




ABSTRACT
Informal e-waste recycling brought serious long-term influences on the environment and human health in southern China, leading to burdens in public health in present and in the future. A large population, including residents and migrant workers, had been exposed to multiple high-dose pollutants at the informal e-waste recycling sites over decades. Cd, Sb, and PBDEs are the toxic pollutants of the most concerns for adults, while Pb, Cr, and PBDEs are the most toxic pollutants with highest exposure levels for children. Adult victims are estimated to have evaluated health burdens in kidney, bone density, lung functions, thyroid, and neural systems in their elder ages, compared to their counterparts without the exposure. Children and neonate victims are facing evaluated risks in delayed development of physic, neural and mental function, IQ, respiratory functions, and immune. 
Interventions to the environment are ongoing, but there has no intervention to people been reported yet. Human interventions are urgent needs to reduce the body load of the toxicants and to prevent severe adverse health outcomes. Generally, screening, toxicant reduction treatments, education programs, and follow-up are needed. To make the interventions effective, different plans should be specifically designed according to the different needs and characteristics of the four subpopulations: adult residents, resident children and neonates, adult migrant workers, and children and neonates with their migrant parents.
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1.0  Introduction

The production and commerce of electrical or electronic equipment (EEE), and associated waste, are increasing every year globally. However, the capacity of the formal recycling industries to handle this waste is limited and highly costly. Therefore, e-waste, which refers to the waste electrical or electronic equipment (WEEE), such as waste televisions, cell phones, refrigerators, washing machines, cameras, computers and laptops, and others, runs into the illegal trade and informal recycling process. Along with the economic attraction of the precious metal contained in e-waste, the informal international and national market and informal e-waste recycling industry developed quickly. Developing countries became the economic beneficiaries as well as the environmental and health victims in this global trade. Globally, there are six cities or towns in four countries that were suffering the most from the e-waste recycling industries, these places were: Guiyu and Taizhou in China, Delhi and Bengaluru in India, Nigeria in Lagos, and Accra in Ghana 
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[1]
. 

Southern China, especially Taizhou and Guiyu, have suffered the most from the pollution generated by informal e-waste recycling for decades. The recycling activity started from 1980s. The e-waste problem in China surprised many audiences when it was first revealed. All the photos and stories were shocking, the dirty and messed up environment for working, the burning wires at the river side, the children playing on the piles of e-waste, and the crude and improper equipment used in the recycling with the unprotected workers. The negative health effects were also obvious and severe. Multiple exposures affected the adults and children who were working or living at those informal e-waste recycling sites. The contamination to the environment and ecosystem, and the harm to human health, were long-term problems and would be difficult to address. Therefore, this issue requires more attention and interest from researchers to discuss, study and mitigate this problem in China and in other developing countries. Though most of the informal e-waste recycling activity has been banned and stopped in the recycling sites, the environmental health hazards and health risks remain, requiring a long-term clean-up effort on removing the contamination, and interventions for the affected population to reduce their biological levels of the pollutants and their potential health risk. 

There are already several environmental clean-up actions that have been conducted in Guiyu and Taizhou on the e-waste pollutants in the air, water, and soil. However, no information is available about whether there is any intervention to the residents or workers. Interventions to the residents and migrant workers are urgently needed to improve the population health in those recycling regions.

Residents have been exposed to the contamination for the over thirty years, since most of them have been living in those recycling sites from the time when the recycling industries started to the time they were eliminated, or even until today. This has probably led to the high level of exposure in residents. Another main population, migrant workers and their families, that is much more difficult to follow up, is a more complicated story. Most of them work and live in the most contaminated areas, which means that they have been exposed to e-waste-related pollution most directly and constantly. Even worse, some of them came with their neonates or even have new babies when they are working in those recycling regions. Therefore, there are four specific populations of concern in these regions that should be discussed and treated to prevent future adverse health conditions due to informal e-waste recycling activity: adult residents, resident children and neonates, migrant workers, and the children and newborns of migrant worker.

2.0  Review

2.1 The Key Heavy Metals and Organic Toxic Pollutants 
The informal e-waste recycling industries introduced many kinds and large amounts of pollutants into the environment and the ecosystem. These hazardous pollutants suspended or accumulated in air, dust, water, groundwater, sediment, soil, and biology (e.g. plants and fish, which were food sources). They can enter the human body either by direct contact, such as inhaling the polluted air in workshops, or indirect contact, such as diet.

Metals and organic chemicals were the two major categories of pollutants in these recycling regions. The main metal elements that compounded the contamination included cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb), mercury (Hg), nickel (Ni), zinc (Zn) and others 
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[1]
. Among them, Cu, Pb, Cd and Cr attracted the most attention and concerns among researchers, because of the known toxicity and high concentrations of them 
 ADDIN EN.CITE 

[2]
. The main organic pollutants included bisphenol A (BPA), polycyclic aromatic hydrocarbons (PAHs), polybrominated biphenyls (PBBs), polybrominated diphenyl ethers (PBDEs), polychlorinated biphenyls (PCBs), polyhalogenated aromatic hydrocarbons (PHAHs) and others 
 ADDIN EN.CITE 

[1]
. Besides these, antimony (Sb), arsenic (As), tin (Sn), brominated flame retardants (BFRs), novel brominated flame retardants (NBFRs), organophosphate flame retardants (PFRs), and others, were also important pollutants due to the recycling activities and had significant elevated levels in the environment, ecosystem, and human body at those regions 
 ADDIN EN.CITE 

[3-6]
.

