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Abstract: Whether nanoplastics (NPs) are able to be absorbed across epithelial membranes 

and accumulate within internal tissues of organisms is an important determinant of their 

potential toxicity. Evidence of absorption and accumulation requires detection of NPs within 

internal tissues, and investigations with fluorescently labelled NPs have attempted to provide 

this information. We hypothesize that studies that do not control for the fluorescent dye 

leachate and/or cellular autofluorescence are inconclusive and can be misinterpreted. Our 

goal was to analyse previous investigations critically and conduct further research to 

determine if fluorescent-labelled polystyrene NPs (nanoPS) can provide conclusive evidence 

of absorption and internal accumulation of NPs. We exposed zebrafish embryos and larvae to 

NPs (500 and 1,000 nm) labelled with a green or an orange fluorescent dye, to solutions 

resulting from nanoPS dialysis, and to Nile-Red (a fluorescent dye used as a positive control). 

Previous studies have claimed that NPs cross epithelia without accounting for dye leachates 

and/or cellular autofluorescence. Our results demonstrate that commercial fluorescent-

labelled nanoPS can leach their fluorophores, and the fluorophore alone can accumulate 

within internal tissues of zebrafish larvae. We further observed green autofluorescence in fish 

larvae not exposed to any particles. Previous claims of NP absorption based on observations 

of fluorescence in zebrafish tissues should thus be considered inconclusive. Although the 

addition of purification steps and inclusion of controls for leaching of dyes are methodological 

improvements, the use of fluorescent nanoPS should not be considered to provide absolute 

conclusive evidence of particle absorption. 

 

Keywords: Dialysis; Fluorescent-labelled Nanoplastics; Fluorophore Leachate; 

Nanopolystyrene; Zebrafish Embryos and Larvae 
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1. Introduction: 

 

The uptake (absorption and internal accumulation) and depuration rates of nanoplastics [NPs; 

here defined as ≤ 1 µm, (Gigault et al., 2018)] in aquatic organisms have yet to be established 

conclusively. Determination of the absorption of NPs requires detection in internal tissues, 

which has been limited by available technology. Detection of microplastics [MPs; > 1 µm ∧ < 

5 mm (Arthur et al., 2009)] relies on visual quantification with microscopy techniques and/or 

histological observations of particles and/or fluorescent beads (Batel et al., 2016; Batel et al., 

2017; Dawson et al., 2018; Gonçalves et al., 2018[1] ; Grigorakis et al. 2017), and so far 

evidence of biological membrane crossing by MPs has been inconclusive (Paul-Pont et al. 

2018). Tracing the fate of NPs is currently limited by the lack of available technology suitable 

to detect these particles. In one approach, researchers have relied on detecting the 

fluorescence of fluorophore-labelled nanopolystyrene (e.g. nanoPS; see references on Table 

1). After detection of fluorescence in zebrafish early life history stages exposed to fluorescent 

particles, previous authors have claimed that nanoPS particles are able to cross biological 

barriers such as the chorion during embryogenesis [Pitt et al., 2018a] and the epidermis and 

gut epithelium in larval development stages [Pitt et al. 2018a, van Pomeren et al., 2017]. 

However, as there was no reported control for dye leachate, these studies must be considered 

inconclusive in regards to the evidence for NP absorption and internal accumulation. 

 

In the case of nanoparticles and nanomaterials (≤ 100 nm), observation artefacts have been 

identified when using fluorescent-labelled particles to track the crossing of biological 

membranes. Labelled nanoparticle solutions can have residual free dye and/or the label may 

detach in an altered media (e.g. due to pH, salts or biological affinity), and the total 

fluorescence intensity in cells following exposure can be mis-attributed to the presence of 

nanoparticles, when in reality is caused by free fluorophore (Tenuta et al., 2011, Andreozzi et 

al., 2012, and reviewed by Murray et al., 2018). For instance, in the assessment of the transfer 

of nanoPS across the epithelium of human placenta, Grafmueller et al., (2015) reported 
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artefacts in the interpretation of results due to leakage of the fluorophore from particles. 

