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Abstract 
The wide application of cancerostatic platinum compounds, including cisplatin, carboplatin 

and oxaliplatin has led to hospital wastewater becoming an important source of anthropogenic 

platinum in aqueous streams. Although not in large amounts, these compounds should be 

eliminated before discharge due to their high toxic effects. We investigated sorption to 

biomaterials as an alternative environmental technology to remove Pt. The study consisted of 

two major parts: one focused on screening different biomaterials for Pt sorption, using batch 

tests with synthetically prepared Pt solutions, and another part focused on the application of 

the technology, using real hospital wastewater and a continuous flow system.  

In the screening test, several biomaterials showed good removal ability. For instance, one 

type of beech-derived biochar (biochar 3) and chitosan were capable of remove more than 

half of the Pt in [PtCl6]2- and cisplatin form, while another type of beech-derived biochar 

(biochar 1) and bamboo biochar (BBC) showed higher removal compared with other 

adsorbents for carboplatin and oxaliplatin. Several selected biomaterials were further 

examined by constructing sorption isotherms. The adsorbents fitted the Freundlich model 

better than the Langmuir model in most circumstances. In kinetic experiments, the adsorbents 

displayed fast adsorption with most equilibia being established within one hour. 

When involving real hospital wastewater, biochar 1 showed highest Pt removal for cisplatin, 

carboplatin and oxaliplatin, followed by biochar 3 and BBC. Among the Pt species, the 

removal followed the order cisplatin > carboplatin > oxaliplatin, which agreed with results of 

the batch experiment using synthetically prepared Pt solutions. 

In the continuous flow system, the influent was pumped non-stop into a column filled with 

adsorbents. Both BBC and biochar 3 were able to eliminate more than 80% of the total Pt 

from the first 50 to 100 mL of effluent. However, the removal efficiency decreased rapidly 

afterwards and became constant when the column was saturated. BBC displayed better 

removal than biochar 3 in this experiment. 

Biosorption was proven to be efficient for removal of cancerostatic platinum compounds from 

hospital wastewater. We suggest future research to focus on adsorbents such as biochars and 

chitosan. Furthermore, elimination of Pt directly from the patient’s urine may also be 

considered as an economical and efficient option. 
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1. Introduction 

Ever since human beings have discovered and extracted platinum, the precious metal has been 

widely applied in different fields. Platinum [Pt] is physically hard, and chemically resistant, 

which makes it ideal for jewelry production. However, the most important use of platinum is 

its use as catalyst, for instance in the chemical industry and car catalytic converters. 

Although platinum is known as an inert and immobile element, it is also widely proven to 

accumulate in the environment and cause potential health risks (Ravindra, Bencs et al. 2004, 

Rauch and Morrison 2008, Wiseman and Zereini 2009). Furthermore, study of Antarctic 

snow also showed significant concentrations and crustal enrichment factors for Pt since the 

1980s, suggesting that anthropogenic sources may have contributed to platinum pollution in 

the atmosphere during the last decades (Soyol-Erdene, Huh et al. 2011). Platinum enters the 

biogeochemical cycle via various ways, for instance by dissolution in water, and accumulates 

in food chains. Yet the emission of platinum has become an environmental concern that can 

hardly be neglected. 

There are many routes for platinum to be discharged into water systems, including the direct 

discharge from industry, sewage systems, and municipal sewer systems as well as the diffuse 

discharge via wind and abrasion, mainly from roads and vehicles having a Pt-containing 

catalytic converter. Platinum-based medicine excreted through urine reaches the sewerage 

system, causing hospitals to be an environmental emission source of this element 

(Dubiella-Jackowska, Polkowska et al. 2009). It is generally accepted that automobile 

catalytic converters account for most of the platinum emissions into the environment. A 

catalytic converter is a vehicle emissions control device, which converts toxic byproducts of 

combustion in the exhaust of an internal combustion engine to less toxic substances by way of 

catalyzed chemical reactions. Catalytic converters have been widespread introduced in the US 

and other parts of the world since 1975. Platinum is one of the necessary elements required 

for its production. Recently, relatively high concentrations of platinum along the roads have 

been reported all around the world, for instance 3.8–444 mg/kg in road dust and 0.7–

221 mg/kg in roadside soils in Seoul, and 64−73 mg/kg immediately adjacent to roads in the 
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US. Bioaccumulation of platinum in plant samples along the roads also raises concerns about 

potential risks for humans and the environment (Ely, Neal et al. 2001, Rauch and Morrison 

2008, Lee, Chon et al. 2012).  

Compared with automobile exhaust, the release of Pt through hospital discharge contributes 

less to the total platinum emissions. However, it has a significantly higher toxicological and 

carcinogenic impact than catalyst-born inorganic platinum (Lenz, Hann et al. 2005, Lenz, 

Koellensperger et al. 2007). The hospital discharge of platinum is mainly derived from 

patient’s excretes that contain cancerostatic platinum compounds (CPC), including cisplatin, 

carboplatin and oxaliplatin, which are applied as chemotherapy agents against cancer. As 

many other chemotherapy agents, cancerostatic platinum compounds have shown toxic 

effects such as reproductive issues. Moreover, as Pt is more expensive than gold, it can be 

beneficial to remove Pt from hospital wastewater and/or urine of patients receiving 

chemotherapy not only from an environmental point of view but also from an economical 

point of view. 

Biosorption is considered as an economic approach for removal of pollutants from wastewater. 

With their high potential for metal uptake, biomaterials can be applied for removal of 

different elements. Moreover, an immobilized metal can also be recovered after biosorption 

(Volesky and Holan 1995). However, not much attention was given yet to the potential of 

biomaterials for sorption of different Pt compounds.  

In this study, we will focus on removal of platinum compounds, especially Cancerostatic 

Platinum Compounds (CPC) from wastewater streams using biosorption.  
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2. Objectives 

The major objectives of this work are:  

• to assess the biosorption potential of selected biomaterials for their capacity to 

remove platinum compounds; 

• to determine the sorption characteristics of selected biomaterials; 

• to investigate whether biosorption is applicable to eliminate platinum from hospital 

wastewater; 

• to assess the potential for practical application of Pt biosorption by testing selected 

biomaterials using a continuous flow system. 
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3. Literature review 

3.1 Cancerostatic Platinum Compounds (CPC) 
 

Since certain platinum compounds were found to completely but reversibly inhibit cell 

division in Gram-negative rods, their antitumor activity has been tested for many years 

(Rosenberg.B, Vancamp et al. 1969, Pagnanelli, Esposito et al. 2002, Boulikas and 

Vougiouka 2003, Liu and Liu 2008). Among the Pt species, cisplatin, carboplatin and 

oxaliplatin have been introduced and widely applied as chemotherapy drugs against cancer 

for a long time.  

Cisplatin is the first platinum-based medicine developed in that drug class. It is used to treat 

cancers including: sarcoma, small cell lung cancer, germ cell tumors, lymphoma, and ovarian 

cancer. The compound was first identified by accident when Rosenberg et al. (1969) tried to 

perform gel electrophoresis with a platinum electrode and a soluble platinum complex was 

formed which caused filamentation of Escherichia coli (E. coli) bacteria. The potential of this 

compound to stop cell divisions in tumors was discovered since it also stopped cell division in 

the bacteria (Rosenberg.B, Vancamp et al. 1969). Because of its widespread utilization, the 

compound is now well known as the “penicillin of cancer”. However, at the same time, it is 

highly toxic and has very strong side effects. 

