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Report Summary 
 
Cancer is responsible for 34% of all deaths in Hong Kong, higher globally than 
any other developing country or region.   During the past decade, the incidence 
and mortality rates from cancers associated with smoking, such as of the lung, 
larynx, and bladder have decreased, but in contrast, cancers of the prostate in 
men and breast in women, cancer of the colon, rectum and nonHodgkin’s 
lymphoma have all increased during the same period.   While lack of dietary fibre 
intake may account for the increased incidence of colon and rectal cancer, the 
reasons for the increases in other cancers are not entirely clear and this paper 
proposes that exposure to environmental chemical contaminants may be a 
possible cause.    
 
While the levels of chemical contaminants in the environment in Hong Kong have 
declined during the last 2 decades, largely due to the shift of industrial and 
manufacturing sectors to Southern China and to the tighter control of the use of 
these chemicals and regulations concerning industrial waste disposal, the levels 
of chemical contaminants remain high in the wider Pearl River Delta (PRD) 
region.  Hong Kong’s location at the estuary of the PRD and the reliance of Hong 
Kong’s population on Southern China for its water and food supply, mean that 
these chemicals will continue to be a threat to its health for many years to come.  
Further studies and monitoring is needed to conclusively determine the impact of 
these chemical contaminants.  Strengthened efforts are also needed to enforce 
compliance of regulations that ban the use of known dangerous chemicals such 
as polychlorinated bisphenyls, and those aimed at controlling industrial waste 
discharges.   
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1.0 Introduction 
  
Chronic diseases such as cancers, cardiovascular and respiratory diseases, and 
diabetes, are responsible for over two thirds of the mortality and morbidity in Hong Kong.  
They are now a major health care burden.   The major risk factors predisposing to these 
chronic diseases, such as smoking, poor diet and lack of physical exercise leading to 
obesity are preventable.  Anti-smoking campaigns have been relatively successful in 
Hong Kong as the current rate of smoking is about 23% in the general population.   
However, the HKSAR Government and the health care profession are not pursuing 
sustained measures attacking other risk factors such as diet or promoting physical 
exercise for chronic disease prevention. The recently published consultation document 
in July 2005 from the HKSAR Government’s Health and Medical Development Advisory 
Committee entitled Building a Healthy Tomorrow: Discussion Paper on the Future 
Service Delivery Model of Our Health Care System does not focus on how to prevent 
these chronic diseases, when they should be prime targets to improve primary 
healthcare (1). 
 
Cancer is responsible for 34% of all deaths in Hong Kong, higher globally than any other 
developing country or region.   During the past decade, the incidence and mortality rates 
from cancers associated with smoking, such as of the lung, larynx, and bladder have 
decreased, but in contrast, cancers of the prostate in men and breast in women, cancer 
of the colon, rectum and nonHodgkin’s lymphoma have all increased during the same 
period (Figures 1A and 1B).   While lack of dietary fibre intake may account for the 
increased incidence of colon and rectal cancer, the reasons for the increases in other 
cancers are not entirely clear; exposure to environmental chemical contaminants may be 
a possible cause.  
 
 
2.0 Hong Kong’s Environmental Characteristics 
 
Hong Kong is one of the most densely populated cities in the world with over 6.8 million 
people living mostly along the coastline.   Evolving over the past 2 decades from a 
manufacturing based economy to one based on finance and service industries, Hong 
Kong is intimately linked with the Pearl River Delta (PRD) not only in trade but also in air, 
water and food supplies.   It is true that industrial pollutants in Hong Kong have declined 
over the years, but because of its situation in the estuary of the PRD, a region 
undergoing rapid urbanization and industrialization, the associated pollution has had a 
considerable impact on health of the population of Hong Kong. 
 
For decades about 80% of Hong Kong’s wastewater was discharged into coastal waters 
with only primary screening while the remaining wastewater received mainly secondary 
treatment.  Of all the wastewater discharges into the coastal waters of Hong Kong, about 
75% entered Victoria Harbour directly until 2001 when the first stage of the Harbour Area 
Treatment Scheme to collect, treat and discharge the sewage generated around the 
Harbour.  Now 75% of sewage around Victoria Harbour receives secondary treatment 
(2).     
 
 
  



Chemical Contaminants in Hong Kong’s Environment and Food 
 

 

 2

Figure 1A – Annual % change in rates of different cancers in Hong Kong (1990-1999) for Females 
 

 
 

Note: * Statistically significant (p < 0.05) 
Source: Population and Health Statistics, Hong Kong Hospital Authority.
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Figure 1B – Annual % change in rates of different cancers in Hong Kong (1990-1999) for Males 
 

 
 

Note: * Statistically significant (p < 0.05) 
Source: Population and Health Statistics, Hong Kong Hospital Authority.
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3.0                     Chemical Contaminants 

 Chemical contaminants such as heavy metals and persistent organic 
pollutants including pesticides are widespread in the environment and 
may enter the food chain and be present in all plant and animal products 
that we eat.   
 

3.1                        Heavy Metals 

 
Which heavy 
metals are 
harmful and 
where do they 
come from? 

 
Heavy metals are those having a specific density of more than 5 ug/cm3.  
In general, exposure to four heavy metals: cadmium, mercury, lead and 
arsenic, all pose a threat to human health (3). 
 
Emissions of heavy metals to the environment occur from a wide range 
of processes: into the air during combustion, extraction and processing, 
and to surface water via runoff and releases from storage and transport. 
Atmospheric emissions tend to be of greatest concern in terms of human 
health because of the quantities involved and the widespread dispersion 
and potential for exposure.   