Dust and soil were the two environmental media that had been studied the most. Dust, which contained high concentrations Pb, Cu, Zn, Ni, Sb, As, PBDEs, BFRs, PFRs, PCBs, and other toxics, was a huge concern because it was a key inhaled exposure route for workers at workshops and residents in those recycling regions 
 ADDIN EN.CITE 

[1, 3, 6-8]
. Soil, on the other hand, was a storage tank of many pollutants, such as Hg, Ni, Cu, Cd, Pb, Sn, Sb, Cd, Zn, As, BFRs, PAHs, and PCBs, which could be redistributed to other environmental media or plants 
 ADDIN EN.CITE 

[4, 5, 9-11]
. In addition to dust and soil, ecological toxicity was also a concern since the food chain was affected by the recycling contamination of compounds like Hg, Cd, PCBs, and PBDEs, which could accumulate in food sources, such as fish, ultimately enter people’s diet and affect health 
 ADDIN EN.CITE 

[4, 10, 12]
. 

However, not all the pollutants will be discussed later, though all of them are important and should be a concern for the health of residents and workers. Only the most toxic chemicals or the elements with the highest concentrations will be focused on in order to prioritize chemicals of concern and inform possible interventions for eliminating the most harmful exposures, in the context of human health. Therefore, three pollutants were respectively picked for adults and children, which are Cd, Sb, and PBDEs for adults, and Pb, Cr, and PBDEs for children and neonates.    
2.1.1 Key Pollutants for Adults: Cd, Sb, and PBDEs 
The cadmium (Cd) exposure at the e-waste recycling sites was found to increase health risk for both adults and children 
 ADDIN EN.CITE 

[10]
. Cd exposure at recycling sites were found to cause damage to multiple organs and enzymes like lung and bone density, and it is carcinogenic 
 ADDIN EN.CITE 

[1]
. Toxicological studies found that the primary toxic effect of Cd is kidney toxicity [13]. The long half-life of Cd (30 years) suggests chronic accumulation in human blood and long-term effects even after exposure stops, especially among workers who have occupational exposures of Cd [14]. In 2004 and 2007, the median and mean blood cadmium (Cd) levels in Guiyu adults were found to be 3.61µg/L and 0.17µg/L, respectively, while the levels of reference were 1.25µg/L and 0.10µg/L 
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[1]
. The decrease of blood Cd levels seems good, but this rapid decrease from 3.61µg/L to 0.17µg/L in three years seems unlikely, considering the blood half-life of 30 years [14]. Therefore, more studies of Cd levels in blood, urine, and food in workers in the e-waste recycling industry are needed to help determine the Cd-related health risks they have.

Antimony (Sb) is also a hazard in e-waste occupational exposure concerns. The toxicity mechanism of Sb is inhibiting the activity of enzymes, and Sb3+ is more toxic that Sb5+. Toxicologists found that inhaling Sb indoors could lead to adverse effects to multiple systems, such as respiratory irritation and pneumoconiosis, gastrointestinal symptoms, and dermal spot, and it is a possible carcinogen related to lung cancer 
 ADDIN EN.CITE 

[15, 16]
. The general population has a low average dose to Sb (5µg/day from dietary intake, and 0.001-0.170µg/m3 from the ambient air) [15], but workers at the e-waste recycling workshop have a much higher exposure by inhaling Sb in the dust: 6.1-232mg/kg of Sb in indoor dust samples from 13 recycling villages in Guiyu, which are 3.9-147 times higher than samples from non-e-waste sites [3]. Hair samples from the recycling villages in Guiyu also had significantly higher Sb concentration than reference villages (Guiyu 160.78ng/g vs. Reference 61.74ng/g, p-value< 0.001) 
 ADDIN EN.CITE 

[17]
. In addition, the hair samples from participants who were involved in e-waste recycling activities had significantly (p<0.001) higher Sb concentrations than non-workers 
 ADDIN EN.CITE 

[17]
, indicating that occupational exposure largely increased the exposure level of Sb. Five significant risk factors for the elevated hair Sb concentrations were found. Education level was negatively associated with hair Sb concentration, and residence time in Guiyu, using living space as an e-waste workshop, work related to e-waste, and smoking were all positively associated with it 
 ADDIN EN.CITE 

[17]
.

Polybrominated diphenyl ethers (PBDEs) are well-known carcinogens and endocrine disruptors 
 ADDIN EN.CITE 

[1, 18]
. PBDEs were also found to have the capability to bioaccumulate in human tissue [19]. One study suggested that the high incidence of cancer in Taizhou, an informal e-waste recycling site, was related to PBDE exposure 
 ADDIN EN.CITE 

[1]
. Inhalation of PBDE-contaminated indoor dust and dietary intake were the two main exposure routes for the population living and working in the recycling site to be exposed to PBDEs 
 ADDIN EN.CITE 

[6, 20-23]
. Based on dietary intake of PBDEs, it was found that inhaling the PBDE-contaminated dust increased the total daily intake of PBDEs by 19% 
 ADDIN EN.CITE 

[23]
. Fish and shellfish had the highest concentration of PBDEs of 2755ng/kg among food samples from recycling sites 
 ADDIN EN.CITE 

[22]
. The estimated daily PBDEs dietary intake in Guiyu residents was 931±722ng/kg bw/day, and was 44.7±26.3ng/kg bw/day among Taizhou residents 
 ADDIN EN.CITE 

