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Abstract 

Aquaculture, such as oyster culture and pond fishing, is an important primary 

production in Lau Fau Shan.  However, aquaculture in Hong Kong is now under severe 

threat because of deteriorating water quality caused by inorganic pollutants. The tests for 

inorganic pollutants are expensive and technical.  In order to monitor the water quality, a 

new testing system is proposed.  

 

The new system involves the use of transgenic E. coli as a bioindicator.  The 

transgenic GFP-expressing bacteria can emit green fluorescence light under UV light.  This 

distinctive property allows the transgenic E. coli colonies to be easily distinguished from 

natural bacteria when spread on nutrient plate (LB plate).  The GFP-expressing bacteria 

culture was first incubated with sediment extraction samples under test.  After incubation, 

the colonies forming units of the GFP-expressing bacteria were determined.  It is 

hypothesized that the viability of E. coli correlates with the water quality of the sediment 

extraction sample as the GFP-expressing bacteria would grow better in sediment extraction 

sample which contains less heavy metal ions. 

 

To test the validity of the system, the GFP-expressing bacteria were cultured in 

sediment extraction sample with known concentrations of lead nitrate and copper sulphate.  

The results showed that the transgenic bacteria are very sensitive to copper and lead ions.  

The lethal dose 50 (LD50) to copper and lead ions were determined to be about 0.1 ppb and 1 

ppb respectively.  

 

In sum,  the GFP-expressing bacteria can be used as a biological indicator for heavy 

metal pollution and the heavy metal pollution problem in LFS is not serious. 



Using GFP Expressing E. coli to test water quality 

Queen Elizabeth School Old Students’ Association Secondary School P.2 of 17 

1. Introduction and objectives 

Oysters have been cultivated in Deep Bay for more than 700 years and the oyster 

industry has been the livelihood of many residents in Lau Fau Shan (LFS).  However, 

due to the rapid grow of residential and industrial around Deep Bay, many people will 

query whether the water qualities of Deep Bay are still good for oyster cultivation.      

Our school is located in the northwest of Hong Kong, near LFS.  Some of our 

schoolmates and parents, who live at LFS, told us that the water pollution problem at 

LFS is not as serious as being published in the media.  However, some scientific 

research indicated that Deep Bay water was heavily polluted by heavy metal that come 

from the industrial area around the Zhujiang Delta. Therefore, our team would like to 

investigate “whether the heavy metal pollution problem in LFS is serious or not?”   

From literature review, we discovered that, atomic absorption spectroscopy (AAS) 

can be used to find out the concentration of heavy metal in different samples.  The 

AAS is a common instrument in the laboratory of territory institutes but not in any 

secondary schools.  If we want to investigate the concentration of heavy metal in 

samples, we need to seek help from specialists of territory institutes.  We need to go to 

the laboratory of territory institutes and carry the experiment there.  It seems not 

convenient and impossible for many secondary students to carry similar experiment on 

heavy metal investigation.  Therefore, our team would like to develop a cheap, 

convenient and novel way for the secondary students to investigate the heavy 

metal pollution problem in samples. 
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2.  Basic information of Lau Fau Shan 

Lau Fau Shan is located along Deep Bay which is in the northwest part of Hong Kong.   

Deep Bay locate in between Hong Kong and Mainland China.  A lot of development can 

be found in both sides of the Deep Bay.  Water quality in Deep Bay also under the influence 

Zhujiang and Guangdong province where industrial sewage and other discharge will flow 

from Zhujiang and Guangdong to Deep.  

 

 
 

 
View of oyster field in Lau Fau Shan 
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3. Method, Theory and Design of Investigation 

3.1  Literature study 

 Researches through the internet, books, field trips, interviews, etc. on the 

following topics were carried out: 

� the effects of heavy metal contaminations to human, how to measure the amount 

of heavy metal (especially method other than AAS), 

� the common microbial in marine water which may be used in biological 

indicator, 

� the basic information and laboratory menu of transformation of bacteria, 

� the ways to investigate of the amount of bacteria, etc.  

3.2  Field trips 

 In order to know more about the water quality of LFS, field trips were done.  

During the field trips water sampling and sediment sampling were also conducted.  