However, the stability of fluorescent labelled particles has not been addressed in MP/NPs 

studies aimed at establishing whether MPs/NPs are absorbed. The aim of our work was to 

critically analyse evidence of absorption and internal accumulation of NPs based on studies 

that used fluorescent-labelled commercial nanoPS. In the present study, we further 

investigated whether fluorophores can leach from nanosized commercial polystyrene particles 

(500 and 1,000 nm) and alter their surface characteristics (zeta potential). We hypothesize 

that fluorophore desorption from fluorescent nanoPS and autofluorescence of cells can cause 

appearance of fluorescence in internal tissues that can be misinterpreted as absorption of 

NPs. It was not our objective to offer methodologies to enable the use of fluorescent labelled 

particles for investigation of particle absorption, but to critically evaluate previously applied 

methods regarding their potential to provide conclusive results.  

 

2. Material and Methods: 

  

2.1 Zebrafish Husbandry and Spawning 

 

Wild type zebrafish were obtained from Charles River laboratories (Tranent, UK), and fish 

welfare regulations from both Heriot-Watt and the UK Home Office were followed for all 

experimental procedures. Adult fish were kept in recirculating tank systems with a 12:12 

light/dark photoperiod and temperature between 27 - 29 ºC. The electrolyte composition of the 

system water was: [Ca] = 79.38 mg/L, [Mg] = 12 mg/L, [Na] = 17 mg/L and [K] = 2 mg/L. In 

each system, pH was 7.4 - 7.9 and unionised ammonia levels were below 0.08 mg/L; and 

dissolved oxygen was between 7.5 - 8.0 mg/L. Adult fish were spawned to obtain embryos 

which hatched at approximately 72 h post fertilization (hpf). All fish used in experimentation 

were aged less than 120 hpf. Exposures were conducted in OECD freshwater medium (Test 

201; Organisation for Economic Co-operation and Development 2011) and we did not use the 
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fungicide methylene blue, because this substance can also act as a fluorophore (e.g. see 

Korbas et al., 2008). 

 

2.2 Fluorescent Nanosized Polystyrene  

 

Fluorescent nonfunctional polystyrene nano-spheres were purchased from DegradexⓇ 

(Phosphorex, Hopkinton, MA, USA) and stock solutions were kept at 4 ºC. Particles were 

supplied as 1% solid suspensions in deionized water containing surfactant (unknown 

concentration) and 2 mM of sodium azide (antimicrobial agent). The density of the particles 

was 1.06 g/cm³ and they were, according to the supplier, 500 nm (fluorescent orange) and 

1,000 nm (fluorescent orange and green). The fluorescent dyes were adsorbed to the surface 

of the particles via physical adsorption (supplier, personal communication; for the difference 

between physical and chemical adsorption, please see Masel, 1996) and the fluorophores 

were green with 460 nm wavelength excitation and 500 nm emission and orange with 530 nm 

wavelength excitation and 582 nm emission (supplier datasheet, DegradexⓇ, Phosphorex, 

USA; Table 1). Further information concerning the fluorescent dyes is proprietary. The 

hydrodynamic diameter (D, nm), polydispersity index (PdI) and the zeta potential (ζP, mV) of 

the particles were measured in MilliQ water, before and after dialysis, and assessed by 

Dynamic Light Scattering (DLS; Malvern Zetasizer Nano Series, Malvern Panalytical Ltd, UK). 

Particles were strongly vortexed prior to analysis, the Scattering Angle was set at 173º, and 

measurements were done in triplicate at room temperature (25 ºC).  

 

2.3 Exposure of Zebrafish Embryos and Larvae to the Dialysis Media and Particles 

 

Zebrafish embryos and larvae were exposed to fluorescent nanopolystyrene (nanoPS) before 

and after particles were purified through dialysis (data not shown), as well as to the resulting 

dialysis solutions. Dialysis was performed using a Pur–A–Lyzer™ Mini Dialysis Kit (12–14 
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kDa, 10-200 µl, PURN12010, Sigma-Aldrich, USA). To identify if the fluorophore sorbed to 

commercial nanoPS would leach (or desorb), 15 embryos (6 hpf) and 13 larvae (72 hpf) per 

condition were separately exposed to OECD medium (15 ml) vials holding each a separate 

dialysis tube, and to a OECD medium negative control and a Nile Red positive control (0.5 µg 

/ ml). Nile Red is a hydrophilic dye which has been used to stain adipose tissue of live zebrafish 

larvae (Minchin and Rawl 2017). An amount of 15 µl (at 10 mg/ml) of fluorescent nanoPS was 

added in each separate Pur–A–Lyzer dialysis tube (if particles would be in suspension, the 

final concentration would have been 10 µg / ml). Embryos and larvae (1 organism per well) 

were directly exposed in 96-well plates to particles at 10 µg / ml, OECD medium controls and 

Nile Red positive controls (200 µl solution each). The number of replicates on the direct 

exposure to particles was five per treatment for 72 hpf larvae and five embryos per treatment 

and per exposure time (24, 48 and 72 h). Positive (Nile Red) and negative (OECD medium) 

controls were also ran in 96-well plates to identify possible artefacts of exposure methodology. 