[21]
. The exposure level of PBDEs via inhaling the contaminated indoor dust in those e-waste recycling villages was 1.1-24.1 ng/kg bw/day 
 ADDIN EN.CITE 

[6]
. The median serum concentration of total PBDEs in Guiyu residents was 3 times higher than reference samples 
 ADDIN EN.CITE 

[1]
.
2.1.2 Key Pollutants for Children and Neonates: Pb, Cr, and PBDEs
Lead (Pb) has been a health concern for children in many countries. Elevated blood Pb levels due to e-waste exposure in children could lead to delayed neuron development and decreases in IQ, as well as other adverse health effects on other systems and molecular activities 
 ADDIN EN.CITE 

[1]
. Children in e-waste recycling sites were suffering from high doses of Pb exposure. Even worse, Pb has the capability to accumulate in bones and be released to blood in the later age of children, resulting in continuous Pb damage even after they stop being exposed to environmental Pb. A study in Guiyu found that children had significantly higher BLLs who lived in areas that had larger numbers of e-waste recycling workshops, and the older children had higher BLLs than younger children, indicating that longer exposure to high doses of Pb likely resulted in Pb accumulation in the older children [24].  

The blood lead level (BLL) limit is 10µg/dL in China [24] and 5µg/dL in the United State, but WHO maintains that there is no known safe level for Pb except for 0µg/dL. In 2007, 165 children under six years old in Guiyu had an average BLL of 15.3µg/dL, significantly higher than the reference samples from Chendian (9.94µg/dL) [24]. In 2011-2013, 842 children under 11y from Guiyu had an average BLL of 7.06µg/dL, which was still significantly higher than the samples from the reference town Haojiang (5.89µg/dL) 
 ADDIN EN.CITE 

[25]
. 81.8% (2004), 70.8% (2006), 69.9% (2008), and 24.8% (2011-2013) of the children in Guiyu had  BLLs which exceeded China’s national limit (10µg/dL) 
 ADDIN EN.CITE 

[1]
. There were decreases in the percentage of high BLL and in the average BLL among the Guiyu local children; however, the cause of the decrease wasn’t demonstrated, and the data in different years was not from the same group of participants. Additionally, the Pb burden was found to be not relevant to genotype 
 ADDIN EN.CITE 

[26]
, indicating that reducing environmental Pb contamination and lead reduction treatment should be the key in intervention to children and neonates. A risk factor that was positively associated with children’s exposure levels of Pb was the number of e-waste lumps or e-waste recycling workshops near the living space (OR=2.28) 
 ADDIN EN.CITE 

[25]
. 
Chromium (Cr) is a carcinogen and genotoxic that is wildly used in electronic devices 


[27] ADDIN EN.CITE , and the exposure can cause harm to respiratory functions and immune functions 
 ADDIN EN.CITE 
[1, 28]
. It was found that the Cr exposure in e-waste recycling sites was positively related with the DNA damage and significantly lower vital capacity of children 
 ADDIN EN.CITE 
[27, 29]
. Also, long-term Cr exposure at e-waste recycling regions might have led to the delayed physical growth and development of children 
 ADDIN EN.CITE 
[30]
. Children and neonates from these regions had significantly elevated blood Cr levels, compared to their counterparts from the reference regions 
 ADDIN EN.CITE 
[30]
. The neonates’ median umbilical cord blood Cr levels in 2006 and 2007 in Guiyu were 93.9µg/L and 70.6µg/L, and the mean levels were 303.4µg/L and 99.9µg/L, respectively 


[27, 30] ADDIN EN.CITE . No significant decrease of the level from 2006 to 2007 was detected. The national normal level for blood Cr was 0-0.2 µg/L 
 ADDIN EN.CITE 
[1, 27]
, and the mean blood Cr levels reported above were 1517 times higher than normal level in 2006, and 500 times higher in 2007. In addition, three risk factors for the elevated blood Cr levels in children were reported, including parents’ involvement in the informal e-waste recycling, the use of living space as family e-waste workshops, and children living in the recycling regions 
 ADDIN EN.CITE 
[30]
.

Early life exposure to PBDEs can lead to decreased IQ, decreased psychomotor and metal development, neurobehavioral development in children and neonates from recycling sites 
 ADDIN EN.CITE 

[1, 31]
. Even prenatal exposure at the sites could lead to these adverse long-term health outcomes and low birth weight as well 
 ADDIN EN.CITE 

[1, 32]
. Neonates of normal birth had significantly lower umbilical cord blood PBDE levels compared to those with adverse birth outcomes (including still birth, low birth weight, and premature birth) in Guiyu [33]. The median concentration of total PBDEs in the umbilical cord blood (UCB) samples of neonates from Guiyu (13.84ng/g) were significantly higher than reference samples (5.23ng/g) [33]. Also, it has been reported that under the same environment, the exposure level of young children tends to be 3-4 times higher than adults 
 ADDIN EN.CITE 

[31]
. This disparity was present at recycling sites too and was even more serious than this finding: the exposure level of PBDEs via inhaling the contaminated indoor dust for toddlers in the e-waste recycling villages was 16.2-352 ng/kg bw/day, which was about 15 times higher than the estimation of adults (1.1-24.1 ng/kg bw/day) 
 ADDIN EN.CITE 

[6]
. Besides inhalation, dietary intake was also a key exposure route for children and neonates at recycling areas. The estimated total daily intake of PBDEs of a child at an e-waste recycling area was 952ng/day 
 ADDIN EN.CITE 

