indicates an inconsistency
between the original model and the model with the instrumental variable, which implies the
existence of endogeneity. In conclusion, 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐� is suitable as an instrumental variable and
successfully resolves the endogeneity problem. Therefore, we can claim that vegetable safety
and freshness are indeed determined by the proportion of domestic migrants.
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Table 5.4 Instrument Variable Test
Table 17Table 5.4 Instrument Variable Test

Model 1

Model 2

3.945 (1.034) ***

2.942 (0.298) ***

𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝�

1.077 (6.208)

-1.634 (0.331) ***

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

-4.008 (0.605) ***

-2.313 (2.069)

3.792 (1.386) **

2.381 (3.023)

𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣_𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡�
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

2.581 (0.541) ***

3.409 (1.787) *

-9.970 (3.954) *

3.954 (5.152)

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

-1.523 (0.529) **

-3.665 (0.627) ***

Weak Instruments

832.431 (p < 0.001)

832.431 (p < 0.001)

Wu-Hausmann

0.179 (p = 0.673 )

0.979 (p = 0.323)

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀�
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅�

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

Diagnostic Tests

Note: Standard errors are reported in parentheses; significance levels: *** p<0.001, ** p<0.01,
* p<0.05.

5.5. Discussion
The empirical results confirm hypotheses one and three regarding domestic migrants. As more
domestic migrants inhabit a township, there is a higher probability of vegetables being
contaminated. However, the spatial analysis in Model 1 and 2 indicated that neither the
domestic migrants nor the safety of vegetables has an impact on vegetable safety in the adjacent
townships. This result confirms that the determinants of vegetable safety lie within, not between
the townships. In this study, we assume that vegetable safety is determined by commitment and
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effort of the regulator. The increased likelihood of vegetable contamination implies that
townships with more domestic migrants keep a loose control over the vegetable safety in their
area. Naturally, the number of domestic migrants and the vegetable safety level in the adjacent
areas are unlikely to leverage the investment or the commitment to food safety control in the
township.
On the other hand, the popularity of fresh or processed vegetables is determined by the
preferences of consumers and retailers. The empirical results reveal a correlation between
domestic migrants and the presence of processed vegetables. In other words, retailers are more
likely to provide processed vegetables in the area inhabited by a large number of domestic
migrants. Township governments are unlikely to intervene in the supply of processed
vegetables, and consumers can cross the township border to buy food without any restrictions,
so a larger number of domestic migrants can increase the presence of processed vegetables in
adjacent townships. However, we observed no spatial correlation for processed vegetables in
the results. The choice between processed and fresh vegetables made by the retailer seems to
have no impact on retailers in adjacent areas.
As a robustness check, the proportion of domestic migrants in the township shows significant
correlation with the response variables and this is consistent with the results for the number of
domestic migrants. Thus, we can claim that a large absolute number of migrants and a high
ratio between the migrant and the local population can both lead to increase the presence of
contaminated and processed vegetables.
Regarding hypotheses two and four, the rural population is not correlated with the level of
vegetable safety. However, processed vegetables are significantly more accessible in townships
with more rural residents. Comparing with urban residents, the rural population might have a
worse food environment which is filled with processed vegetables. For the rural residents might
not work in the agricultural production, the mark of rural Hukou only means that they are treated
differently by public authorities. While the causality of hypotheses one and three are assured
by the use of the instrumental variable, we failed to find an appropriate instrumental variable
for hypotheses two and four. In conclusion, these contradictory results reveal a highly complex
food environment in the suburban of Shanghai.
This study contributes to current research on the local food environment in several respects.
First of all, studies on the local food environment have been preliminarily focused on developed
countries, especially North America, leaving a significant research gap on the rapidly
urbanizing Global South (Díez et al., 2016). This study conducted a novel and comprehensive
investigation on the complex local food environment of Shanghai, one of the largest cities in
the world. In addition, the focus in previous research on local food environment and obesity is
replaced by more context-specific concerns, i.e. the level of chemical hazards and sodium /
nitrites in vegetables (Lytle & Sokol, 2017). These levels are confirmed to correlate with the
presence of a socio-economically vulnerable population. This study has also contributed to the
research on the Hukou system by revealing the unsatisfying local food environment for
domestic migrants as a socio-economically vulnerable group created in the urbanization process.
Finally, we applied a spatial analysis in the evaluation of the local food environment. We expect
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that more studies using spatial clusters will shed further light on the increasingly complex urban
food environment. Furthermore, we hope that this study can be a solid foundation for future indepth investigation in the food environment. Supplying safe and healthy food is indeed a critical
task in urbanizing cities in developing countries (Tefft et al., 2017), especially in the growing
number of mega-cities in the Global South. We expect that the methods applied in this study
can be used to better comprehend the food environment in these mega-cities. Spatial disparity
in food safety implies problems in food justice. Whilst food justice refers primarily to ethical
and environmentally-responsible food production (Warshawsky, 2016; Weiler et al., 2015),
equal access to safe and healthy food for all consumers should be considered as relevant in
realizing food justice.

