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Abstract: This study was undertaken in Gaza, Palestine, in a cohort of babies born in 

2011. Hair samples of newborns were analyzed for metal load by DRC-ICP-MS. We report 

specific level of contamination by teratogen/toxicants metals of newborn babies, 

environmentally unexposed, according to their phenotypes at birth: normal full term 

babies, birth defects or developmentally premature. The occurrence of birth defects was 

previously shown to be correlated in this cohort to documented exposure of parents to 

weapons containing metal contaminants, during attacks in 2009. We detect, in significantly 

higher amounts than in normal babies, different specific teratogen or toxicant elements, 

known weapons’ components, characteristic for each of birth defect or premature babies. 

This is the first attempt to our knowledge to directly link a phenotype at birth with the in 

utero presence of specific teratogen and/or toxicant metals in a cohort with known episodes 

of acute exposure of parents to environmental contamination by these same metals, in this 
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case delivered by weaponry The babies were conceived 20–25 months after the major 

known parental exposure; the specific link of newborn phenotypes to war-remnant metal 

contaminants, suggests that mothers’ contamination persists in time, and that the exposure 

may have a long term effect. 

Keywords: major structural birth defects; prematurity at birth; in utero metal 

contamination; newborn hair analysis by DRC-ICP-MS; exposure of mothers to weaponry; 

correlation of phenotypes with maternal exposure and metal hair load 

 

1. Introduction 

Exposure to metals can induce transient and stable pathologies, cancer, and affect key 

developmental steps via epigenetic mechanisms [1,2]. Epigenetics refers to changes of gene expression 

that do not derive from alterations of the nucleotide sequence of DNA. Epigenetic changes [3–9] are a 

landmark during embryonic development and germ cells determination. Interference by many metals 

with the basic known epigenetic mechanisms, active at these stages, was documented in vivo and in 

vitro in environmental and experimental contexts [9–21]. Much still remains to be learned about the 

mechanism(s) of action of each metal and of their associations, and about the mechanism involved in 

the maintenance of their effects along the somatic lineages and about the inheritability of their effects 

between generations.  

The capability to induce phenotypes at birth has been documented for metals in experimental setups 

in various species: Drosophila, avians and mammals. Exposure to industrially produced metals or 

accidental exposure was shown to induce birth defects and pathologies in human studies [22–24] 

although there is still controversy among epidemiologists about the effects of metals on the incidence 

or prevalence of birth defects and prematurity (P), mostly due to the difficulty in defining 

environmental effectors for human populations, the appropriate population and data accuracy in 

retrospective studies of birth defects because of differences in registration and exclusion criteria [22]. 

Most metals persist in time in the environment and many of them accumulate in the bodies, 

suggesting that dispersion of metal powders in the environment may have both immediate and long 

term effects on reproductive health and cancers.  

Concerns from professionals in Afghanistan, Iraq, Lebanon and Gaza have pointed to increases in 

birth defects and cancers in these areas during the years following wars. These could be long term 

effects of the assumption of teratogens and mutagens delivered during military attacks and (or) of 

persistence of war remnants in the environment [25,26]. The consequence of the explosion of 

ammunitions with heavy metals was originally raised about DU ammunition; in more recent times 

“metal augmented “ ammunitions, containing powders of various metals, were developed, and used in 

the wars and attacks in this century [27]. Knowledge of the body burden of metal elements brought 

into the environment by this weaponry may help defining the nexus, if there is one, between the  

war-derived contamination and reported damages, imputable to it, to the health of the populations.  

In the Gaza situation, various pieces of information useful to investigate this link were published. 

By proving the fact of the presence in tissues at the site of different types of wounds of a specific metal 
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signature different for each kind of physical damage caused by weaponry it was shown that teratogens 

and fetotoxicant metal contaminants (Pb, U, Al, Ti, Cu, Sr, Ba, Co, Hg, V, Cs and Sn) were delivered 

by weapons in the attacks in the summer of 2006 and during Operation Cast Lead in the winter of  

2009 [27]. Teratogens were also detected in examined large bomb craters from 2006 and 2009 

bombings [28]; among them, barium, a component of weaponry with electro-thermal ignition pulsed 

power supply (ETIPPS) was present [29]. The phosphorus (WP) ammunitions utilized during Cast 

Lead in Gaza were found to contain teratogenic metals, including mercury [30]. Ammunitions and 

bomb explosions, and explosion of the WP shells in the air, cause the spread of their metal load in the 

environment, where they may persist for a long time. In another post-war context, other authors [31] 

and ourselves [32] have shown persisting hair contamination by metals, in adult and children hair, long 

after major war attacks. In Gaza, ten months after Operation Cast Lead the metal load measured in hair 

grown in the previous 3–4 months for 57 children showed the presence of toxicant and teratogenic 

weapon components [33]. Reconstructing the reproductive history of women delivering healthy 

children in 2011 at Al Shifa Hospital in Gaza, we reported that the prevalence of birth defects has 

increased in Gaza since 2005, following introduction of air-delivered weaponry [34]. In a recent  

study [35], we reported highly significant correlations between exposure of parental couples to metal 

delivering weaponry during Operation Cast Lead, the major recent military attack up to then, and the 

delivery of a baby with major structural birth defects as defined according to the CD10 [36]. 27% 

(15/55) of the couples with birth defect children born between May and September of 2011, declared 

exposure to WP explosions, versus 1.7% (67/3,932) of parents with normal offspring born in the same 

period. Couples with malformed children were also exposed in 18.1% of cases (10/55) to both to WP 

and bombing and in 20.0% (11/55) of cases to bombing only [35]. Couples with normal children were 

not asked specifically if they were exposed to bombing. The recall of exposure by the parents of 

malformed babies was controlled on the OCHA maps and on the data base of the UN Mine Action 

Team, and resulted accurate. The progeny with birth defects was conceived 22–26 months after 

exposures. This information is consistent with weaponry being a source of contamination by 

teratogenic and toxicant metals for the population, and suggest association between reproductive 

damage, and exposure to attacks. The study described above, did not investigate the metal load of 

mothers and children with birth defects and could not document a link between specific contamination 

and end effect and nor inform if phenotypes at birth might derive from genetic or epigenetic changes 

inducible by environmental teratogens.  