 
3.1.1 
Heavy metals 
in Hong Kong 

The few studies available of heavy metals and health in either Hong 
Kong or the PRD (4) show that levels of cadmium, copper, zinc and tin in 
marine species collected from the Pearl River estuary were significantly 
higher than those collected from the Western estuary zone.  In Hong 
Kong’s Victoria Harbour, levels of heavy metals (copper, lead, cadmium, 
mercury and zinc) exceeded the maximum permissible concentrations 
regulated by the Public Health and Municipal Ordinance. 
 

3.1.2 
Mercury 
 
Where does it 
come from? 

Mercury is naturally present in the environment and is part of the 
composition of the earth’s crust.  It occurs in several chemical forms: 
elemental mercury and inorganic and organic mercury compounds. It is 
estimated that about 3,400 metric tons of elemental mercury are being 
released each year into the global environment with the majority in the 
soil.  About 70% of the mercury released is due to human activity such as 
emissions from coal-fired electric power generation facilities and waste 
dumps.   Metallic mercury is used in several types of medical equipment 
such as thermometers and sphygmomanometers (for measuring blood 
pressure) and is used in medicine as a cure for syphilis, in diuretics and 
in mercury amalgams for filling teeth in many countries (5). 
 
Inorganic mercury compounds are converted into organic mercury 
compounds, such as methyl mercury, and accumulate in the food chain: 
for example, methyl mercury was commonly used for control of fungi on 
seed grain until the 1970s.   Note however that people are exposed to 
mercury in other ways than from food.  Metallic or inorganic mercury was 
used in Greece as a cosmetic to lighten the skin and is still being used so 
today (6).     A number of vaccines such as those for whooping cough, 
diphtheria, tetanus, H. influenzae and hepatitis B, used to be preserved  
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 with small amounts of ethimerosal, a preparation containing 49% ethyl 

mercury.  Although there was insufficient scientific evidence of toxicity to 
the nervous system in children from such exposures, the American 
Academy of Pediatrics and the US Public Health Service issued a joint 
statement in 1999 recommending alternative preservatives to be used 
(7). 
 
Mercury can be measured in samples of blood, urine and hair, and 
mercury content in hair reflects long-term exposure.  
 

Mercury - 
health effects 
in adults 

Acute mercury exposure may give rise to acute kidney and lung damage, 
and exposure to high levels may lead to death, usually 2 to 4 weeks after 
the onset of symptoms.   Chronic poisoning leads to neurological damage 
and individuals present with tremor, changes in personality, restlessness, 
anxiety, sleep disturbance and depression.  Symptoms are reversible 
after cessation of exposure. 
 
There may be a latent period of one month or longer after exposure to 
methyl mercury before symptoms develop.  These may include 
numbness of hands and feet and impaired coordination from damage to 
the nervous system.   
 

Mercury - 
health effects 
in children 

In Minamata, Japan, pregnant women who consumed contaminated fish 
had mild or no symptoms but gave birth to infants with severe 
developmental disabilities, including cerebral palsy, mental retardation 
and seizures (8).  In Iraq, where more than 10,000 people were poisoned 
by eating bread from mercury polluted grain, a close relationship was 
found between the prevalence of health effects and exposure (9).  
 
Although the dominant health concerns arise from exposure to methyl 
mercury before birth, infants and children may be exposed postnatally 
from breast milk if their mothers consume foods containing high levels of 
mercury.   It is uncommon for inhalation to be the source of exposure of 
children to toxic levels of inorganic mercury; if it happens, they develop a 
syndrome called acrodynia or pink disease.  Children with pink disease 
have redness of hand and feet; they fail to thrive and are irritable and 
have hypertension.  Young infants are very susceptible to mercury but 
the reason for this high susceptibility is not clear.  Some pregnant women 
experience an increase in dental problems such as caries and gingivitis, 
and the removal of amalgam may generate vapor escaping into the oral 
cavity and inhaled increasing blood levels to be passed through the 
placenta to the foetus (10,11).   
 

Mercury 
studies  in 
Hong Kong  

Environmental mercury levels significantly increased in recent decades 
as a result of increased use in industry.   In a 1983 study comparing total 
mercury concentrations related to fish consumption, the mean 
concentrations of mercury for people who ate fish 1-4 times each month 
showed that the level in Hong Kong was 3 ppm, second highest after 
Japan (3.9 ppm).  The study showed that mercury levels in human hair 
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from various locations in 13 countries were dependent on the number of 
times fish was eaten (the differences between countries were believed to 
be due to diet and environment) (12).  
 
More recent 1998 research examined the relationship between male 
fertility and mercury in seafood in Hong Kong (13,14), testing hair 
samples for mercury content from subfertile men, and fertile men and 
women (vegetarian and non-vegetarian); the study also measured 
mercury levels of Hong Kong store-bought fish and fish caught in Hong 
Kong waters.   They strikingly showed: 
 
• The average mercury content of hair of the study subjects in Hong 

Kong was over double that of subjects in the US at 3.3 mg/kg in Hong 
Kong compared with 1.5 mg/kg in the US. 

• Vegetarians who did not consume fish had only 0.38 mg/kg mercury 
in hair and those who ate fish 4 or more times per week had 4.07 
mg/kg. 

• Levels of mercury in hair increased with age in both men and women, 
but were significantly lower in women than in men of the same age. 

• The mean mercury level in the hair of subfertile men was significantly 
higher than those of fertile men 

• Although the mean mercury in store-bought fish in Hong Kong was 
not high (0.12 mg/kg), by the time a typical Hong Kong male reaches 
30 years of age, he has accumulated about 4 mg/kg mercury in the 
hair; by 60 years, his hair mercury level will have increased to about 
7.5 mg/kg.     