5.6. Conclusion
This study was undertaken to evaluate the local food environment in urban China with a set of
context-specific indicators. After carefully reviewing the literature, we selected safe /
contaminated vegetables and fresh / processed vegetables as two indicators to measure the local
food environment. The former reflects the commitment of local government, and the latter
displays the preferences of local consumers. We found that a vegetable sample is more likely
to be contaminated, if it is retrieved from a township with a high population of domestic
migrants than from other townships. Furthermore, processed vegetables are more prevalent in
townships with more domestic migrants or rural residents than in other townships. The
empirical results of the spatial analysis confirmed the theoretical assumption about local
government and vegetable safety. By applying the 2SLS test with the number of companies in
a township as instrumental variable, we confirmed the validity of the results. Our empirical
findings regarding the domestic migrants were checked with a spatial and a 2SLS regression
analysis.
Though we found in this study that the processed vegetables are more prevalent in the townships
with more rural residents, this conclusion needs further evaluation in future research. The
distinction between rural/urban Hukou and its impact on the local food environment was
explored in this study. We expect that future research is needed to further investigate this issue.
In addition, the subjective perception of the residents on food quality and accessibility is a
critical component of their food environment as well. Regretfully, the residents’ perception was
not included in this research because of the lack of sufficient data. In addition, we are aware
that it is not just spatial access that determines whether safe or unsafe food is being consumed.
Two elements are missing in the argument: the first is the price of food: if unhealthy food is
cheaper than healthy food, then socio-economically deprived areas are more likely to be
supplied with unhealthy food. Second, different socio-economic groups, and especially
migrants, may have different preferences for different types of food, which can be categorized
as healthy or unhealthy. We failed to control for these elements because we have neither access
to price information nor insight in the preferences of buyers. Nevertheless, we expect our
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findings on spatial access to contribute to the study of the food environment. Because this study
established a solid connection between the spatial distribution of the population in urban area
and the supply of fresh or processed food. We hope that this stud would contribute to the future
research on the food systems, urban planning and public health.
This study has several implications for local policy makers. Firstly, we advise local policy
makers to acknowledge the inadequate food safety inspections in the townships with more
domestic migrants. Providing adequate public services for domestic migrants can be difficult,
for they move frequently, and it is therefore recommended to establish a dynamic food safety
regulation to adjust the changing food demand of the growing or shrinking migrant population.
Secondly, processed vegetables are highly prevalent among urban migrants and rural residents.
If the public health department expects to reduce the sodium intake by changing the dietary
pattern of consumers, the food outlets in townships with a higher proportion of rural residents
and urban migrants should receive more attention, for these socio-economic vulnerable
population needs a dietary guideline comprised of affordable, accessible and appropriate food
choice.
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6.1 Introduction
In this thesis, I aim to address the prevalence of vegetable safety hazards in urban China.
Although the food safety issue in China has been intensively investigated, earlier research
lacked a thorough analysis of the distribution of food safety hazards for urban China. By
reviewing the previous studies, research gaps were identified in the introduction section: food
safety hazards might be more prevalent in some cities, retail outlets, wholesale markets and
urban districts than in other. This disparity needs to be properly measured and explained. This
thesis closes this research gap by first retrieving vegetable safety data from publicly accessible
sources and preparing the data for empirical analysis. Next, I applied various theoretical
approaches derived from the food system framework to explain the prevalence of food safety
hazards. In contrast to normative research on the legal framework or on food safety standards,
I conducted an empirical analysis to explain the variations in food safety hazards distribution
among different food outlets and among different locations. Through the comparative studies
in this thesis, I have identified the actors that are relevant for food safety management and
derived feasible policy implications. More specifically, I have attempted to evaluate food safety
management in China with regard to the collaboration between private actors as well as between
the public and the private sector.

