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I. INTRODUCTION 

 

1. On 5 July 2015, a Legislative Council member held a press 

conference to announce that heavy metals were found in the water 

samples taken from some public and private buildings in Kowloon.  

Four samples from Kai Ching Estate (Kai Ching), a public rental housing 

(PRH) estate in Kowloon City, were found to contain more than 10 μg/L 

(micrograms per litre) of lead in drinking water, in excess of the 

provisional guideline value set out in the World Health Organisation 

(WHO)’s Guidelines for Drinking-water Quality (Guidelines) published 

in 2011.  

 

Excess Lead in Public Rental Housing Estates 

2. Kai Ching is one of the PRH estates completed in 2013.  At 

present, there are 170 PRH estates in Hong Kong, housing about 30% of 

the population. 

3. The Government took follow-up action by collecting water 

samples from different locations in Kai Ching for lead testing.  

According to announcements made by the Government between 9 and 

11 July 2015, the lead content of seven water samples (out of 115 

collected from Kai Ching) had exceeded the WHO provisional guideline 

value.  Lead was found in the solder used on water pipes.     
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4. In the course of July 2015, the scope of water sampling tests 

had been extended several times :  

(a) on 13 July, to cover four PRH estates, namely Lung Yat 

Estate (Lung Yat), Cheung Sha Wan Estate, Shui Chuen O 

Estate, and Kwai Luen Estate Phase 2 (Kwai Luen), where 

the fresh water plumbing systems were installed by the 

same Licensed Plumber (LP) who was responsible for the 

plumbing system at Kai Ching; 

(b) on 15 July, to cover PRH estates completed since 2013, as 

well as Kwai Luen Estate Phase 1 which was completed in 

2011; 

(c) on 20 July, to cover PRH estates completed in 2011 and 

2012; and 

(d) on 24 July, to cover PRH estates completed in or after 

2005, and eventually extending to all other PRH estates. 

5. Water sampling and testing for all PRH estates was completed 

by 18 November 2015.  Water samples from the following 11 PRH 

developments showed lead content above the WHO provisional guideline 

value: 

(1) Kwai Luen (completed in 2014); 

(2) Kai Ching (completed in 2013); 

(3) Wing Cheong Estate (Wing Cheong) (completed in 2013); 

(4) Lower Ngau Tau Kok Estate Phase 1 (Lower Ngau Tau 

Kok) (completed in 2012); 

(5) Shek Kip Mei Estate Phase 2 (Shek Kip Mei) (completed 
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in 2012); 

(6) Tung Wui Estate (Tung Wui) (completed in 2012); 

(7) Hung Hom Estate Phase 2 (Hung Hom) (completed in 

2011); 

(8) Yan On Estate (Yan On) (completed in 2011); 

(9) Choi Fook Estate (Choi Fook) (completed in 2010); 

(10) Un Chau Estate Phases 2 and 4 (Un Chau) (completed in 

2008); and 

(11) Ching Ho Estate Phase 1 (Ching Ho) (completed in 2008). 

 

Blood Tests and Medical Follow-up for Affected Persons 

6. Following the incidents, the Department of Health and the 

Hospital Authority determined that children aged below six, pregnant 

women and lactating women were the most vulnerable groups of people 

affected by lead.  Residents belonging to these groups in all the affected 

estates as well as residents residing in households with excess lead found 

in water samples were arranged to receive blood lead testing.  In 

addition, children aged six to eight residing in the affected estates were 

also arranged to receive blood lead testing.  

7. A health care plan developed by the Department of Health and 

the Hospital Authority was introduced.  As far as PRH estates are 

concerned, lead exposure assessments and continuous blood lead level 

monitoring were arranged for all residents with borderline raised blood 

lead levels.  In addition, children under 12 with elevated blood lead 

levels were provided with preliminary developmental assessments; 
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whereas young persons aged 12 to 18, adults, pregnant women and 

lactating women received health evaluations and follow-up as 

appropriate.   

Investigation Undertaken by the Government 

8. The Government set up the Task Force on Investigation of 

Excessive Lead Content in Drinking Water (Task Force) on 15 July 2015 

to carry out investigation and to ascertain the causes in relation to 

incidents of lead in drinking water in PRH estates and to recommend 

measures to prevent recurrence of similar incidents in future.  The Task 

Force was led by the Water Supplies Department (WSD) and its 

membership included representatives from relevant Government 

departments and academics/experts outside the Government.  The Task 

Force conducted tests on different components along the water supply 

chain such as valves, joints, pipes and fittings, and published its final 

report on 31 October 2015.  

9. The Hong Kong Housing Authority (HA) set up the Review 

Committee on Quality Assurance Issues Relating to Fresh Water Supply 

of Public Housing Estates (Review Committee) on 24 July 2015, with a 

view to reviewing the present arrangements for quality control and 

monitoring in relation to the installation of fresh water supply system in 

PRH estates.  The Review Committee published its final report on 

8 January 2016.  
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The Appointment of the Commission 

10. The Commission of Inquiry into Excess Lead Found in 

Drinking Water (the Commission) was appointed by order of the Chief 

Executive in Council on 13 August 2015, pursuant to section 2 of the 

Commissions of Inquiry Ordinance (Cap. 86) (the Ordinance).  The 

Terms of Reference of the Commission are to: 

(a) ascertain the causes of excess lead found in drinking 

water in PRH developments; 

(b) review and evaluate the adequacy of the present 

regulatory and monitoring system in respect of drinking 

water in Hong Kong; and 

(c) make recommendations with regard to the safety of 

drinking water in Hong Kong. 

11. Pursuant to section 3 of the Ordinance, the Chief Executive in 

Council has also directed, among other things, that the determination of 

any criminal or civil liability of any party (whether individual or legal 

entity) shall be outside the Terms of Reference of the Commission. 

 

The Appointment of Counsel, Solicitors and Expert Witnesses 

Counsel and Solicitors 

12. On 15 September 2015, Messrs Lo & Lo were engaged as 

solicitors for the Commission.  Pursuant to section 6(4) of the Ordinance, 

on 2 October 2015, Mr Paul Shieh, S.C., Mr Richard Khaw, and Miss 
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Bonnie Cheng were appointed as Counsel for the Commission. 

Expert Witnesses 

13. Pursuant to the power granted to the Commission, a total of

three experts had been appointed : 

(a) Professor David Bellinger : Neurologist and Developmental

Psychologist

14. On 16 October 2015, Professor David Bellinger, a neurologist

and developmental psychologist from the U.S.A., was appointed to assist 

the Commission in the inquiry.  Professor Bellinger is a professor of 

neurology and psychology at the Harvard Medical School, and a 

professor in the Department of Environmental Health at the Harvard 

School of Public Health.  He is also the Chairman of the WHO 

Committee which is responsible for the formulation of guidelines for 

United Nations member states on the diagnosis and treatment of lead 

poisoning.  Professor Bellinger submitted his expert report to the 

Commission on 1 December 2015 (Appendix 1) and gave evidence at the 

Commission’s hearing on 15-16 December 2015.  He explained the 

health effects of elevated blood lead level in general on different 

categories of persons, including children, pregnant women and lactating 

mothers, etc.  He also explained the guidelines adopted by WHO on the 

content of lead in drinking water and on blood lead levels, and gave 

opinions on the adequacy and suitability of the care plan adopted by the 

Hong Kong Special Administrative Region (HKSAR) Government.   
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(b) Professor John Fawell : Biologist and Toxicologist  

15. On 19 October 2015, Professor John Fawell, a biologist and 

toxicologist from the U.K., was appointed to assist the Commission in the 

inquiry.  Professor Fawell has worked extensively with WHO for nearly 

30 years on drinking water quality, and since 1988 has been a member of 

the coordinating team for the Guidelines and other WHO’s publications.  

Professor Fawell submitted a preliminary joint expert report (together 

with Professor Joseph Lee) and a final expert report to the Commission 

on 12 November 2015 and 4 February 2016 respectively (Appendices 2 

and 3), and gave evidence at the Commission’s hearing on 

16-18 February 2016.  Professor Fawell expressed his opinions on the 

findings of the Task Force’s Final Report.  He explained the history and 

development of the Guidelines and the rationale behind the determination 

of guideline value.  He also reviewed the adequacy of the existing 

regulatory and monitoring regimes on quality of drinking water in Hong 

Kong and made various recommendations. 

(c) Professor Joseph Lee : Civil Engineer 

16. On 28 October 2015, Professor Joseph Lee, a civil engineer, 

was appointed to assist the Commission in the inquiry.  Professor Lee is 

the Chair Professor of the Department of Civil and Environmental 

Engineering, and the Vice President for Research and Graduate Studies of 

the Hong Kong University of Science and Technology (HKUST).  

Professor Lee submitted his preliminary joint expert report (together with 

Professor John Fawell) and a final expert to the Commission on 
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12 November 2015 and 5 February 2016 respectively (Appendices 2 

and 4), and gave evidence at the Commission’s hearing on 

15-16 February 2016.  Professor Lee and his research team from 

HKUST conducted independent investigation into the factual causes of 

excess lead in drinking water and examined the methodology adopted by 

the Task Force and its findings.  

The Commission’s Rules and Procedures 

17. Pursuant to section 4(1)(m) of the Ordinance, at the preliminary 

hearing held on 20 October 2015, the Commission determined the rules 

and procedures to be followed at the inquiry (Appendix 5). 

Participation and Representation of Parties in the Proceedings 

18. The Commission noted that the 11 affected PRH estates were 

built by HA, a statutory body established under the Housing Ordinance 

(Cap. 283) to develop and implement Hong Kong’s public housing 

programme.  The Housing Department (HD) is the executive arm of HA.  

Acting as a developer, HA engaged main contractors in the construction 

of the affected PRH estates.  The main contractors further contracted out 

all plumbing works to subcontractors / sub-subcontractors in order to 

fulfil their contractual obligations.   

19. The construction of plumbing installations is governed by the 

Waterworks Ordinance (Cap. 102) (WWO).  Section 15 of WWO 

stipulates that no inside service shall be constructed, installed, maintained, 

altered, repaired or removed by a person other than a licensed plumber or 
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a public officer authorised by the Water Authority (WA), except for 

alterations or repairs which are, in the opinion of WA, of a minor nature, 

or the rewashing of a tap.  

20. Against the above background, pursuant to sections 6(1) and (2) 

of the Ordinance and upon applications made by interested parties, the 

Commission has determined that various parties may participate and be 

legally represented in the proceedings on the basis that their conduct is or 

may fall within the ambit of the inquiry or that they are in any way 

implicated or concerned in the subject matter of the inquiry.  The 

persons in respect of whom such determinations have been made are: 

 Government and public bodies 

(1) WSD, represented by Dr William Wong, S.C., leading Mr 

Abraham Chan and Mr Lewis Law, on the instructions of 

the Department of Justice. 

(2) HA, represented by Mr Ambrose Ho, S.C., leading Mr 

Michael Yin, on the instructions of Messrs Stephenson 

Harwood. 

Contractors, licensed plumbers and other parties involved in the 

construction of the 11 affected public rental housing 

developments 

(3) Yau Lee Construction Company Limited (Yau Lee), Ming 

Hop Co. Ltd. (Ming Hop), and Mr Ng Hak Ming (a 

licensed plumber), represented by Ms Maggie Wong, Mr 
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Kenneth Chung, Mr Tony Li and Ms Tanie Toh on the 

instructions of Messrs T. H. Koo & Associates. 

(4) China State Construction Engineering (Hong Kong) 

Limited (China State), represented by Mr Ian Pennicott, 

S.C., leading Ms Catrina Lam, on the instructions of 

Messrs Mayer Brown JSM. 

(5) Paul Y. General Contractors Limited (Paul Y), represented 

by Dr Gerard McCoy, S.C., leading Mr Eric Chung and 

Mr Daniel Hui, on the instructions of Messrs Deacons. 

(6) Shui On Building Contractors Limited (Shui On), 

represented by Mr Osmond Lam and Ms Baltic Cheng on 

the instructions of Messrs Mayer Brown JSM. 

(7) Ho Biu Kee Construction Engineering Company Limited 

(Ho Biu Kee), represented by Mr Yeung Ming Tai and Mr 

Lee Kin Wang on the instructions of Messrs Chiu, Szeto & 

Cheng. 

(8) Golden Day Engineering Company Limited (Golden Day) 

and Mr Cheung Tat Yam (a licensed plumber), represented 

by Mr Alfred Wu and Mr Kevin Kong of Messrs Norton 

Rose Fulbright
6
. 

 

                                                      
6
  Mr Yung Kwok Choi (a former employee of Golden Day) and Ms Lam Lai King (a current 

employee of Golden Day) had separate legal representation.  Mr Yung was represented by 

Ms Frances Lok on the instructions of Messrs Gall.  Ms Lam Lai King was represented 

by Mr Lawrence Hui on the instructions of Messrs ONC Lawyers.  
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(9) Wing Hing Plumbing Drainage (Wing Hing), represented 

by Mr Mok Hoi Kwong, acting in person. 

(10) Hang Lee Engineering Company (Hang Lee), represented 

by Mr Siu Kin Wong, acting in person. 

(11) Mr Lam Tak Sum (a licensed plumber), acting in person.  

(12) Prosperity Building Materials Co. Ltd (Prosperity), 

represented by Mr Chow Sik Lun of Messrs LCP Lawyers. 

Affected residents 

(13) Coalition of the Victims of Contaminated Drinking Water 

(Lee Pui Yi, Chong So Nga, and Liu Hui Ping) (the 

Coalition), represented by Mr Martin Lee, S.C., leading 

Mr Jeffrey Tam, Ms Senia Ng and Mr Chris Ng, on the 

instructions of Messrs Ho Tse Wai, Philip Li & Partners. 

Ambit of the Material and Testimonies Received by the Commission 

21. By orders made during the inquiry, the Commission required 

the parties set out in paragraph 20 above to produce to the Commission 

and on a continuing basis a range of material, including in particular 

witness statements and relevant documents/records.  In consequence and 

as a result of their compliance with those orders, a huge amount of 

material had been made available to Counsel for the Commission, from 

which material relevant to the Commission in the discharge of its duties 

had been received by the Commission in its hearings. 
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22. The Commission also received witness statements, reports, and 

documents/records from the Government Laboratory, Department of 

Health, Wo Hing Manufacturing Company (Wo Hing), Construction 

Industry Council (CIC), Vocational Training Council (VTC), Hong Kong 

Plumbing and Sanitary Ware Trade Association (PSWTA), Hong Kong 

Institution of Engineers (HKIE), Hong Kong Institute of Architects 

(HKIA), and Hong Kong Housing Society. 

23. Almost all witnesses who had testified orally had been referred 

to prior witness statements addressing the subject of their testimony.  

Generally, in their oral testimony, given under oath or affirmation, such 

witnesses acknowledged the prior statements, amended or qualified in 

such way as they wished to do, as being true to the best of their 

knowledge and belief.  Similarly, witnesses whose evidence had been 

received as that of an expert had produced reports to the Commission 

which they had addressed in their oral testimony.  A list of witnesses is 

at pages vi to xiv. 

24. Throughout the proceedings, the Commission had posted on its 

website on a daily basis a transcript of each day’s proceedings.  Most of 

the witness statements received by the Commission had been read into 

the transcripts when the respective witnesses gave oral testimony. 
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II. THE CAUSES OF THE INCIDENTS 

 

Adverse Effect of Lead 

25. Professor David Bellinger was instructed by the Commission to 

provide expert opinion on (a) health effects of elevated blood lead level 

on human beings; (b) the internationally accepted guidelines on the 

content of lead in tap water and blood; (c) the evaluation of the guidelines 

and parameters in (b) above; (d) the adequacy and suitability of the 

reference values for blood lead level and the care plan by the HKSAR; 

and (e) the adequacy and suitability of the acceptance criteria laid down 

by WSD for heavy metals. 

26. More is known about the adverse effects of lead on human 

health than about any other environmental chemical. 

27. Lead impairs processes that are fundamental to many aspects of 

the way our bodies work.  Chemically, lead is a divalent cation similar 

to calcium and interferes with a lot of the biological processes that 

depend upon calcium.  Nerve cells in our brain which communicate with 

one another are dependent on calcium, so lead interferes with the 

communication between cells in the brain.  Lead interferes not just the 

transmission of information, but also the laying down of the fine structure 

of the nervous system.  It interferes with processes that are important in 

long-term memory and storage of information.  So lead is both a 

developmental neurotoxicant and a functional neurotoxicant.   
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28. The blood-brain barrier within our body limits the size of 

molecules that can pass into the brain.  In children, the blood-brain 

barrier is not so tight.  Molecules such as lead can get into the brain 

more easily in young children than in adults.  Further, children only 

receive one chance to develop their brain, and so lead should be 

prevented from interfering with the complex spatial and temporal 

choreography involved in putting a brain together, which involves 

billions of nerve cells that have to be in the right place at the right time in 

order for normal brain development.  That explains why the central 

nervous system is more vulnerable in children.  Once lead gets into the 

brain of children, it settles inside and has an easier time getting in than 

getting out. 

29. Lead is often characterised as a “multi-media” pollutant 

because of the diverse ways in which human exposure can occur.  The 

major classes of sources and pathways of exposure to inorganic lead (the 

form of lead in solder) include food, air, soil, paint and water, although 

exposure can also occur as a result of many other activities (e.g. use of 

contaminated herbal medicines).  Once lead enters the body, its toxicity 

is the same regardless of the source and pathway through which exposure 

occurred. 

30. The lead in a person’s body resides in three major “pools” 

namely, bone, soft tissues and blood.  Among adults approximately 90% 

of the total body burden is in mineralised tissues, such as bone.  The 

lead accumulated in hard (cortical) bone might remain there for several 

decades, whereas the lead accumulated in more porous (trabecular) bone, 
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which is in greater contact with the circulatory system, might remain 

there for much less time.  In children, lead in bone accounts for 

approximately 70% of the total body burden, and appears to move in and 

out of bone much more rapidly than it does in adults due to the rapid 

changes in bone turnover that occur during childhood.  Most of the rest 

of an individual’s body burden of lead is in soft tissues such as the brain, 

liver and kidneys.  Only a small percentage, about 5%, is in blood.   

31. Lead can be mobilised from mineralised tissues and 

re-introduced into blood by a variety of physiologic and pathophysiologic 

states that increase bone turnover, such as pregnancy and lactation. 

32. Therefore, the blood lead level measured for an individual at 

any given time reflects the equilibrium between the individual’s current 

exposure to “new” lead and the “legacy” lead from past exposure.  The 

half-life of lead in blood is approximately 30 days.  That however does 

not mean that an individual’s blood lead level will fall by half in a 

month’s time if major exposure sources and pathways are removed. 

33. As pointed out by Professor Bellinger, three groups of human 

population are particularly vulnerable to lead exposure: children, 

pregnant women and lactating mothers. 

Infants and Children under Six Years of Age 

34. Humans of any age can be harmed by exposure to lead, but 

young children are considered to be the most vulnerable subgroup of the 

population, and the developing central nervous system is considered to be 
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the most vulnerable organ.  Children with blood lead levels below 

25 μg/dL (micrograms per decilitre) generally do not show any signs or 

symptoms that bring them to medical attention.  However, children with 

blood lead elevation at such levels are at increased risk of a variety of 

cognitive and behavioural adversities that are persistent and affect many 

aspects of an individual’s health and well-being.   

35. There are independent studies which suggest that children with

blood lead level of 0 μg/dL will, all other things being equal, have an IQ 

score about five points higher than children with blood lead level of 

10 μg/dL.  Early-life exposure produces persistent changes in brain 

structure and function. 

36. According to Professor Bellinger, there is sufficient evidence to

conclude that blood lead levels <5 μg/dL in children are associated with 

adverse neurological effects, including reduced intelligence, 

neuropsychological function, and academic achievements and increased 

incidence of attention-related and other problem behaviours. 

Children and Teenagers between 6 and 18 Years 

37. Scientific evidence also shows that the inverse associations

between early-life lead exposure and neurodevelopment persist, though 

perhaps in somewhat weakened form, over this interval.  

38. The evidence is sufficient for the association between blood

lead level <10 μg/dL and decreased hearing, delayed puberty, and reduced 

postnatal growth. 
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39. A considerable body of evidence now exists in support of the 

hypothesis that greater lead exposure places a child at increased risk of 

meeting diagnostic criteria for Attention Deficit Hyperactivity Disorder 

(ADHD).  Studies have also suggested that greater childhood lead 

exposure is associated with an increased propensity for violence and 

aggression. 

40. Certain areas of the brain are more vulnerable to the effects of 

lead than other areas.  One of the primary areas is the frontal lobe where 

the executive functions, such as the ability to do long-term planning and 

organisation, the ability to develop strategies and to adapt the strategies in 

the face of new information, and the ability to delay gratification, are 

situated.  It is believed that children with too much lead are more prone 

to ADHD and behavioural problems because executive functions are the 

major underlying deficit of children with ADHD. 

41. Lead is also particularly dangerous to a small area of the brain 

called the hippocampus where learning and memory take place.  So 

children may have trouble keeping up in school, may get into behavioural 

difficulties, and may have increased propensity to aggression, because 

they cannot delay gratification due to the executive function impairment. 

Pregnant Women 

42. Certain physiologic changes associated with pregnancy, and 

with the progression of pregnancy, alter lead kinetics in complex ways.  

Lead crosses the placenta by the process of passive diffusion.  As a 
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result, the concentration of lead in the umbilical cord blood of a neonate 

will be similar to the concentration of lead in maternal blood at delivery.   

In other words, the lead exposure of a foetus is essentially the same as 

that of the pregnant woman.   

43. Studies have shown that a greater concentration of lead in 

maternal blood during pregnancy or in the cord blood is significantly 

associated with pregnancy hypertension and elevated blood pressure 

during pregnancy and delivery.  Studies using lead isotopic ratios have 

also shown that a substantial fraction of the lead in the blood of a 

pregnant woman cannot be attributed to her current external exposure but 

reflects lead from past exposure that has been mobilised by the rapid 

turnover of bone that occurs during the second and third trimesters of 

pregnancy.  

44. Many studies have evaluated lead exposure as a risk factor for 

outcomes such as length of gestation, birth weight, birth length, head 

circumference and congenital anomalies.  Although significant 

associations have been reported, the evidence is however inconsistent. 

Lactating Mothers 

45. Bone turnover is greater during lactation than pregnancy and 

continues as long as an infant is nursing.  As much as 5% of a woman’s 

bone mass is mobilised during this period.  Isotopic studies of the lead in 

breast milk indicate that at least some of the lead comes from maternal 

bone, and the concentration of lead in maternal bone is positively related 



 

19 
 

to the concentration of lead in breast milk.  However, the concentration 

of lead in breast milk is low, comparable to that in the blood.  Thus, this 

pathway of exposure likely contributes relatively little to an infant’s lead 

exposure.  Balancing the known benefits of breastfeeding and the slight 

risks of substantial lead exposure from breastfeeding, the United States 

Centres for Disease Control and Prevention (USCDC) encourages 

mothers with a blood lead level ≤40 μg/dL to breastfeed. 

46. Water however can be a very important pathway of lead 

exposure for infants who consume formula made up with water that 

contains lead.   

Lead Concentration and Blood Lead Levels 

47. Professor Bellinger also told us the development and evolution 

of the WHO guideline value in respect of lead.  

48. In 1958, WHO recommended a maximum allowable lead 

concentration of 100 μg/L in water.  This recommendation was 

health-based.  In 1963, it was reduced to 50 μg/L.  In the first edition of 

the Guidelines published in 1984, a health-based guideline value of 

50 μg/L again was recommended.  In its 1993 edition, the guideline 

value was lowered to 10 μg/L.  

49. In 2011, the guideline value of 10 μg/L was evaluated and 

retained.  However, it was designated as “provisional” on the basis of 

treatment performance and analytical achievability.  
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50. Further details concerning the history and development of 

lead’s guideline value will be discussed when we come to Professor 

Fawell’s evidence.  It is sufficient to say at this juncture, that both 

experts in their evidence stated quite clearly that over the years, the 

guideline value had changed from health-based to non-health-based.    

51. Professor Bellinger pointed out that as far as the U.S.A. was 

concerned, the allowable concentration of lead in water was established 

under the Safe Drinking Water Act 1974.  Until 1991, the limit had been 

50 μg/L.  

52. After the passage of the Lead and Copper Rule in 1991, the 

allowable concentration was lowered to 15 μg/L.  Usually, lead does not 

enter water at the source but as a result of corrosion of plumbing 

materials in the distribution system, and typically those materials are 

close to the point of consumption.  This is particularly the case in the 

U.S.A. where lead water pipes are prevalent.  Therefore, the allowable 

concentration of 15 μg/L is regarded as an action level that warrants 

further follow-up by the authorities.  If the lead concentration of more 

than 10% of the tap water samples collected exceeds the 15 μg/L level, 

the water supplier is required to take steps to reduce exposure, including 

adopting the treatment technique established by the United States 

Environmental Protection Agency (USEPA) to reduce the corrosivity of 

water which aggravates the leaching of lead from the distribution system.  

53. As for blood lead level, WHO at present identifies 10 μg/dL as 

the upper limit.  It is considered that the absence of a threshold for lead 
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toxicity means that no level of exposure is safe (thus “tolerable”).  

54. USCDC identified 10 μg/dL as an “action level” in 1991.  The 

current consensus in the U.S.A. is that there is no “safe” blood lead 

concentration below which adverse effects do not occur.  In 2012, 

USCDC abandoned the concept of an “action level”, substituting for it a 

“reference level”.  Reference level is defined solely on a statistical basis 

and is no longer a health-based value, and its purpose is simply to identify 

children who are the most exposed. 

55. As stated by USCDC, because of the absence of an identified 

threshold for adverse effects, it could not specify “an allowable exposure 

level, level of concern, or by other bright line intended to connote a safe 

or unsafe level of exposure”. 

56. Having examined the blood lead levels of individual residents 

from the affected estates, Professor Bellinger noted that there was a 

decline in their blood lead levels between their baseline and follow-up 

blood test after measures had been introduced to reduce their exposure to 

lead in their drinking water.  An average decrease of 13-14% was seen 

in pregnant women whereas an average decline of 30% was seen in other 

individuals.  

57. Professor Bellinger came to the view that there was a positive 

relationship between the level of lead in water and the blood lead level of 

individual residents and that it was not necessary to conduct any isotopic 

analysis of blood samples to identify the origin of lead.  
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58. Professor Bellinger was of the opinion that the acceptance 

criteria laid down by WSD in respect of lead (≤ 10 μg/L), cadmium 

(≤ 3 μg/L), chromium (≤ 50 μg/L) and nickel (≤ 70 μg/L) were based on 

sound reasoning.  In short, these values followed the Guidelines.  

59. As to the care plan adopted by the Department of Health, 

Professor Bellinger told us that because of the multiplicity of sources and 

pathways of lead exposure, there might be sources and pathways other 

than water that contributed to an individual’s continued blood lead 

elevation.  For blood lead levels at 44 μg/dL and below, the 

interventions would be environmental investigation and assessment.  An 

environment investigation and assessment would necessary involve 

consideration of lead hazards in an individual’s home environment (paint, 

food, hobbies, use of folk medicines, children’s toys, etc.), outside 

activities (soil, proximity to lead-emitting point sources), and any other 

environments in which an individual spent substantial time (e.g. school, 

day care centre, workplace).  Apart from that, there is unfortunately not 

much else to offer.   