After the discovery of cisplatin, researches were stimulated to find platinum derivatives with 

higher activity and lower toxicity. Carboplatin and oxaliplatin were discovered and put into 

use mainly because of their lower toxicity. Besides, oxaliplatin has as additional advantage 

that it induces no cross-resistance with cisplatin (Raymond, Faivre et al. 1998, Desoize and 

Madoulet 2002). Both drugs replaced cisplatin in particular cases during clinical treatment, 

due to the limitations of cisplatin.  

Lobaplatin is another new platinum derivative, which overcomes some forms of cisplatin 

resistance in preclinical tumor models (McKeage 2001). As a third-generation platinum 

compound, the drug has shown encouraging anticancer activity in a variety of tumor types 

such as human esophageal cancer. It has been approved in China for the treatment of chronic 

myelogenousleukaemia (CML) and inoperable, metastatic breast and small cell lung cancer 
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(Wang, Tang et al. 2012).  

	  

Table 3- 1 Systematic name of platinum compounds 
	  
Common name IUPAC Name 

Cisplatin (SP-4-2)-diamminedichloridoplatinum 

Carboplatin cis-diammine(cyclobutane-1,1-dicarboxylate-O,O')platinum(II) 

Oxaliplatin 

Lobaplatin 

[(1R,2R)-cyclohexane-1,2-diamine](ethanedioato-O,O')platinum(II) 

cis-[trans-1,2-cyclobutanebis(methylamine)][(S)-lactato-O1,O2]platinum 

 

According to some studies, the agents have up to 720 d of biological life and concentrations 

in the urine of patients were estimated 40 times higher than normal physiological levels even 

after years (Schierl, Rohrer et al. 1995, Lenz, Hann et al. 2005). Without special processing of 

platinum in hospital wastewater, the cancerostatic platinum compounds significantly 

contribute to presence of platinum in urban sewage systems (Ravindra, Bencs et al. 2004).  

 

 
 

Figure 3- 1 Molecular formula of CPC 

 

3.1.1 Concentration levels in hospital wastewater 

 

Owing to the significant analytical technology improvement during the last decades, trace 

platinum compounds are now detectable in the ng/L range in aqueous environments. The 

analytical methods have moved from adsorptive voltammetry to ICP-MS and further to 

analysis of individual species using HPLC-ICP-MS (Kummerer and Helmers 1997, Boulikas 

and Vougiouka 2003, Hann, Stefanka et al. 2005, Lenz, Hann et al. 2005). Concentration 



	  

	  6	  

levels of cancerostatic platinum compounds in hospital wastewater were reported in several 

studies, presented in Table 3-2. 

 

Table 3- 2 Concentration levels of platinum in hospital wastewater at several sites 

Location Platinum concentration 

(ng/L) 

Analytical method Citation 

Germany 110-176 during daytime, 38 

at night 

Adsorptive voltammetry (Kummerer and 

Helmers 1997) 

Germany 10-601 Adsorptive voltammetry (Kummerer, Helmers et 

al. 1999) 

Austria 3,240-266,000 ICP-MS 

HPLC-ICP-MS 

(Lenz, Mahnik et al. 

2007) 

Austria 1,700(cisplatin) HPLC-ICP-MS (Hann, Stefanka et al. 

2005) 

France 350(610on working days, 

80on non-working days) 

ICP-MS (Goulle, Saussereau et 

al. 2012) 

 

As shown in table 3-2, concentrations of total platinum ranged from 10 ng/L to over 250 µg/L, 

and varied with time. By coupling HPLC with ICP-MS, Hahn et al. (2005) established a new 

method that allows simultaneous measurement of cisplatin, carboplatin, oxaliplatin and other 

cancerostatic platinum compounds (Hann, Stefanka et al. 2005). They found that a high 

fraction of carboplatin is stable in ultrapure water and in chloride solutions, which was 

consistent with other research. They also discovered the existence of another platinum 

compound in wastewater samples that could not be identified yet. Afterwards, (Lenz, Mahnik 

et al. 2007) found that platinum concentrations in the wastewater originated mainly from 

carboplatin, while cisplatin was detected only once and oxaliplatin was never identified.  

By comparing platinum concentrations of hospital wastewater with those of municipal 

wastewater, Goullé et al. (2012) noted that 69 % of the platinum is not trapped in the 

treatment plant. Besides, they discovered a significantly higher Pt discharge on working days 
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compared to non-working days (Goulle, Saussereau et al. 2012). 

 

3.1.2 Platinum demand and emissions 

 

According to data on platinum demand and supply from Johnson Matthey Inc. (Table 3-3), 

the majority of the demand comes from the autocatalyst industry, followed by jewelry 

production. The medical and biomedical demand amounts to only around 7.2 tonnes per year.  

 

Table 3- 3 Global platinum demand and supply from 2004 till 2012 in tonnes per year 

(JohnsonMattheyInc. 2013) 

 Platinum Demand by Application 

 2004 2005 2006 2007 2008 2009 2010 2011 2012 

Autocatalyst 108.6 118.1 121.5 128.9 113.7 68.0 95.6 99.1 100.8 

Medical &Biomadical - 7.7 7.8 7.2 7.6 7.8 7.2 7.2 7.2 

Total Gross Demand 198.1 247.8 245.4 257.3 248.5 211.3 245.9 251.8 250.2 

	  
# Before 2005, the category “Medical & Biomedical” was included in “others” which is not shown in 
this table 

 

In the automobile industry, several techniques have been developed to recover platinum by 

leaching of spent catalyst (Jha, Lee et al. 2013) while no recovery plan has yet been 

developed for Pt used in (bio)medical applications. However, considering the higher toxicity 

of the platinum compounds applied in the (bio)medical industry, its environmental impact 

could be significant. 

When considering environmental sources of platinum in Europe, hospital sewage is estimated 

to emit 3.3 % to 12.3 % of the amount emitted by cars having catalytic converters according 

to Kummerer et al. (1999). Nevertheless, these authors also suggested not to disregard them 

because the behavior and toxicity of cancerostatic Pt compounds in aquatic systems is not 

clear and needs further investigation (Kummerer, Helmers et al. 1999).  
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3.1.3 Health effects 

 

Use of cisplatin is most frequently associated with nephrotoxicity, probably because the 

kidney selectively accumulates cisplatin and its analogues to a higher degree than other 

organs do (Ali and Al Moundhri 2006, Barabas, Milner et al. 2008). In the human body, 

unbound cisplatin is freely filtered at the glomerulus and taken up into renal tubular cells. The 

drug is at least partially metabolized into toxic species, which in the end cause tubular 

damage and tubular dysfunction with sodium, potassium, and magnesium wasting (Yao, 

Panichpisal et al. 2007). Other reported toxicities of cisplatin include gastrointestinal, 

myelosuppression, ototoxicity and neurotoxicity (Barabas, Milner et al. 2008).  