6.2 Main findings
This thesis addressed the following research questions:
1. How to explain the spatial disparity in the prevalence of vegetable safety hazards in
urban China?
2. Do more integrated food value chains yield safer vegetables?
3. How did the renovation policy affect the wholesale and wet markets, and to what extent
did it enhance the safety level of vegetables?
4. Do the urban residents living in different parts of the city have equal access to safe
vegetables?
The answers found to these questions were presented in the different chapters and are
summarized below.
First, in Chapter 2, I estimated whether the vegetables in certain cities are less safe than in
others because of differences in economic development, retailer types, the size of wholesale
markets, and the agglomeration of production. The empirical results indicate that this spatial
disparity can be explained on the basis of agricultural agglomeration. More specifically, cities
adjacent to high-productive areas have a higher food safety hazards detection rate than others.
The vegetable production in China is geographically concentrated in certain rural areas and I
found that these highly productive areas are connected to the urban areas with high
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contamination rates. Explaining these empirical results in Chapter 2 is difficult because of the
lack of traceability. Nevertheless, this nation-wide assessment reveals the connection between
retail data and the concentration in production. Previous research found contamination to be
highly concentrated in certain areas where it causes more serious problems. The concentration
in production also leads to a concentration in the supply of vegetables. This concentration did
not bring the adoption of new technologies or new organizational forms but created negative
externalities. Chapter 2 provides exploratory evidence for explaining the variation in vegetable
safety levels in different cities. It is found that the location of cities explains a lot of the variation.
If cities are located nearby highly productive areas, the vegetable safety level is low. Moreover,
Chapter 2 revealed the relevance of government in food safety management. The promotion of
high value-added vegetables stimulates the concentration of production in certain counties
without proper pesticides guidance.
Chapter 3 showed that supermarket chains can indeed provide safer vegetables than other
retailer types. Chapter 3 also found that the supermarkets with their own production base supply
safer vegetables than the ones relying on wholesalers. Moreover, in the less developed marketbased value chains, the small-scale retailers, including wet market stallholders, grocery stores,
and self-service stores, provide vegetables at low safety degrees. This may be explained by their
disadvantageous position in bargaining with the wholesalers. In regard to value chain
modernization, I found that supermarkets did not play a dominant role in the urban food retail
sector. The food value chain is expected to develop from a market-based scheme to a wellorganized hierarchical chain, especially when the transactions are complex, and when it is hard
to assess the quality. This would be the case for vegetables with the threat of chemical
contamination. In this respect, our study reveals some unexpected empirical results. Market
concentration is intricately linked to food value chain transformation. Researchers expected a
lot of improvement from this transformation. However, the wet market, which is keenly
inspected by the local governments, seems to provide safer vegetables than the other retailer
types, especially the small ones.
In Chapter 4, I investigated the implementation of the renovation program and showed that the
renovation policy has indeed reshaped the daily routine of the wholesaler. In addition, I found
that the vegetable safety level in the renovated markets was enhanced by establishing a
collaboration between public regulation and market management. I found that larger wholesale
markets supply safer food to the retailers. The renovation program has also shown geographical
variation in vegetable safety. The vegetables supplied to the provincial capital city were safer
than the ones supplied to the other cities before the renovation. After the renovation was
implemented, this gap was widened significantly because of the different renovation strategies
selected by city ITBs. The large-scale wholesale markets in the provincial capital were
renovated, which significantly improved the overall vegetable safety level in the city. In other
cities, the renovation of the small-scale wholesale markets failed to achieve any significant
enhancement of the safety level.
Finally, in Chapter 5, I conducted an empirical assessment of the vegetable safety hazards
distribution in Shanghai and showed unequal access to safe food. Moreover, Chapter 5 revealed
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two socio-economically vulnerable groups: domestic migrants and rural residents. The
empirical results showed that domestic migrants and rural residents tend to inhabit certain areas
in the city. In the townships with higher domestic migrant populations, the vegetable safety
hazards are more prevalent. On the other hand, the population of rural residents has no
correlation with the vegetable safety hazards. I also found a key role that is played by the
township level inspection office in food safety control. Once again, the regulation, instead of
the private standard, determines food safety. In the wholesale sector, the larger market with
more human resources and financial input established more efficient coordination with the local
authorities and hence improved the food safety in the market. In the retail sector, the peripheral
suburban areas received the least attention and thereby suffer the most from food contamination.
In this thesis, I first extended the research scope of food safety management to a broader range
of actors and their interactions, namely, the transaction schemes between retailer and wholesaler;
the co-regulation established by wholesale market management and public regulation.
Furthermore, I included the socio-economic and environmental context in food safety analysis
by highlighting the geographical agglomeration of production and the socio-economic status of
the consumer. After expanding the research domain of food safety management, I narrow down
our research interest to the wholesale sector, for I believe that the wholesaler and the wholesale
market play a critical role in eliminating food safety hazards.

