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Executive summary 

 

This study was commissioned by the Drainage Services Department of Hong Kong SAR 

Government to evaluate and compare the removal efficiencies of toxic chemicals including 

heavy metals, persistent organic pollutants (POPs), emerging chemicals of concern (ECC), 

antibiotics and hormones in two Hong Kong sewage treatment works (STW) - Shatin STW 

(STSTW) (with primary and secondary treatment) and Stonecutters Island (SCISTW) (with 

chemically enhanced primary treatment). , The other goals were to determine the profile of the 

specified toxic chemicals in STW and their concentrations in the sewage sludge samples 

produced.  

 

In this study, metalloid/heavy metals (As, Cd, Ni, Sb, Sn, Zn, Cu, Cr, Pb, total-Hg, and 

methyl-Hg), POPs (DDTs, PBDEs, PCBs, PAHs), ECCs (bisphenol A, PFOA and PFOS), 

antibiotics (tetracycline, ciprofloxacin and erythromycin), hormones (estradiol, estriol, estrone, 

ethinylestradiol, and testosterone) were investigated. Although they are not officially listed in 

Stockholm Convention, PAHs are included as POPs in this study as they are known to be one of 

the most widespread organic carcinogenic and mutagenic pollutants, and thus should not be 

overlooked. 

 

Wastewater treatment facilities are designed to meet effluent quality parameters such as TSS, 

BOD, and COD. Most conventional STW facilities use adsorptive, precipitate, oxidative, and 

biological processes to remove most natural organic materials. POPs and ECCs are diverse 

groups of compounds that include pesticides, industrial and household chemicals, and medical 

products. There are growing public concerns about these compounds because of possible 

detrimental effects to human health caused by prolonged low dose exposure to POPs and ECCs.  

 

Removal mechanisms 

Currently, the majority of sewage in Hong Kong goes through either chemically enhanced 

primary treatment (CEPT) or a combination of physical and biological removal (plain primary 

settling and secondary treatment). The removal of a compound or element by sewage treatment 

process can be a result of sorption or biodegradation. However, there is insufficient research to 

elucidate and apply the exact removal mechanisms needed for sorption or biodegradation  (Man 

and Wong 2012). Therefore, in this study, the experiments were carefully designed to 

investigate the removal of toxic chemicals in the two aforementioned types of treatment 

processes (CEPT at SCISTW and biological treatment at STSTW). The observed degrees of 

sorption and biodegradation were ranked as low (L), medium (M), strong (S) and very strong 

(VS) in this report. 

 

Distribution 

The power of using material flow investigation was demonstrated in this project. On crude 

sewage (CS), primary effluent (PE) and final effluent (FE) when separating the liquid portion 

(LP) and particulate matter (PM), one could assess the sorption property of the compound being 

investigated. For metals, Zn was a very strongly (VS) sorbed metal ion, followed by Hg and Pb. 

For organic pollutants, tetracycline, PAHs and BDE209 were very strongly (VS) sorbed organic 

pollutants. More than 90% of them were bound to particulate matter in CS and also more than 

70% bound to PM in FE. By comparing the removal efficiency between primary treatment and 
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biological treatment, it was possible to assess the biodegradation property of the compound 

being investigated. When comparing different primary treatments, one with CEPT such as 

SCISTW (with chemically enhanced primary treatment(1’)) and plain settling as in STSTW’s 

primary treatment, one could assess the effect of chemical addition in CEPT (using ferric 

chloride and anionic polymer as flocculant). It was observed that the two sewage treatment 

processes could not eliminate compounds or metals with low sorption property (L) and low 

biodegradation property (L), such as arsenic (As), erythromycin, PFOA and PFOS. In order to 

remove such pollutants, it is essential to use more advanced techniques such as those reviewed 

by Man and Wong (2012). 

 

Removal Efficiencies 

Removal efficiency varied greatly among organic pollutants or heavy metals, however, they can 

be summarized into the following five categories: 

(1) Strongly removed and degraded by secondary treatment, such as methyl-mercury, 

ciprofloxacin, estradiol, estriol, and estrone. 

(2) More effectively treated or degraded with chemically enhanced primary treatment 

(CEPT) system, such as DDTs, total pesticides and BDE209.  

(3) Some removal with both treatment systems such as most of the heavy metals, PBDEs, 

PCB, PAH, bisphenol A, tetracycline, and testosterone. 

(4) None of the STWs were effective on treating pollutants such as arsenic, PFOA, PFOS 

and erythromycin. 

(5) Non-conclusive due to low concentrations below detection limits such as PCB-126 and 

ethinylestradiol. 

 

Profiles 

In general, the concentrations of heavy metals and organics pollutants, e.g., Cd, Sb, PBDEs 

(including BDE209), PCBs, and in particular BPA in CS of SCISTW were higher than that of 

STSTW. On the other hand, only Cr was noticeably higher in CS of STSTW than SCISTW. The 

other chemicals analyzed were comparable in the two STWs. 