In the investigation here reported we attempt to answer some of the questions raised by the 

correlation observed before between exposure to weaponry and birth defects and directly assess the 

possible impact of metals in affecting epigenetic changes during embryonic and fetal life.  

We investigated if there is a higher metal load in babies born with birth defects or prematurely than in 

normal babies due to metal contamination in utero. We determined which are the contaminants present 

during the embryonic and fetal life of the affected babies and if these are different according with the 

phenotype. We discuss what our knowledge of the properties of the contaminants found specifically 

associated to birth defects and prematurity imply about the mechanism, epigenetic or genetic, by which 

they affect changes of normal development in utero. We also show that there is no significant 

difference of metal load in birth defect children whose parents had documented exposure to attacks and 

those which were not acutely exposed. 
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We studied the same cohort where association between exposure of parents to attacks and birth 

defect was established before, and for which residential history, objectively documented exposure 

history, reproductive history, pedigrees and final phenotype of children was already reported; here we 

analyzed the hair of the babies with birth defects from this group, babies born prematurely and normal 

babies born in the same time span and from which we had collected samples at birth.  

By measuring directly the metal load in newborn hair, we focus on contaminants which may have 

direct effects on embryonic development. The metal load of newborn hair reflects the total 

accumulation in the period of hair growth in the womb (from about 22 weeks of gestation), excluding 

direct contamination by the external environment. High metal load in the newborns reveals persisting 

contamination of the mothers, who act as “metal donors” during gestation. Thus, our approach reduces 

confounding factors from the external environment and identifies specific elements successfully 

entered in the body of the embryo-fetus and that may have an impact directly on their growth and 

morphogenesis in utero.  

We show here a characteristic pattern of differential accumulation of metals derived from in utero 

exposure, in excess compared to normal babies, for each of birth defect or premature babies. Our data 

imply that the metals identified in the newborns are persistent contaminants of the population, still 

capable of affecting the reproductive life at a distance of almost two years from their ascertained 

delivery by military action. 

2. Experimental Section  

Method of collection of clinical and demographic data, family, reproductive, exposure to war and 

residential history of the newborns was reported in a previous publication [35]. Permission for the 

study was obtained from the Ministry of Health in Gaza and from the Ethics Committee at Genoa 

University (Italy). Hair were collected within few minutes of birth and without any previous treatment 

besides drying the child’s head with a clean, dry cotton cloth. The hair was taken from the nape of 

neck, when possible, or on the occipital side and sealed in a plastic bag till analysis by DRC-ICP-MS. 

Individual exposure during the fetal growth can be thus measured. The cases of newborns with birth 

defects were 87.3% (48/55) of those born in succession at Al Shifa hospital in Gaza from May to 

October 2011, all that had enough hair for testing. Normal children (N; at term and equal, or above  

2.5 kg at birth) were randomly chosen among 3,892 births and prematures (born before 37 weeks 

gestational age and less than 2.0 kg in weight) as those with enough hair for testing, among  

77 registered in the same 5 months period of study. Blinded analyses were performed, with a standard 

protocol, at the Laboratories of the Maugeri Foundation (Pavia, Italy), and included additional seven 

samples of hair with already known metal load, as technical controls. Briefly, hair samples were 

weighed and mineralized in a microwave oven in 65% HNO3 (3.5 mL) + 30% H2O2  (0.5 mL, 

Suprapur-Merck), diluted 1:20 in bidistilled H2O and analyzed in DRC-ICP-MS with  

20 sweeps/reading. The DRC-ICP-MS instrument was an ELAN DRC ІІ (Perkin Elmer, SCIEX 

Instruments, Toronto, ON, Canada) with a quadrupolar analyzer, mass interval 5 -270 amu, source 

ICP, radiofrequency 40 MHz, max. power 1,600 W. Elements analyzed were 7Li, 9Be, 48Ti, 51V, 52Cr, 

55Mn, 59Co, 60Ni, 63Cu, 64Zn, 75As, 78Se, 85Rb, 114Cd, 120Sn, 121Sb, 138Ba, 140Ce, 184W, 202Hg, 205Tl, 208Pb, 
238U. Limits of detection (LOD) varied from 0.01 for 78Se, to 0.0004 for 238U. Statistic analysis: 
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Difference in metal concentrations between groups was assessed by the Wilcoxon-Mann-Whitney test. 

All analyses were performed with the R software, version 2.15.3 (The R Foundation for Statistical 

Computing, 2013). Metal concentrations, in ppm, are reported as median values and inter-quartiles 

ranges for each group. 

3. Results and Discussion 

The hair of 48 babies with birth defect (BD), and born with hair in the study period, were analyzed 

for metal load. The cohort included nine cases with a previous BD in the family, of which five were 

likely to be familiar congenital defects, as inferred from the parent’s and near kin’s reproductive 

history. Distribution of the incidence of each type of birth defects in the cohort is reported in Figure 1.  

Figure 1. The kind of birth defects presented by the 48 newborns with birth defects whose 

hair was analyzed for metal load. NT-nuclear tube, M-multiple, K-renal, CLP-cleft 

lift/palate, GI-gastrointestinal, CHD-congenital heart disease, ABD-abdominal. 

 

Hair was also analyzed from nine babies, among the about 77 preterm babies without birth defects (P), 

born in a healthy family, and 12 full term healthy babies (N) randomly chosen among the normal 

babies born in the same time span and without cases of birth defects in the siblings and in the  

parents’ collaterals.  