6.3 Discussion on food safety governance
In the last decade, the rapidly growing urban population of China intensified the flows of
vegetables from rural to urban areas. Contamination of these vegetables with pesticides and
heavy metal residues is prevalent. So far, vegetable value chain members and public regulation
have achieved limited success in eliminating these chemical food safety hazards. This thesis
attempted to explain the determining factors of chemical food safety hazards and to identify
potential interventions that can reduce these threats. The thesis confirms that value chain
members, coordination between value chain members, and public regulation are all relevant in
reducing vegetable contamination. In this section, I introduce and discuss cross-cutting themes
with regard to the contribution of this thesis to food safety management. The thesis comes to
the overall conclusion that contaminated vegetables are produced in highly intensive production
areas that mainly supply to adjacent cities. A relatively high share of unsafe vegetables is
distributed through small-scale, less regulated, wholesale markets and ends up in the least
inspected streets and townships, where the socio-economic vulnerable population lives.
The explanation for the prevalent vegetable safety hazards lies within the organization of the
food system. Following the emergence of large-scale retail enterprises in developed countries
in the early 20th century, the lead firms in the food retail sector in China were expected to
integrate the food production and processing sectors, reorganize the food value chain, and
eliminate food safety hazards. Chapter 3 revealed the limits of private enterprises in achieving
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these goals. Following value chain theory, the transition from market to hierarchy in value chain
governance was expected to improve food quality and safety. However, this transition has
stagnated in China a decade ago. Food safety in the hierarchical chain is still far from optimal
and is unlikely to improve as many enterprises claim that they withdraw from or even close
down their own production bases. Large-scale supermarket chains nowadays still rely on the
conventional vegetable supply network consisting of numerous wholesalers. Hence,
supermarkets improve vegetable safety to a limited extent only. On the other hand, the dominant
role played by wholesalers in the vegetable value chain attracted me to further investigate their
impact on food safety.
6.3.1 The pivotal role of the wholesale sector
I suggest a different path for food safety control by shifting from a focus on the retail sector to
one on the wholesale sector. While previous food safety research has focused on the producer,
retailer, and regulator, my claim is that the wholesaler is the missing piece in the puzzle because
I showed that the wholesaler plays a decisive role in food safety management. As the
intermediary within the food value chain, the wholesaler coordinates with vegetable farmers
and retailers. On the one hand, wholesalers tend to encourage vegetable farmers to apply more
pesticides in order to preserve the vegetables during storage and transportation. On the other
hand, wholesalers intend to provide safe vegetables to large retailers, e.g. supermarket chains.
At the same time, wholesalers may supply contaminated vegetables to small-scale retailers, e.g.,
grocery shops, who lack safety test capacity. Wholesalers are hard to regulate, for they travel
constantly between urban and rural areas. Nevertheless, every wholesaler needs a place on the
market to sell their vegetables to urban retailers. In the marketplace, buyers and sellers perform
direct market transactions with no prior or post-purchase commitments beyond fulfilling the
given exchange. Previous studies showed that the marketplace provides buyers with flexibility
but limit their ability to control the quality of the goods available for sale (Lee et al., 2012).
However, in the marketplace control over the wholesaler can be realized. Because of restrictions
set by the municipality, a marketplace for trading has become a scarce resource in urban China.
This resource is the authorization that needs to be given by the municipality and includes the
permission to perform transactions in a certain urban market. If wholesalers and retailers need
to trade agri-food products, they must trade in these markets, for any transaction outside the
market is prohibited and may be ceased by law enforcement. Without the market, transactions
cannot be completed. The wholesale market is therefore the only intermediate place between
the wholesaler and urban retailer, where food can be traded under surveillance. After the
implementation of the renovation program, this surveillance has been used to ensure the safety
of the food in the market.
Furthermore, food safety has been improved by the market renovation program because this
included and empowered the management of the market. In other words, the wholesaler, the
wholesale market, market management and the local ITB constituted an effective governance
mechanism for food safety management. In the institutional design of the renovation program,
each actor has a unique function. The local ITB sets the standard for food safety. The market
management uses personnel and equipment to test and inspect food safety. The marketplace,
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which is owned by the management, provides a space for the wholesaler to sell their goods. The
wholesaler transports vegetables from the rural area to the wholesale market and sells the
vegetables to the urban retailer, when their vegetables are tested and confirmed to be
contamination-free. Nevertheless, there are still transactions occurring between wholesalers and
retailers beyond surveillance by the market management. Large-scale wholesalers can establish
long term cooperation with supermarket chains and supply vegetables directly to their chain
stores. Effective policy arrangements can enhance the food safety level and secure the wellbeing of the food system participants.