 
These results were confirmed in more recent studies (15,16) in 2002.  
Infertile couples attending the in-vitro fertilization unit as compared to 
fertile couples had higher mercury concentrations, and men with 
abnormal semen and women with unexplained infertility had higher blood 
concentrations of mercury than their fertile counterparts. Blood mercury 
concentrations were positively correlated with quantity of seafood 
consumption.   
 
However the mechanism of mercury toxicity on the reproductive system 
remains unclear; there was no significant difference between the quality 
of the semen of those who had high or low blood concentrations of 
mercury (17). 
 
In 2000 (18) another study of mercury levels in the hair and blood of 
Chinese children found that the mean mercury levels of their hair and 
blood were higher than levels in adults in Europe and North America.  
These results also revealed that the higher the fish consumption, the 
higher the blood mercury levels, to the extent that five children and 12 of 
their family members had toxic levels of mercury.  Their mercury levels 
dropped after reducing fish consumptions during a 3 month fish 
moratorium period.   
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What can we 
conclude from 
the Hong Kong 
Mercury 
studies? 

• Lack of fertility. Mercury cannot be ruled out as the principal causal 
factor associated with lack of fertility in Hong Kong males.   

• Fish consumption is major source. The major source of mercury 
exposure in children in Hong Kong is from eating fish.  Although the 
average concentration of mercury in fish purchased in Hong Kong 
was at levels considered within permissible limits for both sea and 
freshwater fish, the consumption of fish more than 3 times a week 
results in high levels of mercury which can accumulate.  The children 
did not have clinical manifestations of mercury toxicity, but there is 
concern that heavy consumption of contaminated fish or fish 
products has potential neurotoxic effects in children through chronic 
low-dose mercury exposure.   

• Maximum concentrations in food. The World Health Organisation 
(WHO) has adopted the US Environmental Protection Agency 
(USEPA) guidelines for mercury and recommended that food with 
mercury concentrations of 0.5 mg/kg or above should not be sold for 
human consumption. This level should be reduced to 0.3 mg/kg in 
countries with a high rate of fish consumption. 

• Preventative pollution controls. As there are many health benefits 
from fish consumption, rather than deter the public from eating fish, 
stringent pollution controls are more appropriate. 

 
3.2                       Persistent Organic Pollutants (POPs) 

 In recent years, there has been increasing concern about the adverse 
effect of POPs such as polychlorinated biphenyls (PCBs) and dioxins on 
human health.  There are 3 groups of POPs: 

1. Pesticides: DDT [ 1,1,1-trichloror-2,2-bis(p-chlorophenyl)ethane], 
and p,p’DDE, (metabolites of DDT), methoxychlor. 

2. Industrial chemicals: polychlorinated biphenyls PCBs. 

3. Unintended by-products: TCDD (2,3,7,8-tetrachlrodibenzo-dioxin, 
dibenzo-furans). 

 
Among these, the unintentional produced dioxins are recognized as the 
most toxic man-made chemicals.  These compounds are derived 
primarily from combustion processes, such as incineration of municipal 
waste containing polyvinyl chloride (PVC).  They are also produced 
during the burning of fuels, the production and use of organic chemicals 
containing chlorine, such as PCBs, pentachlorophenol, chlorinated 
aromatic chemicals, and the chlorine bleaching of pulp and paper.  
 
These toxicants are very stable and persistent substances used for many 
industrial purposes: they resist degradation and endure in the 
environment for long periods.  As many of these substances are lipophilic 
(fat soluble), they concentrate in the food chain and are present in high 
concentrations in certain food products.  Food intake probably accounts 
for more than 90% of human exposure in most countries, other pathways 
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of exposure being inhalation, ingestion of contaminated water and soil, 
and skin contact with contaminated soil.   
 

3.2.1   
Pesticides 
Where do they 
come from? 

Pesticides are defined as “substances used to prevent, destroy, repel or 
mitigate any pest ranging from insects, animals and weeds to 
microorganisms…”  They are divided into categories by their functions: 
herbicides, insecticides, fungicides, or fumigants (Table 1), and are 
widely used in agricultural settings, public health, commerce and 
individual households throughout the world.   In 1999, 1 billion pounds of 
pesticides were applied in the United States and 5.6 billion pounds 
worldwide.   Pesticides are truly a ubiquitous component of our 
environment.   

 
The general population is consequently exposed to pesticides from 
various sources: residues in food, water, applications to public spaces, 
home, garden and lawn as well as occupational exposure.    Exposure 
can also occur after pesticides have been applied in homes or 
workplaces.  

 
 Table 1: Commonly used pesticides by chemical classification and how 

they work: 
Chemical 
classification 

Mechanism of action Examples 

Carbamates Inhibit acetylcholinesterase, 

impairs nervous system function 

Carbaryl 

Aldicarb 

Organochlorines 

(polychlorinated 

organic pollutant) 

Depolarize nerve membranes and 

impairs nervous function 

DDT, Lindane 

(HCH) 

Chlordane 

Organophosphates Inhibits actetylcholinesterase, 

impairs nervous system function 

Parathion, 

malathion, 

Diazinon, 

Chlopyrifos 

Pyrethroids Disruption of nerve membrane 

permeability to sodium ions, 

impairs nervous function 

Permethrin, 

Deltametrin, 

Fenvalerate 

+ From Hayes et al (19). 
 