Particle suspensions were strongly shaken prior to exposure. Fluorescent nanoPS treatments 

were: 1,000 nm of orange particles, 500 nm orange and 1,000 nm green. Three embryos per 

treatment were sampled every 24 h (up to 72 hpf) for fluorescence microscopy observations. 

Five larvae were collected for observation after 24 h exposure solution, and other 5 were 

observed after a second period of 24 h of depuration. Larvae and embryos were washed in 

clean OECD medium prior to observations, anesthetized with 4.2 % tricaine (REF, Sigma) and 

mounted in 1 % low melting point agarose (R0801, VWR, UK). Exposure vials and plates were 

covered in aluminium foil to keep embryos, larvae and particles in the dark (to avoid 

photoleaching, i.e. light degradation of the fluorophores and loss of fluorescence intensity). 
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2.4 Fluorescence Microscopy 

 

Zebrafish embryos and larvae were observed using a fluorescence stereo microscope (Leica 

M205 FCA, Leica Application Suite v. 3.0.4.16529, Switzerland) coupled with a camera (Leica 

DFC7000 T, Switzerland). The filters used to analyze the fluorescence, and provided by the 

supplier, were ET mCHER (excitation 540-580 nm, emission 593-667 nm) for orange nanoPS, 

and ET GFP (excitation 450-490 nm, emission 500-550 nm) for green nanoPS and Nile Red 

exposures. Control early stages were photographed using both filters, to account for 

autofluorescence. Zebrafish embryos and larvae were registered by photography and photos 

were analysed using Fiji-ImageJ (Schindelin et al., 2012). 
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3. Results and Discussion: 

 

Zebrafish embryos and larvae exposed to the dialysis media of orange and green fluorescent 

commercial nanopolysturene (nanoPS) exhibited fluorescence (Fig. 1, 2), showing that the 

fluorophore is leaching from the particles into OECD medium. The desorption of dye was 

consistent with changes in particle surface charge (46 - 49 % increase in zeta potential) after 

dialysis (Fig. 3), without changes in particle size or dispersion (Table S1). The particles used 

in this work had been previously purified and the excess of fluorophore removed from the 

supplied suspension (supplier, personal communication). It is then likely that the dye was 

desorbed from the particles during our dialysis procedure and exposing both embryos and 

larvae. We observed that the leached orange fluorophore was associated with the yolk 

(embryos and larvae) (Fig. 1), larvae gastrointestinal tract (Fig. 2) and with larvae ocular 

tissues (Fig. 2, Fig. S1). The leachate from green particles dialysed in our study did not 

associate as strongly with the yolk and the GI tract, and no fluorescence was present in the 

eye of larvae (Fig. 1, 2), indicating a lower hydrophobicity of the green dye. Both the 500 and 

1,000 nm particles formed agglomerates that were visible at the external surface of the chorion 

of embryos (Fig. 1). The external agglomeration indicated that the fluorescence observed on 

24 hpf embryos was due to fluorophore leachate and not to membrane crossing by the 

particles. Similarly, Batel et al. 2018 also observed external agglomeration of fluorescent-

green microplastics outside the chorion. Even after a 24 h depuration period, larvae continued 

to exhibit fluorescence in all exposures (dialysed and not) to orange particles (Fig. S2), 

showing a strong affinity of the orange fluorophore to larval tissues. Organisms exposed to 

Nile Red, a lipophilic dye used in our study as a positive control, showed fluorescence in the 

same tissues, indicating that the orange fluorophore shows a lipophilic behaviour (Fig. 1, 2). 

Lipids are components of tissues that comprise the eye of vertebrates (see Fliesler et al., 2010 

and references therein) and so, similarly to our results, lipophilic organomercury (Korbas et 

al., 2008), Benzo(a)Pyrene (Batel et al., 2018) and Oil-Red-O dye (Fraher et al., 2016) have 

been shown to associate with zebrafish larvae ocular tissue, as well with the GI tract and yolk.  
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Van Pomeren et al., (2017) have observed the association of red-labelled nanoPS 25 and 50 

nm particles with the eye of zebrafish larvae, but not for larger particles of 250 and 700 nm. 