The residence of all parental couples of the three groups was stable since 2008; in no case was 

parental exposure to environmental accidents other that war attacks during Operation Cast Lead, or 

work exposures or smoking of the mother reported. The father of one BD baby was wounded during 

Cast Lead. Parents of preterm and normal babies studied here declared no direct exposures to WP 

attacks; were not asked about exposure to bombing. Direct exposure among the 48 couples with BD 

baby was 50% (24/48) for any attacks by bombs, ammunitions, WP shelling, and/or for rubble 

collection and returning to damaged housing immediately after the events. Thirteen couples (27.0%) 

declared no direct involvement in attacks on their house or next door houses and we refer to them as 

not acutely exposed. Eleven couples did not respond to the section about exposures (22.9%). For the 

couples “exposed” to attacks there was direct confirmation of their recall by matching residences with 

the database of the UN mine action team.  
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Analysis of metal load by DRC-ICP/MS were run for Li, Be, Co, Zn, Hg, Cd, Ba, V, Mn, Sn, Sb, 

Ti, Ce, Rb, Pb, W, Tl, As, Ni, Se, V, Cr, Cu, U, Mg, K. These metals were chosen on the basis of 

previous experimental data that showed that toxicant and teratogenic metals on this list were detected 

as components of weapons, accumulated in people after the attacks of 2009, and because they are 

therefore considered war remnants; to these was added analysis for selenium, a teratogen when in 

higher than physiological amounts, which was never tested before. Data for all metals were statistically 

analyzed for the differences in amounts between groups. We show in Tables 1 to 3 the elements with 

relevant differences in amounts between the phenotype groups, and some metals known 

toxicants/endocrine interferents/teratogens, for which instead we did not detect significant differences 

between groups. All elements analyzed but not shown had no differences for the three groups. 

Table 1. Comparison of metal load (ppm) between newborn with birth defects (N = 48) 

and normal (N = 12). Difference in metal concentrations between groups was assessed by 

Wilcoxon-Mann-Whitney test. Interquartile range in brackets. 

Metal 
Newborn wth BD Normal newborn 

p-value (Wilcoxon-Mann-Whitney)
Gaza 2011 (N = 48) Gaza 2011 (N = 12) 

Sn 0.23 (0.08–0.54) 0.04 (0.02–0.09) 0.002 
Ba 0.74 (0.51–1.27) 0.60 (0.37–0.73) 0.154 
W 0.03 (0.02–0.07) 0.02 (0.01–0.04) 0.365 
Hg 0.93 (0.02–0.95) 0.00 (0.00–0.02) 0.003 
Pb 0.81 (0.49–1.16) 0.60 (0.52–1.21) 0.820 
U 0.00 (0.00–0.00) 0.00 (0.00–0.00) 0.164 
Se 0.32 (0.22–0.47) 0.13 (0.09–0.24) 0.004 
Sb 0-03 (0.02–0.06) 0.05 (0.04–0.11) 0.160 
Cd 0-03 (0.02–0.06) 0.05 (0.03–0.09) 0.143 
Cr 0.41 (0.29–0.59) 0.78 (0.38–1.17) 0.053 

Data are reported as median and interquartile range, Median (IQR). 

Table 2. Comparison of metal load (ppm) between children with neural tube defects (NT, 

N=11) and children with polycystic kidney defect (PCK, N=5), the two single body 

compartment defects most frequent  among our patients. 

Metal 
Newborn NT defect Newborn PCK defect 

p-value (Wilcoxon-Mann-Whitney)
Gaza 2011 (N = 11)  Gaza 2011 (N = 5)  

Sn 0.32 (0.14–1.04) 0.15 (0.06–0.30) 0.27 
Ba 0.64 (0.53–0.70) 0.54 (0.34–0.73) 0.66 
W 0.03 (0.02–0.08) 0.14 (0.03–0.26) 0.28 
Hg 0.05 (0.02–0.31) 0.51 (0.17–0.95) 0.16 
Pb 1.16 (0.79–2.23) 0.74 (0.73–1.75) 0.66 
Se 0.30 (0.22–0.69) 0.19 (0.16–0.36) 0.39 
Sb 0.03 (0.02–0.05) 0.04 (0.02–0.08) 0.57 
Cd 0.03 (0.02–0.07) 0.05 (0.05–0.08) 0.17 
Cr 0.44 (0.26–0.69) 0.47 (0.343–0.75) 0.38 

Note: Data are reported as median and interquartile range, Median (IQR). 
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BD children, compared to normal children showed significant higher median content of Hg, Sn and 

Se (Table 1). Comparison between children with neural tube defects (NT, number = 11) and children 

with polycystic kidney defect (PCK, number = 5), the two most frequent single body compartment 

defects in our patients showed no significant difference for any of the metals tested (Table 2). 

When considering the individual babies with birth defects, these had higher than median level of 

normal babies for Hg in 36 cases, for Se in 38 cases and for Sn in 37 cases. These metals were most 

often detected in association, as shown in Figure 2.  

Figure 2. Number of individuals in the cohort of newborns with birth defect with hair load 

of contaminants higher than the median levels of controls and association of these metals. 

no = no metal above control.  

 

Thus, 26/48 of the babies are contaminated by Hg, Se and Sn together, each in significant high load; 

individuals with high composite load of Se and Sn (5/48), Hg and Se (5/48) or Hg and Sn (2/48) were 

also present. Nine children had only one of each of these contaminants; of these, four had only Sn. 

Only one baby had no significantly higher levels than normal babies for any of these metals.  

Comparison of median values from children with BD divided according to ascertained exposure  

(24 cases) and not acutely exposed (13 cases) showed that they are not significantly different  

from each other for all the three specific contaminant elements, Hg, Se. Sn, (Table 3, Part A) and that 

also the non acutely exposed BD show a significant higher content of these compared to normal 

children (Table 3, Part B). 

The definition of not acutely exposed was chosen with reference to the reality of the situation on the 

ground, whereby even people that were not directly under attack, after the wide destruction following 

Cast Lead, have routinely walked past demolished housings and in the dirt and rubble around these.  

Hg can be assumed also through skin, beside than by respiratory and digestive routes.  