Carboplatin and oxaliplatin are regarded as less toxic species compared to cisplatin. Clinical 

trials indicated that nausea and vomiting is much less severe and frequent when carboplatin is 

used compared to when cisplatin is used. Besides, little renal impairment was reported 

because the compound is excreted primarily as an unchanged drug in the kidneys. Compared 

with cisplatin, the neurotoxicity of carboplatin is also much less noticed. However, it is seen 

as a common adverse effect of oxaliplatin that usually presents as peripheral neuropathy. 

Actually, neurotoxicity is the most important, and often the dose-limiting side effect of 

oxaliplatin, while myelosuppression is the dose-limiting toxicity of carboplatin (Go and Adjei 

1999, Grothey and Goldberg 2004, Cersosimo 2005).  

 

Another concern of platinum-based drugs is that they are mutagenic, clastogenic, capable of 

inducing cell transformation and carcinogenic in laboratory animals. Both cisplatin and 

carboplatin are considered as highly mutagenic and carcinogenic in both in vitro and in vivo 

experimental models (Greene 1992, Sanderson, Ferguson et al. 1996).  

 

 

3.1.4 Remediation technologies 

 

Some hospitals discharge wastewater directly into the municipal sewage system while other 

use their own treatment plant prior to discharge. The latter concerns often a traditional 
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activated sludge system. However, no additional treatment process has been reported for 

removal of platinum species from hospital wastewater so far, although conventional 

wastewater treatment processes do not seem to remove Pt to an acceptable extent. Through a 

conventional activated sludge process, 69% of the platinum was found to be not trapped and 

discharged directly into the River Seine in France (Goulle, Saussereau et al. 2012). 

By contrast, 51 to 63% of the platinum was eliminated by treatment of pilot-scale membrane 

bioreactor system (MBR) whereas about 60% of the CPC was removed by the same MBR 

coupled with adsorption to activated carbon and UV-treatment downstream a hospital in 

Vienna (Lenz, Koellensperger et al. 2007, Lenz, Mahnik et al. 2007).  

Accordingly, development of a simple, cost-effective additional treatment to eliminate those 

platinum compounds before discharge is highly recommended. Recycling the platinum from 

this waste may also be interesting from an economic point of view as the platinum price 

currently exceeds 40,000 €/kg. 

 

3.2 Biosorption 
 

Biosorption has become a popular option to remove heavy metals from wastewater. By 

definition, biosorption is a physico-chemical process that occurs naturally in certain biomass 

which allows it to passively concentrate and bind contaminants onto its cellular structure. The 

approach has been tested on various species of heavy metals and precious metals, including 

Cd, Pb, Au, Co, Pt etc. As some studies showed very promising uptake of metallic ions, the 

method was demonstrated to be a useful alternative to conventional systems for removal of 

toxic metals from wastewater streams (Volesky 1992, Volesky and Holan 1995, Veglio and 

Beolchini 1997). 

Besides being inexpensive, the advantages of biosorption also include its easiness to handle, 

high efficiency and potential for recovery (Vieira and Volesky 2000, Gadd 2009).  

3.2.1 Biomaterials 

 

Biosorption may also be simply defined as the removal of substances from solution by 
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biological material (Gadd 2009). A wide range of materials have been used for this purpose, 

especially some low-cost biosorbents such as chitosan (Babel and Kurniawan 2003). Biochar 

has become another top choice because of its “carbon neutral” property. Some of the 

materials will be explained below with regard to their properties, including sorption 

characteristics.  

 

a. Chitosan 

Chitosan is a linear polysaccharide composed of randomly distributed β-(1-4)-linked 

D-glucosamine (deacetylated unit) and N-acetyl-D-glucosamine (acetylated unit). It is made 

by treating shrimp and other crustacean shells with the alkali sodium hydroxide. The 

worldwide price of chitosan is ca. US$10/kg. 

 

 

Figure 3- 2 Molecular formula of Chitosan 

 

In the last decades, chitosan and its derivatives have been extensively studied for biosorption 

of most heavy metals, showing excellent sorption capacity up to hundreds mg/kg. The results 

indicate that adsorption using chitosan composites is becoming a promising alternative to 

replace conventional adsorbents in removing heavy metal ions (Ngah, Teong et al. 2011). 

 

b. Biochar 

Biochar is defined as a char produced by biomass pyrolysis, a process whereby organic 

substances are broken down at temperatures ranging from 350 °C to 1000 °C in a low-oxygen 

(<2 %) thermal process (Hans Peter Schmidt 2013). It can be derived from various materials, 

from agriculture waste to sludge from wastewater treatment plants.  

Currently, the primary use of biochars is on soil because it is proposed as a novel approach to 

establish a significant, long-term sink for atmospheric carbon dioxide in terrestrial ecosystems. 
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Besides, other benefits include improving soil fertility and crop production (Johannes 

Lehmann 2006).  

Moreover, the applications can be expanded owing to its porous structure and large surface 

areas, to for instance use as biosorbent to remove metal ions from aqueous solutions. In fact, 

some research has been conducted in this field, focusing on the removal of lead, hexavalent 

chromium, copper and zinc. Most acquired positive results for the target elements, suggesting 

the potential of biochar as sorbent (Liu and Zhang 2009, Chen, Chen et al. 2011, Ding WC 

2012).  

In addition, modified biochars have been developed to collect contaminants from aqueous 

solution. Zhang et al. discovered a magnetic biochar produced from FeCl3�6H2O treated 

biomass. The novel biochar was proved to have a structure of nanosized γ-Fe2O3 particles 

embedded in the porous biochar matrix, which improved both the efficiency of arsenic 

removal and simplicity to collect the material after use because it is magnetic (Zhang, Gao et 

al. 2013).   

 

c. Other biosorbents 

Other biosorbents like cellulose, wood ash and peat that are naturally abundant and cheap 

were verified to have significant potential for removal of heavy metals. Cellulose constitutes 

the most abundant and renewable polymer resource available worldwide. The material is 

industrially mainly obtained from wood pulp and cotton and is largely used to produce 

paperboard and paper. The metal uptake ability of this substance and its modified derivatives 

has been proven in some instance to be comparable with commercial ion exchange resins. An 

additional advantage of applying cellulose as a biosorbent is its high abundance (O'connell, 

Birkinshaw et al. 2008).  

Meanwhile, peat was also studied extensively as an alternative adsorbent for dyes and heavy 

metals and its adsorption capacity was found excellent (Gupta, Carrott et al. 2009). Moreover, 

researchers tested wood ash on removal of metal ions such as Cd, Cu, Pb and observed a 

two-phase step of metal retention (Chirenje, Ma et al. 2006).  

As a commercial product that is applied widely, activated carbon is carbon produced from 

carbonaceous source materials via physical reactivation or chemical activation. Activated 
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carbon remains the most widely studied adsorbent, adsorbing many metal ions. It can be 

regenerated through certain processes (Babel and Kurniawan 2003, Gupta, Carrott et al. 2009). 

In many low-cost biosorbent studies, activated carbon is tested as a reference material to 

evaluate efficiency. 

 

3.2.2 Sorption models and isotherms 

 

Due to limitations of closed batch sorption systems, such as neglecting environmental factors, 

it is sometimes difficult to compare the results. In order to assess sorption performance, the 

capacity of biosorbent is described by creating sorption models or isotherms, among which 

Langmuir and Freundlich models are probably the most widely used (Volesky and Holan 

1995, Gadd 2009). The equations are as follows: 

Langmuir: q = bCfqmax/(1+bCf) 

Freundlich: q = kCf
1/n 

where q is the uptake of the solute, qmax is the maximum uptake, Cf is the equilibrium 

concentration of solute in the solution, b and n are constants. 