60. Continued follow-up blood lead testing for individuals whose 

blood lead concentration remains above the age-appropriate reference 

value is very important.  The use of chelation is counter-productive in 

children with blood lead level below 44 μg/dL because it chelates not 

only lead but chemicals such as calcium and zinc.  There is some renal 

toxicity, so it is not performed below 45 μg/dL.  Given the blood lead 

level of the affected children, Professor Bellinger was of the view that it 

would be unlikely for them to show signs or symptoms of lead toxicity 
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and that any shift in terms of mean level of performance would be 

unnoticeably minor. 

61. Professor Bellinger concluded that lead served no biological 

purpose in the body.  There was no “safe” level of lead, as adverse 

effects in different organ systems, particularly the central nervous system, 

had been observed at blood lead levels less than 5 μg/dL.  Therefore, the 

ideal blood lead concentration for a human would be 0 μg/dL.  

62. The many sources and pathways of lead exposure complicate 

the path to achieving this goal.  Removing one pathway and source may 

produce only a modest reduction in blood lead level.  That lead is an 

accumulative toxicant stored in multiple pools in the body besides blood 

introduces an additional complication.  

63. The data available demonstrating an average reduction of 

approximately 30% in the blood lead levels of residents of the affected 

PRH estates following interruption of the water pathway suggested that 

lead in the drinking water was, indeed, contributing to the exposure of the 

residents.  And Professor Bellinger was satisfied that the general 

components of the care plan proposed for residents by the Department of 

Health were appropriate. 

 

Independent Investigation 

64. Following the incidents, Professor Lee was instructed to: 

(a) conduct, if necessary, independent investigation on behalf 
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of the Commission to ascertain the factual sources of 

excess lead found in drinking water in PRH; and 

(b) evaluate the methodologies and review and verify the 

findings of the Task Force. 

65. Between July and September 2015, WSD collected a number of 

drinking water samples in the PRH estates of Hong Kong.  106 samples 

in 11 estates were found to exceed the WHO provisional guideline value 

of 10 μg/L.  In addition, the Task Force also conducted an investigation 

into the causes of excess lead.  It concluded, in October 2015, that the 

main cause of the excess lead was the use of leaded solder in the 

construction of the fresh water supply plumbing system. 

66. As explained by Professor Lee, the lead concentration of 

drinking water at the consumer tap in a PRH estate building depended on 

a complex myriad of factors including: the time of consumption and prior 

use, the sources of lead in the water supply system, the pipe material and 

chemical properties of the water, detailed plumbing arrangements, and the 

age of the building.  Different methods of sampling the same household 

supply would also give different results.  There was currently no 

universally accepted method for sampling lead in drinking water; the 

appropriate method depended on the particular purpose for which 

sampling was carried out. 

67. The lead concentration measured by WSD on the 1,325 

drinking water samples in the 11 affected estates were all based on 
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“fully-flushed” samples (i.e. for each flat a 250mL sample was taken after 

flushing the tap for 2-5 minutes).  While this sampling method provided 

a measure of general water quality of the bulk water supply, it did not 

reflect the actual and sometimes high lead concentrations to which the 

residents were exposed.  Such data did not provide an estimate of the 

mean lead concentration used for drinking and cooking, nor an adequate 

basis for assessment of health risks.   

68. Professor Lee added that unlike other countries, lead pipes were 

not used in the water supply system of Hong Kong.  The deposition, 

release and transport of any lead introduced into the highly compact 

labyrinth of water supply system in a PRH estate building was a unique 

feature that had previously not been studied.  In view of the enormous 

scale of the problem and the paucity of data, he resorted to the use of a 

computational fluid dynamics (CFD) model to assist with the data 

interpretation.   

69. When water tap was not in use, say overnight, the water in the 

supply chain of a particular flat would have been stagnant.  Lead 

deposits would be released into the water through chemical reaction and 

molecular diffusion.  The lead concentration in the system would also 

increase with time.  The distribution of the dissolved lead along the 

supply chain both during stagnation and after opening the tap could be 

obtained through the CFD modelling.  The aim was to provide an 

indirect check on the lead leaching rates measured by Professor Lee’s 

team and the Task Force, and to gain more insights into the causes and 

possible mitigation measures against risks of drinking lead-contaminated 
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water in PRH estate flats in Hong Kong. 

70. Given the inadequacies of the “fully-flushed” method, 

Professor Lee and his team designed a field sampling programme and 

implemented it during 2 to 22 December 2015.  The aim was to provide 

an independent data set for identification of the causes of lead 

contamination and to provide a basis for assessment of health risk.  The 

sampling covered 36 buildings in the 11 affected estates and seven 

buildings in six selected unaffected estates: Shui Chuen O Estate, Yee 

Ming Estate, Choi Tak Estate, Kwai Chung Estate, Un Chau Estate Phase 

5 and Sau Mau Ping South Estate.  In each building, three flats at upper, 

middle and lower levels were randomly selected by HD.  In total, 129 

flats were sampled. 

71. For each flat, a total of five samples were taken from the 

kitchen tap with the water continuously flowing: a “first-draw” sample 

and four subsequent samples at 20 second intervals.  The sampling was 

carried out in the early morning between 6:30 and 9:00 am and the 

residents were informed by HD’s staff to flush the kitchen and wash basin 

taps the night before for five minutes before going to bed, and not to use 

the kitchen tap afterwards before the sampling.  The tap flow rate was 

also measured. 

72. More detailed sampling was carried out in three vacant flats of 

three estates.  The aim was to study how lead concentration at the 

kitchen tap varied with time in relation to water stagnation in the water 

supply chain of the individual flat.  This would provide a systematic 
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data set for comparison of different sampling methods, for assessment of 

health risks, and for calibration and validation of the CFD model.  For 

these flats, two additional sampling taps were installed with the assistance 

of WSD and HD: one at the water meter position for the flat and one at 

the entry location to the flat.   

73. As explained by Professor Lee, any sources of lead introduced 

into the drinking water supply system would affect the lead concentration 

at the consumer tap.  It is logical that we should first examine the quality 

of Hong Kong’s raw water supply.  The data kept by WSD for Muk Wu 

Pumping Station between April and July 2015 indicated the presence of 

very low level of lead in raw Dongjiang water.  Muk Wu Pumping 

Station is the first waterworks facility where raw Dongjiang water enters 

Hong Kong.  The level of lead was between undetectable and 1.8 μg/L.  

The data from the WSD treatment plants for the same period indicated the 

absence of lead in treated water.   

74. Since WSD’s measurements indicated the absence of any lead 

contamination in the supply line to each building, the roof tank and the 

down pipe, the focus of Professor Lee’s investigation was on the release, 

accumulation, and transport of the lead in the branch water supply chain 

from the down pipe to the individual flats on each floor. 

75. The tests conducted by WSD soon after the incidents indicated 

that the quality of drinking water before it travelled down from the roof 

tank of the affected estates was not compromised.  There was no 

evidence of any problems with the quality of water distributed from the 
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WSD treatment plants to the connection points.  As such, attention was 

focused on the quality of water in the inside service.  

76. The result of the independent sampling revealed that 47.2% of 

the first-draw samples collected by Professor Lee’s team had excess lead, 

as compared with 8.0% of the fully-flushed samples collected by WSD 

from the affected estates.  

77. Two characteristic patterns of lead concentration’s variation 

with time were observed.  In about 37% of the cases in which lead was 

detected, the maximum concentration was observed in the first-draw 

sample.  In other cases (around 63%), the maximum concentration was 

detected in the second sample at t=20 sec.  This second pattern was 

mostly found in flats completed in or after 2010.  The delayed peak 

concentration was usually found in flats with higher lead contamination, 

and probably reflected the relative location or the origin of the lead 

source (i.e. whether the lead originated from the meter room, corridor, or 

inside the flat).  

78. While general patterns could be discerned, the sampling also 

indicated occasional samples that would not follow any general trend.  

Such outliers were rare but reflected the complexity of the problem once 

lead sources were introduced into the water supply chain.  

79. The detailed data from the three vacant flats pointed to the 

sources of lead in the water supply chain of the flats.  The sampling 

showed significant lead concentrations measured at the water meter 
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positions as well as at the locations of first entry to the flats.  This meant 

most of the lead contamination came in the pipe network in the meter 

room, and along the corridor leading to the flat.  This was consistent 

with the findings reported by the Task Force.  It was clear that the 

elbows and joints contributed significantly to the lead contamination.   

80. Based on a holistic assessment of the collective WSD and 

HKUST data, and the CFD modelling, Professor Lee concluded that the 

main cause of the excess lead found in drinking water of PRH estates was 

due to the leaching of significant lead deposits in the pipe joints and 

fittings (e.g. tees, elbows, valves, meters).  From a soldering 

demonstration seen by Professor Lee and the WSD data, he came to the 

view that leaded soldering material could be introduced into the pipe 

joints due to over use of leaded solder and/or poor workmanship.   

Review of Task Force Findings 

81. Regarding the Task Force’s findings, Professor Lee opined that 

WSD and the Government Laboratory had carried out a thorough and 

substantial investigation within the time and other constraints.  In 

particular, the dismantling and chemical analysis of the key components 

of the water supply chains of three representative flats, i.e. two at Kai 

Ching and one at Kwai Luen, was a sensible and practical step. 

82. Professor Lee told us that the direct measurements by the Task 

Force on the lead content and leaching rates of pipe sections, joints 

(elbows, sockets, tees) and fittings (meters, valves, taps) provided 
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valuable data to unravel the causes of excess lead.  Given the mass of 

lead deposited in the components of the water supply chain, it could be 

roughly estimated that it could take as long as 5 to 10 years for most of 

the lead mass to be leached into the water, especially for the pipe joints.   

83. The use of the isotopic analysis by the Task Force to ascertain 

the correlation between lead in water and the lead in the solder joints was 

judged by Professor Lee to be reasonable and valid. 

84. Measurements by the Task Force on pipe joints in the flat in 

Hung Hei House of Hung Fuk Estate, where stainless steel pipes with 

mechanical joints and copper pipes with lead-free solder joints were used, 

showed the absence of lead.  The pipe joints and fittings in these flats 

were otherwise similar to flats in the affected estates.  This control 

experiment provided solid evidence that the leaded solder joints should be 

the main cause of excess lead in drinking water and the relative 

insignificant lead contribution of copper alloy fittings. 

85. Professor Lee concluded that based on the average kitchen tap 

flow rate of 0.26 L/s, turning on the tap for 2-5 minutes (say, 3 minutes) 

would cover a supply chain pipe length of over 100 metres.  Assuming a 

typical pipe length of around 20 metres, this would translate to more than 

“5 plumbing volumes”.  Hence WSD’s sampling method would 

essentially produce fully-flushed samples according to generally accepted 

definitions.  WSD’s sampling would not give the maximum or average 

lead exposure levels of the consumers.  While the independent planned 

sampling and analysis of lead contamination of 43 buildings in 17 PRH 



 

31 
 

estates conducted by Professor Lee had confirmed the main Task Force 

findings, the more detailed sampling had resulted in a more accurate 

assessment of the extent of lead contamination in the different estates and 

buildings.  Lead contamination in the densely populated PRH estates 

seemed to be dominated by leaded solder deposits in the numerous joints 

of the water supply chain from the down pipe to the individual flats.  

The lead concentration at the kitchen tap varied with time in a complex 

manner possibly due to the random nature of the lead deposits in the 

system.   

86. Both the sampling data and CFD results indicated that lead 

concentration in most cases dropped rapidly within 30-60 seconds.  A 

flushing time in the order of half to one minute therefore appeared to be 

adequate for guarding against risks of lead contamination. 

87. Having listened carefully to Professor Lee’s evidence, we have 

no hesitation in accepting Professor Lee’s conclusion: leaded solder joints 

were the main cause of excess lead in drinking water.  Although some of 

the copper alloy components did contain lead in excess of their 

permissible limit, their contributions to the overall lead concentration 

were limited and insignificant for the purpose of the present inquiry.  

 

Sampling Protocol 

88. Following the incidents, HD sought the assistance of WSD to 

conduct water testing on all the PRH estates.  In our view, the foremost 

important matter that both HD and WSD had to decide at the time was the 

purpose and objective of the testing.  Only after the purpose and 
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objective had been set could an appropriate sampling protocol be 

designed and implemented. 

89. In our view, the purpose and objective from the perspective of 

HD or the residents ought to be very simple and straightforward: to see if 

the drinking water had been affected or contaminated by the presence of 

lead.  There was simply no point in testing the water quality as supplied, 

i.e. the water quality at the connection point of the lot boundary, for there 

was no suggestion the water mains had been contaminated.   

90. In his first statement to the Commission dated 26 October 2015, 

Mr Chan Kin Man, Chief Waterworks Chemist of WSD, said: 

 “ Taking of samples by WSD 

4. Since the discovery of lead in drinking water, WSD has taken 

samples of Plumbing Materials and water samples for testing in two 

separate contexts. 

  (a) To assist the Housing Department (“HD”) to take water samples 

and samples of Plumbing Materials for examination by the 

Government Laboratory (except plumbing materials of Kai 

Ching Estate which was sampled and tested by a laboratory 

engaged by the HD) in order to identify which public rental 

housing estates/developments are affected; and 

  (b) Separately, the Task Force of WSD arranged sampling and 

testing for its own investigations.” [emphasis added] 

91. It was in the context of “discovery of lead in drinking water” 

that WSD decided to take water sample “in order to identify which public 

rental housing estates/developments are affected”.  In other words, the 

purpose was to investigate the extent of excess lead problem in PRH 

estates.   



 

33 
 

92. The decision on which PRH estate was to be identified as an 

affected estate was a crucial one since it would have a direct bearing on 

whether the Government would make available remedial measures, 

including blood lead level testing; provision of standpipes; supply of 

bottled water; installation of temporary water points; provision of filters; 

and replacement of pipes to the residents.  So long as one water sample 

exceeded the provisional guideline value for lead, the whole estate would 

be classified by the Government as an affected estate. 

93. The sampling protocol adopted at the time and indeed 

throughout the remaining months of 2015 when conducting the same test 

for other PRH estates was based on WSD’s sampling procedure as set out 

in its own sampling manual: 

 “ 7.1.3.2 Turn the tap on at maximum flow and let the water to flow for a 

minimum of 2 minutes (preferably about 5 minutes when 

sampling for trace metal analysis) in order to flush the interior 

of the nozzle and to free the service pipe of stagnant water.  

The period of flushing time required depends on the length of 

the service pipes or sample lines, type of sampling tap, water 

turnaround time of the system, on-site water quality data such 

as the level of residual chlorine, or follow instruction given by 

Waterworks Chemist.” 

94. WSD claimed that its sampling procedure was established with 

reference to ISO 5667-5:2006 which stated as follows: 

 “ 6.4.1 General 

 Depending on the objectives of the monitoring programme, it 

should be decided whether samples are required from faucets as they are 

found, whether samples should be collected after cleaning, disinfecting 

and flushing of the faucets, or whether samples are required before and 
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after such cleaning, disinfection and flushing.  Whether or not faucets are 

cleaned, disinfected or flushed prior to sample collection depends on the 

sampling purpose.  If the effects of materials on water quality are being 

investigated, then the initial draw-off should be sampled.  Samples may 

also be taken after a specified period of stagnation to provide information 

on the rate at which materials affect water quality or the maximum likely 

effect.  If the quality of the water as supplied to premises is to be checked, 

then the faucets should be cleaned and flushed at a uniform rate for 2 min 

to 3 min or longer if necessary to achieve constant temperature before 

samples are collected.  The faucets should be cleaned, disinfected and 

flushed if samples are to be collected for microbiological analysis.  

Faucets should be left flowing at a steady rate during sampling.” 

[emphasis added] 

95. We find it difficult to appreciate WSD’s sampling protocol.  

ISO 5667-5:2006 states that if one wants to find out the effects of 

materials on water quality, one should sample the initial draw-off.  Our 

reading is that WSD should have taken initial draw-off samples in order 

to assess the lead contamination in the present incidents.  Flushing the 

interior of the nozzle for such a long period of time may exclude any 

metal contamination caused by the terminal fittings, so that one can find 

out the true value of trace metal in water as supplied.  Both the freeing 

of service pipe of stagnant water and the achievement of constant 

temperature aimed at one goal: the water sampled came from the water 

mains.   

96. Professor Lee and Professor Fawell expressed their concerns 

and published their preliminary joint expert report on 12 November 2015.  

Throughout the inquiry, WSD insisted that a flushed sample would 

provide a representative sample of the average quality of drinking water.  

This proposition was rejected in the preliminary joint report.  The two 
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experts expressed their disapproval of the sampling protocol used by 

WSD and stated that “data from fully-flushed samples are not likely to be 

representative of the extent of lead exposure”.  Professor Fawell further 

elaborated in his own report that “typically first-draw water will have a 

much higher concentration of lead but this may not reflect the 

concentrations of lead in water ingested in normal use.  Equally, flushed 

samples would be expected to underestimate the concentration of lead in 

water ingested in normal use.” 

97. Professor Fawell told us that testing water at source might be 

helpful for most of the parameters that one was measuring in drinking 

water for quality.  But for parameters that were influenced by the 

internal plumbing system or from the point where the supply came into a 

particular building or property or to the tap, that was not the case.  

Professor Fawell said at the hearing that : 

“ We are looking at the guidelines for metals particularly…the 

concentration may change as a consequence of the internal distribution 

system, the internal plumbing system, or may arise completely from that 

system.  Then you need to take into account how that will work within 

that system.  So looking at the water before it arrives, basically, at the tap, 

which is what you are basically doing, will tell you about all the other 

parameters.  It will also tell you whether those particular metals are 

present in the water coming through, and in fact nickel is an example.  

You do find some nickel which is present in the raw water, before 

treatment…but it doesn’t tell you exactly how much will be coming from 

the internal plumbing…”   

98. Since we had a situation where the inside service was a 

possible source, testing flushed samples alone could not help us identify 

the contamination fully.  Also, in the case of lead, where we did not 
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have a health-based guideline value, WSD should not be looking at 

exposure with the WHO provisional guideline value as the benchmark.  

What WSD should have been looking for was to identify whether and 

how much lead was present in our drinking water, how much of it was 

coming from the inside service, and to minimise the level of exposure.  

99. The explanation given by Director of Water Supplies at the 

hearing that the water samples taken were for general water quality 

compliance purpose whereas on the other hand, the samples of plumbing 

materials taken and tested by the Task Force were for investigation was 

tenuous and unconvincing.  Surely there was only one objective at the 

time. 

100. In essence, the sampling protocol adopted by WSD was 

insufficient for the purpose of identifying which PRH estates were 

affected by lead contamination in the drinking water.  It only served the 

purpose of checking the water quality as supplied and carried no value in 

investigating the lead contamination that took place in the inside service. 

The two to five minutes flushing inevitably would free the service pipe of 

stagnant water and consequentially, most if not all lead contamination.  

The result now is that no one can say with any degree of certainty which 

PRH estates are not exposed to the potential risk of any lead 

contamination in drinking water. 

101. Although Professor Lee pointed out in his report that 

“regardless of the method of sampling, the ‘affected estates’ and the 

‘unaffected estates’ are largely confirmed”, one has to bear in mind that 



 

37 
 

Professor Lee only conducted test on six unaffected estates, given the 

constraints on time and resource.  Anyone suggesting that all 

“unaffected estates” are confirmed by the report of Professor Lee to be 

truly unaffected is simply taking those words out of their proper context. 

102. Mr Chan Kin Man in his fourth statement dated 

4 December 2015 and indeed during the hearing attempted to persuade us 

that the purpose at the time and throughout 2015 was to check the water 

quality to ensure compliance with the WHO provisional guideline value 

in respect of lead. 

103. Mr Chan Kin Man said in his fourth statement:  

“ 11. Where the purpose is to check water quality to ensure compliance 

with WHO Guidelines, the current sampling methodology of WSD 

is to take a sample to match as closely as possible the average 

quality of water routinely consumed and to ascertain its compliance 

with the WHO’s guideline values and provisional guideline values 

(“PGV”).  The “guideline values” represent the concentration of 

constituents in drinking water that will not result in any significant 

health risk to a consumer weighing 60 kg over a lifetime 

consumption of 2 litres per day for 70 years.  (See Part 8.2 of the 

Guidelines.)  “Provisional guideline values” are established based 

on, inter alia, the practical level of treatment performance or 

analytical achievability.  They are not meant to be mandatory 

limits ...” 

104. First of all, there is no mention of any concept of “average 

quality of water routinely consumed” in either the ISO standard or the 

Guidelines.  Secondly, in our view, the pattern for consumption of 

drinking water varies from household to household.  Even according to 

the interim finding of a survey commissioned by WSD in December 2015, 
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6.5% households used their first-draw water for cooking and drinking.  

This is not a small percentage.  Besides, many households were vacant 

after the morning consumption of water for cleaning, brushing and 

showering.  By the time household members returned home from work 

or school, water would have been stagnant in their pipes for some time. 

Should there be lead in the plumbing system, it could have leached into 

the water.   

105. Further, we are not entirely sure if Mr Chan Kin Man, when

questioned, really understood the conceptual subtlety between “guideline 

value” and “provisional guideline value” although he did mention the 

terms in his statements.  As pointed out by Professor Fawell, a guideline 

value only normally represents the concentration of a chemical 

constituent in drinking water that will not result in any significant health 

risk.  Lead unfortunately does not fall into this “normally” category and 

is one of the few exceptions to which only a provisional guideline value 

is given.   

106. Once WSD announced its sampling protocol in July 2015, it

had become the subject of debates and criticisms.  As early as the first 

Task Force meeting on 17 July 2015, members of the Task Force 

expressed to WSD that “different procedures to collect water samples 

would affect the testing results of lead content.  Flushing test and 

stagnation test ought to be conducted at different time intervals to address 

the controversy over the procedures of taking water samples”.  Mr Chan 

Kin Man, a member of the Task Force, was present in the meeting.   
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107. Mr Chan Kin Man must be aware of the differing views over 

sampling protocol.  We noted that on 21 July 2015 he made enquiry with 

the Drinking Water Inspectorate in the U.K.  Reply from the Drinking 

Water Inspectorate was clear and that “first-draw” sample was required 

for regulatory compliance sampling.  

108. At the Task Force meeting on 26 August 2015, Dr Chan Hon 

Fai, Chairman of the Advisory Committee on Water Resources and 

Quality of Water Supplies and a member of the Task Force presented a 

paper entitled “Proposed Mitigation of Lead Contamination in Tap 

Water”.  The paper set out various sampling protocols used by different 

jurisdictions.  Save and except Queensland, Australia where lead testing 

is not required for drinking water, other countries require some kind of 

unflushed stagnant samples. 

109. It was most unfortunate that good and sound advice given at the 

time or at any time had been brushed aside.  WSD insisted on its own 

sampling protocol. 

110. HKIE subsequently conducted a similar exercise.  It too listed 

out different sampling protocols from other jurisdictions.  After 

examining WSD’s sampling protocol, HKIE made the following 

comments: 

“  323. On the other hand, the TF[Task Force of HKIE] opined WSD 

Water Sampling Procedure was biased towards measuring the water 

quality as supplied to the premises and ignored the effects of plumbing 

materials, including any possible lead solder, on drinking water quality. 

324. If the purpose of water sampling is for identifying the presence of 
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lead solder and non-complaint valves and fittings in the plumbing 

installations, then initial draw-off water samples should be used.” 

111. We accept there is no universal sampling protocol but as 

Professor Fawell said: 

 “ …Where the sample is to be taken from a consumer’s tap, the water 

actually sampled is likely to represent the water as supplied from the 

public water supply distribution system, or at least the water in the roof 

storage tank and down pipe, and does not fully reflect the water in the 

internal distribution system that has been in contact with the associated 

plumbing after the meter for an extended period of time.  While this is 

appropriate for examining the water quality parameters that will not be 

affected by the internal distribution system, it is not suitable to ascertain 

the concentration of parameters that will change as a result of contact with 

or which arise wholly from the internal distribution system… ”  

112. In his fourth statement, Mr Chan Kin Man actually mentioned 

that both unflushed and flushed samples should be taken on some 

occasions, e.g. discolouration: 

 “ 7. For the purpose of determining the cause of contamination of the 

distribution system or handling customer complaints, for example on 

discoloration of water quality, both unflushed and flushed samples 

before the water meter or at consumer taps will be taken by WSD for 

investigation to identify the source of the water quality problem.” 

113. We believe that testing of lead in drinking water in the context 

of the present incidents should not be different from testing of 

discolouration i.e. excess iron in drinking water.  We do not understand 

why iron, which is an essential element to our body and where the 

Guidelines do not see the need to give a guideline value, was treated 

much more seriously than lead. 

 



 

41 
 

Conspiracy Theory 

114. It was alleged by Counsel on behalf of the Coalition that the 

evidence given by Government officials pointed to a conspiracy on the 

part of the Government in not wanting to know the full extent of the 

problem because they suggested that the more estates being categorised 

as affected estates, the higher the cost the Government would incur. 

115. They argued that the Government deliberately used flushed 

samples for testing, which might not have reflected the worst lead 

concentration in the drinking water possibly consumed by the residents.  

They also argued that the Government deliberately took 10 μg/L, an 

unrealistically high value in the circumstances of Hong Kong, as the 

benchmark.  They also questioned whether the Chief Secretary for 

Administration, who chaired an interdepartmental meeting on follow-up 

measures, was involved in the above decisions. 

116. As explained by Professor Fawell in his expert report, the 

guideline values for chemical contaminants provided a basis for assessing 

the risks to health from drinking water but WHO indicated that local 

circumstances should always be taken into account in setting national 

standards and recommended that individual guideline values should be 

considered in the appropriate context.  We agree that given the historical 

background that lead pipes have not been in use for a long time, Hong 

Kong can adopt a benchmark a lot less than 10 μg/L.  As stated in last 

chapter, we also agree that WSD should not have collected and tested 

flushed samples alone to identify the lead contamination of drinking 
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water in PRH estates.  However, we do not accept the Government at or 

above the bureau level deliberately adopted the above measures in order 

to limit the scope of the problem.  The fact that once a single flat was 

affected, the whole estate would be classified as an affected estate was a 

cautious one, given for example in the U.S.A. where the authorities will 

be required to take steps to reduce exposure only if the lead concentration 

of more than 10% of the samples collected exceeds the action level of 

15 μg/L.  

117. Throughout the inquiry, the Commission had been granted 

unrestricted access to Government documents.  Not only that, as pointed 

out by Professor Fawell in his expert report, he was able too to access all 

the information he requested and all his questions were answered openly 

by HD and WSD officials.   

118. The decision to adopt 10 μg/L as the benchmark at the time, in 

our view, was not entirely unreasonable as somehow a line had to be 

drawn.  However, whether 10 μg/L is a suitable benchmark for Hong 

Kong in the light of its local circumstances is questionable.  Regarding 

the decision of Director of Water Supplies to sample only flushed water, 

we believe that Mr Chan Kin Man played a dominating role.    

119. The incumbent Director of Water Supplies might not have 

sufficient expertise himself in water science, hence a more thorough 

understanding of the Guidelines, but as a senior Government official, he 

should have appreciated the flaws in the flushed sample method.  WSD 

had been given numerous opportunities to revise its sampling protocol, 
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unfortunately WSD insisted.  It is difficult not to form the impression 

that there was indeed a predetermined mindset among the directorate staff 

to hang on to what the department had done. 