6.3.2 The need for a joint food safety regulation
The second cross-cutting theme is the fragmented regulation of food safety in China, including
rural governments overseeing the vegetable farmers, the city-ITB supervising wholesale market
management, and township-inspection offices inspecting food retailers. The empirical chapters
in this thesis have indicated that the current food safety regulation is fragmented and lacks
efficiency. Hence, I propose an integrated framework, in which the farmer, wholesaler and
retailer are coherently regulated. More specifically, I suggest extending the urban food safety
inspection to the rural areas, where the vegetables are produced. Previous studies have reviewed
the development and amendment of food safety law and the administrative arrangement of food
safety control in China (K. Chen et al., 2015; Yong et al., 2016). However, these studies focused
on normative questions and on central government policymaking and maintained a distance to
actual experiences in the field. In this thesis, I showed that vegetable safety management
requires the commitment of and collaboration between multiple regulation offices. In the
absence of a feasible coordination mechanism between the private and the public sectors, and
between different public regulations, food safety hazards will remain prevalent, as shown in the
empirical chapters. Figure 1 in the introduction section exhibits that the county government, the
city ITB as well as local inspection offices together regulate food safety in China. Each of these
regulators is responsible for the inspection of a certain segment in the food value chain. The
private food sector relies on the supervision and the regulation from the local government.
However, interventions from the local government, despite their capacity and resources, often
cannot achieve the goals set in the policy. The worrisome concentration of production in some
counties produces extreme pollution and contamination of the vegetables. Local, rural
governments have no incentive to regulate the farmers and reduce their use of pesticides and
control the contamination of heavy metals (Si et al., 2019). Rural governments tend to promote
the production of high value-added crops, including vegetables and fruits, in order to alleviate
the poverty of local farmer households. Therefore, controlling pesticides overuse is not their
primary concern, especially when the farmers need to apply pesticides to reduce crop losses
before harvest (Si et al., 2019). Addressing this deficit in the food safety regulation requires
coordination between the rural and the urban regulators.
The vegetables are eventually transported to the urban area by wholesalers and sold in food
outlets by retailers. As long as the food retailer or wholesaler can provide a receipt showing that
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the contaminated food was purchased from upstream suppliers, they are free from legal liability.
To control food safety at the origin, I propose to extend urban food safety inspections to rural
farmland. In Chapter 2, I found a high food safety hazards detection rate in the cities adjacent
to the highly productive rural counties. I expect a reduction of food safety hazards in these cities
if the urban regulation office can establish closer coordination with the rural government.
Finally, I conclude that the wholesale sector is the key factor in food safety management in
China. The prevalence of food safety hazards can be controlled if public authorities can
establish a feasible regulation framework that involves the wholesale sector.