Pesticides - 
health effects 
in adults 

• Potential to cause cancer.  There have been many 
epidemiological studies in this area: most studies show a positive 
association between pesticide application and non-Hodgkin’s 
lymphoma, leukemia and prostate cancer with relative risks (RR) of  
<2, <1.5 and < 1.5 respectively but links with specific etiologic 
agents have not been demonstrated.  A relationship was not found 
between pesticide exposure and other cancers of various organs in 
the body (11). 
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• Toxicity to the nervous system.  Deficits of neurobehaviour and 
abnormalities of neural function are found with high levels of 
exposure to most pesticides-organophosphate, carbamates, 
fungicides, and fumigants (11).  Mild cases usually present with 
headache, dizziness, nausea and vomiting, excessive sweating, 
pupil constriction and salivation while intermediate cases show 
muscle weakness and symptoms of organophosphate induced 
polyneuropathy (disease of the peripheral nervous system) (20).  
Severe cases present with muscle weakness, muscle twitching, 
change in heart rate, and difficulty in breathing, convulsions and loss 
of consciousness.    

 
        Chronic low-level exposure may lead to increased prevalence of 

symptoms such as headache, dizziness, fatigue, weakness, nausea, 
chest tightness, difficulty in breathing, insomnia, confusion, and 
difficulty in concentrating as well as changes in mood.  Chronic 
pesticide exposure also carries a higher risk of Parkinson’s disease.  
Numerous case-control studies have demonstrated an association 
between Parkinson’s disease and pesticide exposure, mostly 
organochlorine or organophosphate or carbamates.  

 
• Chronic fatigue syndrome.  This syndrome of chronic tiredness, 

poor motivation, low concentration, lack of physical activity, is very 
common among those who consider their health was affected by 
pesticides. There is limited evidence of an association between 
exposure to chronic fatigue syndrome and exposure to 
organophosphates (21). 

 
Pesticides - 
health effects 
in children 

Because of their behaviour, children are at greater risk for heavier 
exposure to contaminants present in air, water and soil, compared with 
adults who live in the same environment.  Children at play are in contact 
with soil, grass and objects on the ground, and their breathing zone is 
closer to the ground where pesticides are found.  Children often put toys 
into their mouths and these toys may be contaminated with pesticides 
after application. They are also less likely to wash their hands before 
eating.  Infants in particular may ingest pesticides or pesticide 
metabolites present in breast milk if breastfed.  Multiple pesticides and 
their metabolites may be present in breast milk; for example the high fat 
content of the breast milk may mean it contains levels of DDE, a 
metabolite of DDT, 6 to 7 times higher than that found in blood.  
Furthermore, infants have a 2.7 fold greater ratio of surface area to 
body mass compared with adults; combined with infants’ crawling 
behaviour this leads to greater potential for skin absorption.  Compared 
with adults, they have less fat in which to store the chemicals, thus the 
circulating level is higher.   In the US, urinary levels of organophosphate 
pesticides in children were found to be higher than adults in the U.S. 
(22).   

 
Chronic low-dose exposure to certain pesticides might pose a potential 
hazard to the health and development of infants and children affecting 
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neurobehaviour or endocrine system.  Animal studies have shown that a 
variety of pesticides can interact with the endocrine system such as 
oestrogen, androgen, and thyroid receptor during critical periods of 
development and produce adverse effects such as altered social skills, 
decreased intelligence, and reproductive difficulties or failures.  

 
3.2.2 
Polychlorinated 
bisphenyls 
 

PCBs are produced as industrial chemicals that are mainly used for 
insulation in electrical equipments.  The health effects of PCB are similar 
to those of dioxins (refer below). 

 
3.2.3   
Dioxins 
 

Dioxins include Tetrachlorobenzo-p-doxin (TCDD) and related 
compounds polychlorinated dibenzo- dioxins (PCDDs), and 
dibenzofurans (PCDFs), all of which have been the focus of extensive 
research in the past 30 years.  

 
Where do they 
come from? 

Dioxins and furans are formed during incomplete combustion of organic 
materials when chlorine is available in the feedstock or in the air supply 
during the combustion process and they are also produced as trace 
contaminants in various industrial processes. Important sources of 
dioxins and furans include waste incinerators, combustion of PVC in 
landfill fires and open burning as well as emissions from vehicles fuelled 
by leaded petrol.  In the past, exposure to these chemicals occurred in 
industrial settings in the manufacture of chlorinated phenoxy herbicides.  
At present, the largest sources of emissions are municipal and medical 
waste incinerators which together accounted for more than 85% and 
65% of releases in 1987 and 1995 respectively in the US.  
 
Other significant sources of dioxins include the pulp and paper industry, 
cement kilns, forest and brush fires and secondary copper smelting.  
Historical trends indicate that exposure to dioxins has been increasing in 
Europe and the US during the last century with a peak around 1950-60s 
and a gradual decrease thereafter (Figure 2).  There is a remarkably 
consistent decline in the intake of dioxins in all developed countries.   
 