[22]
. Dietary exposure of total PBDEs of children living in this area was found to be significantly associated with the consumption of duck eggs (3882ng/day), chicken eggs (1091ng/day) and fish (634ng/day), and the median daily intake of PBDEs increased by 42% by inhaling PBDEs contaminated dust 
 ADDIN EN.CITE 

[23]
.  Two significant risk factors were found to be associated with the neonate’s PBDEs level in umbilical cord blood (UCB): parents’ involvement in informal e-waste recycling activities, and using living space also as family e-waste workshops [33].
However, Chinese national standard for PBDEs levels in children or neonates, or reference dose for PBDEs from food was not found, which is a limitation for estimating the severity of PBDEs exposure.
2.2 Characteristics of The Main Populations: Residents vs. Migrants 

The two main populations at the informal e-waste recycling sites were the residents and migrant workers families. Understanding the characteristics of the demographic and behavioral patterns of these two main populations can be helpful for designing and carrying out interventions geared toward these groups. 

2.2.1 Residents: Adults and Children

The residents had been living and working for most of their lives in these recycling regions. Therefore, they generally had longer exposure time-lengths than migrant workers. Also, many of the workshops at the informal e-waste recycling sites were also the homes of the residents, where they were living with their children and elderly parents. In addition, using the house as a workshop led to a higher health risk for children, compared to the influence on adults. 

However, according to an anthropology study in Guiyu [34], the residents, who were relatively richer than the migrants and thought highly of education to the next generation, kept planning to leave the place or at least help their children to leave the recycling sites if they got financially ready for that one day. This indicating that following the improvement of household economic status, the family or offspring might move out some day and no longer be exposed. 

To conclude the general characteristic of the residents, they were the population that had more stable residences in informal recycling areas, indicating that they were easier to be reached for delivering the intervention information, and easier for following up as well. Also, due to the value they attached to education for the next generation, schools and expert speech would be expected to be an effective way to encourage them to take the intervention via the students. 

2.2.2 Migrant Workers and Their Families: Adults and Children

Migrant workers and their families at the informal e-waste recycling sites was a more complex story. Some of them came to the recycling sites as middle aged couples (over 30 years old), and some of them came with their young children or newborns who needed care from parents [34]. They worked and lived in the most polluted part of the recycling sites, having higher concentrations of exposures. The young children and neonates lived with them, and even some of the children worked with their parents in the recycling activities too. In addition, after the mothers were exposed to the toxicants in these sites, the toxicants could be passed to their neonates by breast feeding. In addition, the Guiyu anthropology study reported that most of the migrant worker couples tended to get pregnant and had one or more newborns during the time they worked in Guiyu, indicating that these newborns would have been exposed to the polluted environment from the very beginning [34]. This trend happened in Guiyu because the local government had a very loose enforcement of the birth control policy. With this, the newborns of migrant workers would be even harder to follow up with because they might not even be registered to the birth record.

Another important characteristic of the migrant worker is their high mobility. Usually the migrant workers and their families who moved with them came from surrounding areas that were economically less developed. Also, they usually worked at one place for some time, and then next year or later, they would work at another place, indicating that the migrant workers and their families usually faced multiple kinds and sources of exposure over their lifespan. This would also make follow up in scientific studies difficult. 

However, although there are many barriers to reaching migrant workers, usually migrant workers from the same villages or neighboring areas knows each other, which can facilitate community outreach efforts. Often, if a migrant worker found that a job gives him or her a relatively high salary, he or she will invite his or her relatives and friends in the same or neighboring villages to come to work together. Therefore, a network is formed among migrant workers from the same place. These networks allow the use of the snowball method when broadcasting the intervention to the migrant workers. Once one or two migrant workers form a village is found, it will be possible that they could be encouraged to tell their relatives and friends who used to work with them in the informal e-waste recycling sites to take advantage of the health interventions with them.

Additionally, another challenge should be considered before conducting interventions to the migrant workers. Since the migrants change their jobs and workplaces frequently over years, and the workers that used to work in the same recycling sites could be working in various places now, the intervention should be well designed for their convenience and accessibility. 

2.3 Current Interventions: Legislation Improvement AND Bans, and Clean-up Actions 

Currently, there are ongoing interventions that are trying to solve some of the remaining problems with informal e-waste recycling in southern China. These interventions could be categorized into two main categories: legislative bans on illegal e-waste trading and informal e-waste recycling, and clean-up actions that try to remove the environmental toxic pollutants produced by the informal e-waste recycling activities. However, according to the available reports and studies, unfortunately there has not yet been any intervention to the exposed population for either reducing their biological levels of the toxicants, or on preventing adverse health outcomes. 

2.3.1 Legislation and Ban: To the Informal E-waste Recycling Activities

The loose regulations and legislative loopholes contributed a lot to the illegal trade of e-waste from developed countries to China 
 ADDIN EN.CITE 

[35]
. Therefore, constricting the bans on the international e-waste trade became the primary task for the Chinese government when fighting with the informal e-waste recycling issue. On February 1st, 2000, China implemented a ban on importing waste from the seventh waste category in China’s waste catalogue, which included waste appliances and electronic products, but “e-waste” was not clearly defined at that time 
 ADDIN EN.CITE 

[36, 37]
. On July 3rd, 2002, China issued Notice No.25 which listed 21 types of e-waste that were banned to be imported [37]. In 2008, Announcement No.11 replaced Notice No.25 and banned the import of waste from mechanical and electronic apparatuses, meaning that in most conditions, any part of e-waste, and e-waste in any form, were both no longer allowed to be sold to China [37]. In 2009, a new replacement, Announcement No.36 was issued, which again became more detailed in defining the types of e-waste banned for import, including waste glass, waste batteries, water computer equipment and office EEE, waste home appliances, waste communication equipment, and waste electrical and electronic components [37]. In 2017, the Chinese government announced that China would stop the import of all kinds of waste, which might further inhibit the foreign source of e-waste collection and aid with reducing the e-waste burden in China.