Comparison of the metal load in hair between preterm born and normal, showed a pattern differing 

from normal babies, with Sn and Ba in significantly higher amounts, while the amount of Hg did not 

differ from normal babies, and Se was significantly lower (Table 4). 
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Table 3. Part A. Comparison of metal load (ppm) between children with BD whose 

parents were exposed directly to attacks and their remnants (exposed, N=24) and those 

without acute exposure (not exposed, N=13). Median values (and Interquartile range) are 

shown for the relevant contaminant elements. P refers to comparison between the two groups. 

Part B. Comparison of metal load (ppm) between children with BD whose parents were not 

acutely exposed to attacks (not exposed, N=13) and normal children (N=12). Median values 

(and Interquartile range) are shown for the relevant contaminant elements. P refers to 

comparison between the two groups. 

A 

Metal BD exposed (N = 24) BD not exposed (N = 13) p-value (Wilcoxon-Mann-Witney) 

Hg 0.137 (0.029–0.309) 0.087 (0.053–0.206) 0.701 
Se 0.273 (0.190–0.558) 0.365 (0.286–0.482) 0.364 
Sn 0.262 (0.116–0.591) 0.228 (0.049–0.535) 0.479 

B 

Metal BD not exposed (N = 13) Normal (N = 12) p-value (Wilcoxon-Mann-Witney) 

Hg 0.087 (0.053–0.206) 0.00 (0.00–0.015) 0.005 
Se 0.365 (0.286–0.482) 0.132 (0.094–0.238) 0.006 
Sn 0.228 (0.049–0.535) 0.042 (0.016–0.093) 0.019 

Note: Data are reported as median and interquartile range, Median (IQR). 

Table 4. Comparison of metal load (ppm) between children prematurely born and normal. 

Metal Normal Newborn Prematurely Born 

Gaza 2011 (N = 12) Gaza 2011 (N = 9) p-value (Wilcoxon-Mann-Whitney )

Sn 0.04 (0.02–0.09) 0.25 (0.23–0.89) 0.002 
Ba 0.60 (0.37–0.73) 1.07 (0.62–1.58) 0.03 
W 0.02 (0.01–0.03) 0.03 (0.02–0.03) 0.19 
Hg 0.00 (0.00–0.02) 0.00 (0.00–0.05) 0.47 
Pb 0.60 (0.52–1.21) 1.06 (0.73–2.10) 0.19 
Se 0.13 (0.09–0.24) 0.05 (0.00–0.17) 0.16 
Sb 0.05 < 80.04–0.11) 0.06 (0.02–0.17) 0.55 
Cd 0.05 (0.03–0.09) 0.08 (0.06–0.09) 0.28 
Cr 0.78 (0.38–1.17) 0.75 (0.46–0.78) 0.81 

Note: Data are reported as median and Interquartile range, Median (IQR). 

None of the other teratogens here shown had significant differences of load in hair of the three 

groups of babies. We are not aware of other studies which directly associate hair metal load in 

newborns, measuring their effective exposure in utero, with their phenotype at birth, in a background 

where at least 50% of the parental couples with birth defect babies had documented direct exposure to 

weapons that were shown to deliver teratogens and toxicants.  

One of the motivations to conduct this study is that birth defects were shown to increase in  

Gaza since 2005, and prematurity is also rising, as monitored in the last three years (H. Al Whadia,  

personal communication). 
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We thus searched for proof of contamination in the subjects that are the “end point” of the 

correlation previously reported of “exposure to white phosphorus ammunitions of parents with babies 

with birth defect, by determining if metals, known to be delivery by weaponry to which parents were 

exposed, are available in utero to their progeny. 

By analysis of newborns we eliminated confounding effects from any exposure after birth of the 

baby, and the uncertainty on interpretations of the results associated to the differential passage of 

metals through the placenta [37–40], P. Manduca, unpublished data). In principle this does not rule out 

that other teratogens and toxicants may also be present in utero and do not reach the baby hair or that 

contaminants that may not reach the uterus could be affecting the mothers’ health. Nonetheless,  

the specificity of association of a different combination of contaminants in high load in utero with 

either birth defect or prematurity, implies that the contaminants we have detected directly affect the 

developing embryo-fetus.  

The metals found in hair of newborn in excess amounts are on the one hand side candidate effectors 

of epigenetic developmental changes and candidates for causing long term health effects because of 

their persistence in the environment and accumulation in organisms, and could produce damages that 

can be trans-generationally transmitted [41]. On the other hand, these metals were all, with the 

exception of selenium, which was not tested before, detected in weaponry and documented in wounds 

after attacks in Gaza, and one year thereafter in the environment and people’s hair. 

Mercury is a teratogen, with no known mutagenic action; it transpasses the placenta [37–40], 

interferes in key pathways in development [42–44]: Notch pathway [42], modulation of key enzymatic 

antioxidant and oxidative stress makers [44,45]; it affects sperm phenotypes [46], and various organ 

compartments during rat embryogenesis [47,48], and is neurotoxic [17,49]. Mercury is an endocrine 

disruptor and affects spermatogenesis, causes malformations and reproductive damages in mammals 

and human [10,50]. Mercury affects DNA methylation, also via DMT1 down-regulation, affects 

histones methylation and acetylation [21], cell signaling, and expression of specific genes [51–53], 

having multiple mechanisms for interference in cell growth, survival and differentiation, interference 

in organ homeostasis and developmental processes. Inherited phenotypic changes consequent to 

previous Hg exposure were described on neurological phenotypes in vivo [54].  

Selenium is a metalloid with both toxicological and nutritional properties. Observational and 

experimental human studies showed that toxicity may occur at much lower levels of Se than previously 

surmised [55]. At concentrations above physiological, Se is a teratogen, more efficient than Hg itself, 

and synergic with it, in birds and rats [55,56]. Selenium is also used in cancer therapy for its action on 

the redox system, and its pro-apototic effect [57]. It affects the function of heat shock proteins, 

intracellular signaling, is an estrogen modifier, modulates the effects of other metal toxicants; all these 

functions are compatible with its capability to interfere with multiple pathways during in cell growth 

and embryo morphogenesis [58,59].  