Exposure in humans is almost entirely through diet, particularly in milk 
and other dairy products, and fish and meat.  Dioxin and related 
compounds are extremely persistent in humans. For any given dose of 
dioxins received today, a person will have traces of compounds in their 
body ten years later.  Dioxins are well absorbed and are stored almost 
completely in the fatty tissue throughout the body.  Figure 3 shows the 
mean lipid levels of TCDD declined by 10-fold over the time period from 
1972 to 1999.  Estimates of emission, sediment-level trends, food data 
and human body burden suggest that in developed countries, regulatory 
efforts to control dioxin in the environment have been successful; less is 
known about the results of control measures in developing countries.   
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Figure 2:  Estimated TEQ (WHO) emissions from quantified sources of PCDD/Fs in the 
U. S. in 1987, 1995 and projected for 2005 (19)  
 

 
 
Figure 3: Mean lipid-adjusted TCDD levels in studies of general population groups in 
different countries (19)  

 
 
Dioxins -  
intake limits  
 

There are 210 different forms of polychlorinated dioxins and furans and 
they have a common mechanism of action and induce the same toxic 
effects, with TCDD being the most toxic of this family.  This has led to 
the development of a relative potency ranking scheme using toxic 
equivalent factors (TEQ).    The total dioxin-like activity of a complex 
mixture is expressed as the weighted sum of all the dioxin like 
chemicals.  Table 2 shows the guidelines of various agencies 
internationally for POPs.  
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Table 2: Guidelines of various agencies for POP as Toxic Equivalent 
Factor (TEQ) *  
 

 Agency Year Description of value TCDD or TEQ 
pg/kg/day 

USEPA 

(22) 

1985 Risk-specific dose (RSD) for 

cancer (10-6) 

0.006 

 2000 RSD 0.001 

USATSDR 

(23) 

1989 Minimal risk level for non-

cancer effects (MRL) 

1 

 1998 MRL 1 

WHO (24) 1991 Tolerable daily intake (TDI) 10 

 1998 TDI 1-4 

WHO/FAO 

(18) 

2001 Provisional tolerable 

monthly intake 

2.3  

(70pg/kg/month) 

ECSCF 

(25) 

2000 Tolerable weekly intake 1 (7pg/kg/week) 

 2001 Tolerable weekly intake 2 (14pg/kg/week) 

*   modified from Hayes et al (19).  USEPA= United States Environmental 
Protection Agency; USATSDR=United States Agency for Toxic 
Substances and Disease Registry; WHO=World Health Organization; 
FAO= Food and Agriculture organization; ECSCF= European 
Commission Scientific Committee of Foods. 

 
 In experimental animals, dioxin exposure affects multiple hormones of 

the endocrine system resulting in reproductive effects such as infertility 
and fetal loss, suppression of ovulation cycle, decreased sperm 
production and decreased circulating male hormones. (27). 
 

Dioxins -  
health effects 
in adults 
 

Cancer.  The results of all epidemiological studies of industrial cohorts 
have shown invariably increases in cancer mortality.  In general, low 
excess risks for all neoplasms combined were found in all industrial 
cohorts with adequate exposure assessment (Table 3). The risk tended 
to be higher in those with higher exposures.  Risks for some specific 
cancers such as breast, endometrial and testicular cancers, have been 
increased in some of the studies but results are not consistent between 
studies and no specific cancer appears to predominate.   

 
 
 
 
 



Chemical Contaminants in Hong Kong’s Environment and Food 
 
 

 13

Table 3: Standardized mortality ratios (SMR) for selected tumours in the 
21,863 workers of the IARC international cohort study exposed to 
phenoxy herbicides, chlorophenols, but exposure to TCDD or higher 
chlorinated dioxins 1939-1992* 

Workers exposed to TCDD 
or higher chlorinated 
dioxins 

All workers exposed to 
any phenoxy herbicide 
or chlorophenol 

Cause of 
death 

No of 
deaths

SMR 95% CI No of 
deaths 

SMR 95% CI 

All causes 2,728 1 0.97-1.04 4159 0.97 0.94-1.00

All cancers 710 1.12 1.04-1.21 1127 1.06 1.00-1.13

Breast, female 9 2.16 0.99-4.10 12 1.23 0.63-2.14

Endometrium 

and uterus 

3 3.41 0.70-9.96 4 2.30 0.63-5.89

Prostate 43 1.11 0.81-1.50 68 1.10 0.85-1.39

Testis 4 1.31 0.36-3.35 7 1.30 0.52-2.68

* From Kogevinas (27) 
 
Noncancer.   Despite the effects on experimental animals, evidence of 
noncancer effects in humans is inconclusive with the exception for skin 
(chloracne) and cardiovascular effects (ischaemic heart disease). The 
effects on thyroid function, reproductive hormones are inconclusive, 
although increased probability of female births have been reported.  The 
most extreme modification of the sex ratio was observed among fathers 
exposed when they were younger than 19 years old (sex ratio = 0.38, 
95% CI 0.30-0.47) (27).   Dioxin exposed subjects were also found to 
have higher mean glucose concentrations compared to those 
unexposed in some studies, but not in others (27).  

 
 Table 4: Summary of the strength of epidemiological evidence on 

noncancer effects and TCDD exposure* 
Effect Epidemiological evidence 

Dermatological (chloracne) Proven association 

Cardiovascular and changes 

in lipid concentration 

Positive association in most “high dose” 

studies but results are not entirely consistent 

Diabetes Overall results are not consistent 

Reproductive  Change in sex ratio – more girls than boys 

Thyroid function Not consistent 

Neurological effects Inconsistent findings 

Respiratory system Inconsistent findings 

* From Kogevinas (27) 
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Dioxins -  
health effects 
in children 
 

Hormonal function.  Exposure to dioxin during the prenatal period and 
during lactation was associated with various alterations in thyroid 
function in children. 

Neurodevelopmental effects.  Greater PCB and dioxin exposure 
through breastfeeding had a significantly adverse effect on the 
psychomotor outcome among those breastfed during infancy.  At 7 
years, boys exposed to high levels of dioxin exhibited less “masculine” 
play and less “feminine” play was observed in girls.  In a cohort of 
children in Amsterdam, there was a trend for the most highly exposed 
group to score lower in neuromotor functioning tests (28,29).  There is 
limited data in this area.   