To explain more complex systems, some models derived from Langmuir and Freundlich 

model were established (Pagnanelli, Esposito et al. 2002, Liu and Liu 2008). 

 

3.2.3 Application on Pt removal 

 

Like other metals, platinum can also be eliminated through biosorption. As table 2-4 suggests, 

the maximum uptake of Pt (IV) ranges from 44 to 108.8 mg/g while for Pt(II) this is 346.3 

mg/g. Bacterial biomass has been widely tested as biosorbent. 

The recycling of this precious metal is favored due to its expensive price on the market. Won 

et al. (2010) conducted research on recovery of platinum through incineration of biomass. In 

their study, the biomass containing platinum was incinerated in an electric furnace at 600 °C 

for 2 h after sorption. The product was further extracted in aqua regia and separated. 

Eventually, 98.7% of the platinum was recovered in the forms of both Pt0 and Pt2+ (Won, Mao 
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et al. 2010). 

 

Table 3- 4 Platinum uptake by biosorption 

 

Sorbent Species Maximum uptake 

(mgPt/ g) 

Citation 

Desulfovibrio Pt(IV) 90 (de Vargas, Macaskie 

et al. 2004) 

Bayberry tannin Pt(IV) 45.8 (Ma, Liao et al. 2006) 

Chitosan flakes Pt (II) 346.3 (Guibal 2004) 

Saccharomyces 

cerevisiae(immobilized) 

Pt(IV) 44 (Xie DD 2003) 

Polyethylenimine (PEI)-modified 

biomass 

Pt(IV) 108.8 (Won, Mao et al. 2010) 

 

Nevertheless, information on removal of CPC by biosorption is still scare. Besides, current 

biosorption experiments mainly concerned batch test and relatively simple environments. In 

real-world applications, the results can be different since is the environment is often more 

complex. In this context, continuous flow systems should also be evaluated to measure Pt 

recovery at lab scale. If biomaterials show promising results in such studies, the use of 

biosorbents for removal of CPC may also become interesting. 

 

3.2.4 Continuous biosorption 

 

To evaluate application feasibility, continuous biosorption should be involved. Among 

continuous systems, packed bed columns and continuous stirred tank reactors are utilized 

most. Packed bed columns are favored in lab-scale tests since they are easy for configuration 

and cost-effective. Thus, they have become widely applied for continuous biosorption studies 

(Das 2010). 
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4. Materials and methods 

4.1 Materials 
 

The biomaterials involved in the sorption tests include 5 types of biochar, wood ash, peat, 

chitosan, cellulose and commercially available activated carbon (as a reference). The biomass 

used to produce the biochar is listed in Table 4-1. The results of biochars presented in the next 

chapters will be discussed using the names given in the left column. Biochar 1, biochar 2 and 

biochar 3 are originated from the same biomass but were heated for different time.  

 

Table 4- 1 Biomass used for producing biochar 
	  
Name Original biomass 

Biochar1 Beech 

Biochar2 Beech 

Biochar3 Beech 

BBC Bamboo 

BBC-Fe Iron chloride treated bamboo 

 

For production of BBC, bamboo was cut into small particles with a diameter of 

approximately 0.5 mm. For BBC-Fe, 10 g of this bamboo powder was immersed in 

FeCl3�6H2O solution that was prepared by adding 40 g FeCl3�6H2O into 60 mL Milli-Q water. 

The mixture was dried at 80 °C in an oven for 12 hours. In the final step, both samples were 

heated to 600 °C for 2 hours under a nitrogen flow.  
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Figure 4- 1 Picture of some biomaterials 

 

The platinum solutions involved in the experiment are: [PtCl6]2- , cisplatin, carboplatin and 

oxaliplatin. [PtCl6]2- used for the sorption tests and solutions used for calibration of the 

analytical equipment (ICP-MS) were diluted from stock solutions (1000 mg/L). Cisplatin, 

carboplatin and oxaliplatin solutions were prepared by dissolving weighted powder into 

Milli-Q water. 

 

4.2 Methods 

4.2.1 Biomaterials characterization 

 

Leachable TOC (Total Organic Carbon) and pH of the biomaterials were examined. 

Therefore, they were extracted with Milli-Q water in a L/S ratio of 20. After 24 h on a 

shaking plate, the extract was filtered over a filter paper (Blue ribbon, 125 mm pore size, 

Macherey—Nagel, Germany), and analysed for TOC using a TOC analyzer (Shimadzu 

TOC-VCPN, Columbia, MD). In addition, the extract of BBC-Fe was analysed for its iron 

content by ICP-OES (VISTA-MPX, Varian, CA). 

The total Fe content of BBC-Fe was also measured by digestion of the biomaterial. Therefore, 

0.3 g BBC-Fe was put in a muffle furnace for 15 min at 250 °C and 4 h at 450 °C. The 

remaining ash was cooked with 5 mL 6 mol/L HNO3 until the liquid almost evaporated and 

then with 5 mL 3 mol/L HNO3 for 10 min at 150 °C. This solution was filtered over filter 

paper(same as above filter paper). The filter was rinsed and the filtrate was diluted to 50 mL 

using in 1 % HNO3.  
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4.2.2 Adsorption batch test 

 

All biomaterials were first examined in a screening experiment. Afterwards, several of them 

were selected for further testing on sorption characteristics, including sorption isotherms and 

kinetics. 

 

a. Screening test 

In this experiment, 10 mL Pt solution and 0.1 g pre-treated biomaterials were added to 50 mL 

centrifuge tubes (L/S= 100). The vials were put onto a mechanical shaking table for 24 h. The 

liquid was separated from the solid immediately after removing the vial from the shaking 

table by filtration over a filter (0.45 µm pore size, Millipore) coupled with a 10 mL syringe. 

Afterwards, 5 mL of each filtrate was transferred into a new centrifuge tube by a pipette. 

After adding 3 mL HCl and 1 mL HNO3 into each vial, samples were digested in a microwave 

(CEM, Matthews, NC). The digestion method includes normal pressure and a temperature 

program, in which the temperature raised from 55 °C (10 min), over 75 °C (10 min) to 110 °C 

(40 min) for complete degradation of the matrix. Milli-Q water was added after digestion 

until the volume reaches 20 mL.The digested samples were diluted with indium as internal 

standard and analyzed with ICP-MS (ELAN DRC-e, PerkinElmer). 

All samples were tested in triplicate. A control group without adding adsorbents was also 

included. The relative remaining concentration was calculated as: 

 

Relative remaining concentration (%)= Ce/ Ccontrol 

 

Where Ce is Pt concentration after adsorption and Ccontrol is Pt concentration of the control 

group. 

The initial concentrations of Pt compounds are listed in table 4-2. 
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Table 4- 2 Initial concentrations in screening test of biomaterials 

 

 [PtCl6]2- Carboplatin Cisplatin Oxaliplatin 

Concentration 

(µg Pt/L) 

105 55.4 17.2 8.4 

 

b. Sorption isotherms and kinetics 

The sorption isotherms test shares the same procedures as the screening test, except from the 

initial concentrations being different (see table 4-3 for concentrations in sorption isotherms 

experiment). Cisplatin and oxaliplatin were tested for only 4 concentrations, because of 

limitations in the available amount of stock solution. 