120. The Chief Secretary for Administration might be made aware 

of the provisional guideline value or even the methodology, we however 

doubt that she would participate in making technical decisions of this 

kind.  There is little evidence to substantiate the allegation of the 

Coalition.   

121. One may justifiably attack WSD of being defensive and rigid.  

We however do not accept the Government has deliberately tried to 

downplay the incidents by adopting the flushed sample method and 

10 μg/L as the benchmark.  
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III. THE PRESENT REGULATORY AND MONITORING 

SYSTEM – WATER 

 

 

122. Term (b) of the Terms of Reference requires us to review and 

evaluate the adequacy of the present regulatory and monitoring system in 

respect of drinking water in Hong Kong.  In our view, there are two 

aspects within the existing system that merit our examination: the first 

aspect involving the role played by WA and WSD in the assurance of the 

quality of drinking water within the existing water regulatory regime, and 

the second aspect involving the role played by HA and HD and other 

stakeholders in the construction of PRH estates.  For the purpose of this 

inquiry, HA/HD and WA/WSD are used interchangeably.  In this chapter, 

we are going to first look at the role played by WA and WSD. 

 

The Existing Water Regulatory and Monitoring Regime 

123. The existing water regulatory and monitoring regime in Hong 

Kong and the powers and responsibilities of WA and WSD are governed 

by WWO and the Waterworks Regulation (Cap. 102A) (WWR).  

124. Relevant provisions of WWO and WWR include : 

(1)  Section 3 of WWO provides that: 

   “ 3. Control of waterworks – 

  (1) Subject to subsection (2), the Water Authority shall have the 

custody and control of the waterworks and of all water herein.” 

 Waterworks means “any property occupied, used or 



 

45 
 

maintained by WA for the purpose of this Ordinance and 

any gathering ground”.   

(2) Section 7 of WWO provides that: 

   “ 7. Approval of consumer and agent 

  (1) The Water Authority may approve, as the consumer of a fire 

service or inside service in any premises, any person who – 

    (a) occupies the premises; or 

   (b) is responsible for the management of the premises or 

any part thereof; and  

   (c) gives an undertaking in, such form as the Water 

Authority may specify, -  

   (i) to pay any charge due in respect of the fire service 

or inside service; and 

   (ii) to accept responsibility for the custody and 

maintenance of the fire service or inside service and the 

custody of any meter pertaining to the fire service or 

inside service.”  

(3)   Regulation 7 of WWR provides that : 

   “ 7. Responsibility to keep inside service clean – 

(1) Subject to subregulation (2), a consumer shall be responsible 

for keeping an inside service clean.” 

Inside service means “the pipes and fittings in premises, and 

any pipes and fittings between the premises and a connection 

to the main, (other than the pipes and fittings forming part of a 

fire service) which are used or are intended to be used for the 

purpose of a supply”.   
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125. In very broad terms, one can say that WA is responsible for the 

custody and control of the waterworks while consumers are responsible 

for the custody and maintenance of the inside service.  The three 

provisions stated above refer only to the custody and control of 

waterworks and water, custody and maintenance as well as cleanliness of 

pipes and fittings.  Nowhere in WWO and WWR is the responsibility 

over the quality of our drinking water specifically mentioned. 

126. Throughout the hearing, WSD emphasised repeatedly that it 

was only responsible for the quality of water up to the connection point 

presumably because it had complete control over the waterworks, and 

more importantly, all water inside the waterworks.  Beyond the 

connection point, WSD said that it was the responsibility of the 

consumers.  WSD’s position was also reflected in one Government 

leaflet “Hong Kong’s Water Supply/Reducing Lead in Drinking Water”:  

“ Water pipes that join the WSD’s water mains to the connection point at the 

lot boundary are maintained by the WSD.  The communal service 

including the service pipes from the building’s lot boundary to the 

building as well as those communal pipes inside the building are 

maintained by the agent (usually the property management agent or the 

owners’ committees).  The inside service of a flat or property is 

maintained by the property owner.”   

127. Although it is not expressly stated, we believe the rationale 

behind the requirement for cleanliness on the part of the consumer, after 

reading both WWO and WWR in their proper context, must be for the 

prevention of possible contamination of the water mains.  To require a 

consumer to ensure the safety of water on his own is simply unreasonable.  

Safety and cleanliness are two different concepts.  As to who has the 
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responsibility over the quality of our drinking water, the existing statutory 

regime is unclear.  

128. Not only that, under the existing statutory regimes, neither 

WWO nor WWR specifies any standards or requirements on the quality 

of drinking water, although the Chief Executive in Council may under 

section 37(1)(a) of WWO make regulations for “the quality and type of a 

supply”.    

129. That however does not mean that WSD has no control or 

responsibility over the quality of our drinking water. Water quality is 

monitored and controlled by a number of measures:  

(1) WSD has pledged to supply water through its waterworks 

in full compliance with the Guidelines to its consumers up 

to the connection point at the lot boundaries; 

(2) WSD has developed for implementation starting from 

2006 the Water Safety Plans (WSPs) to ensure the safety 

of water from source to tap;  

(3) Beyond the connection point, WSD has implemented a 

number of sub-measures to monitor and control the 

construction of the inside service.  These sub-measures 

include: 

(i) requiring that all pipes and fittings are of the British 

Standard;  
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(ii) licensing of plumbers and requiring the engagement 

of LPs to carry out work on the inside service; 

(iii) requiring confirmation by Authorised Persons (APs) 

that the pipes and fittings used are in full compliance 

with WWO and WWR standards and requirements;  

(iv) inspection and approval of inside service upon 

completion by WSD; and 

(v) requiring that the results of water samples tested 

comply with specified standards; and  

(4) The existing statutory regime confers on WA the following 

powers:  

(i) to refuse to connect or reconnect inside service to the 

main if the inside service is not approved (section 8 

of WWO);  

(ii) to restrict or suspend a supply in order to inspect, test 

or remove any part of the inside service (section 9 of 

WWO);  

(iii) to disconnect an inside service if the inside service 

does not, in the opinion of WA, comply with the 

provisions of WWO (section 10 of WWO);  

(iv) no person shall construct and install inside service 

except with the permission in writing of WA (section 

14 of WWO);  

(v) where permission is required to construct an inside 
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service, applications for such permission, 

accompanied by plans, specifications and other 

information as required, must be made to WA 

(regulation 5 of WWR); 

(vi) no pipe of fittings forming part of an inside service 

shall be used or covered up until it has been inspected 

and approved by WA (regulation 6 of WWR);  

(vii) every pipe or fitting shall be of the British Standard 

and WA has the power to test any pipe or fitting to 

ascertain if it complies with the British Standard 

(regulation 20 of WWR); and 

(viii) WA has the power to require any pipe or fitting, 

before it is installed or used, to be tested 

(regulation 21 of WWR).   

130. Theoretically, with all these measures in place, the quality of 

our drinking water should be adequately safeguarded.  So what has gone 

wrong?  Let us examine those measures one by one. 

The First Measure: the Water Supplies Department’s Pledge 

131. Bearing in mind that Hong Kong does not have any statutory 

standard on water quality, it is important to first examine the pledge made 

by WSD which, although not having any legal effect, clearly sets the 

framework for and underpins most of WSD’s policies and practices in 

relation to water quality.  WSD prides itself on having achieved the 

pledge since 1994.   
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132. Following the incidents, the Government, undoubtedly with 

input from WSD, published the “Hong Kong’s Water Supply/Reducing 

Lead in Drinking Water” leaflet advising the public on how to minimise 

the risk of exposure to lead in drinking water. 

133. In the leaflet, the public were informed of the fact that the 

quality of drinking water supplied by WSD fully conformed to the WHO 

Guidelines.  The public were further informed that WHO produced 

international norms on water quality and human health in the form of 

guidelines that were to be used as the basis for regulation and standard 

and that among others, the guideline values of lead, cadmium, nickel and 

chromium set by the Guidelines had been adopted as standards for Hong 

Kong.   

134. Further, the public were told that the guideline values 

represented the concentration of constituents in drinking water that would 

not result in any significant health risk to a person weighing 60 kg over a 

lifetime consumption of two litres per day for 70 years.  Citizens of 

Hong Kong would be protected if the concentration on any chemical 

constituents in the drinking water fell below the respective WHO 

guideline values.  

The Guidelines 

135. WHO developed the Guidelines which are revised on a regular 

basis.  The first edition was published in 1984.  The second and third 

editions were published in 1993 and 2004 respectively.  The current 
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edition, i.e. the fourth one, was published in 2011.  Lead has been 

mentioned in all of the editions. 

136. When the Guidelines were first published in 1984, they 

superseded the International Standards for Drinking Water.  The change 

from Standards to Guidelines was in recognition that the WHO 

Guidelines had no legal effect and there was a need for member states to 

develop their own legally enforceable drinking water standards. 

137. It is stated in the current edition of the Guidelines that: 

 “   The Guidelines are intended to support the development and 

implementation of risk management strategies that will ensure the safety 

of drinking-water supplies through the control of hazardous constituents 

of water.  These strategies may include national or regional standards 

developed from the scientific basis provided in the Guidelines.  The 

Guidelines describe reasonable minimum requirements of safe practice to 

protect the health of consumers and derive numerical “guideline values” 

for constituents of water or indicators of water quality.  When defining 

mandatory limits, it is preferable to consider the Guidelines in the context 

of local or national environmental, social, economic and cultural 

conditions.  The Guidelines should also be part of an overall health 

protection strategy that includes sanitation and other strategies, such as 

managing food contamination.  This strategy would also normally be 

incorporated into a legislative and regulatory framework that adapts the 

Guidelines to address local requirements and circumstances… 

  …The Guidelines provide a scientific point of departure for national 

authorities to develop drinking-water regulations and standards 

appropriate for the national situation.  In developing standards and 

regulations, care should be taken to ensure that scarce resources are not 

unnecessarily diverted to the development of standards and the monitoring 

of substances of relatively minor importance to public health.  The 

approach followed in these Guidelines is intended to lead to national 

standards and regulations that can be readily implemented and enforced 

and are protective of public health... 
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  …Approaches that may work in one country or region will not necessarily 

transfer to other countries or regions.  It is essential that each country 

review its needs and capacities in developing a regulatory framework…” 

138. Rather than adapting the Guidelines to address our local 

requirements and circumstances, WSD simply adopted the Guidelines in 

its entirety as our standards.  As pointed out by Professor Fawell, the 

guideline values for chemical contaminants in the Guidelines provided a 

basis for assessing the risk to health from drinking water, but WHO 

indicated that local circumstances should be taken into account in setting 

national standard and recommended that individual guideline value 

should be considered in the proper context. 

139. In Hong Kong, lead pipes have been restricted for use since 

1890.  Section 16 of WWO’s 1890 edition stated:   

 “ 16.   Lead pipes will only be permitted in new services when the water 

which passes through them cannot be used for drinking or cooking 

(down-pipes to water closets or overflow pipes from cisterns, for 

example).  Provided always that owners of premises which are now 

provided with lead-services will not be compelled to remove them unless 

in the opinion of the Water Authority they are too weak, or otherwise 

defective.” [emphasis added] 

140. More than a century ago, our forefather was fully aware of the 

harmful effect of lead in drinking and cooking.  In 1938, the use of lead 

pipes was effectively prohibited by regulation 11 of the then WWR:   

 “(5) Lead pipes will not be permitted for the conveyance of water 

supplied from water works.” 

141. As mentioned in paragraph 179 below, the use of leaded solder 

was disallowed after 1987 by virtue of an amendment to BS 864-2:1983. 
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142. Given the absence of lead in our treated water and the 

prohibition against the use of lead pipes and leaded solder, lead should 

not normally be found in our drinking water.  According to Professor 

Fawell, “any Hong Kong standard, developed from the Guidelines, would 

be a lot less than 10 μg/L”, and 5 μg/L, in his view, could be an easily 

achievable standard for Hong Kong. 

The Provisional Guideline Value of Lead 

143. For each chemical constituent, WHO has prepared a 

background document which evaluates the risks for human health from 

exposure.  A guideline value normally represents the concentration of a 

constituent that does not result in any significant risk to health over a 

lifetime consumption.  In addition, a number of provisional guideline 

values have been established on the practical level of treatment 

performance and analytical achievability.  In these cases, the provisional 

guideline value is higher than the calculated health-based value. 

144. As pointed out by Professor Fawell, these provisional guideline 

values were set at a higher value than would be the case for a strictly 

health-based value because of practical consideration.  Lead is one 

example.  It is appropriate to try and achieve as low concentration as 

possible within the constraints of cost and practicality.  

145. In respect of lead, the following passages were mentioned in 

the WHO background document – 

“    In 1986, JECFA (Joint Food and Agriculture Organisation of the 

United Nations / World Health Organisation Expert Committee on Food 
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Additives) established a provisional tolerable weekly intake (PTWI) of 

25μg of lead per kilogram of body weight (equivalent to 3.5 μg/kg of 

body weight per day) for infants and children, which took account of the 

fact that lead is a cumulative poison, so that any increase in the body 

burden of lead should be avoided.  The PTWI was based on metabolic 

studies in infants showing that a mean daily intake of 3-4 μg/kg of body 

weight was not associated with an increase in blood lead levels or in the 

body burden of lead, whereas an intake of 5 μg/kg of body weight or more 

resulted in lead retention.  This PTWI was reconfirmed by JECFA in 

1993 and extended to all age groups. 

    In the second and third editions of the Guidelines, a guideline 

value of 0.01 mg/L was derived on the assumption of a 50% allocation of 

the PTWI to drinking-water for a 5 kg bottle-fed infant consuming 0.75 

litre of drinking-water per day.  As infants were considered to be the 

most sensitive subgroup for the population, this guideline value was 

thought to also be protective for other age groups. 

    JECFA re-evaluated lead in 2010, finding that exposure to lead is 

associated with a wide range of effects, including various 

neurodevelopmental effects, mortality, impaired renal function, 

hypertension, impaired fertility and adverse pregnancy outcomes.  

Impaired neurodevelopment in children is generally associated with lower 

blood lead concentrations than the other effects, the weight of evidence is 

greater for neurodevelopmental effects than for other health effects and 

the results across studies are more consistent than those for other effects.  

For adults, the adverse effect associated with lowest blood lead 

concentrations for which the weight of evidence is greatest and most 

consistent is a lead-associated increase in systolic blood pressure.  

JECFA concluded that the effects on neurodevelopment and systolic blood 

pressure provided the appropriate bases for dose-response analyses.  

    Based on the dose-response analyses, JECFA estimated that the 

previously established PTWI of 25 µg/kg of body weight is associated 

with a decrease of at least 3 IQ points in children and an increase in 

systolic blood pressure of approximately 3 mmHg (0.4 kPa) in adults.  

These changes are important when viewed as shift in the distribution of 

IQ or blood pressure within a population.  JECFA therefore concluded 
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that the PTWI could no longer be considered health protective, and it was 

withdrawn.  

    Because the dose-response analyses do not provide any indication 

of a threshold for the key effects of lead, JECFA concluded that it was not 

possible to establish a new PTWI that would be considered to be health 

protective.  JECFA reaffirmed that because of the neurodevelopmental 

effects, fetuses, infants and children are the subgroups that are most 

sensitive to lead. 

    There remain uncertainties associated with the epidemiology, 

which relate to very low blood lead levels and end-points that are affected 

by many factors.  Nevertheless, because lead exposure arises from a 

range of sources, of which water is frequently a minor one, and as it is 

extremely difficult to achieve a concentration lower than 10 µg/L by 

central conditioning, such as phosphate dosing, the guideline value is 

maintained at 10 µg/L but is designated as provisional on the basis of 

treatment performance and analytical achievability.” 

146. Some of the above mentioned passages found their way into the 

Chemical Fact Sheet of the Guidelines.  In addition, the following 

passages were mentioned in the Chemical Fact Sheet too: 

 “ Lead  

 Lead is used principally in the production of lead-acid batteries, 

solder and alloys.  The organolead compounds tetraethyl and tetramethyl 

lead have also been used extensively as antiknock and lubricating agents 

in petrol, although their use for these purposes in many countries has 

largely been phased out.  Owing to the decreasing use of lead-containing 

additives in petrol and of lead-containing solder in the food processing 

industry, concentrations in air and food are declining; in most countries, 

lead levels in blood are also declining unless there are specific sources, 

such as dust from leaded paint or household recycling of lead-containing 

materials.  Lead is rarely present in tap water as a result of its dissolution 

from natural sources; rather, its presence is primarily from corrosive water 

effects on household plumbing systems containing lead in pipes, solder, 

fittings or the service connections to homes.  The amount of lead 
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dissolved from the plumbing system depends on several factors, including 

pH, temperature, water hardness and standing time of the water, with soft, 

acidic water being the most plumbosolvent.  Free chlorine residuals in 

drinking-water tend to form more insoluble lead-containing sediments, 

whereas chloramine residuals may form more soluble sediments in lead 

pipe. 

…  

 It needs to be recognized that lead is exceptional compared with 

other chemical hazards, in that most lead in drinking-water arises from 

plumbing in buildings, and the remedy consists principally of removing 

plumbing and fittings containing lead, which requires much time and 

money.  It is therefore emphasized that all other practical measures to 

reduce total exposure to lead, including corrosion control, should be 

implemented.”  

147. In short, the nature of the guideline value for lead has changed 

and it is no longer “health-based”.  There is no safe threshold for lead 

and lead was given a provisional guideline value of 10 μg/L on the basis 

of treatment performance and analytical achievability.  

148. Amongst the four chemical constituents mentioned in the 

Government’s leaflet, nickel and cadmium were given guideline values 

whereas chromium and lead were given provisional guideline values.  In 

the case of chromium, a provisional guideline value of 50 μg/L was given 

because of uncertainties in the toxicological database.  There were no 

adequate toxicity studies available to provide a basis for NOAEL, i.e. 

no-observed-adverse-effect-level. 

149. Because of the fact that only provisional guideline values were 

given to lead and chromium, it was therefore incorrect to state in the 
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leaflet that drinking water with concentration of these two chemical 

contaminants up to the respective provisional guideline values would not 

result in any significant health risk to any person who consumed two 

litres of the drinking water per day over a lifetime of 70 years.  It is clear 

that achieving a concentration level of 10 μg/L does not mean that there 

will not be any adverse effects on health.  In the case of lead, it should 

be avoided as much as possible.  Professor Fawell advised that WSD 

should revisit its pledge and “not set the wrong goal”. 

150. In our view, there were misunderstandings by WSD regarding 

(a) the use of the Guidelines, without taking local circumstances into 

account, as standards for Hong Kong, (b) the adoption of 10 μg/L as the 

standard for lead concentration in the drinking water of Hong Kong, and 

(c) the use and interpretation of provisional guideline values as 

“health-based” values. 

The Second Measure: Water Safety Plans 

151. In the 2004 edition of the Guidelines, WHO first introduced the 

concept of WSPs.  The rationale behind its introduction was explained 

by Professor Fawell in his report:  

“  35.  The Guidelines have evolved over time and in 2004 

introduced the concept of the Guidelines as a framework for safe drinking 

water.  It was recognised that assuring safe drinking water requires more 

than simply measuring microbial indicators and standards for individual 

chemicals in the water as supplied (often termed end of pipe monitoring).  

The concept of water safety plans was introduced in order to encourage a 

proactive preventive approach to managing risks to drinking water from 

the catchment to the point at which consumers receive their drinking water, 

frequently referred to as the source to tap approach.”  
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152. Following its pledge and the source-to-tap approach, WSD 

produced its first WSP in March 2006.  WSD’s first Water Safety Plan–

General Plan stated as follows: 

“ 1.  Vision, Missions and Values of Water Supplies Department 

 

 Vision 

To excel in satisfying customers’ needs for the provision of quality water 

services.  

 

 Missions  

To provide a reliable and adequate supply of wholesome potable water 

and seawater to our customers in the most cost-effective way…  

 

 2. Preambles 

 

… 

 

2.2  The WHO considers the application of a preventive WSP as an 

effective means to assure the quality of drinking water for the 

protection of public health.  A WSP systematically assesses risks 

throughout a drinking water supply system from the source through 

treatment to customers’ taps and identify the control measures and 

operational monitoring that can manage and minimise the risks to 

public health.  The comprehensive strategy for drinking water 

quality management based on quality and risks involves 

understanding of the entire water supply system, the hazards and 

events that can compromise drinking water quality, and the 

preventive measures and operational control necessary for assuring 

a safe and reliable drinking water supply.  

 

2.3  The Water Supplies Department (WSD) is committed to providing 

a safe, clean and reliable drinking water supply to Hong Kong.  

 

… 
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 5. Water Safe Plan (WSP) 

 

 5.1  General 

 

5.1.1 The WSP for the WSD is the central component of the safe 

drinking water framework.  It is guided by the health-based 

targets set out by the DH[Department of Health] and overseen by 

drinking water quality and public health surveillance.  The 

development and implementation of WSP will control and 

minimise the risks of contamination and ensure that the treated 

water supply will present a negligible risk to public health and are 

acceptable to customers. 

 

5.1.2  Based on a multi-barrier approach, the WSP provides an integrated 

system of procedures and processes that collectively prevent or 

reduce the contamination of drinking water from source to tap in 

order to reduce risk to public health.   

 

 5.2  Objectives of WSP 

 

5.2.1 The primary objectives of the WSP are set out as follows: 

 

(i) The prevention of contamination of source waters;  

(ii) The reduction or removal of contamination through treatment 

processes to meet water quality targets; and  

(iii) The prevention of contamination during storage, distribution 

and handling of drinking water. 

 

… 

 

 5.9  Customer Services 

 

5.9.1  Significant adverse health effects may be associated with the poor 

design, incorrect installation, alteration, inadequate maintenance 

and servicing of plumbing systems in buildings.  The piped 

distribution of drinking water within a building must be controlled 

to prevent microbial and chemical contamination of drinking water.  

The Customer Services Branch (CSB) of the WSD plays a key role 

in ensuring the safety of drinking water at customers’ taps.  The 

detailed roles and responsibilities of CSB are set out in Annex 4. 
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5.9.2  The CSB shall enforce appropriate policies, procedures and 

practices and relevant Waterworks Ordinance (WWO) and 

Waterworks Regulations (WWR) to prevent degradation of 

drinking water quality within buildings beyond the connection 

points.  

 

5.9.3 The CSB shall prescribe the nature, size and quality of the pipes 

and fittings of the inside service and the manner of the 

construction or installation of an inside service by means of Hong 

Kong Waterworks Standard Requirements and Circular Letters.  

 

5.9.4 The CSB shall vet plumbing proposals and inspect the inside 

service upon completion of construction, installation or alteration 

of inside service.  

 

5.9.5 The CSB shall maintain a list of qualified plumbers and require 

construction, installation, maintenance, alteration, repair or 

removal of inside service to be carried out by licensed plumbers in 

accordance with relevant statutory requirements.” [emphasis 

added] 

153. Paragraph 1.1 of Annex 4 to the 2006 General Plan described 

the roles and responsibilities of Customer Services Branch of WSD, 

among others, as follows – 

“ 1.1  Apart from account-related matters and other services for 

customers, the Customer Services Branch (CSB) is responsible for 

undertaking measures and practices to ensure the quality and the safety of 

drinking water supply to customers beyond the connection points.” 

[emphasis added] 

154. It can be seen from the above that WSD unequivocally assumed 

responsibility over the quality and safety of our drinking water beyond 

connection point, contrary to what we have been told repeatedly 

throughout this inquiry.  WSD went further to say that the plan aimed to 
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provide wholesome potable water, minimise risks of contamination and 

ensure that treated water would present negligible risk to public health.  

The plan also mentioned the important role played by the CSB in 

ensuring the safety of drinking water at the consumer tap, knowing that 

significant adverse health effects might be associated with the poor 

design and incorrect installation of plumbing systems.   

155. In 2011, the second edition of the WSP was published.  The 

same pledge and provisions were repeated. 

156. After the incidents, instead of undergoing an in-depth review 

for improvement, Director of Water Supplies, in September 2015, 

retracted his department’s responsibility by making the following 

amendments to the 2011 WSP: 

(a) Paragraph 2.2 – deleting “customers’ taps” and 

substituting it with “customers”; 

 

(b) Paragraph 5.1.2–deleting “from source to tap” and 

substituting it with “from source to distribution”; 

 

(c) Paragraph 5.2.1 – deleting “The prevention of 

contamination during storage, distribution and handling 

of drinking water” and substituting it with “The 

prevention of contamination during storage, distribution 

and supply of drinking water”; and 

(d) Paragraph 5.9.1–deleting “plays key role in ensuring the 

safety of drinking water at customer’s taps” and 
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substituting it with “playing a regulatory role in 

controlling inside service to safeguard water quality.” 

157. Difficult ahead the task may be, the people of Hong Kong must 

be disappointed at WSD’s shirking its responsibility.  The unilateral 

retraction of responsibility by Director of Water Supplies also indicated to 

us that the WSP was prepared, as pointed out by Professor Fawell, with 

negligible input from outsiders. 

158. According to the Guidelines, key steps of any WSP should 

include the following: (1) undertake a hazard assessment and risk 

characterisation to identify and understand how hazards can enter into the 

water supply; (2) identify control measures to control the risks; (3) define 

monitoring of control measures; (4) establish procedures to verify that the 

WSP is working effectively and will meet the health-based targets; (5) 

develop supporting programmes such as standard operating procedure; (6) 

prepare management procedures (including corrective actions) for 

unforeseen incident or emergency situation; and (7) establish 

documentation and communication procedures.   

159. To translate the concept into a proper WSP, lead should be 

identified as an important parameter during the hazard and risk 

assessment phase of the WSP.  The choice of sampling points should 

reflect whether the parameter is likely to change between the treatment 

works and the tap.  Substances that are introduced from materials in the 

distribution, such as lead, should be monitored close to or at the tap to 

reflect the worst case.  Sampling frequency should reflect the variability 
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of the concentration of a parameter over time.  Once the hazard 

assessment and risk characterisation phase is completed, control measures 

should be identified. 

160. Control measures are barriers to risks.  As to control measures, 

the Guidelines recommended that chemicals and materials in contact with 

drinking water should be of an appropriate quality to prevent 

contamination of water by chemicals leaching in significant quantities 

from the materials.  There are a number of approval systems in place in 

different countries (the National Science Foundation in the U.S.A., the 

Water Regulations Advisory Scheme in the U.K. etc.) and these can form 

the basis of assuring the suitability of chemicals and materials more 

widely.  By specifying the use of British Standard, Hong Kong has in 

place the structure to take advantage of these systems.  

161. As pointed out by Professor Fawell, no system would be 

effective unless there was enforcement of the rules.  Operational 

monitoring such as sample submission and approval, central purchasing, 

visual checking upon delivery to site, submission of delivery notes and 

invoices, inspection of lead-free solder used during installation stage 

should be established and put in place.   

162. Verification is required to provide reassurance that WSPs are 

effective and water systems as a whole operate safely.  Verification of 

control measures such as conducting check on the presence of lead at pipe 

joint using X-Ray fluorescent analyser and testing water quality are also 

crucial.  Verification can also take the form of auditing WSPs.  
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External audit by independent outsider will be an added advantage. 

