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The determination of Microplastics (MPs) will become a crucial aspect for the protection of the 
environment and human health. Their determination in fish tissue is analytically challenging due to the 
difficulties in designing an efficient and selective protocol for separating MPs from fish tissue without 
affecting their amount. Microwave sample preparation has been successfully applied for several analysis 
due to its selectivity and efficiency, achievable through selective heating. Thus, this study describes a 
unique, innovative, and quick microwave protocol to selective decompose only fish tissue without 
affecting MPs, followed by the gravimetric determination of MPs.  

| INTRODUCTION 
Since 2000, the world production of plastics has 
increased exponentially, reaching 359 million tons in 
2018, mainly due to the low cost, versatility and 
reliability of this material.1 Although plastics have 
been produced for being an inert material, which is 
welcome for many industrial purposes, plastic waste 
presents a very low degradability rate, since it is 
fragmented only when exposed in the environment. 
Plastic debris with a particle size lower than 5 mm 
were defined as microplastics (MPs), and can be 
classified as primary, particles intentionally produced 
in microscale, or secondary, fragmented particles 
resulting from environmental exposition. Recent 
studies demonstrated that the human ingestion of 
MPs is about 120 thousand particles annually, which 
comes from water, food or even air.2 The main 
effects associated with the ingestion of MPs can 

result in the blockage of the digestive tract and the 
leaching of additives and chemicals added to the 
production process, such as stabilizers and flame 
retardants. Considering the amount of plastics 
released in oceans every year, fish are one of the 
primary ways for humans to absorb MPs; therefore, 
adequate methods are required to be able to 
determine MPs in fish tissue in a fast and efficient 
way. 
Several methods are available for the identification 
and characterization of MPs in fish tissue, but few of 
them can be applied for quantification. They often 
require long reaction times, up to 72 h, a high 
reagent consumption and lead to the degradation of 
MPs during the process. 
Microwave sample preparation has been 
successfully and widely applied for both elemental 
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and molecular analysis thanks to its efficiency and 
selectivity achievable with volumetric heating. 
In this application report, a selective microwave 
assisted sample preparation protocol has been 
developed for the gravimetric determination of MPs 
in fish tissue.3 The innovative microwave protocol 
ensures a selective digestion of fish tissue without 
affecting the composition of the MPs. The protocol 
was performed with Milestone’s ultraWAVE with the 
aim to develop a fast and easy-to-apply protocol for 
routine high throughput analysis. 
 
| EXPERIMENTAL 
 
EQUIPMENT 
- Milestone ultraWAVE.4 
- 15 and 5 position racks. 
- Disposable glass vials (15 mL). 
- SFS 24 (Simultaneous Filtration System).5 
- Drying oven. 
- Analytical balance. 
- ICP-OES. 

 

  

Figure 1. Milestone ultraWAVE (left) and SFS24 (right). 

 

MATERIAL AND REAGENTS 
Solvent and reagents were purchased by Merck. 
For the filtration process, a filter paper with a pore 
size lower than 2 µm (Whatman No. 589/3 Florham 
Park, MI) was used. Previous to any filtration, the 
filter paper was washed with water to eliminate any 
particles that were possibly retained and then dried 
at 105°C for 1 h in an electric oven. 
 
SAMPLES 
In order to evaluate the MP degradation when 
submitted to acid digestion, eight plastic debris 

samples were considered: polyethylene 
terephthalate (PET), polystyrene (PS), expanded 
polystyrene (EPS), polypropylene (PP), high-density 
polyethylene (HDPE), low-density polyethylene 
(LDPE), polycarbonate (PC), polyvinyl chloride (PVC) 
and polyurethane (PU). The plastic debris samples 
obtained a particle size lower than 5 mm. The 
Prionace glauca shark specie, purchased in a local 
market, was used as fish sample. 

SAMPLE PREPARATION 
In this study, 2-4 g of fresh fish tissue were spiked 
with a 100 mg mix of eight MPs (PET, PS, EPS, PP, 
HDPE, LDPE, PC, and PVC). The mixture was 
transferred to the disposable glass digestion vessel 
with 6 mL of 1 mol L-1 HNO3. The system was then 
sealed with a proper PTFE cap and then pressurized 
with 40 bar of Ar. 
In order to evaluate the efficiency of the fish tissue 
digestion, the dissolved carbon was measured into 
the final digested solution by ICP-OES. 
 

MICROWAVE PROCESS AND QUANTIFICATION 
The MW program used for this work is the following: 

Step 
Time 
(min) 

Power 
(W) 

T1 
(°C) 

T2 
(°C) 

P 
(bar) 

1 10 1500 200 60 100 

2 10 1500 200 60 100 

Table 1 - Microwave Program 

 
Figure 1 – Microwave run profile 

 
After the microwave program, the digestates were 
transferred to the polypropylene flask and filtered 
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using the SFS 24 filtration system. The MPs retained 
on the filter paper were dried at 120 °C for 1 h in an 
oven and weighed to calculate the recovery of the MPs. 
 
| ANALYTICAL STEP 
The MPs determination was performed with a 
gravimetric method according to the following 
equation: 
 

𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦(%) =
𝑊a −𝑊b

𝑊i 𝑥100 

Where: 
Wa is the weight of the dry filter paper after filtration 
Wb is the weight of the dry filter paper before filtration 
Wi is the MPs initial weight 
 
| RESULTS AND DISCUSSION  
The microwave sample preparation protocol on fish 
tissue developed in this study has been designed to 
determine the MPs via gravimetric method. The 
applicability of such protocol strongly depends on 
the capability of the digestion method to selectively 
digest the fish tissue without degrading the MPs. 
For the above reason, after a deep method 
development3 aimed to find the most selective 
condition in terms of temperature, time and acid 
concentration, 1 mol L-1 HNO3 digestion solution 
was selected. This acidic solution demonstrated its best 
performance and selectivity working at 200°C for 10 min. 
 