From year to year, the laws and regulations about international e-waste trade in China have become more and more detailed and specific, and the import of e-waste did decrease. However, other channels and legal loopholes still exist and smaller scale illegal trades are still ongoing [37]. Fortunately, as the formal recycling industry has been built and more supportive policies have been issued for formal recycling chains, the formal e-waste recycling industry is armed with these advantages that might help it to compete with the informal ones and to seize the market 
 ADDIN EN.CITE 

[36, 37]
. 

2.3.2 Clean-up Actions: To the Environment

Most of the informal e-waste recycling activities have been prohibited, and clean-up actions have been taken. For example, Taizhou started the clean-up activity in 2010, and Guiyu started in 2013. However, presently, no study summarizes the clean-up actions nor estimates the effects of the clean-up actions at the previous informal e-waste recycling sites. Information about the legacy clean-up actions to the environment are only available on some news reports, governmental documents, and official government websites. 

Three national schemes on environment treatment, Action Plan for Prevention and Control of Soil Pollution (issued on May 31st, 2016, also known as “Soil Ten Plan”) [38], Action Plan for Prevention and Control of Water Pollution (issued on April 16th, 2015, also known as “Water Ten Plan”) [39], and Action Plan for Prevention and Control of Air Pollution (issued on September 10th, 2013, also known as “Air Ten Plan”) [40], were applied to treat those recycling regions. In addition, under these general guidelines, the local governments of some previous informal e-waste recycling areas developed their own specific clean-up action plans. For example, Shantou issued Comprehensive Scheme of Resolving Electronic Waste Pollution of Guiyu Region of Shantou City in 2013, and Work Scheme for Action Plan for Prevention and Control of Soil Pollution in 2017 [41].

The governmental reports and official news reports claimed that these actions were working well and were effective, which successfully reduced the concentration of the pollutants in the environmental media. However, I haven’t found any academic studies evaluating the effectiveness of these actions, nor any studies reporting whether these clean-up actions were bringing positive effect to human health. 

3.0  Analysis and Discussion 

3.1 Estimation of Future Health Outcomes of The Residents and Migrant Worker Families  

Short-term health effects have been studied in many previous investigations. However, long-term outcomes remain unknown but should be prevented. Therefore, long-term outcomes should be estimated for designing interventions to residents and migrant workers, as the exposure has existed for a long time and is expected to cause serious health issues among these populations. The informal e-waste recycling industries were rampant from the 1990s to 2010s in Guiyu and Taizhou [34, 37], and the actual length of time of this industry was longer than this. Even though this informal industry has been banned, residual contamination of the activities still exists. Also, Guiyu and Taizhou were the two most typical sites of large scales, but there were a lot of smaller sites or family workshops that were still conducting these activities 
 ADDIN EN.CITE 

[7, 37, 42]
. This suggests two main things: (1) Residents have been exposed to the e-waste related pollutants for over 20 years; (2) Migrant workers usually tend to work on the same or similar job they had previously, because they already have familiarity and experience with that work, therefore part of the previous e-waste workers might still be working in informal e-waste recycling in another sites. These two situations should be considered when estimating the possible long-term outcomes and when designing interventions.  
3.1.1 Adults: Residents and the Migrants
Physicians in Guiyu reported that the respiratory symptoms increased and respiratory diseases became the most frequent problem in the few years after the informal e-waste recycling activity started [34]. Dermal irritation and diseases were also among the top illnesses among recycling workers[37]. Cancer incidence in Taizhou was observed to be elevated 
 ADDIN EN.CITE 

[1]
. 

Considering only the three key pollutants picked in this essay, which are Cd, Sb, and PBDEs for adult residents and migrants, in adults 50-70 years of age of these populations, the burdens of kidney damage and kidney dysfunction, bone pain and bone density loss, respiratory disease, lung dysfunction and lung cancer, thyroid hormone related diseases and thyroid cancer, neurobehavior defects and neurodegeneration, and other cancers are estimated to much higher compared to their counterparts without the e-waste recycling exposure. Kidney, bone, lung, thyroid, and neural systems are going to become the organs and systems of main concern in preventing further serious diseases among the elderly. The blood levels of toxicants need to be treated, and also the bioaccumulation of the toxicants that are already in the adults’ organs should be considered when introducing treatment to them.

In addition, the severity health issues on skin depends on whether the patient can obtain the proper treatment in time after there is any spot, burn, or other symptoms appears. Occupational poisoning could first show some symptoms on skin. Without attention to the abnormal skin change, or without the annual physical exam for industrial workers, the skin problem could become more severe, and the toxicant could enter other organs and systems, developing into systemic occupational diseases. 

