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Abstract:  

This study was designed to optimise an analytical method for characterising TiO2 nanoparticles (NPs) in food 

additives and pharmaceuticals by inductively coupled plasma-mass spectrometry in single particle mode (spICP-

MS). Several parameters, including transport efficiency (TE), were assessed and optimised using the NM-100 

reference material. We found that self-aspiration for sample intake and use of the concentration-based method 

for TE was optimal for characterising TiO2 NPs. No spectral interference was observed with either 49Ti or 48Ti 

isotopes. The optimised Excel spreadsheet developed for this study not only provided additional parameters but 

gave results closer to the NM-100 reference value than the ICP-MS software. The method was then applied to 

the analysis of a selection of food samples and pharmaceuticals. The average diameter of TiO2 particles ranged 

from 86 to 179 nm in the food samples and from 131 to 197 nm in the pharmaceuticals, while the nanoparticular 

fraction was between 19 and 68% in food, and between 13 and 45% in pharmaceuticals.  

 

Keywords: spICP-MS, TiO2 nanoparticle, E171, threshold, data processing, food & pharmaceutical 
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1. Introduction 

Due to their specific properties, nanomaterials have been employed for two to three decades in many fields, such 

as construction [1,2], medicine [3,4], cosmetics [5,6] and the food industry [7,8]. Among all the manufactured 

nanomaterials available, this study focused on those containing TiO2 nanoparticles (named “E171” by the 

European Parliament [9]; E171 is used only for food-grade TiO2 and is only valid for Europe), which have been 

widely used in the food industry as an ingredient in various food products. A regulation stating that “all 

ingredients present in the form of engineered nanomaterials shall be clearly indicated in the list of ingredients” 

was published in 2011 [10]. The names of such ingredients should be followed by the word ‘nano’ in brackets. 

However, the identification and traceability of nanomaterials in foodstuffs remain limited even today due to the 

coexistence of non-harmonised definitions [11]. It is worth noting that TiO2 exists in three different 

crystallographic forms: anatase, rutile and brookite. TiO2 in the form of anatase is the most used in the food 

industry [12–14]. This additive was not initially considered as a nanomaterial because most of the TiO2 it 

contains is found predominantly at micrometric scale. However, recent studies showed that E171 contains a non-

negligible fraction (≅10-50%) of TiO2 in the form of nanoparticles (NPs) [8,12,15–17], which correspond to 

particles < 100 nm [10]. This is of particular concern because TiO2 is classified by the International Agency for 

Research on Cancer (IARC) as a possible human carcinogen when inhaled [18]. The European Food Safety 

Authority (EFSA) does not question the use of TiO2 in food [19–21], although several studies have reported that 

TiO2 NPs may increase the risk of accelerating existing cancer processes [22–24]. Nevertheless, developing 

accurate analytical methods with which to characterise TiO2 NPs in foodstuffs is still very challenging. Imaging-

based techniques such as scanning electron microscopy (SEM) and transmission electron microscopy (TEM) are 

the most widely-used nowadays [15,17,25–27], followed by techniques based on light scattering such as 

dynamic light scattering (DLS) and multi-angle light scattering (MALS). Separation techniques such as field 

flow fractionation (FFF), centrifugal particle sedimentation (CPS) are also used to characterise NPs [28–30]. In 

recent years, inductively coupled plasma-mass spectrometry in single particle mode (spICP-MS) has been 

increasingly used for NP characterisation. This method was first reported in the 2000s [31–34], though its 

theoretical aspects have been refined more recently [35–37]. Although spICP-MS has the advantage of 

simultaneously sizing and quantifying metal and metal oxide NPs in various matrices, it requires the accurate 

optimisation of several experimental parameters. These include transport efficiency (TE) [37–41], dwell time 

[28,42,43] and the threshold calculation to discriminate NP events from the background [37,44–47]. The data 

processing related to these parameters also needs to be improved to obtain a more accurate characterisation of 

NPs by spICP-MS. 
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This study thus focuses on the optimisation of an spICP-MS method for the qualitative and quantitative 

characterisation of TiO2 NPs in the E171 food additive. A reference material (NM-100) containing TiO2 NPs 

previously characterised within the framework of the Nanogenotox project [48] and by the Joint Research Centre 

(JRC) [49] was used for method optimisation. The dwell time, the threshold for counting NPs, the monitoring of 

isotopes and the TE calculation method were all optimised to achieve an accurate characterisation of TiO2 NPs. 