The authors attributed the fluorescence observed in eye tissue to the ability of particles with 

less than 50 nm to cross biological membranes and be accumulated in internal tissues of 

zebrafish larvae, particularly in the eye. However, no controls for the leaching of the 

fluorophore were included. The reported fluorescence around the zebrafish larvae eye (as 

observed in our study) in Van Pomeren et al., (2017) could have been caused by leaching of 

a lipophilic fluorophore and not by absorption/accumulation of particles. These authors further 

reported that particles over 50 nm were not associated with larvae eyes. However, in their 

study, 25 and 50 nm particles and particles of 250 and 700 nm were acquired from different 

suppliers (van Pomeren et al, 2017; see Table 1), leading to differences in observed 

fluorescence. Authors from the same team, Veneman et al., 2017, only observed the 

distribution of injected fluorescent-green polystyrene particles (700 nm) in the circulatory 

system and their accumulation in the heart region, with no accumulation in ocular tissues. 

Exposure to fluorescent particles with less than 50 nm did not consistently lead to 

accumulation of nanopPS in the eye of zebrafish larvae (e.g. Pitt et al., 2018a). The data 

presented indicates that the red fluorescence observed in tissues of zebrafish larvae, including 

in the ocular region, and attributed to absorption of nanoPS (van Pomeren et al, 2017) was 

likely due to the leaching of the fluorophore and not to the accumulation of particles.  

 

Skjolding et al., (2017) have observed accumulation of fluorescent material in the head region 

of juvenile (age 6 weeks) zebrafish and attributed it to the absorption of 20 nm polystyrene 

fluorescent-labelled particles. In the same study, Skjolding et al., (2017) showed that after 

dietary exposure of zebrafish juveniles fluorescence was confined to the gut, whereas 

waterborne exposure led to accumulation of particles in the gills, gut and around fins, as well 

as to the observation of fluorescence in the head of fish. However, exposure to gold 

nanoparticles, produced with a fluorophore in their matrix and submitted to a purification step 
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(centrifugation-washing cycles), did not induced fluorescence in the head of fish under the 

same treatments (Skjolding et al., 2017), indicating that membrane crossing of nanoparticles 

was unlikely. In teleost fish, oxygenated blood from the gills is immediately delivered to the 

brain via the carotid arteries. As the commercial nanoPS that was used was unpurified, 

external accumulation of these particles in the gills could have induced leaching of the 

fluorophore, which accumulated in areas near the central nervous system of juvenile zebrafish. 

As in Van Pomeren et al., (2017), the absence of leachate controls in Skjolding et al., (2017) 

make results of membrane crossing by nanoPS inconclusive. 

 

In our work, control zebrafish embryos and larvae exhibited green autofluorescence (ET GFP 

filter, see Material and Methods) in the same tissues/locations as organisms exposed to 

particles or dialysed solutions (Fig. 1b, 2b), a common observation when green emission 

channels are used (Jun et al., 2017). Variation of autofluorescence within and between 

samples makes it difficult to quantify and require reliable imaging techniques to eliminate its 

interference such as the analysis of fluorescence lifetime correlation spectroscopy (FLCS) 

(e.g. Rich et al., 2013). However, similar techniques have not been reported in nanoPS 

fluorescence analysis (Table 1). Pitt et al., (2018a) measured the fluorescence intensity fold 

change normalised to the control group by analysis of images. These authors reported an 

increase of fluorescence intensity in embryos exposed to higher concentrations of particles 

and claimed that 51 nm nanopPS can cross the chorion of zebrafish embryos and accumulate 

in internal tissues (mostly the yolk). However, both the variability of the samples or the validity 

of the method were not presented. Based on the same image analysis, Pitt et al., (2018b) 

further claimed maternal transfer of 42 nm green labelled nanoPS from adults fed for seven 

days a total of 4.2 mg of particles. A maternal transfer of nanoparticles indicated by six-fold 

change of fluorescence of the yolk sac in a 24 hpf embryo was reported (Pitt et al., 2018b). 

According to Pitt et al., 2018a, this would be comparable to a 0.5 ppm direct exposure to 

particles, an extremely high and improbable concentration (1 ppm direct exposure of embryos 

resulted in 11 fold change fluorescence). In addition to failing to validate their image analysis 
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on autofluorescence, the claims on the particle transfer across membranes are weakened by 

the fact that in both cases Pitt et al., (2018a,b) did not control for the fluorophore leachate. 