Babies with BD have specifically a higher load than normal babies, and of the level considered safe, 

of Hg, Se and Sn. Most frequently (26/48) the presence of the three metals together that correlates to 

BD. Five other individuals had high load of both Hg and Se, and 7 of Hg or Se, with Sn. This suggests 

synergism in teratogen action. Synergism was reported for Hg and Se in avian development and in 

embryo toxicity in rat [60]. Single contamination for either Hg or Se was in five individuals, and only 

five individuals in the cohort had no contamination by either Se or Hg.  
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The contamination is common to BD babies from couples with documented direct exposure and 

from not acutely exposed ones. The fact that contamination for Hg was found also in the BD babies 

whose parents were not acutely exposed to the attacks is an indication of the widespread diffusion of 

war remnants and of the risk that their assumption poses on terms of reproductive health. Widespread 

diffusion in the environment is not necessarily surprising for Hg, a component of WP ammunitions, 

which explode in the air, potentially diffusing their metal content in a wide area and that can be also 

assumed by the skin. It also suggests that the ammunitions containing Hg may be most effective in 

determining reproductive damages. The finding of the metal signature also in BD babies of not acutely 

exposed mothers worries because suggests that continual assumption and accumulation may still be 

occurring, a point on which presently we have no data, but that should be investigated.  

We do not have a specific guess on why different kinds of BD, affecting different compartments of 

the embryo in development have similar levels and kind of contaminants, as shown by the comparison 

of the small number of neural tube with kidney malformations. Analysis of a higher number of cases 

will give more insight on this point and increase the significance of this comparison. 

Tin transpasses the placenta and causes inhibition of hemooxygenase in the fetus; it acts as estrogen 

interferent and at high environmental concentrations is positively associated to congenital neural tube 

defects [61]. Barium is a toxicant and nephropathy was observed in rodents following long-term oral 

exposure [62]; its transfer from mother to child is not quantitative (P. Manduca, unpublished data).  

Prematurity is on the increase in many countries, often associated to industrial, chemical agriculture 

and traffic increases, and subject of prevention campaigns, nonetheless we are not aware of studies 

reporting metal load in premature babies. Here, preterm babies without malformations have a different 

metal load than normal and BD babies, with high levels of Sn and of Ba and lower than normal load of 

Se. The relevance of the combination of high load of Sn and Ba, and lower than normal load of Se in 

preterm babies needs further investigation. The fact that Ba is not passively diffused through the 

placenta, suggests that mothers of P babies have an even higher load than the child, which could also 

affect their or the child health and the capability to carry pregnancy to full term. 

The data suggest that a high load of Sn is not teratogen per se, while it could contribute to fetal 

suffering and preterm delivery, in agreement with what is known of the effects of Sn. In agreement 

with this, among the four couples with BD babies with only a high load of Sn, three had a previous 

congenital BD in the family; thus these BD may be inherited; the only baby with BD and no relevant 

hair contamination or family history of BD, may occur as sporadic, random new event.  

The findings also suggest that the effects on reproductive health are “potentiated” when two or three 

specific metals are concomitantly present for either phenotype. It should be investigated if the relative 

amounts of these metals are influenced by modality of reciprocal regulation of levels, as suggested in 

some experimental setting to occur for Se and Hg [40,52,55,58,60]. 

Direct exposure in utero, specific association to phenotype, together with the know characteristic of 

action of each group of metals, leads us to interpreter our results in the key of epigenetics effects for 

birth defects and respectively as toxicant effects on mother, or both mother and child, for premature 

babies, due to the exposure during embryonic-fetal growth.  

In all cases, the donor of contaminants are the mothers, but we cannot say if this is due to 

continuing exposure from a still contaminated environment or to release during the metabolic changes 

of pregnancy of contaminants previously accumulated in their bodies.  
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The exceeding load detected in association to BD and preterm is for specific metals components of 

weaponry already documented in Gaza after military attacks in the 2006 and 2008/09.  

The other major potential source of toxic and teratogen metals in Gaza could be waste  

mismanagement, a collateral effect itself of war, ensuing bombing and impossibility to reconstruct the 

waste treatment plants because of the ongoing blockade. Theoretically, this might be the second source 

of metal dispersal in the environment of Gaza. The association of, only and the same, specific 

contaminants with the birth defects also in families were there was not documented exposure to 

attacks, nonetheless, inclines us to think that more than a generalized effect due to metal contaminants 

in waste, these families may have happened to live near, or spend time in places were the remnants of 

attacks were present.  

Industry is very limited and the use of pesticides/insecticides was excluded as relevant according to 

the answers provided by the couples, so these last two are less likely sources for any metal contaminant.  

The high frequency of direct exposure to attacks in 2008/09 for the parents of BD children and their 

stable residence afterwards in the areas of attacks, concur to support that the source of contamination 

in these babies is their mother assumption of war-dispersed teratogen metals, and thus the phenotype 

of their progeny would be a consequence.  

The fact that this consequence was recorded in pregnancies occurring no less than 22–26 months 

after the acute exposure of the mother, points to the long term effect of the exposure. At this time we 

cannot distinguish if this could be an effect of accumulation due to acute exposure, or of continual 

assumption from a still contaminated environment up to 2011, or both. Also effects of metals on the 

functionality of gametes, could occur under these circumstances, and will be worth investigating, as it 

can be done in non-invasive ways on sperm. 

The parents of the P group had no direct exposure to WP attacks during Cast Lead, although they 

lived in areas surrounding those bombed. As we did not ask in our previous data collection if they were 

directly exposed to bombing we cannot trace objectively the likely source of the metals in the history 

of these families. As for the cases of not acutely exposed BD, we have to consider here that wide areas 

were potentially contaminated by weaponry-derived metals and that the daily life put people in more or 

less frequent contact with war remnants in time, according to their daily business and routines.  

Contamination of a population is a challenging burden for the countries affected. Identification first, 

and then in depth research for modalities of action of the major toxicants involved, are needed to plan 

remediation for the victims before pregnancy, and for care during it, and to provide information for 

public health.  