163. Appropriate construction and maintenance procedures are also 

required to ensure that the safety and quality of drinking water is not 

compromised by the design and during maintenance. 

164. Management procedures, which form a key part of WSPs, if 

clearly laid out and understood, underpin the delivery of safe water from 

source to tap.  Management procedures, such as procedure for sample 

submission, procedure for material inspection during delivery and 

construction, procedure for final inspection on completion, are important.  

HA’s Specification Library is one good example of laying down 

management procedures.   

165. Effective management procedures should define actions to be 

taken during normal operational conditions, and in specific incident 

situations and unforeseen situations.  Management procedures should 

also be documented alongside system assessment, monitory plans, 

communication protocol, as well as supporting programmes such as 

training programmes for worker to appreciate the health hazards of lead, 

and for site quality assurance staff to operate X-Ray fluorescent analyser.  

For emergency situation, communication protocol must be prepared to, 

for instance, convey information on preventive measures to the public 

(e.g. flushing the water before drinking and cooking). 

166. The documented management procedures should ensure that 

when any part of the system has a problem, that problem will be rectified 
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in due time to prevent any unnecessary risk to consumers.  The existing 

WSP in relation to inside service only contains a skeleton of action 

required, without any details. 

167. In this case, none of the responsible parties including WSD had 

carried out any basic checks despite Hong Kong had procedures in place 

to ensure that inappropriate materials would not be installed.  Although 

HA specified in its contractual arrangements that lead-free solder should 

be used, there also needed to be an active process by which checks would 

be made so that the requirements were being met.  Significant 

responsibility also lied with the main contractors, the sub-contractors and 

LPs to conduct checks. 

168. The undenying truth is that WSD had never undertaken any 

systematic hazard assessment or risk characterisation regarding lead 

despite the fact that it had ample opportunities to do so: 

(1) In March 1998, PSWTA issued a circular to its members, 

reminding them to pay attention to the use of lead-free 

solder in end-feed capillary fittings.  When asked at the 

hearing, WSD said that they did not know about this 

circular. 

(2) The 1999 incident in Scotland where leaded solder was 

found to be used in newly constructed houses.  The lead 

level reached 1920 μg/L, 40 times over the legal limit of 

50 μg/L at the time.  We were told since the incident did 

not cause any major reporting, WSD was not aware of it.  

In our view, the illegal use of leaded solder in Scotland did 

not cause any major reporting was hardly surprising given 
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the fact that that was more or less an old issue.  

Notwithstanding that, one point clearly stood out – the use 

of leaded solder had not ceased to be a problem.  It 

continued to pose challenges to water regulatory agencies. 

(3) ACQWS was set up in 2000 to advise on water quality 

with Director of Water Supplies as vice chairman and a 

representative from HD as member.  The ACQWS paper 

No. 7 was discussed in one of its meetings in January 

2001. 

Paragraphs 8 and 9 of the paper provided as follows: 

“ Current Practice Elsewhere in the World on How to Ensure Quality 

of Water in Buildings 

 

8. The problem of water quality in buildings is not unique to 

Hong Kong.  A literature research of publications and through the 

internet has been conducted.  The situation in the United Kingdom, 

United States of America, Canada and Singapore has been briefly 

reviewed.  

 

9. In the UK and USA, the most common problem is the 

presence of lead in water since during their development stage, lead 

pipes and lead-soldered copper pipes were widely used.  The 

problem has to be addressed by dosing inhibiting chemical additives 

during the water supply treatment process to suppress ionization of 

lead and by re-plumbing.  These countries also have …” [emphasis 

added] 

 

We were told that the italicised words were no more than 

introductory and passing remarks.  The focus at the time 

was the discolouration of water caused by rusty pipes.  

The words did not attract the attention of HD’s staff.  The 

involvement of HD on this aspect will be further discussed 
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in the next chapter. 

 

In our view, this may at best be an excuse for HD, but it 

certainly should not be an excuse for WSD which was 

supposedly to be the leading authority of water quality in 

Hong Kong.  We were however told by Director of Water 

Supplies that as lead pipe and leaded solder had been 

banned in 1938 and 1987 respectively in Hong Kong, it 

was considered that the risk of presence of lead in water in 

the U.K. and U.S.A. had no application to Hong Kong.  

 

We do not find his explanation convincing, after all leaded 

solder was prohibited from use in potable water system as 

early as 1987 in the UK too.  Further, one also should not 

overlook the objective as set out in the preamble of the 

paper which was to “set out possible strategies for 

enhancing the entire water supply system such that Hong 

Kong citizens can have confidence in drinking high 

quality water directly from their taps”.  It was on this 

premise that members’ advice was sought.  Throughout 

the inquiry, the mentality adopted by WSD was plain and 

simple: WSD had nothing to do with the use of leaded 

solder and it was HD’s problem. 

 

 It is disappointing that WSD tended to adopt a defensive 

mentality not only on sampling protocol but on almost any 

issues.  It is complacency manifested from a different 

angle.   
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(4) In 2002, in view of its plan for expanding the use of 

copper pipes in future construction projects, HD sought 

comments from WSD on “the selection of piping 

materials”.  WSD reverted with no comments to HD’s 

proposal.  There was no mention in WSD’s reply of any 

potential risks to the safety of drinking water as a result of 

the proposed alternative arrangements. 

(5) The minutes of meeting of the “Working Party on 

Licensed Plumber” in 2004 showed that concerns had 

been raised by Mr Paul Ho Key Wei, a representative and 

an engineer from WSD, regarding the use of lead-free 

soldering material in pipe connection.  In another 

meeting held in 2006, the issue of on-site testing for lead 

was mentioned.   

(6) Two articles “The Development of Lead Free Copper 

Alloys for use in Drinking Water Applications in the 

European Union” and “Lead Free Water Supply System” 

were published between 2014 and 2015 by PSWTA.  

These publications were distributed at their 2014 and 2015 

annual dinners which Director and Deputy Director of 

Water Supplies attended.  Indeed, the subject of leaching 

of lead from solder was noted by a researcher long before.  

We learnt that as early as 1987, a research student from the 

University of Hong Kong published a thesis entitled “An 

assessment of the effects of lead exposure on Hong Kong 

school children”.  In its conclusion, it was mentioned that 

“[a]lso the increase in use of copper pipings in domestic 

water supply system should be carefully monitored 
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because the leaching of lead from the solders has been 

reported to be the source of undue lead absorption”. 

169. Counsel for the Commission pointed out that it might be 

tempting to simply query why the aforesaid events were not caught by 

WSD’s radar screen and seized upon as opportunities to address possible 

hazards of lead in drinking water, this might nevertheless involve too 

much application of hindsight and overlook the proper context of each 

event.  A more fundamental issue is the apparent lack of a system within 

WSD to assess the potential risks in drinking water from a public health 

perspective.  Had an assessment of these contaminants from pipes and 

fittings been conducted, chances are that measures would have been put 

in place to control and monitor the relevant potential risks.  Other key 

steps included in the WSP could well be properly established.  

170. Apart from the lack of systematic hazard assessment and risk 

characterisation regarding lead, Professor Fawell also pointed out a 

number of inadequacies in the WSPs prepared by WSD. 

171. These inadequacies included:   

(1) the preparation appeared to be top down with no clear 

indication of how the WSD teams worked, which was an 

important part of the process; 

(2) the extent of engagement of external stakeholders was 

unclear given the involvement of external stakeholders 

was key in ensuring full understanding of what WSPs 

were and their role in assuring safe drinking water.  Had 

HA (a stakeholder) become or been made more aware of 
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the risk, the present incident might well have been 

avoided.  In fact evidence revealed that all the WSPs 

were no more than internal documents kept by WSD;  

(3) lack of an overarching team that linked up with external 

stakeholders on a day-to-day basis to ensure consistency;  

(4) lack of a more systematic understanding of the possible 

hazards and risks from Dongjiang River, given its 

importance as a source;  

(5) distribution system management plans did not appear to 

be well developed;  

(6) lack of external audit to identify improvements; and 

(7) absence of reassessment of the monitoring regimes.  

172. We have no hesitation in accepting Professor Fawell’s 

observations which we found convincing, objective and fair.  Professor 

Fawell also gave his opinion on the way forwards.  We shall deal with 

that in our recommendations.  

The Third Measure: Control of Construction of Inside Service 

173. Under this heading, there are a number of sub-measures, the 

first being compliance with British Standard. 

British Standard of Pipes and Fittings 

174. WWO gives “fitting” a wide definition.  It covers any material, 

including solder, which is used in the inside service. 
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175. WWR stipulates that every pipe or fitting shall be of the British 

Standard.  British Standard is defined under regulation 2 of WWR to 

mean “the latest revised edition of a specification issued by The British 

Standards Institution”. 

176. Part 1 of Schedule 2 of WWR sets out all the British Standards 

which apply to any pipe or fitting installed or intended to be installed in 

any inside service. 

177. Paragraph 17 of Part 1 of Schedule 2 states as follows – 

“ Capillary fittings or compression fittings shall comply with BS864, part 2 

for capillary and compression fittings of copper and copper alloy and 

compression fittings for pipes laid under the ground shall be Type B.” 

178. BS 864-2:1983 laid down requirements for capillary and 

compression fittings for use with copper tubes.  When first published in 

1983, solder used for making capillary joints was required to be at least 

equivalent to grades C and G of BS 219:1977.  Grades C and G of 

BS 219:1977 at the time permitted the use of over 50% of lead in the 

chemical composition of solder. 

179. The use of over 50% of lead in the chemical composition of 

solder was tightened in 1987.  By an amendment in 1987 to 

BS 864-2:1983, solder used for making capillary joints was changed to 

one of lead-free grades of soft solder specified in Table 17 for potable 

water applications.  For general applications, Grade G continued to be 
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permitted.  In the case of potable water application, only 0.1% of lead in 

the chemical composition of the solder was permitted.  BS 219:1977 

was similarly amended in 1987. 

180. In 1993, BS EN 29453:1994 was published to supersede 

BS 219:1977.  In 2006, BS EN ISO 9453:2006 was published to 

supersede BS EN 29453:1994 which was then withdrawn.  Despite these 

changes, the maximum permissible chemical composition for lead in soft 

solder remained to be 0.1%.  In 2014, BS EN ISO 9453:2014 was 

published to supersede BS EN ISO 9453:2006 and it reduced the 

maximum permissible chemical composition for lead to 0.07%. 

181. In 1998, BS EN 1254-1:1998 and BS EN 1254-2:1998 were 

published to supersede BS 864-2:1983, which was declared obsolescent.  

Soldering alloys with lead and brazing alloys with cadmium were not 

permitted in installations for water for human consumption under Table 6 

of BS EN 1254-1:1998. 

182. Up to this moment, BS EN 1254-1:1998 remains to be the 

current British Standard governing fittings with ends for capillary 

soldering or capillary brazing to copper tubes. 

183. Reading BS EN 1254-1:1998 and BS EN ISO 9453:2014 

together, the current specification for maximum permissible chemical 

composition for lead in soft solder is set at 0.07%. 

184. Despite all these technical developments in British Standards, 

BS 864-2:1983 continues to be the standard specified in WWR.  One 
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can immediately see that WWR is seriously out of date.   

185. We were constantly reminded throughout the hearing by the 

senior management of WSD that, given the definition of “BS” in WWR 

as “the latest revised edition of a specification issued by the British 

Standards Institution”, it was unnecessary to update the regulations 

because the definition had, by default, taken care of all these latest 

changes. 

186. With respect, we disagree.   

187. “BS” as defined means not the latest edition but the latest 

revised edition.  In Chinese, it says “最新修訂版”.  “Latest revised 

edition” simply means the latest amended edition.  As such, 

BS EN 1254-1:1998 is not the latest revised edition of BS 864-2:1983.  

It is a new British Standard; the former has superseded the latter. 

188. Ordinances and regulations require constant update.  Its 

importance was highlighted in one memo prepared by WSD back in 

January 1990.  In a set of Drafting Instructions prepared on behalf of 

Director of Water Supplies, the following passages were mentioned:  

“ Introduction 

 1. Over the years, a considerable number of irregularities in the 

Waterworks Ordinance and Regulations have become apparent which are 

due to either technical references being out of date or additions being 

necessary to strengthen particular sections to facilitate enforcement and 

clarify interpretation.  A review has been made of the Ordinance and 

certain amendments have been identified to be necessary.  It is therefore 

intended to amend the relevant Ordinance and Regulations with a view to 
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removing the irregularities accordingly.  

 Background 

 2. The technical references quoted in the Waterworks Regulations 

were based on information available in the early seventies.  With the 

advancement in technology and the development of British Standard 

Specifications, some of the technical references have become obsolete or 

inadequate.  New pipe materials have also been made available for use in 

water supply systems and obsolete pipe materials are being phased out.  

The existing Regulations are not yet wholly updated in this respect.  

 … 

 (B) Detailed Instructions 

 4. Detailed instructions are tabulated in the schedule attached –  

Ordinance/ 

Regulations 

Proposed 

Amendments 

Remarks 

Second 

Schedule. Part I 

… 

 

To delete para. 14. 

 

 

To replace “B.S. 

864, part 2 and 3” in 

para. 17 by “B.S. 

864 part 2”. 

 

To include 

unplasticised P.V.C. 

pipes and 

polybutylene pipes 

in para. 1(3) as 

alternative pipe 

materials for fresh 

water inside 

services. 

… 

 

B.S. 66 and 99 has 

been withdrawn. 

 

B.S. 864 part 3 is not 

the appropriate B.S. 

for copper tubes 

fittings.  

 

Unplasticised P.V.C. 

and polybutylene are 

now accepted pipe 

materials.” 

189. As pointed out by HKIE in its report “Study of Lead in 

Drinking Water in Public Housing Estates” submitted to this Commission, 

apart from BS 864-2:1983, save and except three, the British Standards 
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mentioned in the Annex to Form WWO 46 are outdated.  

190. HKIE was of the view that “for engineering specification, it is 

imperative to ensure obsolete standards shall not be specified” and “the 

lapse of WSD failing to replace those obsolete specification by current 

standards was a very serious matter, considering a few of them had 

already expired for over a decade”.   

191. Explanation given during the hearing for not amending WWR 

was that WSD would not insist on strict and immediate compliance with 

the latest British Standard.  WSD would exercise its discretion either to 

allow the industry a grace period to catch up with the change or because 

the amendment was of a minor nature. 

192. One can see the practical need of a grace period for the industry, 

it however inevitably creates considerable legal uncertainty.  It is hardly 

ideal in Hong Kong for we pride ourselves on the rule of law.  

Unfettered discretion may unfortunately lead to misuse of executive 

power.  This situation is also unhelpful because sections 14(3) and (4) of 

WWO create a criminal offence if the construction of inside service is not 

carried out in such manner as may be prescribed and the quality of the 

pipes and fittings of the inside service is not as prescribed.  

193. Whatever justifications WSD may have, in the case of the use 

of lead-free solder, we have not seen, up to this juncture, any notice or 

circular issued by WSD notifying the industry or the public of the 

effective change of requirement in the maximum permissible lead content 
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in soft solder from over 50% to 0.1% or from 0.1% to 0.07%.  These 

changes are very substantial changes and a “grace period” of 18 years in 

our view is totally unacceptable. 

 

The Engagement of Licensed Plumbers 

194. Plumbers play a key role in managing risks by ensuring 

compliance with applicable standards and codes.  Plumbers have to 

ensure that water systems are intact and that intrusion of microbial and 

chemical contaminants is minimised.   

195. Under regulation 32A of WWR, plumber’s licences may be 

issued by WA. 

196. Before 1992, examinations of LPs were administered by WSD.  

Since October 1992, any persons who hold a Craft Certificate in 

Plumbing and Pipefitting issued by VTC after 1987 or equivalent, plus a 

Certificate in Plumbing Services (Hong Kong) issued by VTC or an 

equivalent qualification may apply for a plumber’s licence.  The focus 

of the plumbing courses offered by VTC is to equip its students with the 

necessary skills and knowledge to become LPs.  The use of lead-free 

solder is one among many subjects taught by VTC.   

197. The plumber’s licence is renewed annually.  Apart from 

paying the necessary fees and collecting the licence in person at a 

specified office annually, there is no requirement for continuous training 

to ensure their knowledge is up to date.  
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198. As such, there is no way of knowing whether the existing LPs 

actually possess the necessary skills and knowledge expected of them in 

today’s ever increasing complex plumbing environment.  This is highly 

unsatisfactory.  

199. Under the existing statutory regime, LPs are given unique 

responsibilities.  Sections 14(1) and 15 of WWO provide as follows – 

 “14.   Construction, etc., of fire services and inside services 

 (1) Subject to subsection (2), no person shall, except with the 

permission in writing of the Water Authority, construct, install, alter or 

remove a fire service or inside service. 

 

 … 

 15.   Construction, etc. by licensed plumbers 

 (1) Subject to subsection (2), no fire service or inside service shall be 

constructed, installed, maintained, altered, repaired or removed by a 

person other than a licensed plumber or a public officer authorized by the 

Water Authority.  

 (2) Alterations or repairs to a fire service or inside service which are, in 

the opinion of the Water Authority, of a minor nature, or the rewashering 

of a tap, may be carried out by a person other than a licensed plumber or a 

public officer authorized by the Water Authority. 

 (3) Subject to subsection (2), any person who – 

  (a) contravenes subsection (1); or 

  (b) employs or permits a person other than a licensed plumber or a 

public officer authorized by the Water Authority to construct, 

install, maintain, alter, repair or remove a fire service or inside 

service, 

  shall be guilty of an offence. ” 

200. One controversy arose during the hearing was whether the law 

required LPs to construct inside service by themselves, with the exception 
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of works which were of minor nature. 

201. This issue cannot be described as unimportant or purely

academic because as pointed out by Professor Lee, poor workmanship 

was one factor which contributed to the present incidents.  Further, LPs 

were regarded as the gatekeeper by WSD.  However, the position of 

WSD on this issue was ambiguous and could hardly be described as 

reassuring. 

202. At the beginning of the hearing, WSD relied on the WSD

Circular Letter No. 2/90 dated 4 September 1990 to support its position. 

It provides that : 

“ Need for Plumbing Work to be Carried out 

by Licensed Plumbers 

There have been instance where licensed plumbers withdraw 

from the plumbing work of a project and ask other person to take over the 

work without notifying the Water Authority. 

I like to remind you that you should not hand over the plumbing 

work for which you have signed Waterworks Form ‘G’ to any other 

person so as deem to transfer the responsibility for supervising the work 

unless the person to take over is himself a licensed plumber and has 

obtained the approval of the Water Authority through submission of a 

fresh Waterworks Form ‘G’. 

So long as you remain to be the licensed plumber of a particular 

job for which you have signed Waterworks Form ‘G’, you may employ 

workers who are not necessarily licensed plumbers to assist you in 

carrying out the work.  But under no circumstances should you use your 

licence to enable non-licensed persons to undertake plumbing work 

without involving yourself in the supervision of the work.” [emphasis 

added] 

203. WSD relied essentially on the statements “may employ workers

to assist” and “involving in the supervision of the work” to justify that 

LPs would not need to construct inside service by themselves.  On what 
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legal basis WSD could say that, we have not been provided with any 

answer. 

204. When the senior management of WSD came to take the stand, 

we were informed that it was a matter of policy that LPs were not 

required to carry out plumbing works personally on the ground that such 

had been a long established practice; to require LPs to construct inside 

service themselves was unworkable and practically impossible; and so 

long as the plumbing works were supervised by LPs, that would be 

sufficient. 

205. When questioned further as to whether supervision entailed the 

physical presence of LPs, we were told by Director of Water Supplies that 

it was unnecessary.  When the same question was put to Deputy Director 

of Water Supplies, his answer was simply “he [the LP] is responsible”. 

206. When Assistant Director, Mr Lam Ching Man, came to testify, 

he sought to contrast the language with the wordings in statutory 

provisions of other professions, such as electrical workers and gas 

installations workers, where the laws imposed a personal obligation on 

them to carry out the works.   

207. We do not find the use of the analogy helpful.  The wordings 

of section 15 of WWO are plain and simple.  It is difficult to see how, as 

a matter of statutory construction, words can be read into the current 

provision to allow inside service to be constructed by a person other than 

a LP or by others under the supervision of a LP.   
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208. The 1990 Drafting Instructions mentioned earlier did not just 

highlight the need for correcting technical irregularities.  It went on to 

examine the role of LPs: 

 “ 3. Apart from attempting those proposed amendments which are 

either simple ones to keep the Waterworks Ordinance and Regulations in 

pace with the latest development of pipe materials and British Standards 

or minor in nature without introducing much change to the prevailing 

policy, opportunity is taken to incorporate a few amendments which aim 

at strengthening the enforcements or particular sections of the Ordinance 

and Regulations.  These are explained below: 

 

 (a) … 

 (b) … 

 (c)  Control is becoming too loose over those persons who are 

deemed to be a licensed plumber under Regulation 38.”  

209. In WWO’s 1938 edition, “LP” meant “any person or persons or 

corporate body licensed by the water authority to construct, alter or repair 

inside on fire services.”  It was not a statutory requirement to employ LP 

to construct inside service.  Section 10 of WWO’s 1938 edition stated 

that “any consumer may arrange with a LP to construct an inside service 

in premises for the supply of water from waterworks”. [emphasis added]  

210. WWO’s 1938 edition was repealed by WWO’s 1974 edition.  

LP was given a new definition to mean a person licensed under WWO 

and a person deemed under WWO to be a LP.  The present section 15 

was also introduced into WWO in this 1974 edition.  WWO’s 1974 

edition imposed for the first time a mandatory requirement to employ 

LPs. 
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211. During 1990, there were issues with LPs.  The same Drafting 

Instructions summarised the problem faced by WSD at the time: 

“Licensed Plumbers 

 It is required by Section 15(1) of the Waterworks Ordinance 

Cap. 102, that work associated with the construction, installation, 

maintenance, alteration, repair or removal of inside and fire services must 

be undertaken by Licensed Plumbers. 

 

 The licensing of plumbers is done by the Director of Water Supplies 

according to Waterworks Regulation 34(1).  This is done by a written 

examination and an oral interview to test the knowledge of the applicant 

in relation to the work and the provisions of the Ordinance.  Licences are 

renewed annually upon the satisfaction of the Director and the payment of 

a fee.    

 

 An earlier version of the Waterworks Regulations (i.e. Reg. 10(2) of 

the Ordinance No. 20 of 1938) allowed firms which employed Licensed 

Plumbers to be issued with licences.  This was found difficult to control 

because the individual holding the licence might leave the firm any time 

thus giving rise to possible situations under which the firm might be 

allowed to carry out works without the employment of a Licensed 

Plumber.  

 

 In view of the above, a revision was made in the Ordinance 1974 to 

the effect that firms were no longer issued with licences but Regulation 

38(1) stipulates that any person (instead of a firm) who carries on business 

of plumbing and employs a Licensed Plumber, shall be deemed to be a 

Licensed Plumber.  This enables the proprietor of a firm to undertake 

works connected with inside and fire services for the purpose of the 

Waterworks Ordinance as long as he employs a Licensed Plumber.  Such 

a person is required by Regulation 38(2) to submit to the Director of 

Water Supplies, the name of every licensed plumber employed by him 

within 14 days after the end of every year.  

 

  However, it is now found that there are administrative problems in 

implementing this mainly because there is practically little change in the 

situation by allowing a person instead of a firm, to employ a Licensed 

Plumber for the purpose of carrying out plumbing business and the same 
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difficulty in control as described in the third paragraph above is also 

experienced.  

 

 An assignment (no. 36/78) was done by the Corruption Prevention 

Department in 1978 on the Licensing of Plumbers.  The report drew 

attention to the anomalies which exist in relation to this regulation and 

proposed that the legislation be updated.  The case has been carefully 

reviewed and it is considered that there is no real need to retain 

Regulation 38 and it would be a better arrangement to make it a strict 

requirement that all plumbing work must be carried out by a Licensed 

Plumber as stipulated in Section 15(1) of the Waterworks Ordinance. 

 

 It is proposed to delete Regulation 38 altogether for reasons stated 

above and to amend the interpretation of “licensed plumber” in Section 2 

accordingly.” [emphasis added] 

212. Regulation 38 was indeed repealed in 1992. 

213. WSD also took the view that allowing only LPs to carry out 

plumbing works personally would contradict the provisions of the 

Construction Workers Registration Ordinance (Cap. 583) (CWRO) which 

provides for the registration of skilled and semi-skilled construction 

workers and the regulation of construction workers personally carrying 

out construction work.  Plumbing is one of designated trades regulated 

by CWRO.  We note the seeming contradictions between WWO and 

CWRO.  This in our view could well be a case whereby the operation of 

the two ordinances had simply slipped the mind of the draftsman. 

214. We recognise that the industry will encounter serious practical 

difficulties if LPs are required to carry out all the plumbing works by 

themselves.  However, one should not use that as an excuse either to 

read words into otherwise a clear and unambiguous statutory provision.  
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The remedy of course is to amend the current WWO. 

215. For the purpose of this inquiry, we accept that it would not be 

necessary for us to come to a definitive conclusion on the legal 

interpretation of the relevant provisions.  What is obvious is that there is 

a huge gap between the language of law and the industry practice 

permitted by WSD.  That is highly undesirable not only for that 

discrepancy in itself but because criminal sanctions are attached to 

section 15 of WWO.  Criminal laws require a high degree of certainty. 

216. After the incidents, WSD issued Circular Letter 4/2015 which 

stated as follows – 

“ For the avoidance of doubt, all plumbing works using soldering for 

connecting copper pipes shall have the permission of the Water Authority 

and shall be carried out by a licensed plumber in accordance with section 

14 and 15 of Waterworks Ordinance (Cap. 102).” 

217. On any objective reading, one gets the impression that it 

mandated soldering works to be carried out by LPs personally.  Had 

workers other than LPs all along been permitted to carry out the soldering 

work, there was no need for any “avoidance of doubt”.  However, soon 

after the circular was issued, given inquiries from the industry, WSD 

posted onto its website the following clarification: 

“ According to the Circular, please clarify whether all solder joints must be 

carried out by licensed plumber.  

  Under the Waterworks Ordinance, construct, install, maintain, alter, 

repair and remove of fire service and inside service shall be carried out by 

licensed plumber.  The licensed plumber can be assisted by workers 

when needed.  However he should involve in supervision of the 

plumbing works.” 
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218. In our view, the clarification did not clarify anything.  It seems 

LPs were still required to do the soldering works.  Only when needed, 

LPs might be assisted by workers.  Be that as it may, this again 

demonstrated to us all the uncertainty and confusion that permeated 

within WSD as to the exact duty and responsibility of LPs. 

219. Some of the responsibilities assigned to LPs include (a) the 

certification of pipes and fittings installed or intended to be installed, 

including those as listed on the Annex to Form WWO 46 and those not 

listed, are as prescribed by WWR; (b) the listing of the proposed pipes 

and fittings intended to be used in the plumbing works (Annex 

to Form WWO 46); and (c) application made to WA for final inspection.   

220. Most of the above involve paper work only. 

221. The three LPs responsible for the affected estates had been 

called to testify in this inquiry.  None of them attended any of the VTC 

courses for they were qualified in the 1970s and 1980s. 