Similarly to our work, there was observed agglomeration of 51 nm green fluorescent-labelled 

nanoPS particles outside the chorion (Pitt et al., 2018a). Finally, in Pitt et al., (2018a) larvae 

were exposed to methylene blue during the experimental setup which exhibits fluorescence 

and could add an extra confusing factor in the interpretation of their results. As the interaction 

with the particles fluorescence probe was not accounted for in the work of Pitt et al., (2018a,b), 

the leaching of a green lipophilic fluorophore enhanced by variable autofluorescence of tissues 

can be a more plausible explanation for the observed maternal transfer of “fluorescence” to 

the F1 generation of zebrafish and for the presence of nanoPS in the yolk sac of zebrafish 

larvae. 

 

After production, fluorescent NPs usually go through cleaning and purification processes, but 

once in contact with cells and tissues (i.e. under physiological conditions), dyes can elute from 

nanoparticles even when incorporated in the polymer matrix (e.g. Tenuta et al., 2011), 

including nanoPS (Pietzonka et al., 2002, Salvati et al., 2011, Grafmueller et al., 2015). 

Without controls for the behaviour of fluorophores in the presence of biological systems, or for 

leakage from the particles, prudence should be taken when claiming membrane crossing of 

nanoPS (e.g. van Pomeren et al., 2017) or of parental transfer of particles between zebrafish 

generations (e.g. Pitt et al., 2018b).. Tenuta et al., (2011) reported elution of a fluorescent 

probe (e.g. rhodamine) from nanoparticles (N-isopropylacrylamide, 48 nm) where both had 

been copolymerised. These authors showed that in cells exposed to rhodamine-labelled 

nanoparticles pre-dialysed for 20 days, the fluorescence was localized only vesicles, likely 

lysosomes with incorporated particles. However, cells exposed to unpurified particles leaking 

dye showed fluorescence throughout the cytoplasm (Tenuta et al., 2011), an observation that 

if not controlled for could have led to the incorrect quantification and localisation of 

nanoparticles in cells.  
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Researchers face further challenges when using fluorescent NPs due to the difficulty in the 

characterizing the particles. Commercial suppliers not always disclose which fluorescent dyes 

have been used (e.g. see references in Table 1) and their sorption methodologies (physical, 

chemical or incorporation of the dye in the polymer matrix). To monitor the cleaning and 

purification process of unbound fluorescent dyes from nanoparticles Tenuta et al., (2011) 

recommend the use of spectrophotometric analysis. Similarly, Andreozzi et al. (2012) suggest 

the use of erythrocytes (incapable of endocytosis) to monitor the efficiency of fluorescent 

nanoparticle purification steps, as these cells only uptake waterborne dyes. In our work we 

exposed zebrafish early stages to dialysed particles (data not shown), but the observed 

fluorescence would still not answer if the particles would have been associated with internal 

tissues or if the fluorophore would have kept leaching. Alternative techniques such as the use 

of radiolabelled nanoPS (e.g. Al-Sid-Cheikh et al., 2018) present a reliable methodology to 

trace particles in internal tissues, however safety concerns and high costs can make their 

application difficult (Lanctôt et al., 2018). Core labelling of the particles limits the amount of 

unbound dye available in solution, but their production can alter the particle physical attributes 

and the use of main solvents for nanoparticle production is not always applicable (see Murray 

et al., 2018 and references therein). The challenges of tracing nanoplastics in internal tissues 

of organism require further research and method development to be able to clarify membrane 

crossing. Our results, together with the observations of other authors such as Pietzonka et al., 

2002, Salvati et al., 2011 and Grafmueller et al., 2015, show elution of fluorescent dyes from 

nanoPS, pointing to artefacts on the observation of the uptake, distribution and fate of 

nanoplastics in biological systems (cells, tissues) and overclaims on the accumulation of 

particles. 
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4. Conclusions 

 

We demonstrated that probes used in commercial fluorescent-labelled nanoPS can leach in 

the presence of zebrafish embryos and larvae. Fluorophore leaching was further confirmed by 

the alterations of the particle surface charge. Additionally, we observed the presence of green 

autofluorescence in the zebrafish embryos and larvae tissues. The fluorophores leachates 

and autofluorescence in zebrafish can erroneously be attributed to the presence and 

accumulation of nanoPS. We recommend that studies using fluorescent-labelled nanoPS to 

assess the membrane crossing in zebrafish embryos and larvae must at least include: 1) 

include particle purification steps (e.g. dialysis), 2) control for unbound and leaching dyes, 3) 

report and assess autofluorescence of biological tissues and 4) account for fluorescence 

induced by other confusing factors such as exposure to methylene blue during embryo growth. 

