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Abstract 

Lead halide perovskites have achieved substantial success in various optoelectronic devices 

owing to their remarkable physical properties. However, lead (Pb) as a heavy metal, long-

lasting toxic to the body has become a health hazard for researchers. How to completely remove 

the residual lead in the laboratory and prevent lead from entering the human body have always 

been an important topic in laboratory safety. Here we develop an operable method to treat lead 

sources with low-cost and eco-friendly chelating agent (EDTA-2Na), which can reduce the 

concentration of free lead ions to 10-11 ppm theoretically. Moreover, experiments have 

demonstrated that the EDTA-2Na possess a strong ability on the removal of lead ions from the 

lab surface, gloves and lab coats. This approach paves the way to protect the health of 

researchers in lead halide perovskite laboratory.  
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Introduction  

Lead halide perovskites, which can be synthesized via low-cost solution-based methods, have 

emerged as a new generation of semiconductor materials with extraordinary performance in 

various optoelectronic devices including solar cells, light-emitting diodes, photodetectors and 

lasers [1-6]. However, the presence of heavy metal lead (Pb) in these materials, has caused 

serious concerns due to the high perceived toxicity. Exposure to lead will induce brain damage, 

kidney damage, bone damage, heart disease, urogenital diseases and gastrointestinal diseases 

[7-10]. More seriously, the absorption of lead by the human body is cumulative and difficult to 

expel, and the damage is irreversible [11]. The Institute for Health Metrics and Evaluation 

(IHME) estimated that in 2017, lead exposure resulted in 1,060,000 deaths and 24,400,000 
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years of healthy life lost (disability-adjusted life years (DALYs)) worldwide due to long-term 

effects on health [12]. Some established instructions to avoid exposure to lead have been run 

in perovskite research laboratories, such as wearing lab coats, gloves and masks, removing 

used gloves safely, operating in glovebox, and supplementing protein [13-15]. But none of 

these methods can completely remove the residual lead in the laboratory and avoid absorption 

of lead by the human body.  

 

Results and Discussion 

Herein, a way towards completely removing lead ions from the laboratory has been proposed. 

EDTA-2Na, a cheap, non-toxic and environment-friendly chelating agent, is used to react with 

lead ions. EDTA-2Na has extremely strong chelating ability to lead ion (Pb2+), and the stability 

constant (Ksc=cEDTA-Pb/cPb
2+∙cEDTA-2Na) is up to 1018 [16]. Theoretically, the concentration of free 

lead ions in laboratory can be reduced to 10-11 ppm by EDTA-2Na. The complexation ability 

between EDTA-2Na and lead ion is far more than that of hemoglobin and lead ion. Therefore, 

lead complexed by EDTA-2Na cannot react with hemoglobin and will not accumulate in human 

body. The chemical reaction process is shown in Fig. 1. In particular, EDTA-2Na has been 

industrially produced and widely used in the fields of heavy metal detoxification, food 

additives, ecological restoration and photo fixing solution [17-20].  

Fig. 1. Schematic diagram of lead removal by EDTA-2Na. EDTA-2Na will react with Pb2+ to produce EDTA-Pb, but due to 

the large high stability constant (Ksc= 1018) of EDTA-Pb, EDTA-Pb will not react with hemoglobin. 

Fig. 2 shows the practical ability on removing lead ions from lab surface. Phenolic resin 

sheets were selected as they have been widely used in laboratory decoration materials [21]. 

Sheets were impregnated in lead bromide (PbBr2) solution (0.1M, DMF) and taken out to dry 



naturally. The surfaces of sheets were scrubbed by dry cleaning, water cleaning and EDTA-

2Na aqueous solution (0.1M, H2O) cleaning once and twice respectively. Lab surface testing 

for lead can be carried out using dithizone (C13H12N4S) colouration (4mM, Ethanol), and this 

is practiced by national standard with a detection limit of 1ppm [22, 23]. The higher 

concentration of lead ion, the deeper red color appears on the surface. As shown in Fig. 2, dry 

cleaning has a limited ability to remove the residual lead on the lab surface. Water cleaning has 

a better result, but it is still difficult to completely remove lead ions. After 1st cleaned by EDTA-

2Na, residual lead ions on the surface have been completely removed. This indicates that 

EDTA-2Na has a strong ability to remove lead ions from the lab surface.  

Fig. 2. Tests of the ability to remove lead ions from lab surface. Water cleaning has a better ability than dry cleaning, but the 

Pb2+ still has the obvious residual. Only EDTA-2Na solution can completely remove Pb2+ from the lab surface. 

But that of lab surface, gloves and lab coats also are main sources of lead exposure for 

researchers. Then, we compared the removal ability of lead ions by water and EDTA-2Na 

solution (0.1M, H2O) washing. As shown in Fig. 3, water washing can remove most of lead 

ions from gloves but not absolutely, but not effective for removing lead ions from lab coats. 

For comparison, EDTA-2Na showed complete removal ability of lead ions from both gloves 

and lab coats. The surfaces appear yellow-brown due to the original color of dithizone solution. 

 



Fig. 3. Tests of the ability to remove lead ions from gloves and lab coats in laboratory. Similarly, water cleaning also has the 

limited ability to remove Pb2+ from gloves and lab coats. Only EDTA-2Na solution can completely remove Pb2+ from their 

surfaces. 

 

Conclusions  

In summary, this study shows that the treatment of lead sources with low-cost and eco-

friendly chelating agent EDTA-2Na can completely remove lead ions from the laboratory. The 

complete removal of lead ions prevent lead from entering the human body and accumulating, 

protecting the health of researchers in lead halide perovskite laboratory. This method can not 

only be used for the laboratory safety of lead (Pb) sources, but also cadmium (Cd), mercury 

(Hg) and other heavy metals (Table 1) [12, 24-30]. Owing to environmental concerns, 

subsequent processing of laboratory samples and reprocessing of perovskite solar cells can also 

refer to this approach [11, 31]. 

 

 

 

 

 

 

 



Table 1. Summary of heavy metals that can be complexed by EDTA-2Na. 

Sequence 

number 

Chemical 

element 

Stability 

constant(Ksc) 

Applied 

materials 

Blood 

limit 

 Level 

(ppm) 

Toxicity Ref. 

1 Pb2+ 1018 PbS, PbSe, 

Perovskite 

10 Brain, bone, 

blood cells 

12 

2 Cd2+  1016.5 CdS, CdSe, 

CdTe 

0.12 Kidney, bone, 

lung 

24 

3 Hg2+  1021.8 Quicksilver, 

HgCl2 

0.01 Nerve, brain, 

liver 

25 

4 Mo4+ 1020 MoS2 0.031 Anemia, 

arthritis 

26 

5 In3+ 1025.8 ITO, InP 3.6 Cancer, kidney 27 

6 Mn2,3,4+ 1027 MnOx 0.015 Nerve, lung 28 

7 Sn4+ 1034.5 SnO2 5 Nerve, liver, 

skin 

29 

8 Zn2+ 1016.5 ZnO, ZnS 130 Anemia, heart, 

hypertension  

30 

9 Bi3+ 1027.9 Bi2O3, 

Bi2Se3 

0.05 Nerve 30 

10 Cu2+ 1018.8 CuO, Cu2O 140 Liver, kidney, 

skin 

30 

 

Data availability: All data are available from the corresponding author(s) upon reasonable 

request. 
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