 

Table 4- 3 Initial concentrations in sorption isotherm test of biomaterials 

 

 Concentrations (µg Pt/L) 

[PtCl6]2- Carboplatin Cisplatin Oxaliplatin 

1 1.00 0.28 3.54 0.64 

2 5.00 0.39 14.3 11.9 

3 20.0 0.76 605 266 

4 100 3.17 2270 1340 

5 200 6.09 --- --- 

6 500 23.8 --- --- 

7 1000 52.8 --- --- 

8 10000 564 --- --- 

(Except for [PtCl6]2-, all initial concentrations were values of the control group (absence of 

biomaterials) measured by ICP-MS) 

 

All samples were also tested in triplicate and a control group was included. The capacity is 

calculated as follows: 
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Capacity (mg/kg)= (Ccontrol-Ce)*V/m 

 

Where Ce is the Pt concentration after adsorption (at equilibrium), Ccontrol is Pt concentration 

of the control group, V is the volume of tested Pt solution and m is the weight of biomaterial. 

Kinetics of both [PtCl6]2- and carboplatin removal were also determined with several 

biomaterials as adsorbent. The kinetic experiment shares the same steps as the screening test 

except that instead of mixing only for 24 hours, different mixing times were included: 1, 10, 

30, 60, 120, 240, 360 and 1440 minutes. The initial concentrations of [PtCl6]2- and carboplatin 

were 40.0 µg Pt/L and 6.03 µg Pt/L. 

 

c. Screening test with hospital wastewater 

Biochar 1, biochar 3 and BBC were also determined for adsorption of Pt from hospital 

wastewater to which CPCs were spiked. In this experiment, instead of Milli-Q water, hospital 

wastewater was applied as solvent. The used procedure follows again the procedure used in 

the previous screening test. The initial concentrations are listed below.  

 

Table 4- 4 Initial concentrations in screening test of biomaterials 

 

 Cisplatin Carboplatin Oxaliplatin Mixed 

Concentrations 

(µgPt/L) 59.9  91.1 34.2  167 

(“Mixed” contains a mixture of cisplatin, carboplatin and oxaliplatin.) 

 

4.2.3 Continuous test 

 

A packed bed column was set up for a continuous test. The used system involves a peristaltic 

pump, a column filled with the tested biomaterial and the connecting tubes. Platinum 

solutions were pumped over the column and percolate was collected at the outlet. The effluent 

is driven by gravity. 500 mL each of cisplatin, carboplatin, oxliplatin and mixed Pt-spiked 
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hospital wastewater were prepared as influent (initial concentrations same as table 4-4). The 

effluent was sampled every 50 mL in a 50 mL flask (10 times in total). Before switching from 

one influent to another, the column was rinsed by 1 % HNO3 and deionized water. The flow 

rate was calibrated at 64.5 mL/min for biochar 3 and 31.0 mL/min for BBC. The bed volumn 

of both adsorbents was 44 mL. 

 

4.2.4 Pt analysis 

 

All platinum concentrations were measured by ICP-MS (ELAN DRC-e, PerkinElmer). ICP–

MS is a type of mass spectrometry that is capable of analysing a range of metals and 

non-metals at concentrations below part per trillion.  

When solutions are introduced into the ICP-MS, aerosols are generated. These aerosols are 

ionized in the argon plasma, followed by separation and determination of ions by quadrupole 

mass spectroscopy. The signal is finally transferred and interpreted by ELAN software. 

 

            
 

Figure 4- 2 Schematic representation of ICP-MS 

 

The operational conditions used for Pt analysis with ICP-MS are listed in Table 4-5. Indium 

was selected as internal standard.  
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Table 4- 5 Operational conditions of ICP-MS  

Targeted element Mass (amu) 

Pt 194.965 

Pt 19.963 

In 114.904 

Carrier gas: 1.05 ml/min 

Rf power: 1350 W 

Plasma gas: 14 l/min 

Dwell time per AMU: 100 ms 

Integration time: 3000 ms 

Sweeps/Reading: 30       Replicates: 3 

 

4.2.5 Sorption isotherm modeling 

 

All models were calculated by IGOR PRO 6.0 and verified by SPSS Statics. The model 

fittings were based on Langmuir and Freundlich equations.  

 

Langmuir: q = bCfqmax/(1+bCf) 

Freundlich: q = kCf
1/n 

 

The Levenberg-Marquardt algorithm is used to search for the coefficient values that minimize 

chi-square, which is defined as the following: 

 

where y is a fitted value for a given point, yi is the measured data value for the point and σi is 

an estimate of the standard deviation for yi. As the fit proceeds and better values are found, 

the chi-square value decreases. The fit is finished when the rate at which chi-square decreases 

is small enough. 

SPSS followed a similar methodology and generated the R-square in this study. 
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5. Results 

5.1 Characterization of biomaterials 
 

Cellulose contains significantly more soluble organic carbon (21.36 g/kg) than the other 

biomaterials. Secondly, peat showed a slightly elevated soluble organic carbon content (2.93 

g/kg) and all other biomaterials contained a soluble organic carbon content below 2 g/kg. The 

biomaterials that were investigated most, including biochar 1, biochar 3, chitosan and BBC, 

have a soluble organic carbon content of 0.18 g/kg, 0.16 g/kg, 1.52 g/kg and 0.52 g/kg, 

respectively (Figure 5-1). 

 
Figure 5- 1 Soluble organic carbon content of the tested biomaterials (g C/kg biomaterial) 

 

From BBC-Fe, 69.7 g Fe/kg biomaterial was extracted using Milli-Q water while this was 

79.3 g Fe/kg when subjected to a total extraction. Accordingly, 88 % of the total Fe was 

extracted after 24h with Milli-Q water, signifying that most Fe used in synthesizing the 

BBC-Fe either stays in a water-soluble form or is suspended as part of very small particles 

that pass through micrometer filters. 

 

In comparison, the total Fe content as well as the Fe content in the water extract of the 

original BBC (prepared without Fe supplementation) were below the detection limit.  
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5.2 Adsorption batch tests 
 

In different batch tests, the biomaterials were first tested for their efficiency to remove the 

target platinum compounds. Afterwards, several of them were selected for further, profound 

investigation, including the determination of sorption isotherms and study of removal 

kinetics. 

5.2.1 Screening 

 

As Figure 5-2 illustrates, most biomaterials showed good removal ability towards [PtCl6]2-. 

Excellent removal was observed for biochar 3, chitosan and activated carbon, where the 

remaining Pt concentration in the filtrate after 24 h mixing was below 1 %. Also, cellulose, 

wood ash and BBC removed more than 90 % of the total platinum in aqueous solution. 