Here, we have, for the first time, identified potential effectors of birth defect phenotypes; this allows 

to design ex vivo or in vitro molecular studies to document changes expected in the DNA methylation, 

transcriptome and proteome and to investigate about cause-effect relationships and predispose tests  

for remedies. 

4. Conclusions  

In summary, focusing on the analysis of metal contamination during in utero growth we show for 

the first time specific association of high teratogen/toxicant metal load with a phenotype at birth.  

By testing environmentally unexposed newborns, we eliminated confounding factors. Our data 
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implicate specific metals and associations of these, in the induction of specific damages during fetal 

growth. They also suggest that contamination by a combination of specific teratogens or toxicants may 

better work as inducer of phenotypes. The likelihood that the contaminants derive from exposure to 

weaponry or to war remnants is high. The measure of contamination in newborn with birth defects or 

premature two years after the acute exposure of mothers points to long term effect of the 

environmental changes introduced by attacks in the progeny of directly exposed subjects.  

A general consideration that we wish to offer is that in studies following wars (or catastrophes), 

even when metals or other remnants are not found in soil or short living organisms sometime after the 

event, lack of their finding does not necessarily reassure about the future health of people, and long 

term effects could be still expected; therefore the assessment of metal load in these circumstances 

should be directly on people. 

The major limit of this study is that, while offering proof of fact of the association of the specific 

phenotype, birth defect or prematurity, with contamination by specific metals, known war 

contaminants, it is not, strictly speaking provding a mechanistic cause–effect demonstration. 

Acknowledgments 

Thanks to Ministry of Health in Gaza, for permission to work at Al Shifa Hospital, and to the 

directors of the Maternity, Hassan El Luch, and of Neonatal Intensive Care Unit, Hanan El Wadia, and 

all the personnel of these departments for their tolerance, suggestions and help. Thanks to the support 

and patience of Swee Hang, London, UK and our international and Gazawi doctors and friends that 

contributed suggestions and helped to maintain a clear vision in moments of difficulty. Funded to P.M. 

by Interpal- Gaza, UK, Perdana Foundation-Malaysia, TMC-Norway.  

Author Contributions 

Paola Manduca designed, coordinated and did field work for the study, and wrote the article.  

Awny Naim coordinated and did field work for the study and participated in the writing of the article. 

Simona Signoriello did statistic analysis. All authors accessed to all data. 

Conflicts of Interest 

The authors declare no conflict of interest.  

References  

1. Martinez-Zamudio, R.; Ha, H.C. Environmental epigenetics in metal exposure. Epigenetics 2011, 

6, 820–827.  

2. Vandegehuchte, M.B.; Janssen, C.R. Epigenetics in an ecotoxicological context. Mutat. Res. 

2013, S1, 383–5718  

3. Hajkova, P. Epigenetic reprogramming—Taking a lesson from the embryo. Curr. Opin. Cell Biol. 

2010, 22, 342–350.  

4. Feng, S.; Jacobsen, S.E.; Reik, W. Epigenetic reprogramming in plant and animal development. 

Science 2010, 330, 622–627.  



Int. J. Environ. Res. Public Health 2014, 11 5220 

 

 

5. Petronis, A. Epigenetics as a unifying principle in the aetiology of complex traits and diseases. 

Nature 2010, 465, 721–727. 

6. Gibney, E.R.; Nolan, C.M. Epigenetics and gene expression. Heredity 2010, 105, 4–13.  

7. Bourc’his, D.; Voinnet, O. A small-RNA perspective on gametogenesis, fertilization, and early 

zygotic development. Science 2010, 330, 617–622. 

8. Rasmussen, T.P.; Corry, G.N. Epigenetic pre-patterning and dynamics during initial stages of 

mammalian preimplantation development. J. Cell. Physiol. 2010, 225, 333–336. 

9. Morgan, H.D.; Santos, F.; Green, K.; Dean, W.; Reik, W. Epigenetic reprogramming in mammals. 

Hum. Mol. Genet. 2005, 14, R47–R58. 

10. Iavicoli, I.; Fontana, L.; Bergamaschi, A. The effects of metals as endocrine disruptors. J. Toxicol. 

Environ. Health B Crit. Rev. 2009, 12, 206–223. 

11. Koedrith, P.; Kim, H.; Weon, J.I.; Seo, Y.R. Toxicogenomic approaches for understanding 

molecular mechanisms of heavy metal mutagenicity and carcinogenicity. Int. J. Hyg. Environ. 

Health 2013, 216, 587–598.  

12. Parfitt, D.E.; Zernicka-Goetz, M. Epigenetic modification affecting expression of cell polarity and 

cell fate genes to regulate lineage specification in the early mouse embryo. Mol. Biol. Cell. 2010, 

21, 2649–2660. 

13. Valko, M.; Morris, H.; Cronin, M.T. Metals, toxicity and oxidative stress. Curr. Med. Chem. 

2005, 12, 1161–1208. 

14. Mohideen, K.; Muhammad, R.; Davey, C.A. Perturbations in nucleosome structure from heavy 

metal association. Nucleic Acids Res. 2010, 38, 6301–6311. 

15. Ong, M.S.; Vasudevan, D.; Davey, C.A. Divalent metal- and high mobility group N  

protein-dependent nucleosome stability and conformation. J. Nucleic Acids 2010, 2010, 

doi:10.4061/2010/143890.  

16. Bao, Q.; Chen, H.; Liu, Y.; Yan, J.; Dröge, P.; Davey, C.A. A divalent metal-mediated switch 

controlling protein-induced DNA bending. J. Mol. Biol. 2007, 367, 731–740.  

17. Colborn, T.; vom Saal, F.S.; Soto, A.M. Developmental Effects of endocrine-disrupting chemicals 

in wildlife and humans. Environ Health Perspect. 1993, 110, 382–334.  

18. Cheng, T.F.; Choudhuri, S.; Muldoon-Jacobs, K. Epigenetic targets of some toxicologically 

relevant metals: A review of the literature. J. Appl. Toxicol. JAT 2012, 32, 643–654. 