222. Leaving aside their knowledge on the use of lead-free solder, it 

is clear that none of them involved themselves personally in the 

construction of the inside service.  In the case of Mr Ng Hak Ming, who 

impressed upon us as the most knowledgeable and conscientious one 

amongst the three, performed no more than an administrative and 

supervisory role.  As to another LP, Mr Lam Tak Sum, his role was 

essentially limited to attending the final inspection and affixing his 

signature onto various WSD documents.  Regarding Mr Cheung Tat 
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Yam, for reasons stated later, we simply do not believe his evidence.  

223. Even if it was accepted that a LP could be assisted by workers 

when needed, there was no requirement by WSD on how the LP should 

carry out or be involved in material inspection at site or inspection of 

workmanship of his workers.  A LP can at present, theoretically sign up 

for a number of building projects at any given times.  In the case of Kai 

Ching, only one LP was engaged for the plumbing works of over 5,000 

housing apartments.  It is doubtful how well the LP could divide his 

time to supervise plumbing works of such scale. 

224. WSD hardly conducted any random check apart from 

mandatory inspections required of WWO.  It was submitted on behalf of 

WSD that this might just amount to “a further layer of sporadic checks”.  

We do not agree.  Even on final inspection, there was no mandatory 

requirement that LPs must be present.  LPs might appoint a 

representative to be present although there would be penalty points 

attached.  This was further complicated by the loose “supervision” 

concept permitted by WSD where LPs could remotely supervise the 

plumbing works.  

225. As pointed out by Professor Fawell, having a pool of specialists 

looking specifically after the plumbing aspects in building projects was 

commendable, but it was necessary that these people were equipped with 

the proper knowledge, including knowledge as to the health aspect of 

their responsibilities, and would display professionalism in their work.   
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226. In our view, the LP system needs to be strengthened and 

improved. 

 

Confirmation by Authorised Person 

227. One of the sub-measures to control the construction of the 

inside service involves the engagement of professional service of APs, 

who are qualified and registered professionals (architects / engineer / 

surveyor) as defined under the Buildings Ordinance (Cap. 123).  Due to 

the complexity of plumbing works, WA has imposed on APs the 

responsibility of ensuring compliance with WWO and WWR since 1982.  

In the construction of PRH projects, although it is exempt from the 

control of the Buildings Ordinance, Chief Architects (CAs) of HD are 

tasked to mirror the role of APs.  CAs are responsible for the overall 

design of buildings and they need to have an understanding of the 

operation of and requirements associated with water supply systems.   

228. Under the Building (Administration) Regulations (Cap. 123A), 

APs are required to submit to the Building Authority a certificate 

regarding water supply connection to be issued by WA upon completion 

of a new building.  Section 21(6) of the Buildings Ordinance provides 

that for buildings to which a supply of water is required to be connected 

for any purpose, the Building Authority may refuse to issue an occupation 

permit when it is not satisfied that connection of water supply has been 

duly made to the building by WA.   

229. APs have since 1987 been required to comply with the 

following requirements and fill in a number of different forms: 
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(a) AP of a developer is required to make enquiry with WA 

about the availability of water supply (Form WWO 132 

Part I); 

(b) AP and LP are required to apply jointly to WA for 

permission to commence plumbing works (Form 

WWO 46 Parts I and II).  This involves AP and LP 

giving the following certification: 

“ We hereby notify that the plumbing works detailed above … will be 

commenced on … We CERTIFY that the pipes and fittings 

installed/intended to be installed, including those as listed on the 

attached Annex to this Form and those not listed, are as prescribed 

by the Waterworks Regulations.”; 

(c) AP and LP are required to list out the proposed pipes and 

fittings intended to be installed in the plumbing works 

(Annex to Form WWO 46); 

(d) after completion, AP and LP are required to apply jointly 

for inspection by WA for approval of their works; and 

(e) upon approval and after cleansing and disinfection of the 

inside service, AP is required to apply to WA for issuance 

of “Certificate regarding water supply connection” (Form 

WWO 132 Part II).  AP is required to confirm that the 

pipes and fittings used in the project are in full compliance 

with waterworks standard and requirements. 

230. In 1995, HKIA confirmed again the appropriateness in 

appointing APs as persons responsible for submitting plumbing proposals 

and supervising plumbing installation for building projects.  Apart from 
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the confirmation, HKIA replied to WSD as follows: 

 “ Members of our Institute that have qualified for the List 1 of the 

Authorized Persons would have acquired the basic knowledge of design 

and installation of plumbing system in their university education and 

professional training.  They would have supervised periodically the 

carrying out of plumbing installation as part of their inspection duties on 

building works.” 

231. Both the certification mentioned in paragraph 229 and the 

response given by HKIA confer upon architects very important 

responsibilities.  It is, in our view, not open for them to claim “lack of 

awareness” or “inadequate awareness” as an excuse.  

232. APs seemingly are given an onerous task.  However in reality, 

all APs from HD told us that they expected LPs to perform their duties 

under WWO and WWR.  All that they had done were no more than 

putting down their signatures alongside LPs’. 

233. It was submitted by Counsel for HA that one should not treat 

APs the same as LPs or WSD for they had no statutory role to play under 

the existing regulatory regime on water quality.  We agree.  But the 

undisputed fact is that APs are required to put down their signatures on 

various WSD documents to undertake certain obligations.  They are 

therefore liable under those undertakings.  In fact, HA admitted its CAs’ 

failure in one background paper sent to us (see paragraphs 300 and 301 

below).  

234. In essence, WSD relied on LPs and APs for statutory 

compliance.  APs relied on LPs because LPs were regarded as 
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specialists and had statutory duty to perform.  LPs in turn relied on 

WSD’s final inspection.  The whole process ended up in a failing circle. 

235. The involvement and co-operation of other stakeholders such as 

LPs and APs are important.  However, given its extensive powers under 

the law, we are of the view that the ultimate responsibility in ensuring 

water quality falls firmly on WSD.  WSD cannot simply rely on the 

hope that other stakeholders will perform their tasks properly, and confine 

itself comfortably to certain functionality tests.  As we now know, the 

use of leaded solder was introduced into the inside service during the 

construction stage of the building projects, which has proved that WSD’s 

regulatory approach did not work. 

Final Inspection upon Completion 

236. What are the responsibilities of WSD during the construction 

stage of any building projects?  Its responsibilities or regulatory role as 

perceived were encapsulated in the witness statement of Mr Cheung Yip 

Kui, Senior Engineer of the Customer Services Branch: 

“ 5.  The supply of safe drinking water from the inside service is 

dependent on effective collaboration amongst various stakeholders, each 

of which has a distinct role to play.  Apart from WA, the relevant 

stakeholders include developers. Authorized Persons (“AP”), building 

contractors, plumbing subcontractors and licensed plumbers (“LP”).  The 

role of WA in relation to inspection and approval of the inside service is to 

be understood in this context where there has been a long standing quality 

control and site supervision system during the construction process 

undertaken by the various stakeholders.  Together with AP and LP’s 

certification that the use and installation of pipes and fittings in the inside 

service are compliant, the system provides a reasonable and manageable 

safeguard against the use of non-compliant materials such as leaded 
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solder…  

6. Taking into account the quality control and site supervision 

system already in place, the focus of WA’s inspection is on prevention of 

misuse and wastage of water and pollution of the government water 

supply.  In practice, the inspections carried out by WA emphasize on 

checking the plumbing system, including the sizes, configuration and 

alignment/position of pipes, fittings and meters, against the approved 

plumbing drawings as well as the materials as listed in the Annex to Form 

WWO 46 submitted previously by the AP and LP...  

13. The inspection and approval of plumbing works in relation to 

the inside services of the Affected Estates were carried out by WSD staff 

in the Customer Services Division of the Customer Services Branch 

whilst the collection and testing of water samples at the connection points 

were conducted by WSD staff in the Water Science Division of the 

Development Branch except for Tung Wui Estate and Choi Fook Estate 

(Phase 1), which were conducted by the HOKLAS accredited 

laboratories.” [emphasis added] 

237. In essence, after delegating all the duties and responsibilities to 

APs and LPs during the construction stage, the responsibilities or 

regulatory role of WSD are confined to final inspection after the 

completion of the building projects.  We note the requirement for 

interim inspection, but in the present case since all the pipes were not 

covered, interim inspection was inapplicable.  In any event the final 

inspection, as explained later, focused exclusively on functionality, and 

on the prevention of misuse and wastage of water and pollution of the 

Government’s water supply.  Prior to the incidents, no checking was 

conducted on the chemical composition of any plumbing materials.  

Solder and joints were not included in WSD’s checklist.  In fact, solder 

was not included as one of the items required to be listed on the Annex to 

Form WWO 46 at the very beginning of the building project.  Note 7 of 
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the Annex stated that: 

“All pipes used/intended to be used are required to be reported in the Annex.  

For fittings, only draw-off taps, stop valves, gate valves, ball valves and 

combination fittings need to be reported…” 

238. The inclusion of taps, valves and fittings, i.e. terminal fittings, 

was again to serve the purposes of functionality and prevention of water 

leakage.  In explaining why no thought was apparently given to the 

health risks posed by pipes and fittings, Deputy Director of Water 

Supplies told us that such risks would have been alleviated had there been 

strict compliance with British Standards and all the specifications under 

the contracts.  As pointed out by Counsel for the Commission, this is not 

a satisfactory answer, given the same could be said about the functional 

risks.   

Test of Water Sample at Final Inspection 

239. The purpose of testing water samples during final inspection 

was again not for identifying non-compliant material used in inside 

service but to guard against contamination of the Government’s water 

supply by any newly constructed inside service.  This is reinforced by 

the fact that WA only required water samples to be taken near each 

connection point from the newly constructed inside service before 

effecting water supply.   

240. Prior to July 2015, water samples were taken to test against 

eight parameters.  These parameters were pH at 25˚C, turbidity, colour, 

conductivity at 25˚C, residual free chlorine, E.coli, total Coliforms and 
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heterotrophic plate counts.  

241. pH was tested to ensure the inside service had been thoroughly 

flushed and that there were no excessive disinfectants present which 

would affect the acceptability of water.  Turbidity was tested for 

suspended or colloidal particles in water; high turbidity would provide 

protection against microorganisms.  Colour was tested for the presence 

of coloured substances which would affect the acceptability of water.  

Conductivity was tested for cross connection between fresh and salt water 

supply system.  Residual free chlorine was tested for the effectiveness of 

disinfection.  E.coli was tested for faecal contamination.  Total 

Coliform and heterotrophic plate counts were tested for cleanliness and 

integrity of the system and the potential presence of biofilm which 

covered a wider range of microorganisms.  The overall objective was 

focused on any indication of possible contamination of WSD’s water 

mains and not on the safety of water eventually consumed at tap.  The 

testing of the eight parameters was also not related to compliance with the 

Guidelines.  

242. In explaining why lead was not included, WSD relied on the 

WHO’s publication: “Chemical Safety of Drinking-water: Assessing 

Priorities for Risk Management” which provided, among others, that: 

(a) Generally, lead was not a high priority for routine 

monitoring programmes, but possible risks posed by lead 

in drinking-water should be assessed; 

(b) Unless there was strong evidence that particular 

chemicals were currently found or would be found in the 
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near future, at levels that might compromise the health of 

a significant proportion of the population, the inclusion 

of those chemicals in drinking-water monitoring 

programme would not be justified, particularly where 

resources were limited; 

(c) Lead could also be present if leaded solder was used in 

the installation of copper piping.  A control measure in 

this case would normally be to avoid the use of leaded 

solders for applications involving drinking-water.  

Chemical monitoring of drinking-water was not normally 

considered to be appropriate and the most suitable 

method of management was by product specification, as 

indicated above for other materials; and 

(d) When found in drinking-water, lead usually arose from 

lead pipes and leaded solder, mostly from plumbing in 

buildings.  Monitoring was quite difficult and would 

require samples to be taken at the tap.  Assessing the 

presence of lead pipes, or the ability of the water to 

dissolve lead, would be the most appropriate 

management approaches.  Monitoring would only be 

considered if significant resources were available. 

243. As told by Professor Fawell, preventing the contamination of 

water by chemicals through material control and regulation was a much 

more cost-effective approach and that one should not be tempted to apply 

20/20 hindsight. 
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244. We agree with that approach.  Indeed, under regulation 21 of 

WWR, WA may require any pipe or fitting, before it is installed or used, 

to be tested.  However, in practice, we were told that no test had ever 

been conducted by WSD on the plumbing materials used in the 

construction of inside service. 

245. After the incidents, four more chemicals, namely lead, 

cadmium, chromium and nickel, were added to the testing parameters of 

WSD.  As pointed out by Professor Fawell repeatedly in his report, the 

sampling protocol used by WSD was incapable of achieving the intended 

objective of testing the extent of chemical contamination that happened 

within the inside system.  An appropriate sampling protocol should be 

devised.  In addition, as suggested by Professor Fawell, it would be 

useful to add copper, antimony and zinc to the list of metals to be tested.  

Copper can be leached from copper piping and is known to cause acute 

gastric irritation when the concentration exceeds about 2 mg/L.  Copper 

is only a problem in new copper plumbing system.  Antimony is seen at 

taps in Europe, so it would be prudent to collect some data as well.  Zinc 

may be released from galvanised pipes and can cause problems with the 

acceptability at concentrations above 3 mg/L. 

 

The Fourth Measure: Powers Conferred onto the Water Authority 

246. As to all the powers conferred (listed in paragraph 129(4)) onto 

WA for the purpose of ensuring compliance of plumbing materials, we 

have heard very little evidence as to how they are implemented at the 

operational level.  We have not heard any evidence, in particular, 
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regarding the use of the power under regulations 20 and 21 of WWR 

respectively to ascertain if any pipe or fitting complies with the British 

Standard and require any pipe or fitting, before it is installed or used, to 

be tested.  We know that WSD only has chemical, biological and 

radiological testing facilities within the Water Services Division, there 

however is no material testing facility for any plumbing materials.  We 

doubt if these two particular provisions have ever been applied in the 

past.   
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IV. THE PRESENT REGULATORY AND MONITORING 

SYSTEM – CONSTRUCTION OF PUBLIC RENTAL 

HOUSING ESTATES 

 

 

247. Let us now look at the role of HA and HD.  Theoretically, HA 

could have prevented the present incidents from happening if its control 

measures in place, in particular, the requirement for lead-free solder, were 

working properly. 

The Hong Kong Housing Authority 

248. HA is the statutory body established in April 1973 under the 

Housing Ordinance to develop and implement Hong Kong’s public 

housing programme, with a mandate to help low income families in need 

to gain access to affordable housing.  The Secretary for Transport and 

Housing assumes the office of Chairman of HA, while Director of 

Housing assumes that of Vice-chairman.  Six standing committees have 

been formed under the Housing Ordinance to formulate, administer and 

oversee policies in specific areas. 

249. HA is not part of the Government and is subject to statutory 

requirements such as those in WWO which are applicable to private 

property developers.  Although HA is exempt from the Buildings 

Ordinance which governs the planning, design and construction of 

buildings, it however submits building proposals for vetting and approval 

by the Independent Checking Unit which reports directly to the 

Permanent Secretary for Transport and Housing (Housing) and mirrors 
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the same functions of the Building Authority under the Buildings 

Ordinance. 

250. HD is the executive arm of HA, staffed mostly by civil servants.  

It is headed by Director of Housing.  Under the office of Director of 

Housing, there are four divisions, namely the Development and 

Construction Division, Estate Management Division, Strategy Division 

and Corporate Services Division.  Similar to other organisations, HD has 

undergone organisational changes at different time and stages.  Different 

divisions may have different names and functions in different periods of 

time.  For the purpose of this inquiry and to simplify matters, their 

current names will be used throughout the report. 

251. The Development and Construction Division is responsible for 

the production of new public housing units, which include all aspects of 

project management and production work covering the initial site search 

and feasibility studies, planning, design and construction management.  

The Development and Construction Division is also responsible for 

establishing operational policies on procurement, design, construction, 

quality performance assessment, research and development, safety and 

environmental management for public housing development in Hong 

Kong. 

252. The Development and Construction Division is headed by a 

Deputy Director who is supported by four Assistant Directors and 

25 Chief Professionals, including CAs, Chief Building Services 

Engineers (CBSEs), Chief Civil Engineers, Chief Geotechnical Engineers, 
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Chief Planning Officers, Chief Quantity Surveyors, and Chief Structural 

Engineers.  At present, the establishment of the Development and 

Construction Division including non-directorate staff is 2,497. 

253. After the incidents, Chairman of HA set up the Review 

Committee to carry out a full review on HA’s quality control and 

monitoring mechanism at different stages of public housing construction.  

The Review Committee comprised HA members of different professional 

background. 

254. The Review Committee submitted an interim report on 

6 October 2015 and the final report in January 2016.     

255. The Review Committee concluded that:  

(a) there were inadequacies in the past mechanism, at the 

regulatory and industry-wide level, for ensuring the 

quality of drinking water supplied to PRH estates; 

(b) there had been “inadequate awareness” of the 

stakeholders in the construction industry on the use of 

leaded soldering materials and their consequences on the 

quality of drinking water;  

(c) the main contractors, well aware of the contractual 

requirements to use lead-free solder, failed to put in place 

sufficient quality control and supervision to fulfil their 

contractual obligations; and 

(d) there were inadequacies in HA’s past quality control 

mechanism which had been geared towards known issues 
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about safety and quality of fresh water but not on the 

presence of lead (or other heavy metals) in the fresh 

water supply system or in the water, and had not targeted 

soldering materials as a high risk item. 

256. As pointed out by Counsel for the Commission, “lack of 

awareness” had become a hackneyed phrase in the investigation of the 

present incidents.  We shall examine the validity of this explanation by 

tracing the development of the use of copper pipes in PRH projects over 

the years. 

Use of Copper Pipes 

257. Galvanised steel pipes were used in PRH estates before 1994.  

Since they caused discolouration in drinking water, unplasticised 

polyvinyl chloride lined galvanised steel pipes (uPVC-lined pipes) were 

introduced as replacement in HA’s buildings after 1994.  Contamination 

by metals was therefore not new albeit in the case of discolouration, only 

the aesthetic quality of the drinking water had been affected. 

258. In January 1999, at one internal meeting of the Liaison Group 

on Construction Quality (LGCQ), a forum for exchange of views between 

the Development and Construction Division and the Estate Management 

Division on construction quality, materials and technical standards, the 

Estate Management Division started discussions comparing the use of 

copper pipes, uPVC-lined pipes and ductile iron pipes for re-plumbing 

work.  The proposal was made against the background that copper pipes 

had gained popularity in private developments and become more readily 
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available on the market.  Information was then passed to a CBSE of the 

Development and Construction Division in February 1999 for further 

study. 

259. A number of meetings followed.  A report which summarised 

the advantages and disadvantages of the use of copper pipes and 

uPVC-lined pipes was prepared.  At a LGCQ meeting in February 2001, 

the use of copper pipes was recommended as an alternative for galvanised 

steel pipes.   

260. Separately, around that time, the subject of water quality in 

buildings was also discussed at WSD’s ACQWS.  ACQWS comprised 

members from different sectors including academics, professionals and 

officials from related Government departments.  Since its inception in 

2000, its membership has always included a representative of HD.  

261. Mr Wong Bay, then Assistant Director of Estate Management 

Division and Co-Chairman of LGCQ, represented HD on ACQWS 

between 2000 and 2007.  However, during this period, he had not raised 

any matters of ACQWS, in particular the problem associated with the use 

of leaded solder, for discussion at any LGCQ meetings.  

262. The ACQWS Paper No. 7 entitled “Quality of Water in 

Buildings” was prepared by WSD in January 2001.  It was stated in 

paragraph 6 by way of background that in 1998 WSD commissioned a 

consultancy study to look into the quality of fresh water supply in 120 

randomly selected residential buildings less than 10 years old.  The 
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study found that a small percentage of these buildings had discoloured 

water problems and the causes were mainly the rusting of the internal 

plumbing system or poor maintenance of their water tanks and water 

pumps. 

263. Paragraphs 8 and 9 of the Paper (which are quoted in 

paragraph 168(3) above) stated the overseas problem that lead pipes and 

lead-soldered copper pipes were widely used. 

264. Mr Wong Bay explained that the focus of ACQWS at that time 

was on the quality of water supplied from Dongjiang, the discolouration 

and turbidity due to rusty pipes and the poor maintenance of plumbing 

systems in Hong Kong.   The contents of paragraphs 8 and 9 of the 

Paper were not discussed in any detail by ACQWS.  He did not report 

the reference in paragraphs 8 and 9 of the Paper to HD as his focus at that 

time was to consider means to tackle the problems of discolouration and 

turbidity from an estate management perspective.  

265. Matters have to be judged in their context.  One of the 

solutions to the problem of discolouration and turbidity was to find 

suitable alternative piping materials.  Mr Wong Bay happened to be the 

only person who sat in both LGCQ and ACQWS.  He was the link 

between the two bodies.  In our view, this was one hit-or-miss golden 

opportunity for HA to recognise the threat and risk of leaded solder being 

used.  
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266. ACQWS allowed stakeholders of different backgrounds to 

work together for the meaningful purpose of ensuring the quality and 

safety of drinking water in Hong Kong.  We expected that HA, as the 

developer of PRH estates in Hong Kong, would play a major role in the 

committee.  As pointed out by Counsel for the Commission, Mr Wong 

Bay’s evidence at the hearing did not give people confidence in the 

effectiveness of HA’s participation in ACQWS: 

(a) If HA had in mind an overriding objective to take care of 

the health risks in drinking water, it should have discussed 

(and continued to discuss) with its representative in 

ACQWS on matters such as what contribution HA could 

make to the committee; what main areas HA should focus 

on in the discussions of the committee; and what 

particular areas discussed in ACQWS should the 

representative bring back to HA for follow-up actions, 

etc.; 

(b) Although Mr Wong Bay did give evidence on the areas 

discussed in ACQWS which he had apparently focused 

and followed up on, there was no evidence which could 

show the considerations of HA in prioritising the issues, 

and its coordination/communication with the 

representative on such issues, which might have led to the 

outcomes as mentioned above; and 

(c) ACQWS was supposed to provide a good channel for 

every stakeholder to express its views on how to improve 

the quality of our drinking water.  In fact, the papers 

prepared by ACQWS on various aspects of drinking 
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quality in Hong Kong were generally well-researched and 

informative.  HA should have designated staff to read 

and consider such papers in order to find out what they 

would pay heed to in future projects and policies.   

Development of Specifications for Copper Pipes and Fittings 

267. In early 2002, a working group was set up in HD to look into 

the use of alternative materials in cold water supply installation.  As 

copper pipes had then been widely used in the building industry, the 

working group considered that there would be benefit to use copper pipes 

as an alternative to galvanised steel pipes to enhance price competition.  

268. A team of building services professionals led by Mr Ng Tat 

Kwan, then Senior Building Services Engineer, was given the 

responsibility for the drafting of the specifications whereas a quantity 

surveyor took responsibility for the necessary changes in tender and 

contract documentation. 

269. With the requirements of WWO, WWR and relevant British 

Standards in mind, Mr Ng Tat Kwan and his team started to draft various 

specifications associated with the use of copper pipes and fittings.  

270. According to Mr Ng Tat Kwan, he and his team soon realised 

that BS 864-2:1983 for capillary and compression fittings of copper, as 

prescribed in paragraph 17 of Part 1 Schedule 2 of WWR, had already 

become obsolete and been superseded by BS EN 1254-1:1998. 
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271. Unlike BS 864-2:1983 which contained a table (Table 17) 

setting out the chemical compositions, including maximum permissible 

lead content of soft solders for use with potable water, 

BS EN 1254-1:1998 does not have a similar table.  Paragraph 4.2.2 of 

BS EN 1254-1:1998 only deals with fittings with built-in or integral 

solder materials and states that “leaded solders shall not be used for 

manufacture of integral solder ring fittings”. 

272. Table 6 of BS EN 1254-1:1998 focuses mainly on the 

maximum temperature and pressure for different kinds of soldering and 

brazing materials.  There is, however, a footnote under Table 6, which 

specifies the requirement that “soldering alloys with lead and brazing 

alloys with cadmium are not permitted in installations for water for 

human consumption”.  An inescapable and irresistible inference of this 

footnote must be that leaded solders are detrimental to human health. 

273. Due to the inconspicuousness of the footnote and hence the 

requirement,  Mr Ng Tat Kwan and his team decided to make it clear 

and draft a dedicated specification clause setting out all the requirements: 

“ Soldering Alloys for Copper and Copper Alloy Capillary Fittings 

 (a) Soldering alloys shall comply with the specifications as listed in 

EN1254 part 1 table 6 section II & III; 

 (b) The use of integral solder fittings is permitted provided they comply 

with EN1254 part 1; 

 (c) Only lead-free category solders shall be used; 

 (d) Copper oxide and dirt shall be removed from pipe spigot and fitting 

socket prior to the application of soldering flux; 

 (e) Only a non-corrosive type of flux, recommended by the solder alloy 
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manufacturer shall be used.  Flux should be applied sparsely and 

with excess removed prior to heating; 

 (f) Soldered pipe joints shall be cleaned with a damp cloth on completion 

to remove flux residues.” 

274. As Mr Ng Tat Kwan further explained at the hearing, the use of 

lead-free solder was not new.  The General Specification for Building 

1993 Edition, issued by the Architectural Services Department, had 

already required that solder for joining potable water pipes should be 

lead-free and conform to BS 864-2:1983 Table 17.  

275. The newly drafted specifications for copper pipe and fittings 

were widely circulated among senior officers of HD, including Project 

Directors, Project Managers, CAs, CBSEs, Chief Civil Engineers, Chief 

Geotechnical Engineers, Chief Quality Surveyors etc., for review.  Only 

minor suggestions were received and incorporated into the specifications.  

276. The Hong Kong Construction Association (HKCA) was also 

consulted.  In one bi-monthly liaison meeting held in July 2002 between 

HD and HKCA, the use of copper pipes in future HA projects was 

mentioned.  HD also agreed to forward preliminary draft specifications 

and design layout drawings to HKCA for comment.  The reply from the 

HKCA indicated that it had no comment regarding the materials 

stipulated in the draft specifications.  

277. A paper on the “Use of Alternative Piping Material for Cold 

Water Supply Installations in HA Buildings” was then prepared and 

submitted to the Assistant Director/Development for clearance before 
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submission to the Development and Construction Management Board of 

HD for approval.  The use of copper pipes and fittings was finally 

approved on 23 July 2002 for implementation with the following two 

specific new specifications: 

“ SUP 1.M178.N Soldering Alloys for Copper and Copper Alloy 

Capillary Fittings 

(a) Soldering alloys: complying with BS EN 1254 Part 1 Table 6

Sections II & III;

(b) The use of integral solder fittings is permitted provided they comply

with BS EN 1254 Part 1;

(c) Use only lead-free category solders;

(d) Use only a non-corrosive type of the flux that is recommended by the

solder alloy manufacturer.

SUP 1.W450.N Jointing Copper Pipework by soldering 

(a) Remove copper oxide and dirt from pipe spigot and fitting socket

prior to the application of soldering flux;

(b) Apply flux sparsely and remove excess flux prior to heating;

(c) Clean pipe joints with a damp cloth on completion to remove flux

residues.”

