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The metal lead (Pb) has been well established as a toxic agent 
to man, other organisms and the environment [1,2]. There is no 
essential biochemical or physiological function for this metal. 
Hazards of lead have been recognized for thousands of years 
with physiological ailments being reported since antiquity. Most 
risks have been associated with high levels of exposure and the 
industrial environment. This concept of hazards from lead has, in 
part, continued today where the current Occupational Safety and 
Health Administration permissible exposure level has remained 
the same for decades; although, current research has shown 
dramatic health effects from low exposure levels [1]. From a 
public health prospective, lead is a legacy pollutant that arose 
from leaded gasoline, lead-based paint, lead pipes/solder and 
industrial activities. Lead can impact a large number of organ 
systems including the renal, blood, nervous, reproductive, and 
has been identified as an ototoxic substance [3,4]. Occupational 
exposure levels have dramatically declined over the last 20 years 
[5], which has in some circles reduced concern for this metal. 
Current events, such as observed in Flint, Michigan and other 
locations, have resulted in the re-emergence of environmental 
concerns for lead [6]. Lead can substitute for other metals that 
are considered to be essential including bivalent cations (Zn2+, 
Ca2+, Mg2+, Fe2+) and monovalent cations (Na+) [7,8]. It has been 
suggested that the site of action for lead appears to be associated 
with locations of zinc and calcium on proteins [9]. Thus, cation 
interaction is an important mechanism for many of the molecular 
pathways involving this metal [10]. Most discuss calcium in 
association with lead, which appears to not be predominant as 
a physiological mechanism (e.g. bone) related to toxicity at low 
levels. 

Neurotoxicity as a result of lead has been recognized for decades, 
but a multitude of recent investigations are reporting health 
effects at very low levels [5,7,11,12]. These investigations have 
begun focusing on impacts not easily evaluated and occurring at 
low levels with most associated with neurobehavioral issues [5]. 
Historically, lead has been reported to impact the central nervous 
system (CNS) in two ways-damage to the blood-brain barrier 
(BBB) and plasticity of the brain through blocking the N-methyl-
D-aspartate receptor [5]. Classical toxicity from lead focused on 
impacts to organ systems with these occurrences observed at 
high blood concentrations (e.g. 20 to 30 ug/dl). Today, studies 
[13] have shown toxicity at levels less than 10 ug/dl (blood) 
which is the currently accepted level of safety (level of concern) 
according to the Center for Disease Control and Prevention (CDC). 
These detrimental effects from lead may even exist at 3 ug/dl, 

when evaluated against various neurobehavioral functions such 
as visual-motor disturbance criteria [14]. Some of these impacts 
may be a result of a combination of damage to the BBB along with 
inhibition of biochemical pathways. These combinations may be 
resulting in observed changes that contribute in changed social 
behavior and crime rates [9]. Investigations have suggested the 
CNS is more sensitive in children and fetuses while the peripheral 
nervous system (PNS) is more predominantly impacted in adults 
[7]. It has been suggested that the most critical time period of 
lead toxicity exists before the age of 2 years; although, toxic insult 
clear occur at other times [15]. 

Mechanisms of lead toxicity appear to be widely varied but 
have been suggested to include induction of oxidative stress, 
occurrence of apoptosis and interference with synaptic 
transmission [9]. Oxidative stress induced by lead is thought 
to result in formation of free radicals due to lipid peroxidation 
and can include generation of reactive oxidative species (ROS) 
[10]. This results in the depletion of antioxidants (superoxide 
dismutase, glutathione peroxidase and glutathione reductase) in 
the brain (e.g. hippocampus, cortex) [9]. Damage or dysfunction 
in these areas of the brain (e.g. hippocampus) could explain 
observed behavioral issues associated with lead (e.g. memory 
problems, conflict issues). This can also explain lead-related 
effects on IQ and neuropsychological performance outcomes. 
Reduced antioxidant activity can also explain observed damage 
in experimental animals extending the plausibility of molecular 
mechanisms. Oxidative stress is associated within mitochondria 
and damage to these cellular structures can result in the 
generation of secondary reactive products [11]. 
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Physiologically, lead at low levels has been shown to impact 
numerous neurological functions, including the CNS and PNS 
[12]. The problem with physiological based evaluations is these 
indicators are not sensitive to neurobehavioral and cogitative 
endpoints. Many studies have shown various measurable impacts 
at levels below 10 ug/dl, even in the range of less than 5 ug/dl 
(2.9 ug/dl and 4.3 ug/dl) (e.g. abstract reasoning and attention 
defects) [8]. Exposure in the past may also carry long-term effects, 
especially involving high exposure, decades after the event [8]. 
Such exposures may be of even greater importance since lead 
has been observed to function as an endocrine disruptor [16,17]. 
These impacts have been shown to effect cortisol levels in fish. 
Although this association has not been directly associated with 
lead poisoning, there is at least one report of metals having a 
psychological effect on man, which based on ecological studies 
could be extended to lead [18,19]. Reports of lead in the ecological 
environment causing disruption of endocrine systems may be of 

major importance related to the recent lead exposure from water 
sources. It is likely these factors in impacting endocrine activities 
are in combination with oxidative stress mechanisms (e.g. ROS). 

Seasonally has been also shown to impact lead levels with 
the highest value observed in the summer and early fall time 
period [20]. It has been postulated that soil suspension in air is 
the contributing factor [20]. Modeling studies have suggested 
the major contributor of blood lead in children is soil. When 
examining recent issues with lead in water, most regulatory 
factors do not include other contributors which are the major 
causes of increased blood lead. Thus, mitigation of water sources, 
such as seen in Flint, Michigan and other locations [21], will likely 
have limited practical impact on reducing blood lead levels over a 
protracted period of time. The real question will be what are the 
most economic remediation solutions and effective long-term 
measures? This must also coincide with the realities of economic 
costs of remediation. 
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