Adult migrant workers face more difficulties when getting access to health care, which leads to a higher risk of delay in seeking medical assistance and developing into a more severe form of disease. This happens because of several characteristics of the migrant workers that differ from the residents: (1) Migrant workers tend to pay less attention to the physical changes or tend to bear the pain for a longer time before seeking medical help; (2) The fee for seeing a doctor is a big concern for migrant workers. Most of the time, they would rather spend the money on their children rather than on their own health; (3) The health insurance policy in China makes it inconvenient to seek medical care in another place other than your residence registration. The migrant workers’ accessibility meets limits in the recycling town they work in; (4) Since these are informal industries, most of the migrant workers do not take annual physical examinations, which always make the patients realize their diseases late. These four factors should be considered when designing interventions for adult migrant workers.

3.1.2 Children and Neonates: Residents and the Migrants
Children and neonates from the recycling regions are probably facing more serious long-term health risks. Regarding the three key pollutants for children and neonates, in twenty to thirty years, the burden of delayed development of neural functions, mental function, IQ, respiratory functions, and immune functions are estimated to be important health issues their families will face. The incidence of childhood cancer, such as childhood leukemia and thyroid cancer 
 ADDIN EN.CITE 
[18, 29]
, is also estimated to be higher than their counterparts from the reference regions and general population as well. 

Neonates, compare to older children, are facing even more health risk for the future, since they will be affected by the mothers’ exposure during pregnancy and through breast milk. The toxicity of both Pb, Cr, and PBDEs were found to tend to raise the risk of perturbations of fetal and child neurodevelopment for the pregnant women and young children in or near the recycling areas [43]. Incidence of adverse birth outcomes, such as spontaneous abortions, stillbirths, premature birth, and low birth weight [29], are probably going to gradually increase among the newborns who came into the world during the time when their mothers worked in the recycling areas.

In the aspect of accessibility to medical care, the children and neonates of the migrants are also generally facing more barriers than those of the residents. Like the adult migrants, the lower health education level of their parents, lower socioeconomic status of their families, and the inconvenience of seeking medical care due to the health insurance policy are also factors that build up the barriers. In addition, as mentioned previously, quite a lot of the newborns the migrant couples had in the recycling sites were not registered to the official birth certificate, which means that these children would not be able to receive the official public services, including medical care, until their parents pay for the penalty and register their names to the birth registry. Therefore, public services and interventions aimed at this age group might miss the unregistered children of migrant workers without considering this factor when designing the plan. 

3.2 Intervention Needs of Different Subpopulations 
So far there has no information on human health intervention to the population that lived and worked in these previous informal e-waste recycling sites. The design and implementation of human interventions are needed to prevent further development of adverse health outcomes and reduce the health burden in the future. The population can be divided into four different subpopulations: adult residents, resident children and neonates, adult migrant workers, migrant children and neonates. Each subpopulation has their own different situations and characteristics of social behavior, exposure levels, and accessibility to health care. Therefore, each subpopulation has different needs from each other. Recommendations for interventions designed for each subpopulation are considered next.
3.2.1 Adult Residents

Adult residents are relatively easier to be reached, especially because most of the recycling sites are in villages or small towns, where the local people have strong relationship with each other. First, there should be a free “screening” for adult residents who lived in the recycling regions for over a year during the time when the recycling activities were ongoing. The screening should aim at testing the blood and urinary levels of Cd and Sb, and the blood level of PBDEs. Those with concentrations higher than acceptable levels or levels that requires medical care, and especially those who have existing health conditions, should be referred for treatment. Most of the treatment fee should be paid by the government and health insurance to encourage workers to seek and accept care and treatment. 

For residents who are 50 years of age or younger and are found with high blood levels or urinary levels, annual or biennial regular examination on bone, kidney functions, lung and respiratory functions, and thyroid hormone should be offered to detect the signs of costly disease like kidney failure in earlier stages. Implementation of such screening may depend on government finances. The goal is to let these potential patients receive treatment as early as possible to reduce the financial loss of e-waste related disease. The families of these residents should be educated about the signs and symptoms of neurobehavioral-related disorders, such as problems with motor function and memory.

Supply of safe food is also a key component of a successful intervention to the residents in the recycling sites. Reports have shown that the for Cd and PBDEs, dietary exposure was as important as inhalation for absorbing the toxic pollutants. Determining the level of food contamination [14] and offering the communities a list of safer food recommendations, such as guidelines on the safety of different seafood species, recommended daily consumption amount, and pretreatment and cooking suggestions, would be helpful to prevent further unrealized exposure. 

3.2.2 Adult Migrant Workers

Like the intervention for the adult residents, the “screening” tests should be offered to the adult migrant workers who had been working in the recycling areas for no less than one year. Essential heavy metal reduction treatments should be offered to them at a reduced price or for free. Biennial regular examination for kidney, bone, lung, and thyroid functions are needed for migrant workers under 50 years old with highly elevated blood or urinary levels of the toxicants. 

It is difficult to design a food safety intervention for these adult migrant workers, because they might be working in another place with different dietary customs and different levels and species of toxics in the food. Therefore, a dietary intervention for this subpopulation might have to be designed in a general way, such as designing a questionnaire to investigate their diet preference and cooking habits, and suggesting the pretreatment of food and recommended cooking tools and methods.