 
3.2.4    
POPs in the 
PRD 

A recent review of all studies of POPs in the environment in the PRD 
(30) confirmed that industrial pollution is a serious and chronic problem 
for agriculture in the region, but there is little incentive for local 
authorities to enforce existing environmental regulations. 
 
Extensive organochlorine pesticides and DDT have accumulated in soil 
and crops despite prohibition of their use in 1980, and they are difficult to 
degrade.  Levels of these pesticides in food products and the intakes of 
DDT and Lindane (HCH) in the Chinese diet were considerably higher 
than Japan or USA (30).  In the PRD, annual use of these 
organochlorine pesticides from 1972 to 1982 is estimated to be 76,000 
to 100,000 tons, and in addition, agricultural lands have been developed 
for commercial uses in the last 2 decades, accelerating the 
remobilization of previously buried organochlorines.  In consequence, 
the Pearl River carries the highest load of chlorinated pesticides 
amongst China’s rivers. 

 
 A large proportion of old transformers and capacitors containing 

polychlorinated biphenols (PCBs) are still being used in China resulting 
in continued input into the pool of PCBs in the environment.  
 
Most municipal and industrial wastes are still buried in landfills in the 
PRD Region although large incinerator plants have been built more 
recently.  Many industries using polyvinyl chlorides (PVC) have sprung 
up there but there is little information on the levels of polychlorinated 
dibenzo- dioxins (PCDDs) and dibenzofurans (PCDFs) (30). 
 

POPs in the 
PRD’s air, 
surface water 
and soil? 

 

Air.  Airborne POPs in the PRD region comprising concentrations of 
DDT, PCB and polyaromatic hydrocarbons (PAHs) were found to be 
higher in Guangzhou and Zhuhai than in other cities in the region.  

Surface water.  Researchers reported very high levels of DDT and 
HCHs of up to 1200 ng/L PCBs in all river water samples from the Pearl 
River around the Guangzhou area, including high levels of DDT and 
metabolites of DDT.  This strongly suggests there are fresh inputs of 
these chemicals into the Delta. There is accordingly an urgent need to 
find and use more efficient and less persistent agrochemicals, phasing 
out outdated insecticides such as DDT and HCH. 
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Soil.  Eighty percent of pesticides used and produced in China from the 
1960s to 1980s were DDT and HCH; some 800 tons of organochlorines 
were washed into the Pearl River estuary in 1986.  Levels of DDT in 
sediment collected from the Pearl River Estuary increased from 1986 to 
1998 and the residues of DDTs and HCH were both high in 2000-01.  
High residuals of HCHs were detected in vegetables, banana, sugar 
cane, fruit plantation soils and fish ponds’ causeway soils, suggesting 
they were used in agriculture or for fish health purposes.  
 

POPs in 
PRD’s fish  

Fresh water fish is one of the most important staples in the diet of people 
in Guangdong and Hong Kong.   The calculated dietary intake for people 
in the Pearl River estuary of HCH, DDT, and PCB found in the flesh of 
fish collected from fish ponds in the Pearl Delta (Shunde, Nanhai, 
Dongguan, Zhonshan) (31) and at Mai Po Marshes in Hong Kong (32) 
appears to be within the China National Environmental Protection 
Agency maximum permissible limits set for foodstuffs (33).   However 
16% of the fish from PRD would have exceeded the US EPA standard 
for PCB from fish based on a consumption rate of 6.5 g/day (for an adult 
weighing 70 kg) (34).  But people in the Pearl River Estuary tend to 
consume more than 6.5 g of fish per day, and a figure of 30 g of fish per 
day may be more realistic.  To keep daily consumption within the US 
PCB limits, a more conservative maximum permissible concentration 
should be imposed, ie. PCB in fish of 0.003 ug/g wet weight: worryingly, 
72% of fish in the PRD would exceed this limit.  Improvements and 
updating the information on these pollutants in water, sediment, biota, 
food and human tissues would also help to establish a frame work for 
their proper management and control. 
 

 
3.2.5   
POPS in 
Hong Kong 
 
POPs in the 
air, water and 
soil 

 
Air.  In 2000, 27 ambient air samples were analysed (35) and in all 
sampling locations, winter months showed higher concentrations of 
PCDDs/PCDFs as compared to summer months’ concentrations; these 
were in annual ranges similar to earlier data for Hong Kong urban sites 
and other cities in Asia, Europe and the US.  
 
Since mid-1997, systemic measurements of toxic air pollutants have 
been conducted in several stations in different parts of Hong Kong (36).  
Among the six groups of toxic pollutants, PCBs, polychlorinated dibenzo-
p-dioxins/dibenzofurans (PCDD/PCDFs) and PAH were measured.  The 
annual concentrations of PCB ranged from 0.042 to 1.00 ng/m3 and 
PCDD/PCDF 0.05 to 0.1 pg I-TEQ/m3 .   
 
The dioxin levels in Hong Kong have progressively decreased from 1997 
to 2001. Compared with a number of urban locations around the world, 
the ambient dioxin levels in Hong Kong fell at the lower end of the range 
of dioxin concentrations measured at other urban centres. The dioxin 
levels were higher in the winter months (November–February) and lower 
in the summer months (May-August).  The study also found that local 
automobile emission, chemical and clinical waste combustion and landfill 
emissions only contributed to a small proportion of ambient dioxin levels 
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in Hong Kong.  There was a clear north-northwest to south southeast 
spatial gradient in the dioxin concentrations. The body of evidence 
suggests that the elevated dioxin levels in Hong Kong in the winter are 
mostly associated with regional transport by weak to moderate winds 
from emission sources to the north-northwest of Hong Kong.    
 