The following table summaries the schedule of our field trips: 

 

Date Time Location 

15/03/2013 4:30 pm - 6:30 pm 

LFS, 

Sai Kau Tsuen & 

Pak Nai 

The following are the apparatus and materials used in water sampling and sediment 

sampling our field trips: 

  

1. Beaker 

2. Metal bucket 

3. Hammer 

4. Shovel 

 



Water Quality Monitoring in Lau Fau Shan 

Queen Elizabeth School Old Students’ Association Secondary School P.5 of 17 

3.3 Theory and design  

3.3.1 Selection of samples 

 Basically, either water sample or sediment sample can be used to investigate the 

concentration of heavy metals in water.  

 By using the water sample, the concentration of heavy metals of the water can be 

found directly.  However, according to some literatures, the amount of heavy metal is 

general low in water.  It may be easily to find out the amount of heavy metal in the 

water sample. 

 With reference to literatures, heavy metal ion in water will settle down and 

accumulated onto the sediment in the bottom of water.  As a result, the amount of 

heavy metal pollutants in sediment should be much more than the corresponding water 

sample.  In a preliminary test of heavy metal concentration, both water samples and 

soil samples were test.  The results of the sediment sample were much obvious than 

that of the water sample.  Therefore, sediment sample were used in the later 

experiment. 

3.3.2  Assumption 

 Since heavy metals are enzyme inhibitors, we believe, higher heavy metal 

concentration will have adverse effects on the survival of the bacteria.  Therefore, we 

assume the higher the concentration of heavy metal in the sample, the more the 

number of bacteria will die (i.e. few number of colonies).   

 Refer to the assumption, when a fix amount of bacteria were added into the 

sediment extract and then incubate for sometime.  If the sediment extract contain a 

higher concentration of heavy metal, fewer bacterial colonies will be found.  As a 

result, bacteria can be used as a biological indicator for the concentration of heavy 

metal.  In order to prove the above assumption is validate.  The following 

experiments were designed and carried out.   
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3.3.3  Design of Investigation 

 3.3.3.1 Choice of bacteria 

 Among the various types of bacteria, Escherichia coli are used.  The following 

are the reasons for our choice.  

� E. coli is very common in water bodies. 

� E. coli reproduces rapidly.  It allows as obtaining results in a shorter time. 

� E. coli occupy in very small place. 

� The nutrients requirement for the E. coli can be fulfilled easily.   

3.3.3.2 Investigation of the effects of heavy metal on non transgenic bacteria 

 Non transgenic E. coli were added and cultivated in booth with different heavy 

metal concentrations for one day.  Then the booths were spread on lysogeny broth 

(LB) agar plates and incubated for another day.  Count the number of colonies on the 

plates.  The results show that non transgenic E. coli were not suitable for the 

investigation.  To focus on the investigation of the sediment sample and the objectives, 

details of this experiment were put in the appendix 1. 

3.3.3.3 Investigation of the effects of heavy metal on GFP expressing bacteria 

 Since non transgenic E. coli colonies were not distinguishable from the colonies 

produced by the bacteria already existed in the sample, green fluorescent protein (GFP) 

expressing E. coli were used.  The results shown that the colonies from the GFP 

expressing bacteria were very noticeable and distinguishable from the other colonies, 

GFP expressing bacteria were selected as the biological indicator of the actual samples.  

To focus on the investigation of the sediment sample and the objectives, details of this 

experiment and how to transform the E. coli were put in the appendix 2 and 3. 
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4. Experiment for heavy metal monitoring in LFS 

4.1 Reason for choosing GFP expressing E coli as biological indicator 

 After the transformation, the GFP expressing E coli can give a sharp green light 

under week UV light so that their colonies were easily distinguished from the natural 

occurring bacteria in the sample.  The sensitivity of the GFP expressing bacteria on 

the heavy metals is increased after transformation; as a result, the heavy metal 

concentration in the sample can be found more accurately. 

4.2 Experiment for investigate the heavy metals 

4.2.1  The aims of the experiment 

 The heavy metal concentration should not be high in the natural environment.  

The abundance of heavy metal in water of LFS should come from industrial waste 

around the Deep Bay.  By investigating the growth of the GFP expressing bacteria in 

the sample, the degree of the marine pollution problem caused by industrial waste and 

understanding the degree of cleanness of water in LFS can be investigated. 

 Extracting the heavy metals in soil sediments requires the use of acetate.  