For introducing the intervention to the migrant workers, two of the key problems are designing the recruitment and increasing the accessibility to health care. As the migrant workers move to work in another place, there is a considerable barrier for following up with them for a study or intervention. Fortunately, we can take advantage of the close relationships between migrant workers that came from the same place. Thus, snowball sampling can be applied. After recruitment, a convenient way for them to take advantage of screening efforts and medical care should be designed. One possible plan is to involve the local Centers for Disease Control and Prevention (CDCs) and community clinics in the intervention, allowing the migrant workers to take screening tests and treatments at these community centers. CDCs can encourage the workers register to the local CDC when they first move to work in a new place by giving gifts, etc. However, the loss to follow up would still be a big issue needed to be solved in this intervention. 

3.2.3 Children and Neonates Residents
Like their parents, the resident children and neonates are theoretically easier to be reached and followed up for the intervention. Children and neonates also need a screening program to test the blood, urinary, or hair level of Pb, Cr, and PBDEs. Treatment using chelate to seize and excrete the heavy metals for reducing blood lead level is available, which should be included in the intervention, encouraging more children to take the Pb reduction therapy. An education program for parents on how the children’s and neonates’ mental (including IQ) and physical development, childhood cancer, and related treatments could be adversely affected by the e-waste recycling exposure should be planned with the screening program. This education program is aiming to have the parents know what the possible long-term health outcomes would be, and raise their attention on the delayed development of their offspring as early as possible.

Education institutions, including kindergarten and schools, should be involved in the intervention. They will play an important role in: (1) food safety education and safe lunch supply; (2) evaluating the physical, neurobehavior, mental, and IQ development of the children; and (3) physical education and encouraging students to exercise for overall physical fitness.

One more educational program for the mothers of neonates should be planned: breast feeding screening and education. Using blood tests to determine the lactation mothers’ blood levels of the Pb, Cr, and PBDEs is essential. Education for all lactating mothers should discuss how the breast milk can deliver mothers’ exposure to the neonates, and how to reduce their own further exposure if they are going to keep living in those previous recycling regions. For mothers with high blood levels of the toxics, breast feeding alternatives, such as infant formula, or regular screening for the neonates should be suggested.
3.2.4 Children and Neonates of Migrant Workers

Similar to the local children and neonates, a screening program to test the blood, urinary, or hair level of Pb, Cr, and PBDEs should also be provided to this subpopulation. Treatment for reducing blood lead levels should be also included in the intervention at a low price or for free, encouraging more children to take the Pb reduction therapy. Also, an educational program for parents on how their children’s and neonates’ mental and physical development could be adversely affected by the e-waste recycling exposure, as well as available treatments and related financial discounts should be planned with the screening program. This education program would aim to have parents know what the possible long-term health outcomes would be for their children and raise their attention regarding signs of delayed development of their offspring as early as possible. Also, the risk for childhood cancer development as suggested by the blood or urinary levels of relevant toxics of their children should be explained to parents. 

Most of the food safety and physical education can only be done to the migrant parents of these children, because the education institutions these children enter are highly variable, and some of them might not go to any kindergarten or school. Therefore, for the migrant children and neonates with high exposure levels and high health risks, the education program to their parents when they see a doctor for the screening is crucial. The education materials should be concise, clear, and in the language that the general population without medical education can understand.

Additionally, again, two main barriers to implementing an intervention for this subpopulation is the recruitment and follow-up. These will depend on how well we can recruit and follow-up their parents.

3.2.5 Recommendation of the Organization to Conduct Interventions

Considering the governmental and health systems in China, CDCs will be the best choice for conducting the human interventions. The CDC system in China are set as: Nation Level CDC, Province Level CDCs, and City or Local Level CDCs. This system makes CDCs become the most appropriate official organization to conduct health programs. In additions, most of the current public health programs in China, such as programs for controlling chronic disease and HIV/AIDS, are conducted by CDC system, therefore, these organizations also have plenty of experience and preparations for carrying out other health plans. 

Non-governmental or non-profit organization is not expected to be a good choice for conducting these programs, because the unsupported environment for developing this kind of organization in China is very likely to inhibit the process of these programs, if they are conducted by these organizations. To conduct these programs in China, the cooperation and permit from the local government will be very crucial. 
3.3 Discussion

Many studies have been done on the pollutants, exposure and current health effects introduced by the informal e-waste recycling activities, offering abundant information and data. However, currently there have not been any studies on whether the governmental clean-up actions are effective or not. Also, meta-analysis of all the available data or studies evaluating the change of toxic concentrations over years is rare. Moreover, though there are several studies comparing the exposure levels of residents and those of migrant workers, I failed to find an article that compares the exposure levels of local children to those of migrant children. Though generally the migrant children and local children live in the same region, they still have different patterns in exposure routes and levels, due to the time they spend in the recycling workshops, the place they live in, the work their parents conduct the education levels and socioeconomic status of their parents, etc. 

Physical exposures have rarely been studied in the e-waste recycling sites in southern China. These exposures, such as noise, heat, and vibration, are also important parts of occupational exposures and occupational health. A study in Ghana reported that over 40% of the informal e-waste recycling workers  were exposed to occupational noise that exceed the recommended limit (85dB), and that the noise exposure was significantly and positively correlated with the increased heart rates of the workers 
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[44]
. The exposures other than chemical or toxicants of workers during the recycling activities should receive more attention. According to photos, reports and articles, the crude way of operation in the informal e-waste recycling industry introduced various and mixed physical exposures to the workers.