In terms of the PCB levels, the monitoring program found that the mean 
annual PCB concentration in Hong Kong in 2000-2001 was about 5 to 6 
times lower than those reported in urban centres in southeast Asia and 
are similar to those observed in Chicago in 1995 but a few folds higher 
than the world background levels (those over the Atlantic Ocean and the 
Arctic regions). The levels of PCB have a clear seasonal pattern, higher 
in the winter and lower in the summer attributable to the more effective 
removal through wet deposition and cleaner marine air influx in the 
summer and the input of dirtier continental air mass form the North in the 
winter. 
 
Water - Victoria Habour. Hong Kong’s EPA Department monitors POPs 
in sediments of the Harbour.  Based on the sediment data, researchers 
have estimated the inputs to the system (sewage, stormwater, and 
industrial discharges) and the fate of the contaminants (37).  They have 
provided guidelines for maximum concentrations in water for natural 
ecosystems and water as a source of seafood for human consumption 
and a “Risk Index” calculated from the levels of contaminants in 
sediments in Hong Kong.  

 
The levels of chlorohydrocarbons, PCBs, total DDT and total HCH in 
Victoria harbour pose a significant risk and probably have caused 
damage to the marine ecosystem as well as posing a hazard to seafood 
consumers, and the situation is measurably worse with the higher 
concentrations of contaminants in typhoon shelters. 
 
Soil – Mai Po Marshes Natural Reserve.  Substantially higher levels of 
PCDDs were found in samples collected from Mai Po Marshes and five 
of 6 sites on Hong Kong’s coastline compared to samples from the Bass 
Strait in Australia, the North Sea, the Baltic Sea and Casco Bay US (38).  

 
In contrast to PCDD, PCDFs were mainly found in sediment samples 
collected from industrial areas (Kwun Tong and To Kwa Wan) in Victoria 
Harbour and less in Mai Po Marshes.  It is likely the PCDFs were from 
industrial sources.  Fortunately, the levels of PCDD/F levels and 
congener profiles in the samples from Mai Po Marshes Nature Reserve 
were similar to those from PCDD sources not arising from human 
activities.  Though the sources of these elevated PCDD concentrations 
in Hong Kong are unclear, they may be from bark and soil as found in 
some New Territories samples (39). 
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POPs in 
breast milk 
and diet in 
Hong Kong 

Breast feeding provides the best source of nutrition for infants. 
However, breast feeding is the major route of PCB and dioxin exposure, 
and contamination of breast milk with organochlorine hydrocarbons may 
have adverse health effects on infants.  Breastfed infants have an 
average daily intake of PCDD 50 times higher than for formula-fed 
babies leading to health concerns of hyperpigmentation, neurological, 
cognitive, developmental and behavioural abnormalities.      
 
In a small survey in 1989, levels of organochlorine contaminants in 
human breast milk in Hong Kong were compared with 1976 data, and 
showed that the 1989 concentrations of p,p DDT, dieldrin and 
hexachlorobenzene (HCB) in breast milk samples were slightly but 
significantly lower than those in the earlier samples (40).   
 
More recently (41) the levels of total dioxin and PCB in breast milk 
samples from Hong Kong were found to be significantly lower than 
samples from Netherlands   As PCB and dioxin levels in human milk are 
dependent on the body burden, and the total body burden is related to 
the level in the environment (although not a direct relationship) it is 
speculated that the lower level of PCB/dioxin in breast milk samples in 
Hong Kong could be due to a lower level of background pollution in 
Hong Kong.  This is reflected in lower contamination levels in the local 
food chain, possibly as a result of industrialization in the Netherlands 
and the use of waste incinerators starting much earlier than in Hong 
Kong.  Again, although environmental pollution may be more severe in 
Hong Kong, most of the food consumed in Hong Kong is imported and 
therefore the levels in breast milk samples do not reflect the degree of 
environmental pollution (41). 
 

 Table 4: Comparison of average food consumption in Hong Kong and 
other countries.  

 Dietary intake of different food items (gm/day) 

Places Meat Fish Eggs Milk and 
cheese 

Hong Kong 151 93 19 42 

The 

Netherlands 

138 12 27 478 

USA 273 3 40 249 

Finland 105-107 7-58 11-35 1108-

1211 

Japan 8 93-207 13-30 23-28 

Spain 181 72 19-39 23-28 

Yugoslavia 70-212 0-96 19-51 200-437 

Derived from Soechitram et al (41) 
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 Populations differ in their diet (Table 4). These differences, especially of 
fish and dairy products intake may explain differences in body burden 
and the differences in toxic congeners in breast milk, for example, Hong 
Kong’s lower consumption of dairy products in contrast to the Dutch.  In 
the Netherlands, it has been estimated that 43-50% of PCB/ dioxin 
intake is through consumption of dairy products.  Although the intake of 
fish is higher in Hong Kong, the type of fish and the origins of fish 
consumed may be important. Ocean fish are less contaminated than 
those caught in rivers and coastal areas and Hong Kong people eat 
three times as many marine fish as fresh water fish.  Thus despite the 
high rate of fish consumption in Hong Kong, the proportion of 
contaminated fish consumed may be relatively less.   
 