6.4 Implications for future research
In this section, I use the empirical findings from this thesis to generate several implications for
future research. In terms of the retail sector, I suggest that future research can investigate the
development of wet markets, instead of treating them as static actors in food systems. Based on
the empirical analysis in Chapter 2, I expect that the wet market has a potential for solving
vegetable safety problems, especially in underdeveloped areas. However, with the available
data, this study was merely able to confirm that wet markets performed better than grocery
stores and independent supermarkets in terms of food safety. To explain this performance with
respect to food safety, more in-depth research on the wet market is needed.
Facilitating cooperation between small and middle-sized enterprises in the agri-food sector has
long been a research focus in economics and management studies (Biggeri et al., 2018;
Chkanikova & Mont, 2015; Coulson & Sonnino, 2018; Sautereau et al., 2013). This research
has highlighted the important role of smallholder farmers in developing countries for their
know-how of the local context (Spaargaren et al., 2012; Vetter et al., 2019). Horizontal
cooperation between stallholders in wet markets could be facilitated by hybrid, informal,
community-led arrangements (Fendrychová & Jehlička, 2018). Thereby, future research could
investigate knowledge and information sharing; long-term collaboration with farmer
cooperatives; transportation of vegetables from farmland to city without an intermediary.
Future research may create new insights by involving different stakeholders.
In regard to the wholesale sector, I suggest that more research on wholesaler–farmer
coordination is necessary, because I focused primarily on the wholesaler – wholesale market
coordination in this thesis. Wholesalers play a crucial role in vegetable supply because they
assemble vegetables from farmland and deliver them to the urban retailer. In Chapter 4, I
highlighted the wholesale markets as the main intermediary between rural production and the
urban retail sector. I explicitly elaborated on the coordination between market management and
city ITB and how this coordination reshaped the behavior of the wholesaler. However, the
wholesaler may also have a significant influence on farmers' pesticides applications, because it
is the wholesaler who decides on purchasing vegetables from which farmer. The renovation
program might be able to enhance the performance of wholesalers with respect to food quality
and safety. Nevertheless, this policy is not likely to modify the vegetable farmer's behavior. So
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far, it remains unknown how the wholesaler selects vegetables and how their selection practices
influence the farmer.
Previous research has investigated farmers’ behavior in the presence and absence of farmer
cooperatives (Ma et al., 2018). Whilst a farmer cooperative can help farmers to sell agri-food
products at a better price, product quality may not be significantly enhanced by the
establishment of a cooperative, for the cooperative has limited authority to control its members.
Future research can reveal under which conditions food safety can be improved through
negotiations between the cooperative and the wholesaler, e.g., by extending the pre-harvest
interval to reduce pesticides residues. In conclusion, coordination between the food system
actors is essential for eliminating food safety hazards and further studying the integration
between private and public actors can provide novel insights and suggestions for practical
policy implications.
Finally, this thesis may provide implications for other developing countries. In the Global South,
the intensive application of pesticides is imposing a growing threat (Ha et al., 2019; WertheimHeck, Vellema, et al., 2014). Other Southeast Asian and African countries are also facing rapid
urbanization, prevalent chemical contamination, and changing food supply chains. Their
demand for chemical inputs e.g., pesticides and fertilizers, has also increased dramatically.
China exports large quantities of pesticides to these developing countries (Hoi et al., 2016). For
Southeast Asia, especially Vietnam, affordable pesticides made in China have profound
implications (Schreinemachers et al., 2017; Van Hoi et al., 2009). Future research in these
countries can shed further light on the prevalent chemical hazards from farm to fork.
Concerning vertical integration, I propose an alternative path for underdeveloped regions that
lack access to supermarkets. This thesis has shown that the conventional food provision system
represented by the wet market and market-based value chains has not only fulfilled the cultural
and psychological demands from consumers but also enhanced the food safety level
significantly. Hence, I suggest revisiting the prominence of the wet market as well as the
farmer's market. In addition, supplying safe and sufficient food for the constantly growing
group of urban migrants is a critical task for local governments and the private sector. This
thesis highlights that the new urban migrants are the most vulnerable population in regard to
food safety hazards. Moreover, new migrants and other socio-economic disadvantaged groups
tend to concentrate in certain areas. Future research on the inequality in food distribution in
these areas is needed and may deliver suggestions for effective interventions also in other
countries.
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Appendix 2.1
Pesticide names

Recorded names in
CFDA reports (in
Chinese)

MRL
per kg

Chlorpyrifos

毒死蜱

0.05 mg

234

Procymidone
Sodium (4chlorophenoxy)

