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In  many  analytical  chemistry  laboratories,  large  amounts  of  plastic  waste  are  
generated  by  single -use  vials  used  by  analysts  to  avoid  cross -contamination [1]. 

Many  instruments  for  trace -element  analysis  are  highly  sensitive  in  detecting  
residual  element  concentrations . It  has  thus  become  necessary  to  explore  
cleaning  protocols  that  eliminate  cross -contamination  and  allow  the  reuse  of  
these  plastic  vials .

Introduction

Comparing  the  effectiveness  of  distilled  
water  (DW),  deionised  water  (DI),  5%  
nitric  acid  (HNO 3),  and  detergent  
followed  by  distilled  water  (DTGDW)  
cleaning  regimens  in  removing  residual  
trace  elements  from  used  
polypropylene  vials  (Falcon®)  tubes .

Samples  are  often  stabilised  with  
acid  during  storage  prior  to  
analysis . 

Therefore,  there  is  a  need  to  
determine  the  effects  of  5, 10, 25 , 
50 %  and  65 -70  %  (v/v)  HNO 3 
concentrations  on  Falcon  tubes  
over  six  weeks .

Analyte Highest conc. (µg/L) Lowest conc. (µg/L) Detection limits (µg/L)
   ICP-MS ICP-AES FAAS ETAAS

As 0.063 0.014 < 0.050 < 5 < 500 < 1
Cd 0.012 0.005 < 0.01 < 0.5 < 5 < 0.03
Cr 0.052 0.004 < 0.005 < 1 < 10 < 0.15
Cu 0.051 0.005 < 0.01 < 1 < 5 < 0.5

Mn 0.034 0.005 < 0.005 < 0.1 < 5 < 0.06
Ni 0.136 0.014 < 0.005 < 1 < 20 < 0.5
Pb 0.051 0.008 < 0.005 < 5 < 20 < 0.5

Zn 0.134 0.036 < 0.02 < 0.5 < 2 < 0.01

Results and Discussion

A. Effect of repeated rinsing on residual trace element concentration in Falcon tubes 

The  results  in  Figure  1 showed  that  the  residue  concentration  of  the  analytes  reduced  with  
repeated  rinsing . However,  there  were  no  significant  differences  in  protocol  efficiency  in  
reducing  trace  element  concentrations  after  four  rinses,  although  DI  was  consistently  the  
best .

All  protocols  were  ineffective  at  completely  removing  residual  analyte  concentrations,  except  
for  cadmium .Methods

The  analyte’s  highest  residue  concentrations  
after  4  rinses  were  greater  than  the  LOD  of  ICP -
MS  (sensitive  technique)  but  less  than  the  LOD  
of  FAAS  (less  sensitive  technique) .  
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Figure 2: FTIR spectra of Falcon tubes filled with 0% and conc. (65 – 70 v/v) nitric 
acid

Figure 3: SEM images of t ubes after 1, 3, 6 weeks exposure to 5%, 10% and 65 – 70 
% v/v HNO 3 at a magnification of 500x and electron beam energy of 5kV.

As shown in 
Figure 3, the SEM 
images revealed 

minor surface 
damage as the 

acid 
concentration and 

exposure time 
increased. 

B. Effects of exposure to acid

No  evidence  of  changes  was  observed  in  the  FTIR  spectra  of  the  
polymer  after  six  weeks  of  exposure  to  different  concentrations . 
Example  spectra  from  tubes  exposed  to  0%  and  concentrated  HNO 3 
are  shown  in  Figure  2.

• The  washing  regimens  did  not  adequately  decontaminate  the  tubes  
for  sensitive  techniques,  but  they  can  still  be  used  for  less  sensitive  
applications  to  reduce  plastic  waste .

• Falcon  tubes  exposed  to  nitric  acid  for  up  to  six  weeks  showed  no  
structural  changes .

• Future  work  will  establish  the  environmental  impact  of  reusing  tubes  
against  single -use  practice .  

Conclusion and recommendation
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Figure 1: Effect of repeated rinsing on residual trace element concentration in 
Falcon tubes 

-----  indicates  ICPMS  limits  of  
detection  (LOD)  for  each  element  
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