The optimised Excel spreadsheet developed in this study was also compared with the ICP-MS software. The 

method was then applied to the characterisation of TiO2 particle size distribution in several foodstuffs and 

pharmaceuticals. 

 

2. Material and Methods 

2.1 Reagents and samples 

The NM-100 (anatase) reference material (RM) used in this study has a primary TiO2 particle diameter between 

16.4 and 661.6 nm, with an average diameter of 162.4 ± 4.3 nm and a nanoparticular fraction of 27.1% based on 

the equivalent circle diameter result obtained with transmission electron microscopy (TEM). E171 (powder) was 

purchased from Fiorio Colori Spa (Gessate, Italy). Ionic gold (1000 µg/L), titanium (1000 µg/L) and calcium 

(1000 µg/L) standard stock solutions were purchased from Astasol (Prague, Czech Republic). Ammonium 

sulphate (99.999%), magnesium chloride (≥ 98%) and sodium hydrogen phosphate (> 98%) were purchased 

from Sigma (Steinheim, Germany). Gold NPs (20, 40, 50, 60, 80 and 100 nm) from BBI Solutions (Cardiff, 

United Kingdom) were used to calibrate the ICP-MS measurements for TE determination. Nitric (67-69%) and 

acetic (Normapur, > 99.8%) acids were purchased from Normatom (Leuven, Belgium), Merck (Darmstadt, 

Germany) and VWR (Leuven, Belgium). The ultrapure water (18.2 mΩ) was produced by a Milli-QTM system 

from Millipore (Saint-Quentin-en-Yvelines, France). All solutions and dispersions were prepared in 

polypropylene flasks (Perkin Elmer, Courtaboeuf, France). Eleven food products such as chewing gum, 

chocolate, frozen desserts or pastries containing TiO2 NPs were purchased in 2019 from different French 

supermarkets. A product for which it was claimed that E171 had been removed from its composition was also 

purchased for confirmation. Four common pharmaceuticals were obtained from a local pharmacy at the same 

time. More details concerning the samples analysed in this study are presented in the supplementary material 

(SM Tables A1-A2). 

 

2.2. Instrumentation 
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A sonication bath (Model 86483, Fisher Bioblock, Rungis, France) was used throughout for the homogenisation 

of stock NP dispersions before their dilution. An iCapQ ICP-MS from Thermo Scientific (Courtaboeuf, France) 

was used to characterise NPs in single particle mode. The optimum parameters used for spICP-MS are described 

in SM Table A3.  

 

2.3. Sample preparation 

2.3.1. NM-100 

The NM-100 reference material was used to optimise the spICP-MS method. For this purpose, a stock dispersion 

at 1000 mg/L was prepared in ultra-pure water and stored at 4°C for no more than 1 year. For each analysis, a 

dispersion at 1.0 µg/L was prepared (n = 3) from the stock one after its homogenisation by sonication for 10 min.  