腐霉利

0.2 mg

154

4-氯苯氧乙酸钠

0 mg

110

Carbofuran

克百威

0.02 mg

94

Omethoate

氧乐果

0.02 mg

54

Fipronil

氟虫腈

0.02 mg

40

SO₂

亚硫酸盐

0.02 mg

32

Phorate

甲拌磷

0,01 mg

32

Number

氯氰菊酯和高效氯氰
Cypermethrins

菊酯

0.5 mg

21

Isocarbophos

水胺硫磷

0.05 mg

13

Cyromazine

灭蝇胺

0.5 mg

13

Acetamiprid

啶虫脒

1 mg

11

Carbendazim

多菌灵

2 mg

7

Isofenphos-methyl

甲基异柳磷

0.01 mg

7

Methamidophos

甲胺磷

0.05 mg

6

Isazophos

氯唑磷

0.01 mg

4

6-Benzylaminopurine

6-苄基腺嘌呤

0 mg

3

Profenofos

丙溴磷

0.05 mg

3

Chlorothalonil

百菌清

5 mg

2

Phoxim

辛硫磷

0.05 mg

2

Parathion

对硫磷

0.01 mg

1

Fenthion

倍硫磷

0.05 mg

1

Dimethoate

乐果

0.5 mg

1

Malathion

马拉硫磷

1 mg

1

Avermectin

阿维菌素

0.05 mg

1
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Difenoconazole

苯醚甲环唑

0.2 mg

1

Aldicarb

涕灭威

0.01 mg

1

Trichlorfon

敌百虫

0.2 mg

1

Dichlorvos

敌敌畏

0.2 mg

1

Famoxadone

噁唑菌酮

2 mg

1

Hexachlorocyclohexane 六氯环己烷
二甲戊灵
Pendimethalin

0.5 mg

1

0.2 mg

1

Heavy metals
Cadmium (Cd)
Lead (Pb)
Arsenic (As)

0.05 mg
0.1 mg
0.5 mg

43
9
2

Appendix 2.2
𝐴𝐴𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑐𝑐 𝑀𝑀_𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠� 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅� 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢_𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝_𝑝𝑝𝑝𝑝𝑝𝑝𝑢𝑢 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒� 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣_𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡�
VIF 1.372
3.147 1.208
1.136
3.549
2.253
1.010
Appendix 3.1: Correlation coefficient matrix of explanatory variables
Retailer
Intermediary Value
Type
Season
chain
Retailer

City

1,000

0,010

0,690

0,040

0,053

0,032

Intermediary 0,010

1,000

0,231

0,015

0,085

0,085

Value chain

0,690

0,231

1,000

0,041

0,064

0,094

Type

0,040

0,015

0,041

1,000

0,058

0,105

Season

0,053

0,085

0,064

0,058

1,000

0,153

City

0,032

0,085

0,094

0,105

0,153

1,000

Source: based on CFDA reports in 2017
Appendix 4.1: Detection rate and relative size of the samples
Total
detected Detection
rate
City
Jinan