 

Figure 5- 2 Relative remaining concentrations (%Pt) in the filtrate of solutions containing 

[PtCl6]2- in contact with several biomaterials for 24h at a L/S ratio of 100, bars represent the 

mean value of data and error bars specify standard deviations (n=3) 

 

The removal efficiency of cancerostatic platinum compounds (CPCs) is shown in Figure 5-3 

to 5-5. For carboplatin, only biochar 1 and BBC removed 70.2±1.6 % and 89.1± 0.5 % of the 

platinum, respectively, while other biomaterials showed less than 50 % removal. 
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Figure 5- 3 Relative remaining concentrations (%Pt) in the filtrate of solutions containing 

Carboplatin in contact with several biomaterials for 24h at a L/S ratio of 100, bars represent 

the mean value of data and error bars specify standard deviations (n=3) 

 

Figure 5- 4 Relative remaining concentrations (%Pt) in the filtrate of solutions containing 

Cisplatin in contact with several biomaterials for 24h at a L/S ratio of 100, bars represent the 

mean value of data and error bars specify standard deviations (n=3) 

 
For cisplatin, 34.6± 4.2 %, 37.8± 0.4 % and 36.1± 2.5 % of the platinum remains in solution 

after 24 h mixing with biochar 3, chitosan and BBC, respectively (Figure 5-4). 



	  

	  24	  

For oxaliplatin, the situation is quite similar. In platinum solutions that have been mixed with 

biochar 1 and BBC, the relative concentrations recovered in the filtrate were 44.1± 5.4 % and 

5.6± 0.1 %. The other biomaterials resulted in platinum concentrations remaining above 50 % 

of the initial concentration (Figure 5-5). 

 

 
Figure 5- 5 Relative remaining concentrations (%Pt) in the filtrate of solutions containing 

Oxaliplatin in contact with several biomaterials for 24h at a L/S ratio of 100, bars represent 

the mean value of data and error bars specify standard deviations (n=3) 

 

5.2.2 Adsorption isotherms of Pt species on biomaterials 

 

Considering both the removal efficiency toward the target platinum compounds and soluble 

organic carbon contents (see 5.1 Bio-material characteristics), several biomaterials were 

selected. These were included in additional experiments aimed at constructing adsorption 

isotherms, allowing to express the sorption capacity of the biomaterials by Freundlich model. 

The results for both the Freundlich and Langmuir model are shown in Figure 5-6 to Figure 

5-9. 

The parameters of the models, including Kf and n for the Freundlich model and qmax and b for 
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the Langmuir model, are presented in Table 5-1. When the model did not correspond to the 

data (significance level=0.95), calculated parameters are not listed in the table. (Data was not 

adopted when results by Langmuir model displayed 100 times uncertainty more than the 

value) 

 
Table 5- 1 Sorption isotherm parameters (significance level=0.95) 

	  
Platinum 

Species 

Bio- 

material 

Freundlich model Langmuir model 

Kf n R2 qmax b R2 

[PtCl6]2- Biochar 3 15.8±8.6 2.2±0.3 0.986 663.9±29.0 0.01±3.7e-3 0.990 

Wood ash 15.5±6.3 3.4±0.5 0.924 224.6±25.8 0.01±4.3e-3 0.985 

Chitosan 11.1±0.8 1.8±0.03 1.000 974.4±19.2 2.8-3±2.7-4 0.999 

Carboplatin Biochar 1 0.3±0.2 1.4±0.2 0.988 --- --- --- 

Biochar 3 0.04±0.02 0.8±0.07 0.996 --- --- --- 

Chitosan 8.7-3±1.0-2 0.6±0.09 0.996 --- --- --- 

Cisplatin BBC 5.7-04±7.3-5 0.5±5.3-3 1.000 --- --- --- 

Biochar 1 4.6-4±5-5 0.5±4.2-3 1.000 --- --- --- 

Biochar 3 0.6±0.05 0.8±0.01 1.000 --- --- --- 

Oxaliplatin BBC 0.1±0.01 1.0±0.02 1.000 --- --- --- 

Biochar 1 4.4±4.4 2.0±0.7 0.946 103.1±15.6 0.02±0.016 0.958 

Biochar 3 1.0-4±2.4-5 0.3±5.8-3 1.000 --- --- --- 
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Figure 5- 6 Adsorption isotherms for adsorption of [PtCl6]2- on biochar 1 (upper), chitosan 

(middle) and wood ash (lower) according to the Freundlich (left) and Langmuir model (right), 

bars represent the mean value of data and error bars specify standard deviations (n=3) 
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Figure 5- 7 Adsorption isotherms for adsorption of carboplatin on biochar 1 (upper), biochar 

3 (middle) and chitosan (lower) according to the Freundlich (left) and Langmuir model (right), 

bars represent the mean value of data and error bars specify standard deviations (n=3) 
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Figure 5- 8 Adsorption isotherms for adsorption of cisplatin on BBC (upper), biochar 1 

(middle) and biochar 3 (lower) according to the Freundlich (left) and Langmuir model (right), 

bars represent the mean value of data and error bars specify standard deviations (n=3) 
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Figure 5- 9 Adsorption isotherms for adsorption of of oxaliplatin on BBC (upper), biochar 1 

(middle) and biochar 3 (lower) according to the Freundlich (left) and Langmuir model (right), 

bars represent the mean value of data and error bars specify standard deviations (n=3) 

 

As shown in Table 5-1, most of results could be fitted in the Freundlich model. R2 is more 

than 0.9 in most cases, signifying excellent fitting of the model. But by Langmuir model, 

some displayed unusual high uncertainty, for instance bmax value was only 0.000001 while the 

uncertainty reached 0.001. 



	  

	  30	  

5.2.3 Kinetics of Pt adsorption on biomaterials 

 

The adsorption behavior of inorganic [PtCl6]2- (Figures 5-10) and carboplatin (Figures 5-11) 

were further investigated for the influence of contact time on the remaining platinum 

concentration in solution, i.e. the kinetics. The Pt concentration of [PtCl6]2-in solution 

decreases significantly from 40 µg/L to less than 20 µg/L within 1 minute. Chitosan and wood 

ash removed platinum in a shorter time compared biochar3, which exhibited a much slower 

adsorption.  

 

Figure 5- 10 Kinetics of adsorption of [PtCl6]2- on biochar 3, chitosan and wood ash: 

concentration of Pt remaining in solution is plotted as function of mixing time, bars represent 

the mean value of data and error bars specify standard deviations (n=3) 

 

The Pt concentration of carboplatin dropped initially from 6.04 µg/L to 4.26 ± 1.58 µg/L for 

biochar 1 and 4.24 ± 0.22 µg/L for biochar 3. Afterwards, the concentration gradually 

decreased until 24 hours at 2.36 ± 0.51 µg/L by biochar 1. On the other side, Pt concentration 

of carboplatin remains by contacting biochar 3. 
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Figure 5- 11 Kinetics of adsorption of Carboplatin on biochar 1 and biochar 3: concentration 

of Pt remaining in solution is plotted as function of mixing time, bars represent the mean 

value of data and error bars specify standard deviations (n=3) 

 

5.2.4 Adsorption of Pt from hospital wastewater 

 

In real situations, hospital wastewater contains many substances that may affect the 

adsorption process. Therefore, real hospital wastewater was also used as a background 

medium for evaluation of biochar 1, biochar 3 and BBC towards adsorption of Pt species. 

As Figure 5-12 illustrates, the relative residual concentrations of Pt when cisplatin was mixed 

with biochar1, biochar3 and BBC were 14.6± 0.4 %, 24.5± 2.9 %, and 50.0± 0.9 %, 

respectively. For carboplatin, these residual concentrations were 55.7± 0.8 %, 60.1± 1.6 % 

and 71.9± 0.9 %. For oxaliplatin, they were 49.9± 2.5 %, 58.8± 5.7 % and 72.5± 1.0 %, 

respectively, for biochar 1, biochar 3 and BBC. 