Acetate is able to dislodge the exchangeable heavy metal on the surface of sediments 

by washing procedure.  The soil extracts containing heavy metals is produced after the 

washing procedure.   

4.2.2 Apparatus and chemicals: 

5. Acetate (0.8 %) 

6. Alcohol  

7. Autoclave 

8. Boiling tubes 

9. Electronic balance 

10. Incubator 

11. Test tube 

 

12. Micropipettes 

13. Pipettes tips 

14. Whatman No.42 filter paper 

15. LB plates  

16. Parafilm 

17. Spreader 

18. Alcohol lamp  
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4.2.3 Procedures for investigating the amount of heavy metals 

1. The soil sample bought from LFS was prepared for the experiment. 

2. Their weights of the soil sediment was obtained using electronic balance and 

recorded in a table. 

3. The samples were treated with acetate (0.8%) for the extraction of heavy metals. 

4. The extract was filtered by Whatman No.42 filter paper to separate the extracts 

and soil sediment. 

5. The extracts were used to dilute the bacterial solution to 1000 fold. 

6. The bacterial mixtures were incubated at 37°C for one day. 

7. 50µl of bacterial solutions were added into LB plates. 

8. The LB plates were incubated at 37°C for one day. 

9. The colonies and the GTF expressing bacteria was obtained and recorded in a 

table. 

10. Steps 1 - 9 were repeated to investigate the concentration of heavy metals in the 

Sai Kau Tsuen & Pak Nai soil sediments instead of LFS. 

 

Soil sediments were treated with acetate The extracts were filtered by filter paper 

  
 

 

 

The results was otainned 
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4.3  Results and Analysis 

4.3.1 Results  

 The following photo show the number of colonies appear in 1000X sediment 

extract. 

 

 

 

 

 

 

 

 

 

 

The following table show the number of colonies count in 1000X sediment extract. 

 

 

 

 

 

 

4.3.2 Analysis 

From the results, 500 colonies in the control plate are found.  However, the 

growth of GFP expressing bacteria was hindered in those 3 sediments extract plates.  

By descending order, fewest GFP expressing bacteria colonies was found in Pak Nai 

sediment extract, Lau Fau Shan sediment extract, Sha Kiu Tsuan sediment extract.  By 

comparing to the control, GFP expressing bacteria colonies decrease from 95% to 

100%.  Heavy metal ions in sediment extracts killed most of the GFP expressing 

bacteria. 

 

 Trial 1 Trial 2 Trial 3 Average 

Control(Acetate) 338 560 580 493 

Sha Kiu Tsuan 

Sediment Extract  

11 7 67 28 

Lau Fau Shan 

Sediment Extract 

1 0 8 3 

Pak Nai Sediment 

Extract 

0 0 0 0 

Sha Kiu Tsuan 

sediment extract 

Control 

(Acetate) Trial 1 Trial 3 Trial 2 

Pak Nai sediment 

extract 

Lau Fau Shan 

sediment extract 
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4.4 Discussion 

4.4.1. The dilution effect of the GFP-expressing bacteria 

The GFP expressing bacteria has high reproduction rate.  If the concentration of 

GFP-expressing bacteria is very high, it is hard to count the number of colonies of 

GFB-expressing bacteria.  As the diagram shown below, 10X and 100X dilution is 

uncountable, but 1000X and 10000X dilution are countable.  

 

 

 

 Furthermore, 10000X dilution of GFP-expressing bacteria only show a few 

colonies. There are about 50 colonies in the plate.  The percentage error is large so the 

results are not reliable.  In conclusion, we found that 1000X dilution is the most 

suitable dilution for doing the experiments.  

 

 

 

 

 

10X 
100X 

1000X 

10000X 
Water 

only 

10X 
1000X 100X 

Bacteria colonies in different plates of different concentrations 

Different dilutions of GFP expressing bacteria under UV light 



Using GFP Expressing E. coli to test water quality  

Queen Elizabeth School Old Students’ Association Secondary School P.11 of 17 

4.4.2. The stability of GFP-expressing bacteria 

 The stability of GFP-expressing bacteria was also studied. GFP expressing 

bacteria are diluted into 1000X and spread in 3 plates.  Also, 1000X of GFP 

expressing bacteria are used in our experiments.  Results shown below: 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