1059

156

14.73%

Treatment Control
group
group
757

302
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Zibo
Weihai
Qingdao

556
296
874

34
46
144

6.12%
15.50%
16.48%

163
138
135

393
158
739

Market type
Wholesale market
Wet market

1801
1417

215
237

11.93%
16.73%

754
700

1047
716

168
99
113

13.97%
12.99%
13.80%

600
336
255

603
426
564

Year
2016
1203
2017
762
2018
819
Source: based on CFDA reports

132

Summary

Summary
In the last decades, the rapidly growing urban population of China led to intensifying the flows
of vegetables from rural to urban areas. Contamination of these vegetables with pesticides and
heavy metal residues is prevalent. So far, vegetable value chain members and public regulation
have achieved limited success in eliminating these chemical food safety hazards. This thesis
attempts to explain the determining factors of chemical food safety hazards and to identify
potential interventions that can reduce these threats.
In this thesis, I aim to address the prevalence of vegetable safety hazards in urban China.
Although the food safety issue in China has been intensively investigated, earlier research
lacked a thorough analysis of the distribution of food safety hazards for urban China. By
reviewing previous studies, research gaps were identified in the introduction section: food
safety hazards might be more prevalent in some cities, retail outlets, wholesale markets and
urban districts than in others. This disparity needs to be properly measured and explained. This
thesis closes this research gap by first retrieving vegetable safety data from publicly accessible
sources and preparing the data for empirical analysis. Next, I applied various theoretical
approaches derived from the food system framework to explain the prevalence of food safety
hazards. In contrast to normative research on the legal framework or on food safety standards,
I conducted an empirical analysis to explain the variations in food safety hazards distribution
among different food outlets and among different locations. Through the comparative studies
in this thesis, I have identified the actors that are relevant for food safety management and
derived feasible policy implications.
In this thesis, I introduce and discuss cross-cutting themes with regard to the contribution of
this thesis to food safety management. In China, the production of perishable vegetables is
geographically concentrated in certain regions. Agricultural agglomerations can result in
environmental externalities, such as soil degradation and pollution. So far, little attention has
been paid to the externality effects of agricultural agglomerations on food safety. Hence, an
empirical study is conducted to research the link between agricultural agglomerations,
vegetable supply chains and vegetable safety hazards. Supermarketization has led to the
reorganization of the vegetables provision system, through closer coordination along the supply
chain and the use of secured production bases. Following the emergence of large-scale retail
enterprises in developed countries in the early 20th century, the lead firms in the food retail
sector in China were expected to integrate the food production and processing sectors,
reorganize the food value chain, and eliminate food safety hazards. According to the value chain
theory, the transition from market to hierarchy in value chain governance was expected to
improve food quality and safety. However, this transition has stagnated in China a decade ago.
Food safety in the hierarchical chain is still far from optimal and is unlikely to improve as many
enterprises claim that they downscale or even close down their own production bases. Largescale supermarket chains nowadays still rely on the conventional vegetable supply network
consisting of numerous wholesalers. Hence, supermarkets improve vegetable safety to a limited
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extent only. On the other hand, the dominant role played by wholesalers in the vegetable value
chain attracted me to further investigate their impact on food safety. To evaluate the renovation
program, I apply the co-regulation framework to assess the implementation and results of the
renovation program on the safety of vegetables. The qualitative study elaborates on the
implementation of the renovation program and the behavioural changes of stakeholders in
handling vegetables through interviews and field observations. The quantitative results confirm
that the renovation program has a positive impact on vegetable safety. This research shows that
the key factor for the success of the renovation program is the transition of authority from the
local, public authority to the market management. At last, research was undertaken to evaluate
the local food environment in urban China and to find out whether urban residents in China
have equal access to safe and healthy food. We selected safe / contaminated vegetables and
fresh / processed vegetables as two indicators to measure the local food environment. The
former reflects the commitment of local government, and the latter displays the preferences of
local consumers. We found that a vegetable sample is more likely to be contaminated, if it is
retrieved from a township with a high population of domestic migrants than from other
townships. Furthermore, processed vegetables are more prevalent in townships with more
domestic migrants or rural residents than in other townships. In addition, the focus in previous
research on local food environment and obesity is replaced by more context-specific concerns,
which are correlated with the presence of a socio-economically vulnerable population. This
study has also contributed to the research on the Hukou system by revealing the unsatisfying
local food environment for domestic migrants. I expect that more studies using spatial clusters
will shed further light on the increasingly complex urban food environment of mega-cities in
the Global South.
In short, I have attempted to evaluate food safety management in China with regard to the
collaboration between private actors as well as between the public and the private sector. The
thesis confirms that value chain members, coordination between value chain members, and
public regulation are all relevant in reducing vegetable contamination. The explanation for the
prevalent vegetable safety hazards lies within the organization of the food system. The thesis
comes to the overall conclusion that contaminated vegetables are produced in highly intensive
production areas that mainly supply to adjacent cities. A relatively high share of unsafe
vegetables is distributed through small-scale, less regulated, wholesale markets and ends up in
the least inspected streets and townships, where the socio-economic vulnerable population lives.
This thesis highlights that the new urban migrants are the most vulnerable population in regard
to food safety hazards. Moreover, new migrants and other socio-economic disadvantaged
groups tend to concentrate in certain areas. Future research on the inequality in food distribution
in these areas is needed and may deliver suggestions for effective interventions also in other
countries.

135

Acknowledgements of financial support

Acknowledgements of financial support
The research described in this thesis is a subproject of the Strategic Scientific Alliance on
'Sustainable Resource Management for Adequate and Safe Food Provision' (SURE+) and was
financially supported by the Royal Netherlands Academy of Arts and Sciences (KNAW).
Financial support from Wageningen University and the Royal Netherlands Academy of Arts
and Sciences (KNAW) for printing this thesis is gratefully acknowledged.

Lay-out and printing by ProefschriftMaken | proefschriftmaken.nl
Printed on FSC Certified paper

136

Biography

Biography
A Lita was born in 1990 in Hohhot prefecture, Inner Mongolia. He received a bachelor’s degree
in political science from Georg-August-Universität Göttingen in 2015 and a master’s degree in
public policy from Albert-Ludwigs-Universität Freiburg in 2017. In March 2018, A Lita started
to study at Wageningen University, the Netherlands, working in the Sustainable Resource
Management for Adequate and Safe Food Provision' (SURE+), funded by the Royal
Netherlands Academy of Arts and Sciences (KNAW) to pursue his PhD degree under the
supervision by Prof. dr. Peter Oosterveer and Dr. Liesbeth Dries. His current research focus is
on the urban food environment, food value chains, inclusive urbanization, and food justice.

137