 



	  

	  32	  

 

Figure 5- 12 Residual Pt concentrations in solution (relative to the initial concentration) after 

shaking hospital wastewater containing cisplatin, carboplatin, oxaliplatin or a mixture of these 

species for 24h in presence of biochar 1, biochar 3 and BBC. 
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5.3 Continuous adsorption tests 
 

Figures 4.11 and 4.12 illustrate for biochar 3 and BBC the residual concentrations in the 

percolate as function of the effluent volume that percolated through the column.  

The removal is quite high for the first elution volume (50 mL). For example, BBC adsorbed 

99.3 % Pt in the first 50 mL while biochar 3 removed 86.9 % Pt of cisplatin. The only 

exception is the adsorption of Pt on biochar 3 from the mixture of Pt compounds, where only 

13.4 % was removed in the first effluent. For both biochar 3 and BBC, the relative residual 

concentrations increased already after the first one or two volumes of 50 mL and became 

constant afterwards. 

 

 

 

Figure 5- 13 Relative remaining Pt concentrations in percolate after percolation of hospital 

wastewater containing cisplatin, carboplatin, oxaliplatin and a mixture of these compounds 

through a column containing biochar 3, as function of eluent volume (BV=44 mL, initial Pt 

concentrations 59.89µg/L, 91.11µg/L, 34.18µg/L, 167.19µg/L of cisplatin, carboplatin, 

oxaliplatin, mixed) 
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Figure 5- 14 Relative remaining Pt concentrations in percolate after percolation of hospital 

wastewater containing cisplatin, carboplatin, oxaliplatin and a mixture of these compounds 

through a column containing BBC, as function of eluent volume (BV=44 mL, initial Pt 

concentrations 59.89µg/L, 91.11µg/L, 34.18µg/L, 167.19µg/L of cisplatin, carboplatin, 

oxaliplatin, mixed) 
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6. Discussion 

6.1 Biomaterial screening 
 

In the batch experiments, most biomaterials showed more than 80 % removal of [PtCl6]2-. 

However, when dealing with CPCs, the overall adsorption was markedly lower. This is 

especially the case for carboplatin and oxaliplatin, for which most biomaterials were capable 

of eliminating only half of the total platinum. This might be due to the difference in structure 

of these platinum compounds that affects the adsorption process. For instance, carboplatin 

and oxaliplatin are much larger molecules with a polar character compared to cisplatin. This 

observation is consistent with the research of Lenz et al., who concluded that cisplatin was 

better eliminated by activated sludge than carboplatin (Lenz, Koellensperger et al. 2007).  

 

Among the screened biomaterials, several differences in sorption capacity exist. For instance, 

biochar 1 and BBC removed considerable amounts of both carboplatin and oxaliplatin from 

solution. Other biomaterials like biochar 3 and chitosan were particularly capable of 

removing platinum from cisplatin and inorganic [PtCl6]2-. Yet chitosan emitted 75.8 mg/L of 

soluble carbon which may evoke side effects in perspective of further application, while 

biochar 3, by contrast, emitted only 8.0 mg/L of soluble carbon and was selected for further 

testing regarding real case application. 

 

However, some biomaterials such as BBC-Fe did not show a large Pt adsorption capacity. 

According to Zhang et al., nano-sized iron embedded in porous biochar matrix showed 

excellent removal efficiency toward arsenic species (Zhang, Gao et al. 2013). The BBC-Fe 

synthesized in this study was found to be capable of capturing 70.0 % [PtCl6]2- and 39.1 % 

carboplatin, but it was completely incapable of removing carboplatin and oxaliplatin. A 

BBC-Fe characterization experiment showed that 88 % of the total iron leached into the water, 

illustrating that attachment of Fe to the BBC was insufficient. As BBC achieved significant 

removal of carboplatin and oxaliplatin, one possible explanation is that a large amount of iron 

leached into solution adsorbed on the adsorbent, competing with the process of Pt adsorption. 
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Another hypothesis is that nano-sized iron was formed but did not attach to the BBC structure. 

If the iron nanoparticles pass through the 0.45 µm filter during filtration, platinum adsorbed 

on them is also lost. This can only be verified if additional information on the structure is 

collected.  

 

6.2 Sorption isotherm and kinetics 
 

Both Freundlich and Langmuir models were applied to fit the acquired data. According to the 

Langmuir model, where qmax indicates the specific capacity of each biomaterial, the highest 

sorption capacity of [PtCl6]2- was found in chitosan (974± 19 µg Pt/g biomaterial), followed 

by biochar 3 and wood ash.  

 

In general, the determination coefficient R2 is a measure of the quality of a model in fitting 

the measured points. As the R2 values of the Langmuir model, being 0.990 (biochar 3), 0.985 

(wood ash) and 0.999 (chitosan), are higher than or equal to those of Freundlich model, the 

sorption isotherm is considered to follow the Langmuir model better. Since the Langmuir 

model assumes monolayer adsorption onto a homogeneous surface with no interactions 

between the adsorbed molecules, and the Freundlich model is an empirical equation, which is 

often used to describe chemisorption on heterogeneous surfaces (Langmuir 1918, Zhang, Gao 

et al. 2013), the adsorption of [PtCl6]2-on the biomaterial surfaces likely takes place without 

mutual interactions.  

 

However, since there is a gap betreen the highest data point of sorption capacity in the model 

and the rest, the excellent R2 value acquired is probably due to one distant point that therefore 

has excessive weight on the regression. In this condition, it would be more representative to 

concentrate on the lower data points instead of the whole dataset, especially when occurring 

platinum concentration of hospital wastewater has never reached as high as 10,000 µg/L 

according to current report. It is also recommended to add more points of concentrations 

within the actual occurring concentration range of hospital wastewater.  
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When processing the data of carboplatin, cisplatin and oxaliplatin, the situation becomes more 

complicated. When applying the Langmuir model, high standard deviations, pointing towards 

high uncertainty, were observed. Due to this uncertainty, the related Langmuir fits were 

abandoned and Freundlich fits with reasonable standard deviation are preferred. The 

exponential factor (n) was found to vary between 0.3 and 2.0.  

 

Another concern is that for carboplatin, cisplatin and oxaliplatin, it is likely that saturation 

was not reached at the highest Pt dose and therefore, the adsorption capacity (mg/kg) might 

be lower in reality. Therefore, the results only represent the performance of the respective 

materials in a certain range of equilibrium platinum concentrations and conclusions cannot be 

extrapolated. Nevertheless, Pt concentrations occurring in real hospital wastewater usually 

vary in the µg/L range instead of the mg/L range, implying that the derived curve should be 

applicable.  

 

All adsorption equilibria were established within 4 hours and most even within 1 hour. The 

fastest adsorption of [PtCl6]2- is achieved by chitosan, followed by wood ash and biochar 3. 

This is probably explained by the particle size as chitosan contains smaller particles than the 

other biomaterials.  