The observation of membrane crossing of nanoplastics still presents methodological 

challenges and the current research was not yet able to establish if nanoPS can cross 

biological membranes in zebrafish early stages. We recommend that methodologies such as 

fluorophore encapsulation and radio-labelled particles should be further explored to establish 

whether nanoplastics cross biological membranes and if there is accumulation in internal 

tissues. 
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Fig. 1. Zebrafish embryo exposure for i) 24 and ii) 72 h to fluorescent-labelled nanopolystyrene 

orange and green particles (500 and 1,000 nm), particle dialysis solutions, lipophilic Nile Red 

dye solution and control treatments (OECD medium). Orange fluorophore: ex./em. 530/582 

nm; Green fluorophore: ex./em. 460/500 nm. Filters: ET mCHER (excitation 540-580 nm, 

emission 593-667 nm) for orange nanoPS, and ET GFP (excitation 450-490 nm, emission 

500-550 nm) for green nanoPS and Nile Red. Exposures: a) Control (ET mCHER), b) dialysis 

solution from 500 nm orange particles, c) direct exposure to 500 nm orange particles, d) Nile 

Red, e) dialysis solution from 1,000 nm orange particles, f) direct exposure to 1,000 nm orange 

particles, g) Control (ET GFP), h) dialysis solution from 1,000 nm green particles, i) direct 

exposure to 1,000 nm green particles. 

 

Fig. 2. Zebrafish larvae exposure for 24 h (from 72 to 96 hpf) to fluorescent-labelled 

nanopolystyrene orange and green particles (500 and 1,000 nm), particle dialysis solutions, 

lipophilic Nile Red dye solution and control treatments (OECD medium). Orange fluorophore: 

ex./em. 530/582 nm; Green fluorophore: ex./em. 460/500 nm. Filters: ET mCHER (excitation 

540-580 nm, emission 593-667 nm) for orange nanoPS, and ET GFP (excitation 450-490 nm, 

emission 500-550 nm) for green nanoPS and Nile Red. Exposures: a) Control (ET mCHER), 

b) dialysis solution from 500 nm orange particles, c) direct exposure to 500 nm orange 

particles, d) Nile Red, e) dialysis solution from 1,000 nm orange particles, f) direct exposure 

to 1,000 nm orange particles, g) Control (ET GFP), h) dialysis solution from 1,000 nm green 

particles, i) direct exposure to 1,000 nm green particles. 

 

 

Fig. 3. Zeta Potential (ζP in mV) of the surface of fluorescent (f.) labelled nanopolystyrene 

measured before and after the 24 h dialysis exposure of zebrafish early stages to the particles. 

Analysed particles for ζP were not in direct contact with zebrafish early stages. 

 

ACCEPTED MANUSCRIPT



ACCEPTED M
ANUSCRIPT

 

 

21 

 

Table 1. Summary of experimental work on early zebrafish stages which have used fluorescent-labelled nanoplastics (NPs) to trace particles. 

None of the referred studies have reported controls on fluorophores leaching from the particles.  

 

Developmental 

Stage Exposure Observations Exposure 

Particles 

Nominal  

Ø (nm) Polymer Fluorophore Particle Supplier Reference 

Embryos and 

Larvae 

Waterborne Occasional MPs within the 

GI tract 

48 - 96 h 1,000-

5,000 

Proprietary 

polymer 

Green; 505 nm 

peak, ex./em. 

365/470 nm 

Cospheric LLC 

(Santa Barbara, 

CA, USA) 

Batel et 

al., 2018 

Embryos and 

Larvae 

Waterborne Occasional MPs within the 

GI tract 

48 - 96 h 10,000-

20,000 

Polyethylene Green; 505 nm 

peak, ex./em. 