2.3.2. Extraction of NPs from foodstuffs and pharmaceuticals 

The extraction protocol used in this study is a simplified version of the procedure reported by Chen et al. (2013) 

[15]. Briefly, 0.1 - 2.0 g of sample was extracted with ultra-pure water assisted by sonication for 10 min. An 

aliquot of the obtained dispersion was diluted with nitric acid (0.1% v/v) in order to obtain a concentration of 

25,000-100,000 particles/mL (checked by spICP-MS analysis) which gave a signal/noise ratio for all the signals 

of around 10%, as recommended for a 10 ms dwell time [42,50]. For the frozen desserts and pastries, only a 

specific part of the sample was taken for analysis; consequently, these data are not representative of the whole 

food (details are given in SM Tables A1-A2). Finally, the dilution factors could vary between 1500 and 500,000 

depending on the samples, thus reducing potential non-spectral interferences e.g. 48Ca or 36Ar 12C for 48Ti or or 

37Cl 12C for 49Ti [51]. 

 

2.4. spICP-MS analysis 

2.4.1. Assessment of transport efficiency and system calibration for intensities to diameter conversion  

To assess transport efficiency (TE), the spICP-MS system was calibrated using four standard solutions of ionic 

gold (0, 0.5, 1 and 2 µg/L) prepared in nitric acid (0.1% v/v). A dispersion of gold NPs at 50 nm and about 

45,000 particles/mL, previously sonicated at maximum power for 5 min, was further analysed in triplicate. The 

solvent used to prepare Au NP dispersion and ionic solutions was also used to prepare the TiO2 NPs dispersions. 

TE was calculated by size-based and concentration-based methods as reported by [37].  

Finally, the flow rate of the sample intake was assessed daily (in duplicate) by weighing the mass of ultrapure 

water aspirated over a period of at least 5 min. The uptake flow rate was determined from the volume and the 

uptake time.  
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To convert the measured intensities into NP diameters, seven standard solutions of ionic titanium (0, 0.25, 0.5, 1, 

2, 5 and 10 µg/L) prepared in nitric acid (0.1% v/v) were used for calibration. 

 

2.4.2. Analysis and data processing 

Before analysis, the NP dispersions were homogenised by vortex agitation for 5 - 10 s. The samples were then 

analysed by spICP-MS in standard mode using the high sensitivity option (STDS); the intensity data were 

recorded using the npQuant module of the Qtegra ISDS software (version 2.8.2944.202) and exported to an 

Excel spreadsheet (Microsoft®) for further processing. A comparison of the optimised Excel spreadsheet and of 

the capacity of ICP-MS software is presented hereafter. NPs were considered spherical and with a density of 3.9 

g.cm-3, which corresponds to the density of the anatase structure [52].  

 

3. Results and discussion 

3.1. spICP-MS optimisation 

The main parameters having an impact on spICP-MS measurements were optimised as presented hereafter. The 

influence of dwell time on the average diameter and nanoparticular fraction of NM-100 RM was assessed over a 

range from 0.5 to 100 ms for the analysis of a dispersion of 1 µg/L in ultrapure water with an acquisition time of 

3 min (SM Fig. A1). The best results were obtained with a dwell time of 5 and 10 ms, which is consistent with 

the results reported by Mitrano et al. (2012) [28]. Shorter or longer dwell times underestimated or overestimated 

the average diameter and the nanoparticular fraction of TiO2 in NM-100 RM. This is due to the probability of 

splitting the particles or the acquisition of a signal for more than two particles per dwell time frame [28]. A dwell 

time of 10 ms was then used throughout the study to minimise the quantity of data and facilitate data processing. 

To efficiently distinguish the particle signal from the background noise, a threshold was assessed between 3- to 

6-fold the standard deviation (SD) of the raw data obtained on the NM-100 RM (SM Fig. A2), in keeping with 

the methodology reported by Pace et al. (2011) [37]. Only the 3×SD criterion (SM Fig. A2A) takes into account 

background noise around 20 - 40 nm; the other size distributions do not reveal any significant difference 

according to Student's paired t-test (n=3, p=0.05). The 4×SD criterion was chosen to achieve the best size limit 

of detection (sLOD).  

To improve the sLOD, the spICP-MS signal stability obtained either by using peristaltic pumping or the self-

aspiration intake system was assessed by analysing several blanks (ultrapure water) at a flow rate of 
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approximately 0.40 mL/min (SM Fig. A3). Due to the considerably lower background noise, the self-aspiration 

intake system was chosen for further experiments as previously observed by Venkatesan et al. (2018) [53]. 