 

6.3 Batch and continuous test with hospital wastewater 
 

In reality, the biomaterials are to be applied with real wastewater originating from hospitals or 

other facilities where cancer patients are treated. When dealing with real hospital wastewater, 

the overall removal efficiency was found to decrease from biochar 1, over biochar 3 to BBC 

for all platinum compounds. For cisplatin, BBC acquired 35.4 % and 25.5 % less removal 

than biochar 1 and biochar 3. The percentage of Pt removal was also less than biochar 1 and 

biochar 3 in carboplatin and oxaliplatin solutions. However, in the previous screening tests 

with solutions prepared in Milli-Q water, BBC reached the highest removal efficiency. This 

suggests that the adsorption ability may have been inhibited by other compounds present in 



	  

	  38	  

the wastewater. 

 

Cisplatin was eliminated more in comparison to carboplatin and oxaliplatin. For instance, 

biochar 3 achieves 75.5 % removal of cisplatin while this is only 39.9 % and 41.2 % for 

carboplatin and oxaliplatin. The same was also observed in screening tests with solutions 

prepared in Milli-Q water. 

 

The overall relative remaining concentration of Pt in a mixture of platinum species was 83.2, 

84.5 and 117 µg/L for biochar 1, biochar 3 and BBC, respectively, at an original platinum 

concentration of 167.2 µg/L. Since the mixer is simply prepared by adding the same 

proportion of each CPC species and for each compound there is a known value of removal 

percentage, summarizing weighted average removal of each platinum compound can derive a 

theoretical value of removal efficiency of the mixture. The calculated theoretical and actual 

values are displayed in table 6-1. Actual removal by all biomaterials is less than theoretical 

removal, signifying that the adsorbent is to some extent saturated in mixed solution.  

 
Table 6- 1 Theoretical and actual removal efficiency (%) of Pt in a mixture of platinum 

species for biochar 1, biochar 3 and BBC 
	  

 Biochar 1 Biochar 3 BBC 

Theoretical value 58.8 51.7 35.1 

Actual value 50.2 49.5 29.8 

 

Using total Pt analysis, it was impossible to distinguish between remaining or sorbed species 

without prior separation of the compounds. In order to determine whether and how the 

different species compete with each other for sorption, HPLC-ICP-MS analysis could be 

included for speciation analysis of Pt in mixtures of species. 

 

When introducing continuous water treatment systems, a few differences in approach should 

be noticed. One major difference is that the contact time between the biomaterials and the 
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wastewater is in general much lower in a continuous system than in a batch system. Moreover, 

the difference in L/S ratio may also lead to different removal effects. 

 

As displayed in Figure 5-13 and 5-14, during the first one or two elution volumes (1.1 to 2.3 

BV), both biochar 3 and BBC were capable of removing the majority of platinum from the 

solution. However, the equilibrium was reached rapidly and the platinum concentration 

stabilized after some elution volumes, with the residual concentrations in the effluent 

fluctuating around 90 %-100 % of the influent concentration. This should probably be 

attributed to rapid column saturation. 

 

In fact, except from the curve of cisplatin uptake by BBC, the breakpoints are invisible on 

other curves, signifying that the breakpoints were reached below 50 mL of effluent volume. 

Considering the total amount of hospital discharge is huge, it would be difficult to meet the 

demand in real application under current condition. It will be a reasonable alternative to 

remove Pt directly from human urine but further test should be conducted. 

 

Table 6- 2 Total Pt uptake of cisplatin, carboplatin, oxaliplatin and mixed by biochar 3 and 

BBC bed (in µg, total wastewater volumn= 500mL, BV= 44 mL) 

 

 Cisplatin Carboplatin Oxaliplatin Mixed 

Biochar 3 5.60  2.16  2.73  7.98  

BBC 9.42  6.85  1.64  12.1  

 

The total Pt uptake by the adsorbents were calculated and shown in table 6-2. BBC displayed 

a higher uptake than biochar 3 except for oxaliplatin. This is not in agreement with the batch 

test where biochar 3 showed a higher removal of all Pt species compared with BBC.  
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7. Conclusion 

Our study mainly focused on biosorption of platinum compounds, especially cancerostatic 

platinum compounds (CPCs) by low-cost adsorbents. At first, in a screening test, sorption 

isotherms and kinetics were studied using synthetic platinum solutions prepared in Milli-Q 

water. Among all biomaterials, many showed good removal ability for cisplatin and [PtCl6]2-, 

especially a beech-derived biochar (biochar 3) and chitosan. However, the results are less 

satisfactory for carboplatin and oxaliplatin, of which more than half of the platinum remains 

in solution after sorption. For these compounds, another beech-derived biochar (biochar 1) 

and BBC displayed still considerable removal compared to the other adsorbents. 

Both the Langmuir and Freundlich model were applied to fit sorption isotherms and [PtCl6]2- 

followed the Langmuir model better than the Freundlich model. Nevertheless, the Langmuir 

model failed to explain sorption of carboplatin, cisplatin and oxaliplatin, probably due to a 

gap between low concentrations and a single high concentration. As for reaction rate, all 

equilibria were established within 4 hours and most even within 1 hour.  

Proven to be efficient in Pt removal of Milli-Q prepared solutions, several biomaterials were 

selected for further test involving hospital wastewater. Biochar 1 was found to attain most 

removal, followed by biochar 3 and BBC of all platinum species. In general, the removal 

followed the order cisplatin> carboplatin >oxaliplatin regardless of whether Milli-Q water or 

hospital wastewater is used as solvent. 

Despite being the least efficient in the batch tests with hospital wastewater, BBC showed 

higher ability for adsorption of platinum when introduced in a continuous system. Still, both 

BBC and biochar 3 displayed considerable Pt removal before the column saturated, 

suggesting biosorption as a cheap, potential alternative for Pt removal of CPC from hospital 

wastewater. 
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8. Future research 

Future work should firstly include more applications of the method, for instance experiment 

on directly Pt removal of patient urine. As the continuous system is difficult to meet the 

demand of hospital wastewater treatment, the specific process of treating urines can probably 

be more efficient and economical owing to reduced total amount of liquids involved. Besides, 

there are several ways to improve the column efficiency, for instance by altering bed height, 

flow rate or adsorbent size. 

It would also be very useful to assess why the adsorption ability differs between the different 

biomaterials. For example, BBC-Fe showed a different adsorption behaviour compared to 

BBC synthesized in absence of Fe. Whether this is due to the high concentration of soluble 

iron that leached through the filters into the solution, possibly in a nano-sized form, can only 

be verified when more information on the structure is provided. In addition, the competition 

between the different platinum species for sorption to the biomaterials in mixtures needs 

further investigation involving Pt speciation analysis using HPLC-ICP-MS as analytical 

technique. 

It is also important to improve the lab test to assess the sorption characteristics, for instance 

by including more concentrations of cisplatin, carboplatin and oxaliplatin in between the 

highest concentration point and the other much lower ones when constructing sorption 

isotherms. As platinum concentrations occurring in real wastewater are rather low (always in 

µg/L and sometimes even in ng/L), accurate information on the sorption capacity in the range 

can only be given when more concentration points are introduced. 

Given the information from the screening test, and the experiments to determine sorption 

characteristics and performance of the materials in hospital wastewater, the future work 

focused on real applications is suggested to involve mainly different types of biochar and 

chitosan, since these materials showed better performance in our study.  
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