Another topic not being studied adequately is the influences on mental health or well-being. I didn’t find any study assessing the mental health effects, or the access to health care for the people in those sites. The workplace and living environment, the salary, and the notable physical or health change of the residents or workers from the informal e-waste recycling might have impact on these two parts of health. Also, migrant workers at the recycling sites also experience discrimination and property disparity from the local people, which usually has negative effects on people’s mental and physical health. Moreover, the use of the social medical care system in China is quite an inconvenience when crossing provinces, which might add some difficulties to access to medical care for migrant workers. However, this accessibility hasn’t been evaluated yet. 

In conclusion, there are still many tasks in designing and conducting the intervention for the population that was exposed to the e-waste recycling pollutants, and many questions and public health problems are still waiting to be studied.

4.0  Conclusion and Future Studies  
4.1 Conclusions

The problem of informal e-waste recycling in southern China is a well-known environmental health challenge. Studies showed that the concentrations of heavy metals (e.g. Pb, Hg, Cr, Cd, etc.) and organic chemicals (e.g. PBDEs, DPs, PCBs, etc.) in different environmental medias (e.g. dust, soil, water, sediment, etc.) and biota (e.g. plants, fish, etc.) were significantly higher than the reference samples or data, so did the levels in human biological samples from the recycling sites. Among the heavy metal contaminants, Cd and Sb are of the most concerns for adults, and Pb and Cr are the most crucial toxics for children and neonates, while PBDEs is the most toxic and high-exposure-level organic pollutant for the both. Inhalation of contaminated dust and dietary intake were exposure routes that were equally important for the exposure of toxicants for the population. These were the toxicants that had particularly high levels in the blood, urine, or hair of the population, with severe toxicities and bioaccumulation capacities.

Regarding the Cd, Sb, and PBDEs exposures for adults, the long-term health outcomes in their elder age is elevated incidence of cancers like lung cancer, kidney failure, bone pain, neurodegeneration, and respiratory diseases. Considering the Pb, Cr, and PBDEs exposures for children and neonates, the development of IQ, mental, neurobehavior, and physics are estimated to be delayed, with higher risks for childhood cancers like thyroid cancer. 

Intervention to solve the e-waste problems have been carried out. The current interventions include bans on the international illegal e-waste trading to China, bans on informal e-waste recycling activities, and clean-up actions to the environment (“Soil Ten Plan”, “Water Ten Plan”, “Air Ten Plan”, and others) to reduce the concentration of the toxic pollutants in the previous e-waste recycling areas. However, though the local governments reported that the clean-up actions were very effective and had successfully reached the goal they set, there have not yet been any academic studies on evaluating the effectiveness of the actions or whether there was any significant change in the environmental or ecosystem levels of the contaminations. 

Presently, there have not yet been any known interventions to the exposed population that lived and worked in the informal e-waste recycling activities. Generally, these interventions should include five main components: (1) “Screening” programs are needed to determine the blood, urinary, or hair levels of the toxicants in question; (2) Treatment plans; (3) Education programs (conducted along with the screening programs); (4) Annual or Biennial re-screening and follow-up; (5) Food safety campaigns.

According to the different characteristics of the resident adults, resident children and neonates, adult migrant workers, and migrant children and neonates with their worker parents, the intervention contents and implementation methods need to be adjusted for each of these four subpopulations. After conducting the interventions, evaluation is needed. Since the health outcomes brought by the e-waste recycling industry are a long-term concern, they will never be solved by a one-time action. Therefore, health departments need to be ready for long-term intervention and repeated evaluations. 

4.2 Further Studies

Many further studies can be done. Generally further studies are needed to address gaps in the literature related to this issue, and to help with evaluating the effectiveness of interventions. Following are suggestions for future studies: 

(1) Workers and their families: Studies on how this industry influence the mental health and well-beings of the workers, adult residents, and children from the recycling sites. For examples, workers’ accessibility to medical care and their homesickness, children’s experience of illness and how the industry affects their performance and relationships in school. Also, the conflicts and laborious relationships between residents and migrant workers could have significant impacts on both sides. These should be concerns. In addition, exposure studies on other occupational exposures during the dismantling activities should be conducted.

(2) Migrant versus Resident Workers: Studies comparing the resident population and the migrant worker population, both between adults and between children, are needed. The two subpopulations have very different behavioral patterns and plans for future. Also, the difference in economic status also lead to differences in exposure levels between them. In addition, the tendency of female migrant workers to get pregnant and have a new baby during the time working in the e-waste recycling regions increases concerns for the health disparity these newborns would have.

(3) Evaluations for interventions: Evaluation of the effectiveness of the clean-up actions are needed. Whether the concentration of the pollutants significantly decrease, and whether the clean-up actions contribute significantly to the decrease should be evaluated. Also, how the change in the environment affects the exposure levels of people living or working there should also be estimated. 

(4) Big data studies: Meta-analysis of the available data could be done. Also, better cohort studies or studies tracing the change of concentrations of pollutants in the environment over time, or trend of the levels of toxics in the exposed children and neonates over years, would offer meaningful data and evidence for future interventions.

(5) Community studies and quantitative studies: Community-based participated studies and more quantitative studies would help the researchers and governors to understand why this issue happened, what the residents and workers are expecting, and how can people from outside the community to work with the community members (or, clan members or big family members) to help them change. Also, empowering the community is important for them to be able to handle their problems, and community engaged studies could be a star.

(6) Building up an e-waste exposure victims database: A database could be built up for recording and updating the new data and information about the people from informal e-waste recycling sites. Since there are so many studies and data available, collecting, gathering and sharing these data may become an incentive for more high-quality and next-step studies. Also, the database can provide evidence for intervention designing and policy making. 
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