As only a single isotope can be acquired at any one time by spICP-MS, several Ti isotopes were assessed by 

analysing a solution of ionic titanium (3 µg/L) spiked with a mixture of various interfering elements such as S, 

Cl, P, C and Ca at different levels, using the (conventional) ICP-MS method and external calibration (and Sc as 

an internal standard). The isotopes that were subject to the least and most interference respectively were 49Ti and 

48Ti (SM Fig. A4). In subsequent experiments, the 48Ti isotope (the most abundant but also subject to the most 

interference by 48Ca) and 49Ti (the least subject to interference) were used for spICP-MS measurements. 

The optimisation of TE is primordial as this parameter is the main factor influencing the accuracy of spICP-MS 

measurements. Two methods — size-based and concentration-based — are generally used to obtain good 

accuracy. Contrary to the results observed by Pace et al. (2011) [37], recent studies have reported a significant 

difference between these approaches [38,40]. Hence, in this study, the TE was optimised carefully by assessing 

three different procedures, as described below.  

The first procedure relied on the analysis of gold NPs of different diameters (20, 40, 50, 60, 80 nm) using the 

conditions described in section 2.4.2. As can be seen in Fig. 1, the size-based method provides more accurate 

diameter determination, which is also in agreement with recent studies [39,40]. 

The second procedure relied on the analysis of NM-100 RM (n=9), whose concentration in terms of TiO2 NPs is 

known. The results calculated with the two methods varied by 18% for the diameter and by 34% for the 

nanoparticular fraction (Fig. 2). This confirms that the method used to assess TE has a significant impact on the 

accuracy of spICP-MS measurements when characterising TiO2 NPs. The TE calculated using the concentration-

based method provides more accurate diameter and nanoparticular values than the size-based method. 

For the third procedure, a sample of E171 that had been previously characterised in terms of average diameter 

and nanoparticular fraction [12,14] was analysed.  

The results in terms of average diameter (Fig. 3a) are in agreement with those obtained by Jovanović et al. 

(2016) [13] using the TE concentration-based method. Regarding the nanoparticular fraction (Fig. 3b), the 

closest result to the other studies is also that obtained using the concentration-based method. Like for the 

analysis of the NM-100 reference material, the differences between diameters measured using the TE assessed 

with the two methods are significant (up to 50 nm). However, as some of the results reported in Fig. 3a-b were 

obtained with different analytical techniques such as TEM [8,12], atomic force microscopy or dynamic light 

scattering [13], it is difficult to conclude on the most accurate values. To conclude, the optimisation of TE by the 



8 

 

concentration-based method was estimated more appropriate for characterising TiO2 NPs (NM-100 and E171) 

and was therefore selected to analyse real-life samples. 

 

3.2. Data processing optimisation 

The data obtained by spICP-MS can be processed using the npQuant module, which is part of the QTegra 

platform of the ICP-MS used. The main advantage of the npQuant module is that it allows fast data processing, 

but it should be stressed that this module has limitations in terms of the parameters available, lacks flexibility 

and provides no information on data processing protocols. It was therefore decided to develop an in-house 

spreadsheet that could be optimised for this study based on the spreadsheet previously described by Peters et al. 

(2015) [54]. The modifications made are presented in Table 1. The daily results for the key parameters obtained 

from analysis of the NM-100 material were statistically compared with results for those same parameters from 

the ICP-MS software using a Student's paired t-test (n=15, p=0.05) (SM Table A4).  