278. Given the above historical context, it appears clear to us that

Mr Ng Tat Kwan and his team were fully aware of the risk of using 

leaded solder.  They decided to go one step further by emphasising in 

the specification the “use” of “only lead-free category solders” and the 

“use” of “only a non-corrosive type of flux that is recommended by the 

solder alloy manufacturer”.  Flux is a chemical cleaning agent to 

facilitate the process of soldering.  Nowhere in BS EN 1254-1:1998 is 

the requirement of flux mentioned.  As such, the inclusion of 
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non-corrosive type of flux in the specifications indicated to us that Mr Ng 

Tat Kwan and his team had perused and researched widely showing their 

understanding of not only the soldering process but the associated 

technical matters involved.  A separate specification for joining copper 

pipes by soldering was also prepared.   

279. Implicit in demanding the use of only lead-free category of

solder, HA, no doubt, was aware of the various non-lead-free category 

solders available on the market.  To put the matter beyond doubt, 

BS 864-2:1983 and BS EN 1254-1:1998 actually listed out some of the 

different categories of solder.  

280. Given the unequivocal wordings of all the specifications, HA,

as an entity, must be clearly aware of the hazardous nature of leaded 

solder.   

281. Furthermore, apart from copper pipes, uPVC-lined pipes were

also at the time allowed to be used as an alternative to galvanised steel 

pipes.  It is noted that the specification in relation to the use of 

uPVC-lined pipes were even more stringent than those proposed for 

copper pipes.  Samples of uPVC-lined pipes and fittings together with 

catalogues and job references and many other documents had to be 

submitted for inspection.  Copy of ISO 9000 series certification for the 

manufacturing plant was also required to be submitted for inspection too. 

282. It was also stipulated that the uPVC lining to pipes and fittings

should be suitable for use in potable water system and comply with 
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BS 6920 with respect to the effect on water quality.  Corrosion 

resistance test was one of the quality tests required.  For example, the 

concentration of dissolved iron in the water should be less than 200 μg/L 

after the pipes’ being used for three months. 

283. The requirements for suitable lining in uPVC-lined pipes

indicated to us that HA was fully aware of the risk of possible 

contamination from materials used during the construction of the inside 

service.   

284. HA sought to justify its “lack of awareness” by emphasising

that solder materials were sundry items similar to tying wire, bolts and 

nuts.  However, even if a particular kind of material is regarded as a 

sundry item in terms of its nature and use, it does not necessarily follow 

that such an item is insignificant and/or does not need to be subject to 

constant or random checking or testing.  Materials like tile adhesive, tile 

grout, and emulsion paints may be seen as sundry items, but they have 

been subject to HA’s “On-site Delivery Verification” mechanism. 

The Construction Industry 

285. As pointed out by Mr Ng Tat Kwan in paragraph 274 that the

use of leaded solder was a prevalent issue, we have reasons to believe that 

all along the industry has general awareness of the hazardous nature of 

leaded solder. 

The Hong Kong Construction Association 

286. As stated above, HKCA was consulted prior to the introduction
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of the use of copper pipes.  It ought to have knowledge about the 

requirement of the use of lead-free solder. 

The Hong Kong Plumbing and Sanitary Ware Trade Association 

287. PSWTA found it necessary as early as in 1998 to issue a

circular to its members, reminding them of the use of lead-free solder in 

end-feed capillary fitting.  It knew. 

The Construction Industry Council 

288. Mr Li Cheung On, Trade Test Superintendent of CIC, told us

that when he was teaching the basic craft course in plumbing and pipe 

fitting between 1996 and 2014, students were taught to use lead-free 

solder wire for capillary fitting.  He had mentioned to his students that 

all materials used for fresh water supply system had to be lead-free.  

The Vocational Training Council 

289. In the 1996 Craft Certificate in Plumbing and Pipefitting course

offered by VTC, students were taught to identify lead-tin solders, their 

melting points and the use of flux.  In 2001, students were taught the 

different classification and melting temperature of solders, reasons for 

using flux and procedures in soldering.  Although the use of lead-free 

grade solder was not specifically mentioned in the course scheme, 

instructors in practical classes always used lead-free grade solder for 

demonstration.  In its examination papers in 2002/2003, students were 

tested on the toxic effect of lead.  
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290. Mr Chan Tze Kin, an instructor of VTC Craft Certificate course

told us that he had always taught his students to use lead-free solder since 

he started teaching the course in 2001.  He also adopted the use of one 

video produced by the Copper Development Centre in his lectures.  In 

this video, it was clearly stated that lead-free solder should be used for 

potable water system.  

291. Mr Leung Man joined VTC as an instructor in 1987.  When

students were taught about soldering, he introduced to his students the use 

of lead-free as well as lead-containing solders.  Students were reminded 

that in the case of drinking water, lead-free solder ought to be used 

because lead was harmful.  

292. The teaching of using lead-free soldering materials was

discussed in one liaison meeting between VTC and WSD in December 

2004.  A representative from VTC informed Mr Paul Ho Key Wei, an 

engineer of WSD, that all students had been taught to use lead-free 

soldering material in workshop practice.  

293. Mr Ho told us that around 2004, there was an increase of

applications from suppliers for the use of copper pipes and fittings in 

inside service.  He therefore took the opportunity of the liaison meeting 

to remind VTC of the need to teach students to use lead-free solder.   

294. In our view, the construction industry as a whole was or ought

to be aware of the risk of using leaded solder.  However, given the 

breadth and depth of the industry and the number of individuals involved, 
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we are not surprised that some individuals may genuinely not know, some 

do not want to know and some pretend not to know, the risk of using 

leaded solder. 

Risk Assessment by the Hong Kong Housing Authority 

295. Once potential hazards have been identified, it is important to

conduct risk assessment.  It was stated in WHO’s Water Safety in 

Buildings, 2011 Edition: 

“ Once potential hazards and hazardous events have been identified, the 

levels of risk need to be assessed so that priorities for risk management 

can be established.  Risk assessments need to consider the likelihood and 

severity of hazards and hazardous events in the context of exposure (type, 

extent and frequency) and the vulnerability of those exposed. 

Although many hazards may threaten water quality, not all will represent a 

high risk.  The aim should be to distinguish between high and low risks 

so that attention can be focused on mitigating risks that are more likely to 

cause harm.” 

296. Unfortunately, upon the hazard having been identified, HA

failed to conduct any risk assessment.  HA’s explanation was that prior 

to the incidents, there was a general belief or assumption within the 

industry that lead-free solders had always been used and that such 

materials should be safe.  However, in the absence of any risk 

assessment, there was simply little basis for HA to form such belief or 

assumption. 

297. According to one memo dated 8 February 2002, then

CA (Design and Standard) asked Mr Leung Sai Chi, then CBSE to whom 
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Mr Ng Tat Kwan reported, to consider quality test for copper pipes and 

fittings similar to that for uPVC-lined galvanised steel pipes and fittings.  

Mr Leung however decided that since relevant standards had been 

specified, tests for other purpose were not envisaged.  When Mr Leung 

was asked in the hearing on how HA could ensure the use of lead-free 

solder, his answer was “up to the project teams”.  We are disappointed 

with his answer.  Given the professional expertise one would expect 

from a building services engineer, surely it was up to him to decide.  In 

our view, there is a disconnection in HA between setting the 

specifications and their subsequent implementation. 

298. It seems no thought had been given by HA on how to ensure or 

monitor compliance with the lead-free solder requirement.  Without any 

specific risk assessment, HA failed to put in place control or mitigating 

measures to eliminate any of the risk posed by the use of leaded solder.  

As pointed out by Professor Fawell: 

“ I find the statements that the HA were unaware of the issue of lead rather 

difficult to understand in view of the HA’s specific requirement for using 

unleaded solder and low lead fittings.  This implies that little thought was 

being applied to the contract.  Rather, standard terms were being applied 

without understanding the reason for their inclusion.” 

299. All that HA hoped for was that the main contractors would 

follow the terms and conditions of the contracts, in particular the 

specifications, entered between the parties. 

300. In August 2015, at the request of the Commission, HA 

provided a background paper to explain the past mechanism implemented 
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by HA in ensuring the safety and quality of fresh water supply in PRH 

estates.  It comprised 18 major steps at four different stages: 

(1) At the Design Stage, HD’s CA serving AP’s role 

of a public housing project submitted Form 

WWO 132 Part 1 to WSD to apply for 

confirmation/certificate of water supply 

availability. 

(2) HD’s project team prepared plumbing drawings 

and specifications in compliance with statutory 

requirements. 

(3) Upon receipt of WSD’s confirmation pursuant to 

step 1 above, HD’s project team submitted two 

sets of plumbing drawings to WSD for approval. 

(4) WSD approved the plumbing proposal via a 

written memorandum, with comments, if any.  

(5) At the Tender Stage, HD’s project team prepared 

tender drawings and specifications for tendering 

of the building contract (i.e. the contract with the 

main contractor). 

(6) HD’s project team issued tenders for building 

contract. 

(7) At the Construction Stage, after the contract had 

been awarded, the main contractor might sublet 

part of the works to a domestic plumbing 
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subcontractor for execution of plumbing 

installation works.  The domestic subcontractor 

would appoint a LP to take charge of the works. 

(8) HD’s CA serving AP’s role of the project, as well 

as LP’s, jointly signed and submitted Form 

WWO 46 Part I to notify WSD of the 

commencement date and the scope of plumbing 

works to be carried out, and to certify that the 

pipes and fittings intended to be installed 

(including those listed in the Annex to the Form 

and those not listed) were as prescribed by WWR. 

(9) The main contractor (with his domestic 

subcontractor) submitted plumbing materials to 

the Contract Manager, namely a CA of HD, for 

approval. 

(10) WSD completed Form WWO 46 Part III to 

indicate its acceptance of the plumbing details, 

and gave permission for LP to proceed with the 

plumbing works as detailed in Part I and in the 

Annex.  

(11) The main contractor (with his domestic 

subcontractor) proceeded with the plumbing 

installation works on site.  

(12) The main contractor, as required, gave continuous 

supervision, provided all necessary 

superintendence and executed the works in 



 

115 
 

accordance with the contract to the satisfaction of 

the Contract Manager.  

(13) The AP and/or his representatives gave periodical 

supervision and made such inspection as 

necessary to ensure that the works would meet 

specified requirements.  

(14) During Completion Stage, the main contractor 

cleansed and disinfected fresh water inside 

service.  

(15) & (16) The AP confirmed that the works were in 

compliance with WWR, and applied to WSD for 

connection of water supply by completing Form 

WWO 132 Part II.  At the same time, LP notified 

WSD of the completion of plumbing works, and 

requested for final inspection and approval by 

completing Form WWO 46 Part IV, which was 

also signed by AP.  

(17) After steps 14 to 16 above, WSD would collect 

water samples from water connection points for 

testing and analysis.  Water samples would be 

tested against the eight parameters namely pH, 

colour turbidity, conductivity, free residual 

chlorine, E.coli, total coliforms and heterotrophic 

plate count.  

(18) Upon obtaining satisfactory testing results, WSD 

issued the certificate for water supply connection. 
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301. In this background paper, HA frankly admitted that the major 

cause of the incidents was the use of non-conforming solder materials for 

the joining of copper pipes which had escaped all stakeholders’ attention 

at step 11, 12, 13, 15, 16 and 17. 

302. The main contract between HA and the main contractors 

followed the requirements of the Government of Hong Kong General 

Conditions of Contract for Building Works 1993 Edition.  The new 

specifications on the use of solder in paragraph 277 above became part of 

HA’s Specification Library in 2002.  HA’s Specification Library 2004 

or 2008 Edition, depending on the year of construction, formed part of the 

main contract. 

303. For all the building projects including the 11 affected estates, 

the following standard specifications for plumbing installation in the 

building contracts were adopted (a) PLU1-Water Supply; and (b) 

PLU2-Sanitary Appliance.  The main contractors were required under 

PLU1.G020.4 to comply with all statutory regulations and relevant 

standards including WWO, WWR, Hong Kong Waterworks Standard 

Requirement for Plumbing Installations in Buildings, Circular Letters 

issued by WSD, and relevant sections of appropriate British Standards on 

materials and workmanship. 

304. It was specified under Clause PLU1.M160.4 (2004 edition) and 

PLU1.M160.5 (2008 edition) that only lead-free category solders could 

be used as soldering alloys for copper and copper alloy capillary fittings. 
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305. At all material times, HA implemented a process whereby 

samples of various materials would need to be submitted by the main 

contractors for HA’s approval.  In relation to most of the materials for 

sanitary appliances under PLU2 of the Specification Library, samples 

would need to be submitted.  

306. For PLU1 materials, with only a few exceptions such as pipe 

brackets and anchors, draw-off taps, ball float valves for flushing cisterns, 

and uPVC-lined pipes, the main contractor would only need to submit 

type test reports/certificates issued by laboratories for verification of 

compliance by HA.  It was unnecessary for samples of solder to be 

submitted to HA for approval.   

307. However, as a matter of practice, in respect of each of the 

11 affected estates, all the four involved main contractors had submitted a 

sample of FRY 99C lead-free grade solder wire, together with the 

relevant catalogue, test report and job reference to HA for approval.  

The act of submission by the main contractors and the acceptance by HA 

of the samples indicated that both parties knew very well the importance 

that only lead-free solder should be used for the drinking water system. 

308. Following the “On-site Delivery Verification” mechanism, the 

staff of HD would verify and check the materials listed under 

Form No. 6210, upon their delivery to the construction site.  Such a 

mechanism involved both “Document Check” and “Materials Check”.  

However, solder was not covered by this verification mechanism of HA.  
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309. HD had a Site Inspection Team which comprised various ranks 

of Site Staff (namely Senior Clerk of Works, Clerk of Works, Assistant 

Clerk of Works and Works Supervisor) who were responsible for the 

day-to-day inspection of works and materials on site in accordance with 

the Architectural Site Inspection Guide.  

310. Further, the Architectural Site Inspection Guide contained 

provisions regarding different categories of inspection during the course 

of the construction process (namely, Category A: 100%, 

Category B: 10%, and Category C: Random), which were usually 

conducted after the materials had already been applied to the works.   

311. Again, solder was not subject to any of the above categories of 

inspection.  In the circumstances, even if solder had been subject to the 

above inspection process, HD’s Site Inspection Team would not have 

been able to identify whether the solder already applied and consumed 

was lead-free or complied with the contractual specifications unless they 

conducted on-site testing via, for example, X-Ray fluorescent analyser for 

each housing project.   

312. We accept that it would be impracticable to expect any party to 

check, verify or inspect each kind of the numerous materials, in 

construction projects, given the constraints of time and resources.  It is 

nevertheless, important to examine the steps taken by HA (and the 

rationale behind) in devising the checking and inspection system to assess 

if there have been any underlying flaws or deficiencies in HA’s material 

monitoring system. 
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313. HA claimed that it adopted a “risk-based approach for quality 

control”.  However, no systematic risk assessment was carried out in 

2002 when HA decided to allow the main contractors the choice of using 

copper pipes for fresh water plumbing installation.  The choice of 

materials to be set out in Form No. 6210 was apparently based on two 

factors: (a) whether sample submissions were required for the materials 

under the contractual specifications; and (b) whether there had been 

previous incidents which would alert the industry (including HA) to the 

risk relating to the issue of compliance.   

314. As pointed out by Counsel for the Commission, the fact that 

nothing had gone wrong before was not a reliable guide, because taken to 

a logical extreme, it would mean that one had to wait for something to go 

wrong for the first time before taking any monitoring or preventive 

measure.  

315. As remarked by Professor Fawell at the hearing, if HA was not 

aware of the rationale behind its own specifications, it would not be in a 

position to monitor compliance by ensuring that the contractor would 

have in place the appropriate steps.  HA’s evidence showed that it 

completely relied on the main contractors to ensure that only the 

approved solder would be delivered and used on the site.   

316. In our view, it was unsafe for HA to have such an idealistic 

assumption, without going through a proper risk assessment process, 

which in turn resulted in the glaring absence of a supervisory and 

monitoring system for solder.  
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317. Given its total reliance on the main contractors, HA simply did 

not know what solder was actually delivered to the site.  Further, had 

HA requested for copies of the delivery notes of solder, they could have 

possibly detected the presence of non-compliant materials on-site, and 

perhaps prevented the present incidents.  

318. Similar to WSD, there had been a systemic failure within HA 

as to the use of solder in the construction of the inside service.  The 

process for the construction of the whole water supply system should be 

carefully re-examined.  Introduction of a WSP for PRH estates may well 

be one of the answers since key steps involved in a WSP will take care of 

most, if not all, of the quality issues.  As a matter of fact, HA has 

already introduced a number of control measures, procedures for 

operational monitoring and procedures for verification of control 

measures into its latest quality assurance programme.  These measures 

are in line with the key steps in a WSP. 

319. As pointed out in “Water Safety in Buildings” published by 

WHO in March 2011, “Development of WSPs should not be considered 

as overwhelming or too complicated.  The aim is straightforward: to 

ensure consistent supply of safe water to consumers.  To a large extent, 

WSPs document established good practice, and the most important step is 

getting started.” 

 

The Main Contractors 

320. Evidence was received from witnesses called by the four main 

contractors.  These witnesses told us their involvement during the 
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construction of the 11 affected estates.  They also told us their 

knowledge, or lack of knowledge, on the required use of lead-free solder.  

As expected, their evidence varied a great deal, depending on their scope 

of work and past experience.  

321. Despite all the differences, there is no doubt that each of the 

four main contractors was contractually bound by the terms of the main 

contract to comply with the lead-free solder specification.  All four main 

contractors understood that and did not deny their responsibilities in 

ensuring the correct solder being used.  Not only did they accept their 

responsibilities, they further admitted that there were shortcomings in 

their quality assurance procedures.  In our view, they all acted sensibly 

and responsibly and co-operated fully with the Commission throughout 

the inquiry.  The Commission also noted the remedial measures they 

undertook after the incidents.  

322. All four main contractors had engaged plumbing subcontractors 

to undertake the plumbing works, and included in their plumbing 

subcontracts similar, if not identical, provisions for the use of lead-free 

solder.  In essence, they passed their obligations under the main 

contracts onto the plumbing subcontractors in the form of “back-to-back” 

contracts.  

323. Apart from labour, all the plumbing subcontractors involved in 

this inquiry, depending on the terms of the contract, were required under 

their respective plumbing sub-contracts to procure and bear the cost of 

some of the plumbing materials to be used in the projects.  Golden Day 
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and Ho Biu Kee were required to provide all plumbing materials 

including pipes and fittings, whereas Wing Hing and Hang Lee were only 

required to provide sundry items.  In all cases, they procured their own 

solder.  Solder had been described as “sundry items”, “metal fittings” or 

“small hardware items”.  

324. All four main contractors required their plumbing 

subcontractors to submit solder samples for approval by HA.  In all the 

11 affected estates, FRY 99C lead-free solder was submitted.  All 

samples were supplied by Prosperity: 

 Dates of submission  

and approval 

Ching Ho 2/11/2007; 

4/6/2007; 

13/11/2007 

Yan On 15/1/2009; 

2/2/2009 

Lower Ngau Tau Kok 5/11/2009; 

1/10/2009 

Shek Kip Mei 31/5/2010; 

3/6/2010 

Choi Fook 7/8/2008; 

13/8/2008 

Hung Hom 23/1/2009; 

5/2/2009 

Kai Ching 5/9/2011; 

30/9/2011 

Kwai Luen 18/2/2013; 

20/5/2013 

Tung Wui 13/12/2010; 

23/12/2010 

Wing Cheong 2/12/2011; 

9/12/2011 

Un Chau Record unavailable  
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325. The evidence presented to the Commission showed that the 

four main contractors had taken steps to notify their subcontractors upon 

obtaining HA’s approval.  China State, for instance, produced a memo 

dated 3 October 2011 which was issued to Ho Biu Kee in respect of Kai 

Ching, notifying the latter that FRY 99C lead-free solder wire was 

approved.  There was a similar memo dated 11 February 2009 issued to 

Golden Day in respect of Hung Hom.  China State explained that it was 

their standard procedure for notifying subcontractors of sample approval.   

326. Similarly, Shui On produced an email dated 3 June 2013 which 

was addressed to Mr Leung Wai Kin of Ho Biu Kee and attached with it a 

“material approval letter”. 

327. As regards Paul Y, it was explained that notification of sample 

approval would be effected by the company’s site agent by email and by 

memo delivered to Golden Day.  Neither of these documents was 

retrieved and produced at the inquiry, but Golden Day confirmed that 

such notification would be made by Paul Y. 

328. Yau Lee and Ming Hop are sister companies.  Yau Lee 

subcontracted the plumbing works to Ming Hop but the actual installation 

was further subcontracted to Wing Hing and Hang Lee.  Apart from 

providing labour, Mr Mok Hoi Kwong of Wing Hing and Mr Siu Kin 

Wong of Hang Lee were responsible for procuring solder. 

329. After sample approval, it appears that the four main contractors 

had taken no further steps to ensure that the solder actually procured and 
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used on their construction sites conformed to the approved sample. 

330. In all cases, when solder arrived at site, it was the plumbing

subcontractors who took delivery of it.  It emerged from the evidence 

that the main contractors either had no system in place to inspect or verify 

incoming solder, or had not followed their system of control.  

331. In the case of China State, solder was not required in either its

Project Quality/Management Plans or Standard Operating Procedure for 

checking upon delivery.  Yet under the Standard Operating Procedure, 

there was a requirement that even if a material was not listed therein, a 

sampling ratio had to be determined for conducting sampling check. 

China State admitted that there was no consideration or discussion for 

including solder in these plans. 

332. In the case of Shui On, although its Project Quality Plan set out

as many as 96 types of materials and the different levels of inspection 

upon delivery, inspection for solder was not required under the plan and, 

indeed, no thought was given to checking solder when formulating the 

plan.  

333. In the case of Paul Y, its Project Quality Plan covered materials

procured by the company only and required no checking of materials 

procured by its plumbing subcontractors.  

334. In the case of Yau Lee, the company’s internal guidelines

required submission of delivery records from subcontractors and 

checking to see if the materials delivered had been approved.  In case of 
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non-compliance, it would notify the subcontractor to return the materials.  

The guidelines required adherence to the above steps even for materials 

not specifically listed therein.  Yau Lee accepted that the guidelines had 

not been followed insofar as solder was concerned.  

335. As with witnesses of HA, it was a prevalent saying amongst 

personnel of the main contractors and plumbing subcontractors that 

solder was considered a “minor”, “cost-insignificant’ and “consumable” 

item in the plumbing industry.  This could explain why solder did not 

feature at all in the design or implementation of the guidelines and project 

management plans of the main contractors. 

336. In determining what was to be verified and/or inspected on site, 

the main contractors were also influenced by the emphasis (or lack 

thereof) placed by HA on different materials.  Paul Y, for instance, said 

the level of supervision and inspection set out in its Project Quality Plan 

depended to a large extent on the importance and risks attached to the 

item of material in question by HA as expressed via their specifications 

and testing requirements.  China State also relied on the fact that solder 

was not a specific item which HA required to be checked upon delivery 

in its Form No. 6210.  This is in spite of the fact that the main 

contractors were supposed to have their own independent systems and 

procedures for material monitoring and supervision. 

337. The main contractors also appeared to have placed complete 

reliance on the plumbing subcontractors to procure and use the correct 

type of solder.  None of them had the practice of asking for delivery 
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records for verification.  Paul Y, for instance, said it would only 

undertake a “high-level supervisory role” in overseeing and monitoring 

the works of the plumbing subcontractors, and would rely on the latter to 

comply with the law.  Such trust turned out to be misplaced. 

338. During the inquiry, the attention of the Commission was drawn 

to a common practice at construction sites, namely the submission of a 

“gate entry permit”.  The purpose of the “gate entry permit” was to 

notify the main contractor’s frontline staff what materials were going to 

be delivered in advance, such that logistical and storage arrangements 

could be made.  Again, when it came to sundry items, subcontractors 

were not required to specify the precise detail such as brand, type, 

quantity, etc. of the items on the “gate entry permit”.   

339. In the context of solder, given the lead-free requirement and the 

almost impossibility in identification once solder had been used in the 

plumbing system, a mechanism of sample submission and assurance of its 

subsequent use is vital.  The measures adopted by HA after the incidents, 

in our view, are comprehensive and commendable.  If followed strictly, 

similar incidents would likely be avoided.  

340. However, the mechanism can minimise the risk of 

non-compliance only if there is a proper system to (a) ensure that all 

relevant parties know about the approved sample and the need for 

conformity of procured materials to the sample and (b) monitor 

compliance by the parties.  The sample approval process cannot be 

treated as a formality.  One relatively simple but effective step to take 
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under such a system is to request the plumbing subcontractors to provide 

delivery records.  Had this been done, the use of non-compliant solder 

would likely have been detected.  

341. Earlier we have mentioned WSD’s reliance on LP and AP at 

paragraph 234 above for statutory compliance.  Both WWO and WWR 

did not impose on main contractors any statutory duties.  They were not 

required to notify WSD of the commencement date and the scope of 

plumbing work to be carried out.  They were also not required to apply 

to WSD for final connection of water supply after completion of 

plumbing work.  Given that main contractors played a key role in the 

construction of PRH estates, the present arrangement was certainly 

unsatisfactory. 

342. Having reviewed all the evidence, we are satisfied that the four 

main contractors involved did not intentionally use any leaded solder in 

any of their building projects.  There was simply no benefit for them to 

do so.  Nonetheless, they failed to fulfil their contractual obligations 

under the main contracts.  It was also unreasonable for the exclusion of 

main contractors from the statutory compliance process. 

The Plumbing Subcontractors 

343. The Commission has heard evidence from four plumbing 

subcontractors. 
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(1) Wing Hing Plumbing Drainage 

Mr Mok Hoi Kwong 

344. Mr Mok is the sole proprietor of Wing Hing.  Mr Mok joined 

the plumbing industry in 1979.  Wing Hing was set up in 1994 and 

became Yau Lee’s plumbing subcontractor in 1995.  Mr Mok obtained 

his equivalent CIC Trade Test Certification in plumbing in 1998.  Wing 

Hing was the plumbing subcontractor for Yau Lee’s PRH projects namely 

Un Chau, Ching Ho, Yan On, Lower Ngau Tau Kok and Shek Kip Mei.   

345. For Ching Ho, the original plumbing subcontractor was Sum 

Kee.  Wing Hing was called in to replace Sum Kee midway. 

346. In respect of all five housing estates, Wing Hing was 

responsible for the procurement of sundry items such as solder but had 

never been instructed by Yau Lee / Ming Hop to purchase a particular 

brand with any specification.  Mr Mok stated that he could not recall if 

Wing Hing had been asked to provide or had provided on its own 

initiative sample of solder to Ming Hop.  Neither was Mr Mok able to 

recall if FRY 99C lead-free solder had been provided to Ming Hop or 

Yau Lee.  He also had no idea what amounted to “meeting the 

requirement of Housing Department” as stated in his contract with Ming 

Hop.  Had he known in advance that lead-free solder was required, he 

would certainly have followed that specification. 

347. At different stages of the project development, HA required 

main contractors to put up timber mock-up flats and sample flats.  Mr 
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Mok said that Wing Hing had used tin strips for joining the pipes both at 

the timber mock-up flats and sample flats.  As far as he knew, tin strips 

had been commonly used for joining copper pipes. 