The profile of heavy metals in cakes is demonstrated in Figure 1. The results showed that CEPT 

at SCISTW appears to be more effective in removing and depositing Pb, Cr, Sb, and Sn from 

influent and into cakes as compared with the treatment at STSTW with plain settling primary 

treatment and biological secondary treatment, while STSTW was more effective on total-Hg 

(Hg) and Methy-Hg (MeHg). The percentage reported in Figure 1 was from the average data 

from 5 samplings and each sample was a composite of three individual grabs. In general, heavy 

metals had higher fluctuations than organic pollutants. The observed percentage exceeding 

100% of average influent content could be a combined result of sample variation, experimental 

error, and significant time-lag between liquid and cake samples. Our study showed that the 

average contents (from five samplings) of heavy metals in the sludge cakes from STSTW and 

SCISTW were within Land Application Limits stipulated by China Environmental Protection 

Agency (2002), on the discharge standard of pollutants for municipal wastewater treatment 

plant (Table 6 in GB 18918-2002) and US EPA (1993) standards for the use or disposal of 

biosolids. 
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The profile of organic pollutants in cakes is demonstrated in Figure 2. From this profile 

diagram, STSTW was more effective on depositing BDE209 and PBDEs into the cake materials. 

Compounds such as As, PFOA, PFOS and erythromycin basically remained in solution and 

were not present in PM nor cake. In the other extreme, compound such as BDE209, PBDEs, and 

PAHs were present in PM and cake and very low concentrations remained in solution. 

 
Figure 1 Profile of heavy metals in cakes from two STWs (in % influent content) 
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Figure 2 Profile of organic pollutants in cakes from two STWs (in % influent content) 

 

 

Successful example with BDE209 

In our current study, all influent and effluent samples were separated into liquid portion (LP) 

and suspended solids or particulate matter (PM). Combined with operation data in sewage flow 

and cake production, material flow data in liquid and solid fractions were used to evaluate the 

fate of compound Y along the sewage treatment process in the STWs. Content of compound Y 

was expressed in ng per liter of sewage flow throughout the process. 

Using BDE209 as an example, 97% removal efficiency was obtained with CEPT process at 

SCISTW. The cake contained 16% of influent BDE209 and 3% in the effluent - 19% was 

accountable. The other 81% was interpreted as a result of debromination and degradation. At 

STSTW, 96% removal efficiency was observed for BDE209. The cake recovered about 100% 

of influent BDE209 and 4% in the effluent - 104% was accountable. Within experimental error, 

there was no observable degradation of BDE209 throughout the whole treatment process at 

STSTW. Since BDE209 was mostly sorbed to solids at CS, PE, and FE, one could assign 

BDE209 ―VS‖ for ―Sorption Property‖. In addition, there was no detectable data to support 

biodegradation at STSTW; one could assign BDE209 ―L‖ for ―Biodegradation Property‖. 

Without the detailed BDE209 mass flow analysis in both liquid and solids fractions, as applied 

in this study, researchers may simply report that 97% removal efficiency at SCISTW and 96% 

at STSTW. They could also report BDE209 in SCI-cake at 47 ng/g (dw) and ST-cake at 88 ng/g 

but they would not have the important data to tell that BDE209 was ―strongly sorbed‖ as 

molecules onto the PM in the sewage flow and that BDE209 was ―L‖ in biodegradation. They 

would also miss the difference in the removal mechanism of BDE209 at the two STWs. 
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Deca-BDE (BDE209) has long been characterized as an ―environmentally stable and inert 

product that is not capable of degradation in the environment, not toxic, and therefore of no 

concern‖ (Alcock and Rusby, 2006). However, deca-BDE has been detected at concentrations 

exceeding 1000 ng/g dry sample weight in sediments and sewage sludge and it indicates that  

reservoirs of deca-BDE are building up in the environment. The potential hazards of 

deca-BDEs to the ecosystem and human health are expected to persist for many years to come, 

based on the debromination of deca-BDE by photolytic (Soderstrom et al., 2004) and anaerobic 

degradation reactions (Gerecke et al., 2005), giving rise to highly toxic congeners. Therefore, 

the use of deca-BDEs in electronic products should be banned (Man et al., 2012). Further 

degradation of BDE209 by CEPT process as interpreted in this study deserves further 

investigation. 

 

Concluding remarks 

This study was carefully designed in comparing CEPT and plain settling processes, and in 

comparing the results between CEPT and secondary treatment processes. The results of this 

study have achieved the objectives, and the sorption and biodegradation properties for each 

compound could be assigned with a high certainty. The data as presented in the mass-flow 

tables for all the compounds evaluated have provided a complete evaluation on the removal 

efficiency and profiles from different treatments such as CEPT versus plain settling, as well as 

primary versus secondary treatment. It is demonstrated that CEPT primary treatment process at 

SCISTW is very effective in removing heavy metals such as Pb, Cr, Sb, and Sn as compared to 

STSTW with primary (with plain settling) and secondary treatments. For the removal of organic 

pollutants, as demonstrated in Figure 2, STSTW trapped more DDTs, total chlorinated 

pesticides, PBDEs and BDE209 into sewage cake. There are organic pollutants that have been 

noticeably degraded in the biological process such as estradiol, estriol, estrone, testosterone and 

ciprofloxacin. In conclusion, this project has successfully evaluated the removal efficiency of 

STW on toxic chemicals such as heavy metals, POPs, ECCs, antibiotics and hormones, as well 

as to determine the profile of the specific toxic chemicals in STWs and their concentrations in 

the sewage sludge samples produced. 

 
 

 


