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TLS 14A1  BM — IR Microscopy
•  FTIR Microspectroscopy
•  Environmental Science, Biological Science, Medical Science, Materials Science, Chemistry  
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Lead (Pb) Poison in Drinking-Water Systems
Nanoscale lead dioxide particles (nPbO2) in the corrosion product formed inside lead-bearing 
pipes or lead-containing faucets in systems for the distribution of drinking water can release 
toxic lead ions (Pb2+), which cause lead poisoning in human beings, especially children. 

M any countries, including USA, UK, Canada, 
Australia and Taiwan, still have Pb service 

pipes in their distribution systems for drinking water. 
Pb-contaminated drinking water was reported to 
cause blood lead poisoning in human beings, espe-
cially children. Nanoscale Pb dioxide (nPbO2) is a solid 
particulate of tetravalent Pb oxides known to form 
on the inner surface of lead pipes with drinking water 
of high oxidation-reduction potential, such as chlori-
nated water. nPbO2 can be reduced to lead ions (Pb2+) 
when free chlorine is switched to monochloramine, 
which causes the lead water crisis. The water matrices 
that affect aqueous redox conditions also alter the 
stability of nPbO2 contributing to this Pb contami-
nation problem. The dissolution of nPbO2 increases 
with increasing concentration of dissolved inorganic 
carbon and natural organic matter and with decreas-
ing pH. Furthermore, nPbO2 can be dislodged from 
a pipe surface under large flow rates, so to enter the 
water supply and become released into the environ-
ment. Although the replacement of lead pipes with 
copper and stainless-steel pipes has been attempted 
in various countries to remove lead sources from their 
distribution systems, small segments of lead pipes 
typically remain because of the high cost and poor ac-
cessibility in private premises; this partial replacement 
can induce galvanic corrosion, releasing more lead 
into the water supply. The major sources of lead in 
the distribution system are hence the remaining lead 
service pipes and lead-containing plumbing materials 
such as solder, faucets and valves, particularly those 
made from brass that contains about 2% Pb to en-

hance its machinability. Many authors have reported 
various toxic effects induced by metallic or metal-ox-
ide nanoparticles in vitro and in vivo. These authors 
suggested that some observed toxicity symptoms of 
nanoparticles are similar to those of their respective 
metal ions. Further information on the toxic mecha-
nism of nPbO2 is essential to understand the Pb bio-
availability and toxicity in humans. 

Pei-Jen Chen (National Taiwan University) and her 
collaborators recently used adult medaka fish (Oryzias 
latipes) as an animal model to investigate the uptake, 
lead dissolution, bioaccumulation and toxic effects 
of nPbO2, microscale bulk Pb dioxide (bPbO2) and 
Pb2+ in vivo upon acute to sub-chronic aqueous expo-
sure.1 Utilizing X-ray absorption near-edge structure 
(XANES) spectra at TLS 07A1 the team found that 
both nPbO2 and bPbO2 could be reductively dissolved 
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into Pb2+ in both the intestines (major uptake route) 
and gills of the fish (Fig. 1), thereby enhancing hepat-
ic Pb accumulation. Employing a transmission X-ray 
microscope (TXM) at TLS 01B1, the team revealed 
that more nPbO2 and bPbO2 were aggregated in the 
intestine than in the gills of the medaka fish (Figs. 
2 and 3). This result is consistent with the quanti-
fication of Pb bioaccumulation analysis and quan-
titatively confirmed that medaka fish can take up 
metal-oxide particles (e.g. PbO2) mainly via their gut, 
followed by gill inhalation. Also, in the intestine, me-
daka ingested more lead particles (greater quantity 
of bPbO2 than nPbO2) than their release ions through 
their food-pecking behaviour, according to which 
aggregated nanoparticles at the bottom of the water 
column might resemble food to the medaka fish. In 
addition, the team analysed AChE activity that serves 
as a biomarker of neurotoxicity induced by heavy 
metals such Pb2+, Hg2+, Cd2+ and Cu2+ in human beings 
and other animals. The results indicated that the fish 
brain exhibited greater Pb accumulation and acetyl-
cholinesterase inhibition with Pb2+ treatment than all 
PbO2 treatments. The Pb content was greater in the 
gills, liver and brain with nPbO2 than bPbO2.   

In summary, the environmental fate and potential 
impact of corrosion product PbO2 in drinking water 
on human health and environmental safety have 
raised great concern worldwide. The investigation of 
Pb dissolution from PbO2 nanoparticles in medaka 
fish confirmed that medaka fish can take up aggre-

gated nanoparticles such as PbO2 settled in the water 
column, mainly via oral digestion, whereas suspended 
nanoparticles or ions such as Pb2+ likely enter by gill 
inhalation. Furthermore, PbO2 particles can be reduc-
tively dissolved into Pb2+ in the two uptake organs, 
intestine and gills, hence increasing the hepatic Pb 
content and conferring other toxic effects in the 
organs. The main cause of the observed toxic effect 
of metal-oxide particles such as PbO2 might be ion 
release from the aqueous dosing solutions or in the 
biological fluid of digestive or respiratory organs. The 
evidence in vivo implies the possibility of increased 
risk of exposure to Pb dissolution from PbO2 particles 
in the digestive system via drinking water that can 
enhance the bioavailability of Pb uptake and toxicity 
in humans. (Reported by Yen-Fang Song)

This report features the work of Pei-Jen Chen and her 
collaborators published in Environ. Sci.: Nano 6, 580 
(2019). 

TLS 01B1  SWLS – X-ray Microscopy
TLS 07A1  IASW – X-ray Scattering 
•  TXM, XANES
•  Environmental Science, Materials Science, Medical 

Biology, Geology, Chemistry.
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Fig. 1: Pb L3 edge XANES images of the (a) intestine at 3 h, 6 h and 24 h treated with 20 mg L-1 Pb nPbO2, (b) intestine and (c) gills af-
ter 3 d treated with bPbO2 and nPbO2 (20 mg L-1 Pb equivalent). Organs from two fish with the same treatments were pooled. 
Spectra represent a combination of three repeated scans. Laboratory-synthesized nPbO2 and analytical grade Pb(NO3)2 and 
PbCO3 were used as standard references. XANES spectra for the fish intestines and gills with background Pb2+ exposure were 
undetectable. [Reproduced from Ref. 1] 
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Fig. 2: TXM images of digestive tracts of medaka fish in (a)–(b) 
bland control, and solutions with (c)–(e) 20 mg/L nPbO2 
and (f)–(h) 20 mg/L bPbO2. [Reproduced from Ref. 1] 

TLS 01B1  SWLS – X-ray Microscopy.

Fig. 3: TXM images of gill tissue of medaka fish in (a)–(b) bland 
control, and solutions with (c)–(e) 20 mg/L nPbO2 and  
(f)–(h) 20 mg/L bPbO2. [Reproduced from Ref. 1]
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