348. During the construction of the five housing estates, Wing Hing 

used tin strips.  On occasions when tin strips were out of stock, tin wires 

would be used.  Mr Mok claimed that he was not at all aware that solder 

might contain lead.  To his understanding, no plumbing workers in his 

trade possessed such knowledge.  Tin strips were used because they 

were convenient and had a lower melting point. 

349. Mr Mok told us that he did not know the price difference 

between tin strips and tin wires.  He believed the use of tin strips, though 

cheaper, would not save costs because of higher wastage : workers would 

have to dispose of the last hand-held portion of the tin strips towards the 

end of the soldering process to avoid getting burnt.   

350. Wing Hing procured tin strips from two suppliers, Prosperity 

and Wo Hing.  Prosperity was the supplier for Un Chau, Ching Ho and 

Yan On.  Wo Hing was the supplier for Lower Ngau Tau Kok and Shek 

Kip Mei. 

351. When ordering, Wing Hing simply asked for tin strips.  If tin 

strips were out of stock, the supplier would suggest tin wires as 

alternative.  The only information asked of from the supplier was 

quantity and delivery address.  There was no need to provide any 

information regarding brand name, model number or purpose of use. 
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352. Prosperity and Wo Hing supplied similar tin strips which were 

bundled into batches without outer packaging or brand name.  Tin wires, 

in the form of reels, however were contained in boxes from the original 

manufacturer. 

353. When tin strips were delivered to construction site, either 

Mr Mok or his workers would pay cash for the goods and sign on the 

delivery note.  Invoice would be issued by the supplier.  Most of these 

invoices had been lost or misplaced. 

Findings 

354. We do not believe what Mr Mok told us about his lack of 

knowledge is true. 

355. Mr Ng Hak Ming told us that for projects prior to Un Chau, 

solder was procured by Ming Hop rather than the plumbing subcontractor.  

He had told Mr Mok that FRY 99C lead-free solder had to be used in the 

plumbing works. 

356. As regards Ching Ho, Mr Ng Hak Ming testified that he had 

visited the site together with Mr Mok when Wing Hing took over the 

project.  He had informed Mr Mok that FRY 99C lead-free solder which 

had been already procured by Sum Kee was required by HA.  According 

to the record produced by Prosperity, all the solders ordered by Wing 

Hing for Ching Ho from June 2008 to 2 September 2009 was FRY 99C 

lead-free solder.  We also do not accept that Prosperity would, as Mr 

Mok told us, suggest the use of FRY 99C lead-free solder as replacement 
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when tin strips were out of stock.  Mr Chow Ka Ping of Prosperity told 

us that the out-of-stock situation was not common.  Procurement staff of 

Ho Biu Kee also told us that in case of out of stock, Prosperity would 

simply inform them of the situation. 

357. Yau Lee’s site agent for Yan On, Mr Chau Chi Wai, testified 

that Mr Mok had personally handed a sample of FRY 99C lead-free 

solder to him for sample submission to HA.  He remembered that he had 

personally chased up Mr Mok for the sample. 

358. In respect of a separate HA project at Anderson Road, Yau 

Lee’s Architectural Quality Control Coordinator (AQCC), Mr Leo Tam 

Sin Ting, testified that Mr Mok had personally delivered to him a sample 

of FRY 99C lead-free solder for submission to HA.  Mr Ching Chi Fai, 

Ming Hop’s Senior Engineer, said he was the one calling Mr Mok to 

submit a sample solder compliant with HA’s requirement.  Mr Ching 

recalled that he had also informed Mr Mok of the subsequent approval by 

HA in July 2013. 

359. Mr Ching Chi Fai further testified that, during the construction 

of Lower Ngau Tau Kok, he had contacted Mr Mok for a soldering 

demonstration in the sample flat as requested by HA.  He did not 

specifically mention the lead-free requirement.  Yet on that occasion, 

FRY 99C lead-free solder was used. 

360. The invoice produced by Prosperity showed that 20 reels of 

FRY 99C lead-free solder had been delivered to Un Chau.  The invoice 
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was addressed to Mr Mok.  Delivery notes signed by Mr Mok showed 

the delivery of 110 reels to FRY 99C lead-free solder to Ching Ho 

between June and August 2008.  These were all cash-on-delivery sales. 

361. Given the fact that (a) Mr Mok became a registered skilled 

worker in 1998 and his extensive experience in HA’s projects; (b) by his 

own admission, he had submitted FRY 99C lead-free solder as sample to 

HA for at least the Anderson Road project; and (c) his name and 

signature were on various invoices and delivery notes of solder, it appears 

to us that Mr Mok was at all material times aware that FRY 99C lead-free 

solder was the type of solder approved by HA for the PRH projects. 

362. There was significant price difference between FRY 99C 

lead-free solder and tin strips.  Pound for pound, tin strips cost about 

40% less than lead-free solder.  In our view, there were enough financial 

incentives for Mr Mok to use the cheaper solder given the 

competitiveness in pricing over public building projects. 

(2) Hang Lee Engineering Company 

Mr Siu Kin Wong 

363. Mr Siu is the proprietor of Hang Lee which was set up in 2002.  

Mr Siu joined the plumbing industry in the 1980s.  Similar to Mr Mok 

Hoi Kwong, Mr Siu obtained his equivalent CIC Trade Test Certification 

in plumbing in 2000.     
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364. In respect of Choi Fook, Yau Lee was the main contractor

whereas Ming Hop was the subcontractor.  Hang Lee was the plumbing 

sub-subcontractor.  Clause 78 of the plumbing contract required Hang 

Lee to procure sundry items, including solder, at its own costs. 

According to Mr Siu, Ming Hop had never suggested which particular 

brand or place to purchase those items.  The project commenced in 2007 

and was completed in 2010.   

365. According to Mr Siu, Hang Lee procured tin strips from

Prosperity.  The tin strips were about two feet long each and flat in 

shape.  They were used in the construction of the timber mock-up flat 

and sample flat too.  Mr Siu stated that prior to the incidents, he had 

never come across FRY 99C lead-free solder.  Nor was he aware that 

solder might contain lead.  To his understanding, workers in the 

plumbing trade did not possess any knowledge as to whether tin strips 

might contain lead.  He was not familiar with any plumbing standards 

such as British Standard.   

366. Hang Lee ordered tin strips from Prosperity.  As tin strips

were inexpensive items, Hang Lee had never found it necessary to 

negotiate price.  When ordering, Mr Siu said there was no need to 

inform staff of Prosperity any brand name; he needed only to mention the 

quantity of “tin strips” required.  After placing order, Prosperity would 

deliver the tin strips in rectangular boxes to the site.  As tin strips arrived 

in the form of strip, workers needed not cut them into smaller sections. 
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367. Choi Fook was Hang Lee’s first project.  Mr Siu said that he 

did not expect to make any profit; he simply hoped to gain experience as 

a subcontractor. 

368. Mr Siu stressed that throughout all the years, tin strips had been 

used not only in Choi Fook, but also when he worked for other 

contractors.  He had never seen “solder wire in a green reel” (i.e. FRY 

99C lead-free solder, which is in the form of a reel with a green label).  

Findings 

369. We do not believe Mr Siu ____________________________

______________________________________________. 

370. In response to Hang Lee’s contentions, Yau Lee / Ming Hop 

initially produced photos taken during a soldering demonstration to HA at 

Choi Fook, one of which showed a man in a black and white striped top 

holding a reel of FRY 99C lead-free solder and a jar of flux.  Mr Siu 

initially denied he had any knowledge of FRY 99C lead-free solder and 

that the man depicted in the photo was him, despite the contrary evidence 

of Mr Yee Yat Ming, Yau Lee’s AQCC for Choi Fook.   

371. Mr Yee worked for Yau Lee between December 2007 and May 

2013 as AQCC at Choi Fook.  During his employment with Yau Lee, 

Mr Yee only worked on this Choi Fook project.   

372. According to Mr Yee, before the plumbing work was 

commenced, he had liaised with Ming Hop on sample submission to HA. 
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It was Mr Siu who personally passed him a sample of FRY 99C lead-free 

solder.  Mr Yee remembered clearly that the lead-free solder sample 

came in with a green label and in a reel.  Not knowing the past practice, 

Mr Yee had suggested to Mr Siu to submit, instead of the whole reel, only 

a section of the solder wire.  That suggestion was rejected by Mr Siu, 

who explained that the whole reel had to be submitted for approval.   

373. Mr Yee told us that he was fully aware of HA’s specification 

on solder and even had exchanges with HD’s Clerk of Work as to its 

requirement during its submission.   

374. Mr Yee testified that on 27 March 2009, a demonstration on 

how to join copper pipes was conducted at one of the sample rooms at 

which Mr Siu was present.  Photos depicting a worker holding FRY 99C 

lead-free solder wire were taken. 

375. Although the face of the worker was not captured in those 

photos, Mr Yee however stressed that the worker indeed was Mr Siu 

based on the physique and the upper garment worn by the worker.  To 

prove this point, another photo depicting Mr Siu wearing the same upper 

garment whilst attending a meeting was produced during the hearing.   

376. We have no hesitation in accepting Mr Yee’s evidence.  He 

worked for Yau Lee on only one housing project.  There is little room 

for confusion.  He also has no apparent self-interest to serve for he is no 

longer an employee of Yau Lee. 
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377. Invoices produced by Prosperity showed that only tin strips had 

been delivered to Choi Fook.  Again, they were all cash-on-delivery 

sales. 

378. The CIC (formerly known as the Construction Industry 

Training Authority) has been responsible for training and holding trade 

tests for plumbing workers since 1995.  According to the evidence of Mr 

Li Cheung On, Trade Test Superintendent of CIC, in the training offered 

by CIC, the knowledge of using lead-free solder was taught to student 

workers.   

379. Completion of the CIC courses however is not mandatory for 

becoming a registered skilled or semi-skilled worker in the plumbing 

trade.  A worker having sufficient work experience can become 

registered.  Plumbing workers in HA building projects are mostly 

“skilled” or “semi-skilled” workers registered under CWRO.  Although 

the written course outlines did not specify teaching content about the 

requirement for lead-free solder, instructors would communicate the same 

to the students.  In conducting trade tests, lead-free solder would be 

provided to candidates.  In other words, whether Mr Siu obtained his 

“skilled workers” qualification through attending course or through 

passing the trade test, either way, he must have been made aware that 

lead-free solder ought to be used for joining drinking water pipes.  

380. It appears clear to us that Mr Siu was aware at all material 

times that FRY 99C lead-free solder was the solder which had been 

approved by HA and was the only brand of solder that could be used for 
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Choi Fook.  Similar to Mr Mok, Mr Siu decided to use tin strips instead 

for financial gain. 

(3) Golden Day Engineering Company Limited 

(i)  Mr Cheung Tat Yam 

381. Mr Cheung is Managing Director of Golden Day which was 

established in about 1987.  Golden Day was the plumbing subcontractor 

for Wing Cheong, Tung Wui and Hung Hom.  It was responsible for 

both procurement of materials and provision of labour and submission of 

solder sample to HA for approval.  Golden Day was aware of the 

lead-free solder specification as stipulated in HA’s Specification Library 

2004 and 2008 edition. 

382. Mr Cheung also served as LP for all three building projects.  

He had been in the plumbing industry for over 40 years. He had been 

aware of the requirement of lead-free solder for at least eight to nine 

years, but he had never done any soldering work himself.  He claimed 

that he did not know there was leaded solder on the market.  Neither was 

he aware of the distinction between tin strips and tin wires.  He was 

however aware of the harmful effect of lead. 

(ii)  Mr Yung Kwok Choi 

383. Mr Yung was Project Manager and Director of Golden Day.  

He joined Golden Day in 2002.  Among other duties, he was responsible 

for sample submission.  All along only FRY 99C lead-free solder had 
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been submitted to HA for approval.  Since solder was sundry items, he 

did not know whether there was leaded solder on the market.  He also 

did not know the difference between tin strips and tin wires. 

384. Once HA had granted approval for the solder sample, he would 

inform the same to his staff, Mr Wong Kam Man.  Mr Wong would in 

turn inform Ms Lam Lai Ping and Ms Mok Wai Yin of the procurement 

department.  According to Mr Yung, Mr Wong, Ms Lam and Ms Mok 

should know that only FRY 99C ought to be ordered and used in these 

building projects. 

385. After the incidents, at the request of Paul Y, Mr Yung attended 

a meeting with its senior management on 16 July 2015.  In the meeting, 

Paul Y requested Golden Day to provide proof that lead-free solder had 

been used in their projects the following day. 

386. After the meeting, Mr Yung relayed over the phone the request 

of Paul Y to Ms Lam and asked Ms Lam to locate all relevant documents.  

On 17 July 2012, Mr Wong as instructed by Mr Yung emailed all the 

relevant documents, which had allegedly been located by Ms Lam, to 

Mr John Ma of Paul Y.  Mr Yung told us that later in the day he returned 

to Golden Day, got hold of the same documents which were placed inside 

an envelope and personally delivered them to Paul Y.  He claimed that 

he was not aware what documents were inside the envelope.  His 

understanding was that all the documents were prepared for him by 

Ms Lam. 
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387. Mr Yung denied he had ever asked Ms Lam to forge any

delivery notes.  For personal reasons, Mr Yung left Golden Day in 

August 2015. 

(iii) Ms Lam Lai King

388. Ms Lam joined Golden Day in 1988.  Between 2002 and the

first half of July 2015, she was also made a Director.  After resigning as 

Director, she continued to be in the employ of Golden Day.  Ms Lam 

was responsible for the company’s human resources, office 

administration and procurement matters. 

389. According to Ms Lam, although she was responsible for

procurement, she had little knowledge about solder.  She did not know 

the difference between tin strips and tin wires.  Nor did she know that 

solder for joining drinking water pipes had to be lead-free.  

390. When placing orders for solder, she would simply repeat the

order as per the instruction of the person-in-charge of the site.  If tin 

strips were requested, she would order tin strips.  The same applied to 

tin wires.  

391. As to documentation regarding the purchase of solder, Ms Lam

told us that all had been discarded.  She said that the practice of the 

company was that all documents after audit would be discarded for lack 

of space, despite the Inland Revenue Department’s requirement for 

retaining the same for seven years.  
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392. Ms Lam’s version of what happened on 16 July 2015 was 

different from Mr Yung’s.  Ms Lam testified that Mr Yung had called 

her to say that Paul Y had requested Golden Day to provide records on 

procurement of solder for Wing Cheong.  After checking, she 

discovered some delivery notes of tin strips.  Ms Lam called Mr Yung 

and told him the result.  According to Ms Lam, Mr Yung stated that 

what he needed were delivery notes showing Prosperity had delivered 

lead-free solder wires to Wing Cheong.  Mr Yung also hinted that if 

there were no such delivery notes, she should know what to do.  She 

subsequently found four delivery notes on the tray and changed the 

content therein from tin strips to tin wires.  She then called Mr Yung to 

confirm what she had done.   

(iv)  Mr Hui Wang San 

393. Mr Hui was the foreman for Hung Hom and Wing Cheong.  

He was fully aware that lead-free solder should be used for joining 

potable water pipes but did not know that leaded solders were available 

on the market.  When he placed order with either Ms Lam or Ms Mok, 

he would simply ask for tin strips.  He did not know the difference 

between tin trips and tin wires.  As far as he knew, tin strips did not 

contain lead.  

(v) Mr Chau See Ming 

394. Mr Chau was the foreman for Tung Wui.  He did not know 

lead-free solder was required for joining potable water pipes.  He was 
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not aware of the difference between tin strips and tin wires, and their 

respective compositions.  He would only ask for tin strips when placing 

orders.  He used FRY 99C lead-free solder once in relation to a private 

development project of Golden Day. 

(vi)  Mr Wong Kam Man 

395. Mr Wong joined Golden Day in 1996.  On occasions, he 

assisted Ms Lam and Ms Mok in receiving purchase orders from site 

foremen.  Every time, he would just pass on their requests to the two 

ladies, who would then follow up with the suppliers.  He recalled that 

the foremen normally asked for tin strips however, sometimes they asked 

for tin wires.  He would relay whatever was ordered in exact wordings 

to Ms Lam or Ms Mok. 

396. Prior to the incidents, Mr Wong was aware of the requirement 

to use lead-free solder in PRH projects.  He however was not aware that 

there were leaded solders on the market.  It was Mr Yung who submitted 

solder samples to the respective main contractors.  Mr Yung would 

inform him once approval was obtained.  

(vii) Ms Mok Wai Yin 

397. Ms Mok joined Golden Day as a clerk in 1998.  Part of her 

duties included material procurement. She did not know lead-free solder 

was required for joining fresh water pipes.  When placing orders, she 

simply repeated the requests made by the site foremen Mr Hui and Mr 

Chau.  She did not know whether the solder procured and used by 
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Golden Day contained lead.  She had never seen FRY 99C lead-free 

solder.  

Findings 

398. We are not impressed with Mr Cheung’s evidence.  He tried to 

distance himself as far as possible from the present incidents. 

399. Despite his extensive experience in the plumbing business, he 

told us that he had never done any soldering himself and had never 

known the difference between tin strips and tin wires.  He only knew 

there was only one type of solder, that was FRY 99C lead-free solder.   

400. When a reel of FRY 99C lead-free solder was shown to 

Mr Cheung, he told us that he did not understand the word “lead-free” 

because of his limited English capability.  Yet, according to Mr Cheung, 

he was aware of HA’s requirement for lead-free solder, and he knew the 

relevant specification as stipulated in both the 2004 and 2008 “The Hong 

Kong Housing Authority Specification Library”, all written in English. 

401. Mr Cheung informed us that he had no idea what was stated in 

the Form WWO 46 despite the fact that, as an LP, he had signed the same 

form many times for the past 30 years in respect of over 50 public 

housing projects. 

402. In distancing himself, Mr Cheung told us that he had no idea 

who decided to submit sample of solder to HA.  He had no idea how 

many Directors there were in Golden Day in July 2015.  He had no idea 
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as to when Ms Lam resigned as Director and why his wife resigned after 

the incidents too.  As to the other Co-Director Mr Yung, Mr Cheung 

was very reluctant to furnish any information too.  

403. We were also told by various staff that Mr Cheung was on 

holiday in China, with no telephone connection, between 17 and 

22 July 2015, while four delivery notes were being forged in his absence.  

404. In the course of the inquiry, four delivery notes submitted by 

Golden Day to Paul Y after the discovery of excess lead in drinking water 

turned out to be forged.  The forged documents showed the delivery of 

FRY 99C lead-free solder to Wing Cheong, and the authentic delivery 

notes showed the non-compliant “UK 50 lead flat tin strips” 

(transliteration of “英國 50 力扁錫條”).  Ms Lam admitted to having 

forged the documents at the behest of Mr Yung. 

405. When being questioned as to why he formed the view that the 

four forged delivery notes could not be genuine, Mr Cheung’s answer 

was simply that he believed in Prosperity’s record-keeping.  In other 

words, the possibility of Prosperity’s making a mistake had never been 

contemplated.  

406. Golden Day was a very small company with five staff working 

at a 700-square-feet office and two at its construction sites.  Mr 

Cheung’s attempt to distance himself from his staff and what was 

happening to his company was unordinary.  It was also strange that Mr 

Cheung did not bother to find out from his staff why the forged 
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documents had been made. 

407. Mr Cheung’s explanation as to when and why all the invoices 

and delivery notes regarding the purchase of sundry items had been 

discarded was unconvincing too.  As to when records were discarded, 

three different versions had been put forwarded by him: (a) after payment 

was made; (b) one year after project completion; and (c) two years after 

maintenance period.  As to why they were discarded, the answer given 

was simply there were too many of them.  Apparently, no thought had 

ever been given to either scanning these invoices or delivery notes or 

computerising all the data.  Documents were simply discarded 

irrespective of the Inland Revenue Department’s requirement.  

408. The invoice and delivery notes produced by Prosperity showed 

that Golden Day ordered one reel of FRY 99C lead-free solder as sample 

at the beginning of the Hung Hom project in March 2009.  At the end of 

the project in March and April 2011, 100 reels of FRY 99C lead-free 

solder were again ordered.  Between March 2009 and April 2011, 1045 

pounds of leaded tin strips were purchased.  From the usage pattern, we 

doubt if Mr Hui really did not know the difference between tin strips and 

tin wires and that he only ordered tin strips for use.  In fact, we have 

strong reservation about the evidence given by the staff of Golden Day 

except Ms Mok. 

409. After the incidents, when being asked by WSD as to why 

leaded solder was used in the projects, Mr Cheung simply replied “no 

explanation”.  He had hardly been forthcoming in our inquiry. 
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410. In respect of Tung Wui and Wing Cheong, Golden Day had 

ordered a total of 1,705 pounds leaded tin strips between June 2010 and 

March 2013 with no order of FRY 99C lead-free solder at all. 

Interestingly, Mr Chau told us that in another private development project 

of Golden Day, lead-free tin wires were delivered even if he had ordered 

tin strips. 

411. We are not impressed by Mr Yung’s evidence either.  _____

___________________________________________________________

__________________.  

412. After the incidents, Mr Yung was called up by the senior 

management of Paul Y to provide records to prove that lead-free solder 

had been used.  Yet according to his evidence, after relaying Paul Y’s 

request to Ms Lam, he claimed that he had not asked Ms Lam for any 

answer.  He did not even see what documents had been put inside the 

envelope before hand-delivered the same to Paul Y.  Any sensible 

person would undoubtedly make sure that only the correct documents 

were being delivered, for it was not any trivial matter especially after the 

extensive media coverage of the incidents.   

413. At the hearing, Mr Yung produced Whatsapp messages to 

demonstrate how Ms Lam informed him that the requested documents 

were ready.  The same messages indicated to us that all the documents 

for Paul Y were prepared at the request of Mr Yung.  In other words, the 

initiation came from Mr Yung.  In our view, Mr Yung and Ms Lam must 

have had detail exchanges beforehand, and Mr Yung did not need to 
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check what was inside the envelope because he knew precisely what had 

been prepared for him by Ms Lam.  On this aspect of the evidence, we 

believe what Ms Lam told us.  

414. As to Ms Lam, _____________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________.  

415. Having said all that, we do not feel necessary to identify here 

the extent of involvement of all individuals.  Suffice to say that most if 

not all the senior management of Golden Day knew full well about the 

use of leaded solder.  We would in due course refer the matter to the 

appropriate law enforcement agency for follow up investigation.  

(4) Ho Biu Kee Construction Engineering Company Limited

(i) Mr Ho Man Piu

416. Mr Ho Man Piu is Managing Director of Ho Biu Kee, which 

was set up in 1981.  It has been active in the plumbing business, having 

completed over 126 public housing projects.  Ho Biu Kee was the 

plumbing subcontractor for China State’s two PRH projects, namely Kai 

Ching and Hung Hom.  It was also the plumbing subcontractor for Shui 

On’s Kwai Luen project. 
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417. Although plumbing was one of his business areas, Mr Ho said 

that he did not himself do any soldering of copper pipes as this was done 

by his staff.  Thus, Mr Ho did not have any practical experience or 

knowledge in the type or brand of solder for joining of copper pipes. 

418. Mr Ho did not know the requirement of using lead-free solder 

in the potable plumbing works prior to the present incidents.  He did not 

know the requirement that lead should not be present in potable water 

system prior to July 2015.  After all, the testing of water samples did not 

include lead or other heavy metals.   

419. As solder was not included in the Bill of Quantities, Mr Ho 

considered it as a consumable and came to the belief that there was no 

specification for the same.  Mr Ho strongly disagreed with any 

suggestion that cost saving was the prime objective for using the cheaper 

tin strips.  Mr Ho held that the cost of solder was insignificant and he 

was more concerned about the efficiency and productivity of his workers. 

420. For Blocks 3 and 4 of Kai Ching, the labour subcontractor was 

Mr Chan Sze Lam who engaged his own workers to work on branch 

pipes in the corridor of each floor, as well as external PVC pipes.  Extra 

payment as incentive was devised if Mr Chan Sze Lam completed his 

work within or ahead of schedule.  Other works (except the roof) in 

Blocks 3 and 4 were done by workers directly employed by Ho Biu Kee.   
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421. Mr Ho told us that after Kai Ching, Mr Chan Siu Wah was 

deployed to Lung Yat, another PRH project, where all plumbing works 

were done by workers of Ho Biu Kee.  Records showed that only 

lead-free solder wires were ordered and used.  

422. For Kwai Luen, after the incidents, Mr Ho said he asked Mr 

Wong Kwai Hung why he had ordered tin strips as well as tin wires.  Mr 

Wong explained that as both materials were observed to have been used 

in Kai Ching, he just followed the same practice.  

(ii) Mr Kevin Kwong Ka Fu 

423. Mr Kevin Kwong Ka Fu, a quantity surveyor of Ho Biu Kee, 

obtained a Diploma in Building Studies from VTC.  He was responsible 

for submission of materials, including solder, to HA through main 

contractors.  He was aware of the lead-free requirement in the 

specification but did not know the rationale behind it.  When preparing 

quotations for tender, Mr Kwong would allow approximately 5% of the 

total contract sum for sundry items which included solder.  He would 

approach Mr Chow Ka Ping of Prosperity to obtain a sample of solder for 

submission.  Every time, Mr Chow would provide FRY 99C lead-free 

solder and other supporting documents to him.  

424. According to Mr Kwong, there was little communication 

between him and the staff of the purchasing department after obtaining 

HA’s approval of the sample.  Mr Kwong believed his colleagues in the 

purchasing department would approach Prosperity for FRY 99C lead-free 
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solder.  Mr Kwong denied having told site supervisors of Kai Ching 

(Mr Wong Kwai Hung for Blocks 1 and 2; Mr Chan Sze Lam for 

Blocks 3 and 4 and Mr Fan Sau Pang for Blocks 5 and 6) about the use of 

different joining materials (soldering or silver brazing) for different 

diameters of copper pipes.  These were, according to Mr Kwong, 

technical matters beyond his professional knowledge.  Mr Kwong also 

did not telephone Mr Chan Siu Wah to tell him the same for Lung Yat.  

(iii) Ms Wong Wai Ping 

425. Ms Wong is Personal Assistant to Mr Ho.  She has worked for 

Mr Ho since 1997.  Ms Wong was not involved in any sample 

submission or site operation.  She was not aware that solder for joining 

fresh water pipes ought to be lead-free.  She also did not know that tin 

strips might contain lead. 

426. Although Ms Wong oversaw the work of Ms Jess Chiu Wai 

Kuen (head of the purchasing department of Ho Biu Kee), she seldom did 

the purchasing herself.  She assisted Ms Chiu and her colleagues in 

placing orders on some occasions. 

427. Ms Wong denied that when tin strips were requested for Lung 

Yat by Mr Chan Siu Wah, she had requested him to amend his request to 

tin wires. 

(iv) Mr Leung Wai Kin 

428. Mr Leung was appointed Project Manager of Ho Biu Kee in 
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February 2012.  He first got involved in Kai Ching in about mid 2012.   

At that time, Mr Leung was responsible for nine to ten building projects.  

Mr Leung told us that he was not involved in any minor details and did 

not know anything about the material submissions including that for 

solder. 

429. Mr Leung further explained that he did not spend much time on 

each site as he had to look after many projects.  His main role was to 

resolve issues raised by main contractors regarding site operation and 

progress of work.  In essence, monitoring and supervision of works on 

site was left to the officers-in-charge. 