Breast milk samples from Hong Kong and Guangzhou were tested for 
dioxin-like components (42) and the levels of dioxin residue in milk fat 
from Hong Kong samples were found to be lower than those from 
Guangzhou. The message however is that the level of body burden of 
POPs of Hong Kong pregnant women is lower than those of Guangzhou, 
probably as a reflection of the relative pollution in the environment as 
their dietary habits are similar. 
 

What can we 
conclude from 
the studies of 
POPS in 
Hong Kong? 

• The extensive of use of pesticides and PCB before 1983 and 
persistent illegal use after 1983 resulted in high levels of residues of 
POPs in the soil, air and surface water in the PRD.  Hong Kong 
banned the use of these chemicals a long time ago. 

• Hong Kong location and trade links with the rest of the PRD Region 
are a pollution link as well.   

• Human exposure to POPs is mostly through food and water 
consumption and the body burden of POPs is reflected in human 
breast milk.  Despite industrialization, and the high levels of POPs in 
the sediments of Victoria Harbour, levels of POPs in breast milk 
samples in Hong Kong are significantly lower than those in 
Guangzhou and the Netherlands.   

• Hong Kong’s consumption of imported food from other parts of the 
world compared to Guangzhou, and the differences in dietary habits 
between Hong Kong residents and those of the Netherlands, are 
likely explanations of Hong Kong’s lower levels of POP in breast milk 
or body burden of POP in breast milk. 
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4.0                  Summary and Recommendations 

 Industrialization and urbanization has resulted in pollution of air, soil and 
water in the environment. Air pollution has been extensively studied in 
developed countries, although less so in developing countries, and the 
effects of air pollution on lung health are well known.  Soil and water 
pollution arise mostly from industrial waste discharges, and pollutants 
such as heavy metals and POPs eventually end up in the food chain.   
 
In Hong Kong, the levels of chemical contaminants in the environment 
have declined during the last 2 decades due to the shift of industrial and 
manufacturing sectors to Southern China and to the tighter control of the 
use of these chemicals and regulations concerning industrial waste 
disposal.  In China, the use of these chemicals has also been banned 
since the 1980s.  However, because of the persistence of these 
chemicals in the environment and their illegal use, levels of chemical 
contaminants remain high in the PRD Region.  Hong Kong’s location at 
the estuary of the PRD and the reliance of Hong Kong’s population on 
Southern China for its water and food supply, mean that these chemicals 
will continue to be a threat to its health for many years to come.  
 

Further 
studies 
needed in 
Hong Kong 

There are very few studies targeting the long term health effects of 
exposure to heavy metals in the environment.  Of the few studies carried 
out on adults, the most striking finding in Hong Kong is the association 
between the levels of mercury in hair and subfertility or infertility in men.  
Given the very low fertility rate in Hong Kong of 0.8, it is important to 
include this as another cause, despite overwhelming social reasons for 
the low fertility rate.  
 
Hong Kong population is still exposed chronically to POPs, though less 
so than before.  Despite high levels of POPs, in the environment in Hong 
Kong, found mostly in food rich in fat, the body burden of POPs among 
local residents is not as high as for people in the Netherlands as a likely 
result of dietary habits and the high percentage of imported food.  
However, in Hong Kong, the age standardized rate of cancer of breast 
and uterus in females and cancer of prostate and nonHodgkin’s 
lymphoma in males showed gradual increases from 1975 to 1995 
(Figures 4 - 7).  Since exposure to POPs has been shown to be 
associated with increased risks of these cancers, the possibility cannot 
be excluded that exposure to POPs is another factor responsible for the 
increase of these cancers.     There is a need for further studies in these 
areas. 
 
Infants and children are much more susceptible to the adverse effects of 
heavy metals and POPs when the neurological system is still at the 
developmental stage.  There is a dearth of literature on the health effects 
of exposure to chemical contaminants in infants and children.  Breast 
feeding has been encouraged because of the many benefits to infants 
and yet breast milk can be a source of POP exposure to young infants.   
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Fish and shell-fish are an important part of a healthy diet: they contain 
high quality protein and omega-3 fatty acids and they are low in 
saturated fat.  However, all fish and shellfish contain traces of methyl 
mercury and POPs.  For the majority of people in Hong Kong, fish in the 
diet is the major source of exposure to heavy metals and POPs.  
 

Recommend-
ations to safe- 
guard the 
health of 
Hong Kong 
citizens 

To safeguard the health of Hong Kong citizens, the following measures 
are recommended: 

• Review the current international guidelines for mercury and POPs in 
the diet which are currently based on those recommended for 
populations with a low fish diet.  They should be lowered to an 
appropriate level for populations with high fish consumption, such as 
Hong Kong. 

      As they are very persistent in the environment, encourage local 
research into the long term health effects of exposure to these 
chemicals in children and adults.     

• Use every effort to enforce the bans on using PCBs and related 
chemicals, especially in the PRD region. 

• Enforce compliance with regulations concerning industrial waste 
discharges in Hong Kong and in the PRD region.   

• Apply continuous close monitoring of levels of heavy metals and 
POPs in the water and food supply in Hong Kong and the PRD 
Region. 
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Figure 4:  Age standardized rates of Cancer of Breast in Females and Males in Hong Kong (1975  - 1995) 
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Figure 5:  Age standardized rates of Cancer of the Uterus in Females in Hong Kong (1975 - 1995) 
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Figure 6:  Age standardized rates from Cancer of the Prostate and Testis in Hong Kong (1975 - 1995) 
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Figure 7:  Age standardized rates from Non-Hodgkin’s Lymphoma in Males and Females in Hong Kong  (1975  - 1995) 
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