The in-house spreadsheet and ICP-MS software provided similar results only for ionic sensitivity and size limit 

detection, while a significant difference was observed for TE assessment. It is difficult to justify the difference 

observed for the TE calculation given the impossibility of knowing how it is calculated by the ICP-MS software, 

although we know that it is based on the theory presented by Pace et al. (2011) [37]. This may explain the 

differences between the TiO2 diameters obtained, with diameters provided by the in-house spreadsheet being 

systematically greater than those obtained with the ICP-MS software. It is worth noting that the average diameter 

obtained with the in-house spreadsheet (158 ± 11 nm, n=15) was closer to the JRC value (162.4 ± 4.3 nm) [49] 

than that obtained with the ICP-MS software (130 ± 12 nm). These results reveal the benefits in developing 

one’s own in-house spreadsheet for spICP-MS data processing. The advantages and drawbacks of these two data 

processing systems are described in more detail in SM Table A5. But generally speaking, although the ICP-MS 

software is able to process data directly and quickly, until such time as it becomes more efficient and provides 

open access to information on the data processing protocols used, an in-house spreadsheet is advantageous 

because our results were closer to the NM-100 reference value while offering additional parameters. Our in-

house spreadsheet was consequently used to characterise TiO2 NPs in the real samples analysed (see SM 

spreadsheet for for NPs samples).  

 

3.3 Food sample analysis 

The spICP-MS method developed in this study for TiO2 NP characterisation was used to analyse a selection of 

11 food samples (Table 2). The NPs were extracted according to the protocol described in section 2.3.2. To 
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analyse samples of frozen desserts and pastries, only a fraction was taken for extraction and further analysis (SM 

Table A1) so the results in terms of NP concentration are not reported because of the lack of representativeness 

of the whole sample. The dilution was optimised for each data acquisition replicate, and the number of particles 

detected varied between 600 and 1600, which corresponds to about 25-100 x 103 particles/mL with a TE of 2%. 

The analysis of each parameter was thus assessed based on at least 3600 particles (600 x 6 replicates). 

Concerning the data comparison related to 48Ti and 49Ti isotopes, 48Ti provided a lower sLOD, which is in 

agreement with Bucher et Auger (2019) [55]. Additionally, similar data were obtained in our study for both Ti 

isotopes (48Ti and 49Ti) regardless of particle diameter (see SM Fig. A5 in supplementary information). In the 

study of Bucher et Auger (2019) [55], the authors found significant differences between 47Ti and 48Ti isotopes 

for large particles (300-500 nm). Additionally, the size distributions obtained by using both 48Ti and 49Ti are 

similar, thus showing the lack of 48Ca spectral (isobaric) interference [26,56]. This is most probably due to the 

marked dilution of samples required for spICP-MS measurements.  

It is also worth noting that the size distributions obtained (SM Fig. A5) are non-symmetrical and look similar to 

a log-normal distribution as previously observed [57,58]. This non-symmetrical distribution leads to a difference 

between the average diameter and the median or the most frequent diameter as shown in the results (Table 2). It 

is therefore important that additional parameters such as median and most frequent diameters are assessed for a 

more comprehensive characterisation of NPs.  

Concerning the analysis of food samples, TiO2 NPs were not detected in the canned garnish, as expected, which 

confirms the withdrawal of E171 from the composition of this foodstuff, as claimed by the manufacturer. 

Regarding chewing gum, the average and most frequent diameter are consistent with those reported previously 

[15,17,26,59]. For the chocolate sample, the diameters obtained in this study are comparable to those obtained by 

de la Calle et al. (2018) [58], who also observed a difference between the mean diameter and the most frequent 

diameter due to a non-symmetrical size distribution. In general, the average diameter varied between 86 and 179 

nm in these foodstuffs and the nanoparticular fractions between 19 and 68% (Table 2), which is consistent with 

data in the literature [8,12,14,25,58,60]. The lowest nanoparticular fractions (19 - 24%) were found in decorative 

food. In contrast, these samples had the greatest concentrations of TiO2 NPs because the additive is one of the 

food’s main ingredients. Coated sweets contained the lowest amount of NPs (mean of 0.12 ×109 NPs/g). The 

number of NPs in the two chewing gum samples ranged from 266 to 74 billion/unit respectively. These results 

are comparable with those reported by Candás-Zapico et al. (2018) [59] but lower than those found by Dudefoi 

et al. (2018) [26]. The dissimilarities observed may arise from differences in the extraction protocols used, a 
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semi-quantitative protocol being used in this study as our objective was to extract a representative part of NPs 

present in the samples.  