430. Mr Leung said that the copper pipe works (except the roof) as 

well as PVC pipe works in Blocks 3 and 4 of Kai Ching had been 

subcontracted to Mr Chan Sze Lam.  As far as he was aware, Mr Chan 

Siu Wah brought in Mr Chan Sze Lam. 

431. Kai Ching was a big project then.  It would have entailed a 

great deal of management if all works were carried out by Ho Biu Kee’s 

direct labour.  Based on Mr Leung’s cost analysis, Mr Ho agreed to 

subcontract the works in Blocks 3 and 4 to Mr Chan Sze lam.   As the 

amount of payment to Mr Chan Sze Lam depended on the progress of his 

work, there were incentives for Mr Chan Sze Lam and his workers to 

complete their work as speedily as possible. 

(v) Mr Chan Siu Wah 

432. Mr Chan stated that he did not know lead-free solder was 
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required for potable water pipes before July 2015.  He also did not know 

how to differentiate lead-free solder from leaded solder.   

433. Mr Chan maintained that he had been using tin strips all along 

and he had always put down tin strips on Ho Biu Kee’s Material Request 

Forms.  He was aware that solder delivered from Prosperity included 

reels of tin wires and boxes of tin strips, however, he did not know that 

HA had only approved “FRY 99C lead-free solder” but not tin strips.   

434. Mr Chan was of view that when Prosperity did not have 

sufficient quantity of tin strips, tin wires would be delivered instead.  Mr 

Chan maintained that he was not aware of the price difference between 

the two and he did not know whether Prosperity had informed any 

purchasing staff of Ho Biu Kee why tin wires were delivered. 

435. For Lung Yat, Mr Chan said he had requested tin strips but 

reels of tin wires were delivered.  A female staff of Ho Biu Kee asked 

him to amend his request form to tin wires.  He however could not 

remember the identity of the lady and the reason behind for such a 

change.   

(vi) Mr Wong Kwai Hung 

436. Mr Wong had 20 years of experience in plumbing works.  He 

held a full Trade Test Certificate in plumbing from the equivalent of CIC.  

Mr Wong had been working for Ho Biu Kee since 2003. 
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437. Mr Wong started to work at Kai Ching in April 2012 as the 

supervisor responsible for Blocks 1 and 2.  The purchase of solder was 

arranged by Mr Chan Siu Wah, as the overall person-in-charge of Kai 

Ching project.  Mr Chan Siu Wah ordered both tin strips and tin wires.  

Kai Ching was the first time that Mr Wong had used tin strips.  To the 

best of Mr Wong’s knowledge, Ho Biu Kee had not used tin strips in 

prior PRH projects.  

438. Mr Wong was later put in charge of Kwai Luen.  He was 

responsible for preparing Material Request Forms.  He followed the 

same practice in Kai Ching and ordered both tin strips and tin wires.  He 

used tin strips for copper pipes with a diameter of 15-42 mm, tin wires for 

copper pipes with a diameter of 50-67 mm and pressure-reducing valves, 

and silver brazing for copper pipes with a diameter of 70-100 mm.  He 

reckoned that tin strips were easier to use because of their lower melting 

point.  He also reckoned that tin wires should be used for 

pressure-reducing valves because of their higher melting point and 

greater strength.   

439. Mr Wong did not know that solder was required to be approved 

by HA.  He was not aware of the lead-free requirement for solder in 

potable water system.  He also did not know that the tin strips used in 

Kai Ching and Kwai Luen might contain lead.   

(vii) Ms Jess Chiu Wai Kuen 

440. Ms Chiu was the head of the purchasing department of Ho Biu 
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Kee.  Ms Chiu confirmed that she and other purchasing staff of Ho Biu 

Kee were not aware that tin strips might contain lead. 

441. According to Ms Chiu, Mr Chan Siu Wah, the person-in-charge 

of Kai Ching, had requested both tin strips and tin wires.  Ms Chiu 

acceded to his request and asked Prosperity to supply the same.  

According to Ms Chiu, Mr Wong Kwai Hung, the person-in-charge of 

Kwai Luen, also had made similar request for both tin strips and tin 

wires.   

442. Ms Chiu denied having requested Mr Chan Siu Wah to amend 

his request from tin strips to tin wires in Lung Yat.  As head of the 

purchasing department, she was not aware any of her staff had made such 

request too.   

Findings 

443. Unlike the evidence of other plumbing subcontractors, we do 

find Mr Ho’s evidence believable.  He appeared to be frank and 

forthcoming in giving his evidence.  We do not believe either he or Ho 

Biu Kee as an entity had intentionally used leaded solder for financial 

gain.  Having said that, we believe that Mr Chan Siu Wah had 

deliberately ordered leaded solder and permitted its use in Kai Ching.  

We are also satisfied that Mr Wong Kwai Hung had followed Mr Chan 

Siu Wah’s practice and used leaded solder not only in Kai Ching but also 

in Kwai Luen.   
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444. We are unimpressed with Mr Chan Siu Wah’s evidence.  He

tried very hard to disassociate himself from the present incidents by 

claiming that he knew little about the requirement of HA and the 

technical detail of his works.  As the officer-in-charge, one of his 

primary responsibilities was to ensure that the progress of all plumbing 

works would meet the schedule.  Once the progress was behind schedule, 

it is not difficult to contemplate that Mr Chan Siu Wah would need to 

consider ways and means to catch up.  We note that in respect of 

Blocks 3 and 4, Mr Chan Sze Lam, a labour subcontractor, was recruited 

into the project by Mr Chan Siu Wah.  Incentive was devised by Ho Biu 

Kee for Mr Chan Sze Lam to complete the job on or ahead of the 

schedule.  As Kai Ching was the first project that Mr Chan Siu Wah was 

put in charge by Mr Ho, it defies common sense for Mr Chan Siu Wah to 

say that he was not concerned with the progress of the plumbing works or 

his performance in managing the project. 

445. We also note that Mr Chan Siu Wah was dismissed by Ho Biu

Kee for misappropriation of property from the company’s construction 

site.  In our view, he knew full well that workers preferred to use tin 

strips instead of tin wires as the former melted at a lower temperature and 

it could help speed up the soldering process.  He had ordered both tin 

strips and tin wires for the project.  Tin wires were used mainly for 

joining pressure reducing valves or pipes with a large diameter. 

446. Invoices produced by Prosperity showed that between

October 2011 and June 2012, both lead-free tin wires and leaded tin strips 

were ordered and delivered to Kai Ching.  The pattern of purchase 
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tended to support Mr Wong Kwai Hung’s testimony that different solders 

were used for pipes of different diameters, albeit not on any technical or 

scientific basis.  However, it seems that this practice had been 

abandoned altogether soon after.  Between June 2012 and January 2013, 

leaded tin strips were used exclusively at Kai Ching.    

447. Mr Wong Kwai Hung brought this practice to Kwai Luen.  

Between April 2013 and March 2014 while he was the person-in-charge 

of Kwai Luen, save and except on one occasion, leaded tin strips were 

ordered and used throughout.  The only occasion on which tin wires 

were ordered was the next day after FRY 99C lead-free solder was 

approved by HA on 3 June 2013.  One box of 20 reels of lead-free 

solder and three boxes of leaded tin strips were ordered by Mr Wong 

Kwai Hung.  This pattern of ordering demonstrated unequivocally to us 

that Mr Wong Kwai Hung was clear about the difference between the two.  

He knew lead-free solder ought to be used, but for the ease of work, he 

chose to ignore it. 

448. We fully appreciate the limitation placed on us by virtue of 

section 3 of the Ordinance.  All the above factual findings are made 

based on the evidence received pertaining to the issue of plumbing 

subcontractors’ knowledge on the use of leaded solder.  They are not 

intended to attach any bearing on any individuals, whether legal or 

natural persons, as to their civil or criminal responsibilities. 

449. There is little point in our view to go further down the 

manpower hierarchy than the persons-in-charge of individual building 
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projects for we accept that workers simply used whatever had been 

provided to them.  There is also little meaning to assess the misnomer 

given to tin strips and tin wires for we have found that all relevant 

persons responsible for ordering knew what exactly they were ordering.  

They knew what they should order, what they did order and what their 

workers were given.   

450. In our view, in respect of the 11 affected estates, leaded solder 

was introduced into the plumbing system during their construction.  

Leaded solder was intentionally used with little regards to its adverse 

implication on human health and the contractual requirements imposed 

on them. 
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V. CONCLUSION 

 

451. We are satisfied that leaded solder is the direct cause of excess 

lead found in drinking water in all the 11 affected PRH estates.  This is a 

finding made by the WSD Task Force, accepted by Professor John Fawell 

and verified by Professor Joseph Lee in his independent investigation 

conducted on behalf of the Commission.  

452. Arrays of literature and evidence presented to the Commission, 

including Professor David Bellinger’s expert report, have pointed out the 

adverse effects of lead on human health.  It is a known fact that children, 

pregnant women and lactating mothers are particularly vulnerable to the 

health effects of lead.  However, given the relatively low blood lead 

levels of the residents, the general components of current care plan 

implemented by Department of Health are considered to be appropriate. 

453. From the perspective of public health, lead in drinking water is 

not to be tolerated.  Lead concentration in drinking water should always 

be kept as low as is feasible.  Since lead does not normally come from 

the contamination of source water and that lead pipes and leaded solder 

have been prohibited from use in Hong Kong for decades, excess lead 

should not be found in our drinking water nowadays.   

454. We have reviewed and evaluated the adequacy of the present 

regulatory and monitoring system in respect of drinking water in Hong 

Kong.  Our findings pertaining to different involved parties are 



 

158 
 

summarised in the following paragraphs.  

The Water Authority/Water Supplies Department 

(a) Lack of clear responsibility over the quality of drinking water 

at the tap 

455. Under the existing water supplies statutory regime, there are no 

clear statutory provisions as to who has responsibility over the quality of 

drinking water beyond connection point. The situation is further 

complicated by the fact that neither WWO nor WWR specifies any 

standards or requirements over quality of drinking water in Hong Kong.  

As a result, a number of regulatory and monitoring inadequacies arise.  

456. WSD had throughout the hearing contended that it was only 

responsible for the quality of water up to the connection point.  WSD 

further argued that since the consumers were responsible for the custody, 

maintenance and cleanliness of the inside service under the laws, it was 

therefore the consumers’ responsibility regarding the water quality 

beyond the connection point.   

457. We have reservation about WSD’s contentions.  In our view, 

safety and cleanliness are two different concepts. No doubt the 

responsibility for maintenance and cleanliness of inside service should 

rest with the consumers, but the undenying truth is that WSD ought to be 

the regulatory authority over the quality of drinking water across the 

territory.   
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458. Without any clear guidance and detailed stipulations on the 

responsibility of the consumers, it is simply unreasonable for WSD to 

expect and believe that the consumers would have the professional 

knowledge and expertise in ensuring the quality and safety of their own 

drinking water.  Given the reluctance on the part of WSD in accepting 

this overarching responsibility, it is therefore not surprising to see that the 

present incidents escaped the attention of WSD.   

(b) Inadequate understanding of the WHO guidelines and need for 

developing Hong Kong’s own water quality standards and a 

comprehensive WSP 

459. WSD adopted the WHO Guidelines in 1994.  It was a 

welcome step for Hong Kong.  However, WSD just stopped there and 

failed to appreciate that the Guidelines were intended to be a scientific 

point of departure for the development of our own water quality standards.   

To date, we still do not have our standards. 

460. In 2004, WHO introduced the concept of WSPs in order to 

encourage a proactive preventive approach to managing risks to drinking 

water from the catchment to the point at which consumers receive their 

drinking water, i.e. the source-to-tap approach.  WSD published the first 

WSP in 2006, pledging to adopt the Guidelines and the source-to-tap 

approach, and assumed responsibility over quality of drinking water 

throughout Hong Kong.  The declared mission of WSD was to provide a 

reliable and adequate supply of wholesome potable water to the 

consumers of Hong Kong.   
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461. In practice, however, WSD failed to formulate or put in place a 

sound and effective WSP with clear engagement of external stakeholders.  

The current WSPs were prepared top down with little involvement of 

external stakeholders, such as developer, architect, main contractor, 

plumbing subcontractor and building manager.  Besides, they were only 

in the form of a skeleton with little details and regarded as no more than 

internal documents by WSD.  Worse still, WSD amended its 2011 WSP 

in September 2015 to retract its responsibility over quality of drinking 

water “from source to tap” to “from source to distribution”.  

462. In addition, we noticed that WSD failed to undergo any 

systematic hazard assessment and risk characterisation regarding lead or 

other chemical contaminants likely to be found in inside service, as 

required. 

463. Lead pipes and leaded solder have been prohibited against their 

use in potable water supply system in Hong Kong since 1938 and 1987 

respectively.  Therefore, unlike the situation in other countries such as 

the U.S.A. and U.K., where lead pipes are common, the level of lead 

concentration in our drinking water should be low.  Had WSD followed 

the Guidelines and developed our own drinking water standards, WSD 

would probably have adopted a lead guideline value lower than 10 μg/L 

for Hong Kong.   
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(c) Inadequate understanding of the meaning of the WHO 

provisional guideline value for lead 

464. It appears that WSD failed to appreciate the conceptual subtlety 

between “guideline value” and “provisional guideline value” adopted by 

WHO.  Lead was given a guideline value of 10 μg/L before 2011.  It 

was a health-based value.  As a result of further evaluation in 2011, 

WHO concluded that there was no safe threshold for lead, as adverse 

effects in different organ systems, particularly the central nervous system, 

had been observed at blood lead levels of less than 5μg/dL.  The ideal 

blood lead concentration for human is 0μg/dL.   

465. Although the guideline value of 10 μg/L was retained, WHO 

designated it as “provisional” on the basis of treatment performance and 

analytical achievability.  In essence, the value had changed from 

health-based to non-health-based, and WSD should not be looking at 

exposure with the WHO guideline value as the benchmark.  WSD 

seemingly failed to understand the difference in between.  It is therefore 

no surprise for WSD to have adopted 10 μg/L without taking into account 

the local circumstances as required by WHO.  This misunderstanding 

also contributed to its failure to adopt a proper sampling protocol to 

identify the extent of lead contamination in PRH estates. 

(d) Failure to update legislation to keep up with changes in British 

Standards 

466. WSD failed to update technical standards as stipulated in 
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WWO, WWR and the Form WWO 46 for years, which created 

unnecessary misunderstandings and confusion for the plumbing industry. 

467. In respect of the use of solder, BS 864-2:1983 was superseded 

by BS EN 1254-1:1998 in 1998.  The maximum permissible lead 

content in solder was reduced from over 50% in 1983 to 0.07% at present.  

Yet the same old British Standard still stays on our statute book.  Except 

three, all British Standards on the Form WWO 46 are outdated.  

Explanations given by WSD were inconsistent with its past practice.  

(e) Failure to uphold a robust LP regime 

468. WSD failed to uphold the robustness of the LP regime, 

including the responsibilities, competency and working strength of the 

LPs.  Under the existing statutory provisions, no inside service shall be 

constructed or installed by a person other than a LP.  In reality, WSD 

permitted workers other than LPs to undertake plumbing works, provided 

those workers were supervised by LPs.  Supervision however did not 

entail the physical presence of LPs.  None of the three LPs called to 

testify personally performed any installation work. 

469. The responsibility of LPs is an important issue because poor 

workmanship was one factor which contributed to the present incidents.  

There is a huge gap between the language of the law and the industry 

practice permitted by WSD. 

470. WA as the licensing authority also failed to ensure the 

continued competency of LPs.  Once plumber licences are issued, LPs 
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are not required to update their knowledge of the plumbing trade.  There 

is also no restriction as to the number of projects that a LP may take at 

any given time.  For instance, only one LP was engaged for the 

plumbing works of over 5,000 housing apartments in Kai Ching.  It is 

difficult to imagine how well the LP could divide his time to supervise 

plumbing works of such scale. 

(f) Failure to exercise its legal powers to ensure compliance by the 

trade 

471. WWO and WWR confer on WSD a number of powers.  For 

example, WSD can require (under regulations 20 and 21 of WWR) any 

pipes or fittings to be tested before installation.  However, WSD does 

not have material testing facilities for any plumbing materials.  We 

doubt if WSD has ever conducted any test or taken any enforcement 

action against LPs for failing to comply with these two statutory technical 

requirements.  

472. WSD argued that any enforcement action in the form of 

random checks would amount to just a further layer of sporadic checks.  

Given this mindset, it is no wonder that WSD in its final inspection of 

newly constructed plumbing work focused exclusively on functionality 

without any regards to material safety and water quality.   

473. Similarly, the purpose of taking water samples at final 

inspection, hence the determination of testing parameters, was targeted 

solely towards the prevention of possible contamination of the 
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Government’s water supply.  This practice was proved to be inadequate. 

(g) Failure to adopt a proper sampling protocol 

474. Regarding the decision of Director of Water Supplies to sample 

only flushed water, we believe that Chief Waterworks Chemist played a 

dominating role.  This sampling protocol, however, was insufficient to 

ascertain the full extent of the problem of lead contamination in the 

drinking water of all PRH estates.  Despite the numerous occasions on 

which good and sound advice was given to WSD, it was unfortunate that 

WSD insisted on using its own sampling protocol.  As a result, nobody 

can say now with any degree of certainty the number of PRH estates that 

are truly unaffected by lead in drinking water. 

The Hong Kong Housing Authority/Housing Department 

475. Throughout the inquiry, HA repeatedly told us that there had 

been a lack of or inadequate awareness in HA on the use of leaded solder 

and its implications on the quality of drinking water.  Our view is that 

HA, as an entity, was aware of the harmful effect of the use of leaded 

solder and its adverse implications on human health.  This is borne out 

by the fact that HA had all along specified in its contracts the requirement 

of the use of lead-free category solder.   

476. Besides, as a routine practice, HA’s site staff had required 

sample submission of solder by main contractors.  Evidence also 

showed that HA’s site staff were familiar with the risks associated with 

lead.  However, there was no effective mechanism whereby such 
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knowledge would be shared across divisions and with the senior 

management, resulting in the absence of a holistic assurance programme 

that could effectively prevent the use of non-lead-free solder.   

477. HA failed to conduct any systematic risk assessment back in 

2002 after HA decided to allow its main contractors to use copper pipes 

for fresh water plumbing installation, which in turn resulted in the glaring 

absence of an effective supervisory and monitoring system for solder.  

The attention of HA tended to focus on the functionality of the 

construction works, with insufficient emphasis on potential health risks 

which might arise.    

478. HA failed to include solder as one of the items under its 

“On-site Delivery Verification” mechanism.  No check was conducted 

when solder was delivered to site.  Further, HD’s Site Inspection Team 

which was responsible for quality assurance programme was also not 

required to check the use of solder under the Architectural Site Inspection 

Guide. 

479. Consequentially, HA failed to ensure the solder used in joining 

copper pipes and fittings would conform to the approved sample.  There 

had been a systemic failure within HA as to the use of solder in the 

construction of the inside service.  HA appeared to rely heavily on 

document check in order to control the quality of the construction works 

undertaken by the main contractors.  We accept that it is not practicable 

or cost-effective for HA to micromanage all its PRH projects, that does 

not however mean that HA should not put in place more effective 
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measures to forestall possible failure on the part of its main contractors in 

fulfilling their contractual obligations.   

480. As the largest developer in Hong Kong, HA should always be 

vigilant to every possible health hazard associated to drinking water, with 

or without alerts from WSD. 

Main Contractors 

481. All four main contractors were well aware of HA’s requirement 

on the use of lead-free solder, judging by the fact that they imposed the 

same requirement on their sub-contractors and arranged for the 

submission of the correct type of solder for approval.  However, they all 

failed to put in place effective mechanisms to ensure that only the 

approved solder would be used by their subcontractors.  The sample 

approval process turned out to be just a formality.  

482. The situation was aggravated by the fact that under the existing 

regulatory regime, the main contractors did not have any role to play in 

the construction of inside service.  For example, they were not featured 

in either Form WWO 46 or Form WWO 132. 

483. No doubt all four main contractors failed to fulfil their 

contractual obligations with HA.  We believe, however, that there was 

little incentive for them to deliberately use leaded solder for all the 

plumbing works.  They suffered the consequence for not putting in place 

a proper system of supervision and mistakenly placing their entire trust in 

the subcontractors.   
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Plumbing Subcontractors and Licensed Plumbers 

484. We are of the view that all plumbing subcontractors knew that 

only lead-free solder should be used in PRH projects.  We believe that 

leaded solder was intentionally used or caused to be used by some 

subcontractors and/or their staff.  Apart from financial incentive, there 

was attraction for some workers to use leaded solder which has a lower 

melting point.   

485. The LPs are the plumbing specialists in Hong Kong.  They are 

intended to be a pool of professionals, suitably qualified and have the 

competency and up-to-date knowledge to design, install and maintain 

plumbing systems.  They also have a key role in managing risks and 

ensuring compliance with relevant statutory requirements and applicable 

standards.  The reality however is that inside service has been rarely 

constructed by LPs themselves, or even by other workers in the presence 

or under the supervision of LPs.  Some LPs play the role of no more 

than affixing their signatures on WSD documents.   

486. All in all, what we have seen is a collective failure on the part 

of all stakeholders to guard against the use of non-compliant solder in the 

plumbing system.  On the surface, there was in place a perfect 

multi-barrier checking system:  HA specified in its contracts with the 

main contractors that only lead-free solder should be used; a similar 

provision was repeated in the contracts between the main contractors and 

their subcontractors; the main contractors even took the initiative of 

submitting solder sample to HA for approval which was actually not part 
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of the requirements; and WA had in place statutory requirements on 

building materials and demanded AP/LP certification before allowing 

water supply.  In practice, however, this multi-barrier checking system 

turned out to be no more than a paper system in which every party 

transferred the duty of supervision to the other(s), resulting in a classic 

case of buck-passing.  Trust was misplaced and in the end it was the 

residents who suffered the most.  
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VI. RECOMMENDATIONS 

 

 

487. The following are measures we would recommend in order to 

prevent the recurrence of similar incidents in future –  

(1) Given the inadequacy of the sampling protocol adopted 

by WSD and in order to put the minds of all PRH 

residents at ease, the Government should undertake to 

test the drinking water of all PRH estates again using an 

appropriate sampling protocol that would include the 

testing of stagnant water as well. 

(2) Given the ever increasing complexity of modern 

buildings, the Government should, at the policy level, 

review the adequacy of the existing legislative 

framework and regulatory regime in safeguarding the 

safety and quality of drinking water in Hong Kong.  The 

review should cover : 

(i) the need for delineating the role of WA (as 

regulator of water quality) and the role of WSD (as 

water supplier); and 

(ii) WSD’s roles and responsibilities in effectively 

safeguarding the quality and safety of drinking 

water in Hong Kong, in particular whether its 

responsibilities are only confined to the quality of 

drinking water up to the connection points. 
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(3) The Government should set up an independent body to 

overlook the performance of WSD and water quality in 

Hong Kong generally.  This body should be empowered 

to conduct independent inspections and auditing when 

necessary.   

(4) We support WA/WSD’s proposal to set up an 

international expert panel on water safety to provide 

expert advice to Hong Kong on matters including water 

quality standard, water quality regulatory and monitoring 

regime, water sampling protocol etc. 

(5) WA/WSD should undertake a comprehensive study with 

a view to establishing the “Hong Kong Drinking Water 

Standards”, taking into account overseas experience and 

practices.  

(6) WA/WSD should define, preferably by way of 

legislation, the roles, involvements and responsibilities of 

other parties such as developers, contractors and APs 

who are in practice involved in the design, construction 

and maintenance of inside service but are currently not 

prescribed with any duties under WWO and WWR.  

(7) With the involvement of all relevant stakeholders 

including experts, professionals of different related 

disciplines and the general public, WA/WSD should 

establish and implement a WSP for Hong Kong in 

general and WSPs specifically for other developments in 

Hong Kong (e.g. public and private housing 
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developments, hospitals, elderly homes, schools), with 

clear indication of : 

(i) how to identify potential hazards and conduct risk 

assessment of contamination at different sections 

of the water distribution system, i.e. waterworks, 

communal service and inside service; and 

(ii) the responsibilities of stakeholders at different 

sections of the water distribution system.  

(8) WA/WSD should set out clearly, in the legislation or 

appropriate medium, the latest approved pipes and 

fittings as well as the latest standards for all plumbing 

material and components to be used in the construction 

of inside service, and update the same regularly and 

periodically.  

(9) WA/WSD should devise and uphold a robust licensing / 

registration regime for parties responsible for plumbing 

installations, including to:  

(i) define the duties of LPs under WWO, taking into 

account the relevant provisions of the Construction 

Workers Registration Ordinance (Cap. 583) 

(CWRO) which allows skilled workers to perform 

plumbing installations; 

(ii) review the adequacy of the existing arrangement 

where an individual LP can be responsible for 
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plumbing installations of any scale (e.g. up to 

thousands of household units) at any given time;  

(iii) review the competency and manpower 

development of LPs, and consider the need for 

continuous professional education for LPs on a 

compulsory basis as part of the conditions for 

renewal of licences;  

(iv) ensure that LPs and skilled plumbing workers 

under CWRO would be taught in their training, 

certification and professional development the 

potential causes and hazards of drinking water 

contaminations, and precautionary measures; and 

(v) consider the need and feasibility to include other 

professionals (such as building services engineers) 

and specialised contractors (such as in the form of 

a registration system for plumbing contractors) in 

the design and construction of inside service.  

(10) HA should review its control mechanism on the 

construction projects with emphasis not only on the 

functionality of the plumbing system but also the quality 

and safety of water. 

(11) HA should equip its CA (Design and Standard) with 

necessary expertise on plumbing installations and 

strengthen its research capability to identify the existing 
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and emerging risks to the quality and safety of water in 

developing and managing PRH estates. 

(12) HA should, in consultation with WSD, review all the 

materials to be used in the construction of PRH estates 

with a view to identifying the potential hazards and 

contamination in the drinking water, and revising the 

project specifications as necessary. 

(13) HA should put in place a robust system to monitor the 

compliance of the plumbing installations with the project 

specifications by main contractors and their 

subcontractors.  

(14) We support all the control measures put forward by the 

Review Committee regarding the purchase, use and 

testing of solder in the construction of all new PRH 

projects.  It is important not to relegate these control 

measures into yet another document check exercise. 

(15) HA should contribute proactively to the establishment of 

a WSP for PRH estates under (7) above. 

(16) At all times and especially before the establishment of a 

WSP for PRH estates, HA should ensure all its staff, in 

particular all the CAs who are responsible for signing 

WWO certifications and documents, are aware of all the 

potential causes and hazards of drinking water 

contamination and precautionary measures. 
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(17) At all times and before WA/WSD has defined the 

specific roles of all involved parties, the developers and 

main contractors, when contracting out the plumbing 

work, should devise and execute an effective 

management plan for making sure that : 

(i) only the approved/compliant materials would be 

used in plumbing installations; and 

(ii) the plumbing work would be carried out under 

appropriate supervision and inspection by 

competent personnel; 

so that the control measures would not be relegated into 

another document check exercise.   

488. We believe that if these recommendations are implemented, not 

only PRH estates, but also other developments in Hong Kong and our 

community as a whole will be benefited. 
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