19. Mazzio, E.A.; Soliman, K.F.A. Impact of environmental signals on gene expression. Epigenetics 

2012, 7, 119–130. 

20. Kim, M.; Bae, M.; Na, H.; Yang, M. Environmental toxicants—Induced epigenetic alterations and 

their reversers. J Environ Sci Health C. Environ. Carcinog. Ecotoxicol. Rev. 2012, 30, 323–367.  

21. Bose, R.; Onishchenko, N.; Edoff, K.; Janson Lang, A.M.; Ceccatelli, S. Inherited effects of  

low-dose exposure to methylmercury in neural stem cells. Toxicol. Sci. 2012, 130, 383–390.  

22. Dolk, H.; Vrijheid, M. The impact of environmental pollution on congenital anomalies. Br. Med. Bull. 

2003, 68, 25–45. 

23. Harada, M. Congenital Minamata disease: Intrauterine methylmercury poisoning. Teratology 

1978, 18, 285–288. 
  



Int. J. Environ. Res. Public Health 2014, 11 5221 

 

 

24. Araneta, M.R.G.; Schlangen, K.M.; Edmonds, L.D.; Destiche, D.A.; Merz, R.D.; Hobbs, C.A.; 

Flood, T.J.; Harris, J.A.; Krishnamurti, D.; Gray, G.C. Prevalence of birth defects among infants 

of Gulf War veterans in Arkansas, Arizona, California, Georgia, Hawaii, and Iowa, 1989–1993. 

Birth Defects Res. A 2003, 67, 246–260. 

25. Vidosavljević, D.; Puntarić, D.; Gvozdić, V.; Jergović, M.; Miškulin, M.; Puntarić, I.;  

Puntarić, E.; Šijanović, S. Soil contamination as a possible long-term consequence of war in 

Croatia. Acta Agric. Scand. Section B Soil Plant Sci. 2013, 63, 322–329. 

26. Jergović, M.; Miškulin, M.; Puntarić, D.; Gmajnić, R.; Milas, J.; Sipos, L. Cross-sectional 

biomonitoring of metals in adult populations in post-war eastern Croatia: Differences between 

areas of moderate and heavy Combat. Croat Med. J. 2010, 51, 451–460. 

27. Skaik, S.; Abu-Shaban, N.; Abu-Shaban, N.; Barbieri, M.; Barbieri, M.; Giani, U.; Manduca, P. 

Metals detected by ICP/MS in wound tissue of war injuries without fragments in Gaza. BMC Int. 

Health Hum. Rights 2010, 10, 17–25. 

28. Manduca, P.; Barbieri, M.; Barbieri, M. Craters Datasheet Results, 2009. Available online; 

http://www.newweapons.org/?q=node/110 (accessed on 24 February 2014). 

29. O’Reilly, J.; Shin, J. BAE Systems Armament Systems Division. Available online: 

http://www.dtic.mil/cgi-bin/GetTRDoc?AD=ADA476392Minneapolis, MN, USA (accessed on 

24 February 2014). 

30. Manduca, P.; Barbieri, M.; Barbieri, M. WP Bomb Datasheet Results, 2009. Available online: 

http://www.newweapons.org/?q=node/110 (accessed on 24 February 2014).  

31. Alaani, S.; Tafash, M.; Busby, C.; Hamdan, M.; Blaurock-Busch, E. Uranium and other 

contaminants in hair from the parents of children with congenital anomalies in Fallujah, Iraq. 

Confl. Health 2011, 5, 15–20. 

32. Manduca, P. High Prevalence Data and Increase in Time of Birth Defects in Fallujah, Iraq: 

Historical Reproductive Life and Hair Metal Load in Newborns and Children with Birth Defects 

and Their Families. Available online: http://www.newweapons.org/?q=node/120 (accessed on 24 

February 2014).  

33. Manduca, P.; Barbieri, M.; Barbieri, M. Metals Detected in Palestinian Children’s Hair Suggest 

Environmental Contamination. Available online: http://www.newweapons.org/?q=node/112 

(accessed on 24 February 2014). 

34. Naim, A.; Al Dalies, H.; El Balawi, M.; Salem, E.; Al Meziny, K.; Al Shawwa, R.; Minutolo, R.; 

Manduca, P. Structural birth defects in the Gaza Strip, occupied Palestinian territory: A cohort 

study. Lancet 2013, 380, S30–S31. 

35. Naim, A.; Al Dalies, H.; El Balawi, M.; Salem, E.; Al Meziny, K.; Al Shawwa, R.; Minutolo, R.; 

Manduca, P. Birth defects in Gaza: Prevalence, types, familiarity and correlation with 

environmental factors. Int. J. Environ. Res. Public Health 2012, 9, 1732–1747. 

36. International Statistical Classification of Diseases and Related Health Problems 10th Revision. 

Available online: http://apps.who.int/classifications/icd10/browse/2010/en (accessed on 24  

February 2014). 

37. Arai, Y.; Ohgane, J.; Yagi, S.; Ito, R.; Iwasaki, Y.; Saito, K.; Akutsu, K.; Takatori, S.;  

Ishii, R.; Hayashi, R.; et al. Epigenetic assessment of environmental chemicals detected in 

maternal peripheral and cord blood samples. J. Reprod. Dev. 2011, 57, 507–517. 



Int. J. Environ. Res. Public Health 2014, 11 5222 

 

 

38. Vahter, M.; Akesson, A.; Lind, B.; Bjors, U.; Schutz, A.; Berglund, M. Longitudinal study of 

methylmercury and inorganic mercury in blood and urine of pregnant and lactating women,  

as well as in umbilical cord blood. Environ. Res. 2000, 84, 186–194.  

39. Al-Saleh, I.; Shinwari, N.; Mashhour, A.; Mohamed Gel, D.; Rabah, A. Heavy metals  

(lead, cadmium and mercury) in maternal, cord blood and placenta of healthy women.  

Int. J. Hyg. Environ. Health 2011, 214, 79–101. 