Finally, it is worth underlining that all the foodstuffs analysed in this study contained NPs whereas none of them 

were labelled as “nano” as required by EU regulations [10]. 

 

 

3.3. Pharmaceutical sample analysis  

The spICP-MS method developed was also applied to the analysis of a selection of pharmaceuticals known to 

contain E171 or TiO2 as an active compound (see SM Tables A2 and 3). Data using both 48Ti and 49Ti isotopes 

were recorded without revealing any significant differences; only the 48Ti data are therefore reported for the 

analysis of pharmaceutical samples (Table 3). TiO2 NPs were found in all of them. As expected, the haemorrhoid 

ointment contains the highest concentration of TiO2 NPs because TiO2 is used as an active compound and not as 

an additive. The sLOD was < 30 nm for the analysis of all the pharmaceutical samples, while the average 

diameter varied between 131 and 198 nm and the nanoparticular fractions between 13 and 45% (Table 3). The 

TiO2 NPs in analgesic and antipyretic samples had a Gaussian size distribution whereas in the anti-inflammatory 

and the antispasmodic samples, the NPs had a log-normal size distribution (SM Fig. A6). This may explain the 

closeness of mean, median and most frequent diameters measured for the analgesic and antipyretic samples. The 

size distribution of the haemorrhoid ointment sample is similar to the analgesic and antipyretic samples, but 

more residual larger particles mean that although the average and median diameters are similar, they are higher 

than the most frequent diameter. Finally, these different size distributions can be due to a significant variation 

among producers [12,13] especially for the haemorrhoid ointment which do not have the E171 labelled but only 

“TiO2”. 

 

4. Conclusion 

This study reports the optimisation and application of a novel analytical method for characterising TiO2 NPs in 

foodstuffs and pharmaceutical samples by spICP-MS. Firstly, this work focused on assessing the most accurate 

method to determining transport efficiency, which is one of the main experimental parameters in spICP-MS. To 

process the spICP-MS data, we then optimised an in-house spreadsheet to assess a panel of parameters (e.g. 

nanoparticular fraction and the most frequent diameter) for characterising NPs, and compared it with data 

provided by the ICP-MS software. This in-house spreadsheet provided a more accurate average diameter for 

TiO2 NPs in the NM-100 reference material. The method was also applied to the analysis of a selection of 
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foodstuffs and pharmaceuticals likely to contain E171, hence demonstrating the suitability of the spICP-MS 

approach for the comprehensive characterisation of NPs in such samples. It can be recommended for routine 

application in analysis laboratories due to its cost effectiveness and sample throughput rate.  
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Table 1: List of the different modifications made to the Excel spreadsheet presented by Peters et al. (2015) [54] 

Optimisation 
RIKILT Excel 

spreadsheet 
In-house Excel spreadsheet 

Threshold calculation Arbitrary Automatic, the user can choose the parameters n x std 

Ionic standardisation Use the average Use the best correlation between average and median 

TE calculation 
Concentration-based 

method 
Concentration-based and size-based methods 

Graph automation 
Fixed gap of 2 nm, 

limit at 200 nm 
The user can choose the gap and graphical limits adapt 
automatically 

Size limit of detection No Automatic calculation from threshold 

Nanoparticular fraction No Automatic calculation 

Signal integrationa No Signal integration (suitable for µs dwell time) 

a: This modification was made after the dwell time optimisation experiment. 