Sample 
MPs recovery (average, n=3) 
% RSD (%) 

PET 105 7 
PS 102 5 

EPS 103 8 
PP 102 8 

HDPE 104 9 
LDPE 71 11 

PC 102 5 
PVC 99 7 

Table 2 – MPs recovery on different MPs working with UltraWAVE at 
200°C for 10 min with 1 mol L-1 HNO3 

Table 2 reports the recovery of different MPs working 
under such conditions. During this evaluation, each 
MP was tested independently in order to evaluate 
the specific degradation which occurred after 
applying the developed protocol. As reported in 

Table 2, with the exception of LDPE which has a 
recovery of approximately 70%, all the MPs 
recovered with a high recovery rate between 99-
105%. The data proved that a microwave treatment 
with diluted acid did not significantly affect the 
amount of MPs, allowing a further determination via 
gravimetric method. 
Thanks to the above results, it was possible to apply 
the method to a real sample composed by fresh fish 
tissue spiked with a mix of MPs (PET, PS, EPS, PP, 
HDPE, LDPE, PC and PVC). In this test, 100 mg of 
the MPs mix was spiked to a variable fish tissue 
mass, ranging from 0.5 to 2.0 g (Table 3). The 
ultraWAVE protocol was applied to these samples 
followed by the MPs determination. The dissolved 
carbon content (mg L-1) was measured in digests by 
ICP-OES in order to evaluate the digestion efficiency.  

Fish 
Tissue 

(g) 

MPs 
Recovery 

(n=3) 
(%) 

RSD 
(%) 

Residual 
Dissolved 
Carbon  

(n=3) (mg L-1) 

RSD 
 

(%) 

0.5 93 3 861 17 
0.75 94 4 1378 15 
1.0 95 4 2397 10 
1.5 94 11 4001 9 
2.0 99 5 6898 16 

Table 3 – MPs recovery and Residual Dissolved Carbon after the 
ultraWAVE method at 200°C for 10 min with 1 mol L-1 HNO3 (MPs 
spiked amount: 100 mg) 

In addition to the absence of colour and suspended 
particles in the final solution, the dissolved carbon 
content was a good marker of the digestion 
efficiency of the fish tissue. The MPs mix recoveries 
were always efficient for all the tested fish tissue 
masses. As expected, the increase of the fish 
sample mass causes an increase of the dissolved 
carbon (Figure 2). 

 
Figure 2 – Dissolved carbon (light grey line) and MPs recovery (grey 

line) with the increase of fish sample mass (data based on table 3). 
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However, even using sample masses as high as 2 g, 
final digests with suspended particles from the 
matrix were not observed, which, on the contrary, 
would cause an overestimated result. This was 
confirmed by filtering the unspiked fish digestates 
(without MPs), in which the mass of the filter paper 
remained constant. 

Similar results were achieved also with 5 position 
ultraWAVE rack. Thanks to the bigger vial size, it was 
possible to treat up to 4 g of fish tissue working with 
HNO3 (3 M) without compromising the efficiency of 
the process. With such high sample mass, a more 
homogeneous sample aliquot and a lower LOQ are 
possible. Additionally, as reported in the literature, 
physical and spectral interferences for ICP-based 
techniques are expected for C concentrations higher 
than 2%.6 Since all the results dissolved carbon at a 
figure lower than 0.7% (7000 mg L-1), the developed 
protocol is candidate for the sequential elemental 
analysis. This is further analyzed by the research 
group of Prof. Bizzi3, but it is not stated in this 
application report due to the fact that it does not 
regard the document.

LIMIT OF QUANTIFICATION (LOQ) 
The LOQ used for the MPs depends on the sample 
mass and on the balance capability, since it is 
calculated from the minimum mass that can be 
weighed in the analytical balance. Furthermore, the 
higher the sample mass, the lower the LOQ.  

UW 
rack 
type 

Sample 
mass 

LOQ 

Analytical 
balance 

Micro- Analytical 
balance 

15 
positon 

Up to 2 
g 

0.5% 
(w/w) 

0.1% (w/w) 

5 
position 

Up to 4 
g 

0.25% 
(w/w) 

0.05% (w/w) 

Table 4 – ultraWAVE microplastic determination method LOQ.

| CONCLUSION 
The determination of MPs in fish tissue will soon 
become a valuable parameter for the protection of 
the environment and human health. However, this 
determination is challenging from the analytical point 
of view due to the need of having a protocol capable 
to efficiently separate the biological tissue from the 
MPs while maintaining the integrity or the amount of 

MPs. The new selective digestion protocol 
developed in this study with the Milestone 
ultraWAVE, working with diluted acid (1 mol L-1 
HNO3), ensures the complete fish tissue digestion, 
proved by the dissolved carbon measurement, while 
quantitatively maintaining the amount of all the MPs 
tested (PET, PS, EPS, PP, HDPE, LDPE, PC and 
PVC). The developed protocol is fast, with a duration 
of only 20 minutes, cost effective, and involves a 
gravimetric determination.
The proposed method resulted in a LOQ of 0.5% 
w/w for MPs. Considering the use of a micro-
analytical balance, the LOQ can reach 0.1% w/w. 
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| ABOUT MILESTONE 
At Milestone we help chemists by providing the most 
innovative technology for metals analysis, direct 
mercury analysis and the application of microwave 
technology for extraction, ashing and synthesis. 
Since 1988, Milestone has helped chemists to 
enhance food, pharmaceutical and consumer 
product safety, and to improve our world by 
controlling pollutants in the environment.
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