40. Sakamoto, M.; Yasutake, A.; Domingo, J.L.; Chan, H.M.; Kubota, M.; Murata, K. Relationships 

between trace element concentrations in chorionic tissue of placenta and umbilical cord tissue: 

Potential use as indicators for prenatal exposure. Environ. Int. 2013, 60, 106–111. 

41. Skinner, M.K.; Haque, C.G.; Nilsson, E.; Bhandari, R.; McCarrey, J.R. Environmentally induced 

transgenerational epigenetic reprogramming of primordial germ cells and the subsequent germ 

line. PLoS One 2013, 8, doi:10.1371/journal.pone.0066318.  

42. Alattia, J.R.; Kuraishi, T.; Dimitrov, M.; Chang, I.; Lemaitre, B.; Fraering, P.C. Mercury is a 

direct and potent γ-secretase inhibitor affecting Notch processing and development in Drosophila. 

FASEB J. 2011, 25, 2287–2295.  

43. Abnoos, H.; Fereidoni, M.; Mahdavi-Shahri, N.; Haddad, F.; Jalal, R. Developmental study of 

mercury effects on the fruit fly (Drosophila melanogaster). Interdiscip. Toxicol. 2013, 6, 34–40.  

44. Wu, Q.; He, K.; Liu, P.; Li, Y.; Wang, D. Association of oxidative stress with the formation of 

reproductive toxicity from mercury exposure on hermaphrodite nematode Caenorhabditis elegans. 

Environ. Toxicol. Pharmacol. 2011, 32, 175–184.  

45. Valko, M.; Morris, H.; Cronin, M.T. Metals, toxicity and oxidative stress. Curr. Med. Chem. 

2005, 12, 1161–1208. 

46. Fossato da Silva, D.A.; Teixeira, C.T.; Scarano, W.R.; Favareto, A.P.; Fernandez, C.D.;  

Grotto, D.; Barbosa, F., Jr.; Kempinas Wde, G. Effects of methylmercury on male reproductive 

functions in Wistar rats. Reprod. Toxicol. 2011, 31, 431–439. 

47. Abd El-Aziz, G.S.; El-Fark, M.M.; Saleh, H.A. The prenatal toxic effect of methylmercury on the 

development of the appendicular skeleton of rat fetuses and the protective role of vitamin E.  

Anat. Rec. (Hoboken). 2012, 295, 939–949.  

48. Cace, I.B.; Milardovic, A.; Prpic, I.; Krajina, R.; Petrovic, O.; Vukelic, P.; Spiric, Z.;  

Horvat, M.; Mazej, D.; Snoj, J. Relationship between the prenatal exposure to low-level 

of mercury and the size of a newborn’s cerebellum. Med. Hypotheses 2011, 76, 514–516. 

49. Pohl, H.R.; Roney, N.; Abadin, H.G. Metal ions affecting the neurological system. Met. Ions Life Sci. 

2011, 8, 247–262.  

50. Johansson, C.; Castoldi, A.F.; Onishchenko, N.; Manzo, L.; Vahter, M.; Ceccatelli, S. 

Neurobehavioural and molecular changes induced by methylmercury exposure during 

development. Neurotox Res. 2007, 11, 241–260.  

51. Parran, D.K.; Barone, S., Jr.; Mundy, W.R. Methylmercury decreases NGF-induced TrkA 

autophosphorylation and neurite outgrowth in PC12 cells. Brain Res. Dev. Brain Res. 2003, 141, 

71–81.  

52. Larkfors, L.; Oskarsson, A.; Sundberg, J.; Ebendal, T. Methylmercury induced alterations in the 

nerve growth factor level in the developing brain. Brain Res. Dev. Brain Res. 1991, 62, 287–291. 



Int. J. Environ. Res. Public Health 2014, 11 5223 

 

 

53. Onishchenko, N.; Karpova, N.; Sabri, F.; Castren, E.; Ceccatelli, S. Long-lasting depression-like 

behavior and epigenetic changes of BDNF gene expression induced by perinatal exposure to 

methylmercury. J. Neurochem. 2008, 106, 1378–1387. 

54. Ceccatelli, S.; Bose, R.; Edoff, K.; Onishchenko, N.; Spulber, S. Long-lasting neurotoxic effects 

of exposure to methylmercury during development. J. Intern. Med. 2013, 273, 490–497. 

55. Vinceti, M.; Crespi, C.M.; Bonvicini, F.; Malagoli, C.; Ferrante, M.; Marmiroli, S.; Stranges, S. 

The need for a reassessment of the safe upper limit of selenium in drinking water. Sci. Total Environ. 

2013, 443, 633–642.  

56. Beyrouty, P.; Chan, H.M. Co-consumption of selenium and vitamin E altered the reproductive 

and developmental toxicity of methylmercury in rats. Neurotoxicol. Teratol. 2006, 28, 49–58.  

57. Florea, A.M.; BÅNusselberg, D. Metals and breast cancer: Risk factors or healing agents?  

J. Toxicol. 2011, 2011, doi:10.1155/2011/159619. 

58. Hoffman, D.J. Role of selenium toxicity and oxidative stress in aquatic birds. Aquat. Toxicol. 

2002, 57, 11–26. 

59. Usami, M.; Mitsunaga, K.; Nakazawa, K.; Doi, O. Proteomic analysis of selenium embryotoxicity 

in cultured postimplantation rat embryos. Birth Defects Res. B Dev. Reprod. Toxicol. 2008, 83, 

80–96.  

60. Heinz, G.H.; Hoffman, D.J.; Klimstra, J.D.; Stebbins, K.R. A comparison of the teratogenicity of 

methylmercury and selenomethionine injected into bird eggs. Arch. Environ. Contam Toxicol. 

2012, 62, 519–528. 

61. Moser, V.C.; McGee, J.K.; Ehman, K.D. Concentration and persistence of tin in rat brain and 

blood following dibutyltin exposure during development. J. Toxicol. Environ. Health A. 2009, 72, 

47–52. 

62. Relevance to Public Health. Available online: http://www.atsdr.cdc.gov/toxprofiles/tp24-c2.pdf 

(accessed on 24 February 2014). 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