  



Table 2: Results obtained on real food samples by spICP-MS (n=6) 

Sample Isotope 

Average 

diameter 

(nm) 

Most 

frequent 

diameter 

(nm) 

Median 

diameter 

(nm) 

NP 

fraction 

(%) 

NP content 

 (x109 NPs/g) 

LOD 

(nm) 

Chewing gum 1 
49Ti 152 ± 2a 115 ± 3 144 ± 4 25 ± 2 44 ± 2 46 ± 1 
48Ti 148 ± 3 113 ± 2 142 ± 4 27 ± 2 45 ± 4 33 ± 1 

Chewing gum 2 
49Ti 144 ± 4 105 ± 2 129 ± 3 33 ± 3 11 ± 2 48 ± 3 
48Ti 133 ± 5 99 ± 4 121 ± 5 37 ± 2 13 ± 1 29 ± 1 

Chocolate 
49Ti 115 ± 2 92 ± 2 100 ± 4 49 ± 3 39 ± 2 48 ± 3 
48Ti 100 ± 3 76 ± 2 86 ± 3 59 ± 2 49 ± 1 30 ± 1 

Coated sweets 
49Ti 151 ± 4 113 ± 2 142 ± 3 24 ± 3 0.10 ± 0.01 55 ± 1 
48Ti 137 ± 4 102 ± 3 123 ± 6 34 ± 2 0.14 ± 0.02 36 ± 1 

Frozen dessert 1 
49Ti 131 ± 3 103 ± 2 123 ± 3 34 ± 2 NR 52 ± 1 
48Ti 117 ± 3 90 ± 2 108 ± 4 46 ± 2 NR 33 ± 1 

Frozen dessert 2 
49Ti 126 ± 4 100 ± 2 117 ± 5 37 ± 4 NR 53 ± 1 
48Ti 115 ± 4 91 ± 3 108 ± 6 46 ± 4 NR 33 ± 1 

Decorative food 1 
49Ti 195 ± 10 156 ± 16 187 ± 13 16 ± 3 52 ± 3 56 ± 1 
48Ti 179 ± 7 140 ± 11 176 ± 8 24 ± 3 55 ± 3 35 ± 1 

Decorative food 2 
49Ti 165 ± 5 123 ± 4 152 ± 4 19 ± 2 57 ± 7 49 ± 1 
48Ti 163 ± 3 123 ± 3 154 ± 3 19 ± 2 57  ± 10 32 ± 1 

Pastry 1 
49Ti 129 ± 4 101 ± 3 120 ± 6 36 ± 3 NR 46 ± 1 
48Ti 125 ± 5 97 ± 3 116 ± 6 39 ± 3 NR 32 ± 2 

Pastry 2 
49Ti 99 ± 2 87 ± 1 89 ± 4 59 ± 3 NR 47 ± 1 
48Ti 86 ± 2 72 ± 4 76 ± 3 68 ± 3 NR 27 ± 0.1 

Canned garnish 
49Ti ND ND ND ND ND ND 
48Ti ND ND ND ND ND ND 

NR: Not representative – ND: Not detected – a: Value ± standard deviation (SD)  

 

  



Table 3: Results obtained by spICP-MS for four different pharmaceuticals (48Ti monitored) 

Sample 

Average 

diameter 

(nm) 

Most 

frequent 

diameter 

(nm) 

Median 

diameter 

(nm) 

NP fraction 

(%) 

NP 

concentration 

 (x109 NPs/g) 

LOD 

(nm) 

Analgesic and 
antipyretic 

197 ± 1a 186 ± 4 197 ± 2 15 ± 1 16 ± 2 27 ± 1 

Anti-inflammatory 140 ± 4 93 ± 4 128 ± 2 45 ± 2 113 ± 10 26 ± 1 

Antispasmodic 131 ± 4 97 ± 2 125 ± 5 37 ± 2 12 ± 2 25 ± 1 

Haemorrhoid 
ointment 

198 ± 3 152 ± 3 186 ± 3 13 ± 1 201 ± 62 26 ± 2 

a: Value ± SD  
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