From the above results of these 2 experiments, there is no big difference in each 

trial plate.  It shows that GFP expressing bacteria is stable for doing experiment.  The 

number of GFP expressing bacteria won’t be suddenly high or suddenly low.  It means 

that GFP expressing bacteria is stable enough and has the same efficiency to detect for 

the heavy metals 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Trial 1 Trial 2 Trial 3 Average 

1000X Dilution 672 601 656 643 

Control  

(distilled water) 
0 0 0 0 

Control(Acetate) 338 560 580 493 

Sha Kiu Tsuan 

Sediment Extract  
11 7 67 28 

Lau Fau Shan 

Sediment Extract 
1 0 8 3 

Pak Nai Sediment 

Extract 
0 0 0 0 

Trial of 1000X dilution of GFP-expressing 

bacteria 

Photo of GFP-expressing 

bacteria under UV light 
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4.4.3. Sensitivity of the GFP expressing bacteria 

GFP expressing bacteria showed a very high sensitivity to both Pb and Cu. The 

LC50 of Pb and Cu is about 0.1 ppb and 1 ppb respectively.  Data Shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There is more information about the sensitivity of GFP expressing bacteria to 

heavy metals in appendix 2. GFP expressing bacteria have high potential to monitor the 

heavy metal contaminants because of the extreme low LC50 number. 
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4.4.4. The relationship between results and the sites 

During field trip, the following features of the sampling sites were also noted. 

 

Sha Kiu Tsuan:  

 

 

 

 

 

 

 

▲ From the photo, there is no factory so there is no industrial pollution.  Also, it is far 

away from houses and we can found any sewage or discharge outlet.  It seems that domestic 

sewage from other places is the main source of pollutant.  As a result, the smallest amount 

of heavy metal was found in the sediment extract. 

 

Lau Fau Shan: 

 

 

 

 

 

 

▲ In this site, residence and industry can be found here.  A lot of human activities can be 

found around here.  A number of discharge outlet of residence and restaurants can be found.  

Also construction wastes were dump into the sea.  Therefore, it is not surprise that the heavy 

metal concentration was highest in here.   

 

Pak Nai: 

 

 

 

 

▲ There is sewage and there are residence between it, so it may be have domestic wastes. 

▲ In this site, it is very near to residence houses.  A lot of residential sewage release 

into the sea here.  Different from Sha Kiu Tsuan, it is guess that the concentration 

of domestic sewage is much higher in the site because it is extremely near the 

residence houses.  The concentration of heavy may not low around here. 
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4.5  Further investigation  

In order to improve our project, the following investigations are suggested to 

carry out. 

First, similar experiments as the sediment extract with the GFP-expressing 

bacteria are conducted.  However, the sediment extract should replace by oyster 

extract.  By doing so, the heavy metal content in the oyster can be measured more 

directly. 

Secondly, the sensitivity of GFP-expressing bacteria to different kinds of heavy 

metals should be done.  Then, we will compare the toxicity of various heavy metals 

and the degree of heavy metal pollution in various sites. 

Thirdly, select or test other promoter that sensitive to various heavy metal can be 

done.  By doing so, the higher the heavy metal concentration, the more the GFP will 

be presented in the bacteria, which in term, a brighter green fluorescent light can be 

measure and use as an indicator of the degree of heavy metal pollution. 

Fourthly, the sensitivity of GFP-expressing bacteria to different kinds of domestic 

or organic pollutants should be done.   

Different types of heavy metals 
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6.  Conclusion 

After finishing the project, we can conclude that the GFP-expressing bacteria can 

be used as a biological indicator for heavy metal (Cu and Pb) pollution and the heavy 

metal pollution problem in LFS is not serious. 

GFP expression bacteria were successfully obtained by transforming GFP 

plasmid into E coli.  The efficiency of the expression is very high and therefore it can 

give out green light even without a UV light source.  The GFP expressing bacteria are 

very sensitive to copper and lead.  Preliminary study showed that the GFP expressing 

bacteria can survive in natural water samples and compete with natural bacteria.  

Firstly, according to the result of sediment extract in LFS, the number of the 

colonies of sediment 1 and 3 are not more than 10 colonies.  It conforms to LD50 so it 

means that the heavy metal pollution in LFS is serious.  

Secondly, the cost of the experiment is cheap.  One plate is only cost $5.  

Using GFP E coli to test the water quality is convenient that student can do this 

experiment in secondary school and student can know the result quickly.   
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