365/470 nm 

Cospheric LLC 

(Santa Barbara, 

CA, USA) 

Batel et 

al., 2018 

Embryos and 

Larvae 

Waterborne Embryos: fluorescence in 

yolk and head; Larvae: 

fluorescence in yolk, head 

and pericardium; at 120 

hpf fluorescence was 

24 - 120 h 

(depuration for 24 

h after 120 hpf) 

51 Polystyrene Internally labelled 

with Dragon 

Green; ex./em. 

480/520 nm 

Bangs 

Laboratories, Inc. 

(FSDG001, 

Fishers, IN, USA) 

Pitt et al., 

2018a 
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higher in GI tract, 

pancreas, and the head 

Transfer from 

Parents to 

Embryos and 

Larvae 

Dietary 

exposure of 

parents 

Parental transfer of 

nanoPS to offspring 

Exposure of 

parents for 7 

days; 

observations of 

offspring for 72 h 

42 Polystyrene Internally labeled 

with Dragon 

Green; ex./em. 

480/520 nm 

Bangs 

Laboratories, Inc. 

(FSDG001, 

Fishers, IN, 

USA). 

Pitt et al., 

2018b 

Juveniles (4-6 

weeks) 

Dietary and 

Waterborne 

Dietary: accumulation of 

fluorescence only in the 

gut; Waterborne: 

fluorescence in head, gut, 

olfactory region, gills and 

fins 

1, 3, 7 days 20 Polystyrene Red (not stated) Invitrogen 

(FluoroSpheres®; 

Oregon, USA) 

Skjolding 

et al., 

2017 

Embryos and 

Larvae 

Waterborne Ingestion, accumulation in 

GI tract and externally to 

epidermis 

0 - 48 h; 24 - 72 h; 

72 - 120 h 

250; 700 Polystyrene Nile Red (labelling 

and ex/em. 

unkown) 

Corpuscular Inc. 

(103127-05; 

103129-05; Cold 

Spring, USA) 

van 

Pomeren 

et al., 

2017 
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Embryos and 

Larvae 

Waterborne Ingestion; accumulation in 

tissues, especially in the 

eye 

0 - 48 h; 24 - 72 h; 

72 - 120 h 

25; 50 Polystyrene Firefli Fluorescent 

Red; ex./em. 

542/612 nm; dye 

incorporated 

throughout the 

polymer matrix 

Thermo Fisher 

Scientific (R25; 

R50; Waltham, 

USA) 

van 

Pomeren 

et al., 

2017 

Larvae Injected in 

the yolk 

Particles transport in 

bloodstream and 

accumulation in the heart 

region; co-localisation of 

neutrophils and 

macrophages around the 

PS particles 

Injection in 

blastula (16-128 

cells) and in 

injection in 2 dpf 

stages. All 

observations until 

5 dpf (~120 hpf) 

700 Polystyrene Nile Red 

fluorescently 

labelled PS 

particles (ex./em. 

unknown) 

Corpuscular Inc 

(103125-05, 

USA) 

Veneman 

et al., 

2017 

Embryos and 

Larvae 

Waterborne 

and 

Dialysis 

Solution 

Fluorescence in yolk, GI 

tract and ocular tissues 

24 - 120 h 500; 

1,000 

Polystyrene Orange; ex./em. 

530/582 nm; 

adsorbed to the 

surface 

Degradex®, 

Phosphorex 

(2215A, 2205B, 

This study 
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Hopkinton, MA, 

USA) 

Embryos and 

Larvae 

Waterborne 

and 

Dialysis 

Solution 

Fluorescence in yolk, GI 

tract; control tissues show 

fluorescence in same area 

24 - 120 h 1,000 Polystyrene Green; ex./em. 

460/500 nm; 

adsorbed to the 

surface 

Degradex®, 

Phosphorex 

(2104, Hopkinton, 

MA, USA) 

This study 
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Use of fluorescent-labelled nanoplastics (NPs) to demonstrate NP absorption is inconclusive 

without adequate controls  

 

 

Journal: SCIENCE OF THE TOTAL ENVIRONMENT - Short Communication 

 

Authors: Ana I Catarino1,*, Amelie Frutos1,2, Theodore B Henry1,3 

 

Highlights:  

● Critical analysis of zebrafish early stages exposure to fluorescent nanoPS 

● Exposure of zebrafish early stages to dialysis solutions of fluorescent nanoPS 

● Fluorescent-labelled NPs leach fluorophores, zebrafish tissue shows autofluorescence 

● Observation artefacts can lead to erroneous conclusions of nanoplastic absorption 

● We recommend the use of dialysis purification steps and leachate controls 
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