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To  determine  whether  blood  lead  concentration  is  elevated  in  iron-deficient  infants,  blood  lead  and
serum ferritin  concentrations,  serum  iron/transferring  iron-binding  capacity  (Fe/TIBC)  and  complete
blood  counts  were  measured  in  30  iron  deficient  and  35  control  infants,  aged  6–24  months.  All  30
iron-deficient  infants  received  iron  supplementation  (ferric  hydroxide-polymaltose  complex,  6  mg/kg
Fe3+/day)  for 1–6  months.  Blood  lead  concentrations  were  measured  in  18  of  the  iron  deficient  infants
eficiency
ead
nemia

after  their  ferritin  levels  returned  to  the  normal  range.  The  geometric  mean  blood  lead  concentration
was  higher  in  iron  deficient  than  in control  infants  (1.846  vs. 1.416  �g/dL).  After  iron  therapy,  the blood
lead  levels  of  iron-deficient  infants  decreased  significantly  compared  with  pre-treatment  levels  (1.785
vs. 2.386  �g/dL),  and  the  hemoglobin  and  ferritin  concentrations  increased  significantly.  These  findings
indicate  that  iron  deficiency  increases  blood  lead  concentrations  in infants  with  very  low  blood  lead
concentrations.
ntroduction

Iron deficiency affects approximately one-third of the world’s
opulation [1]. This condition most often occurs in infants aged
etween 6 months and 3 years, due to rapid growth and inadequate
ietary intake of iron [2]. Iron-deficiency anemia has been associ-
ted with poor cognitive development, poor motor development
nd behavioral problems [3,4].

Because iron is absorbed via mechanisms similar to those
f other divalent metal ions, including manganese and lead, a
ietary deficiency in iron can lead to excess absorption of lead, a
idespread toxicant with detrimental effects on health. This has

erious health implications, given that lead from environmental
nd/or occupational sources can enter the body via inhalation or
ngestion [5], and that evidence has emerged that lead neuro-
oxicity occurs in children at lower levels of lead exposure than
ad been previously thought [6]. Indeed, iron deficiency has been

ound to predispose animals to lead toxicity by increasing gas-
rointestinal lead absorption [7–9]. Several studies have suggested

n association between iron status and blood lead concentra-
ion in children [10–19], whereas other studies have disputed
his association [20–25]. These conflicting results prompted the
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present longitudinal study on iron-deficient infants treated with
iron supplements. We  assessed whether blood lead concentrations
are higher in iron-deficient than in control infants, and whether
treatment of the former with iron supplements decreases lead con-
centrations.

Subjects and methods

Subjects

Thirty infants with iron deficiency (serum ferritin concentra-
tion < 15 �g/L), ranging in age from 6 months to 2 years, were
selected from infants being treated at an ambulatory pediatric
hematology clinic at Ulsan University Hospital, South Korea. Thirty-
five age- and sex-matched control subjects, who were healthy
and had serum ferritin concentrations higher than 15 �g/L, were
selected from among the infants visiting a general pediatric clinic
in the same hospital. Subjects were excluded if they were deliv-
ered preterm or at low birth weight; had a history of any disease,
or concurrent acute or chronic infection or inflammation; or if their
parents had a history of occupational exposure to lead. All 30 iron-
deficient infants were treated with ferric hydroxide–polymaltose
complex (6 mg/kg Fe3+/day) for 1–6 months (Mean ± SD, 2.9 ± 1.5
months). Blood lead concentrations were determined in all control
subjects and in all iron-deficient subjects prior to iron supplemen-

tation. Blood lead concentrations were assessed again in 18 of the
iron-deficient infants after their ferritin concentrations returned to
the normal range. Twelve were lost to follow up. Parents of infants
in both groups provided written informed consent, and the study
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rotocol was approved by the institutional review board of Ulsan
niversity Hospital.

aboratory testing

A questionnaire was administered to the parents of each infant
o obtain basic perinatal information, along with information on
reast feeding and nutrition. Heparinized venous blood samples
ere obtained from each infant, and blood count, hemoglobin con-

entration, hematocrit, serum ferritin concentration, and serum
ron/transferring iron-binding capacity (Fe/TIBC) were measured.
ron deficiency was defined as serum ferritin < 15 �g/L [26].

ead determination in whole blood

Blood lead concentration was determined by flameless graphite
urnace atomic absorption spectrophotometry (AAS) (Spectra
A880-GTA 100, Varian, Australia) using the standard addition
ethod. Briefly, aliquots (0.1 mL)  of blood were diluted 20 fold with

.1% (v/v) Triton X-100, and 15-�L samples were injected into the
raphite furnace. All blood lead analyses were carried out in the
lsan University Hospital laboratory, which had passed the Quality
ssurance Program (for lead) operated by the Korea Occupa-

ional Safety and Health Agency. For internal quality assurance and
ontrol, commercial reference materials were used (Lyphochek1

hole Blood Metals Control; Bio-Rad). The limit of detection for
lood lead concentration using this method was  0.6 �g/dL. No
ested blood sample had a lead concentration below the limit of
etection.

tatistical analyses

Blood lead concentrations were natural log-transformed
ecause their distributions were skewed, and their geometric
eans (GMs) were calculated. Significant differences in the means
f continuous variables between iron-deficient and control infants
ere determined using Student’s t-tests. Differences in the propor-

ion of male infants between these groups were determined using
he chi-square test. Significant differences in the means of variables

able 1
emographic, clinical and laboratory features of the study subjects.

Group characteristics Iron-deficient infants (n = 30) 

Age (months) 11.9 ± 3.7 

Male  (%) 70.0 

Breast  feeding (months) 10.3 ± 3.4 

Lead  (�g/dL)* 1.846 (0.65–4.26) 

Hemoglobin (g/dL) 10.45 ± 1.87 

Hematocrit (%) 32.62 ± 4.15 

Ferritin (�g/L)* 7.43 ± 3.04 

Fe  (�g/dL) 38.83 ± 30.35 

TIBC  (�g/dL) 410.93 ± 53.56 

Fe/TIBC (%) 10.2 ± 8.9 

esults reported as mean ± SD, except for *geometric mean (range).

able 2
aboratory features of iron-deficient infants before and after iron therapy.

Group characteristics Before iron therapy (n = 18) 

Lead (�g/dL) 2.386 (1.130–4.710) 

Hemoglobin (g/dL) 10.40 ± 1.75 

Hematocrit (%) 32.57 ± 3.81 

Ferritin (�g/L)* 7.21 ± 3.15 

Fe  (�g/dL) 35.39 ± 26.00 

TIBC  (�g/dL) 416.78 ± 47.84 

Fe/TIBC (%) 8.89 ± 7.0 

esults reported as mean ± SD or *geometric mean (range) and compared by paired t tes
onths)  of treatment with ferric hydroxide-polymaltose complex (6 mg/kg Fe3+ per day)
edicine and Biology 28 (2014) 56– 59 57

before and after iron therapy were determined using paired t tests.
SPSS (v14) software was  used for all statistical analyses, and a P
value <0.05 was  considered significant.

Results

Age and gender distribution did not differ between the iron-
deficient and control groups. The iron-deficient infants had a
higher GM blood lead concentration than controls (1.846 vs.
1.416 �g/dL). In addition, hemoglobin concentrations, hematocrit
levels, and serum ferritin levels differed significantly in the two
groups (Table 1).

Mean duration of breast feeding was  longer in iron-deficient
than in control infants. All the iron-deficient infants were treated
with an iron supplement, and 18 were tested again for blood
lead concentrations after their ferritin concentrations reached
normal range. The mean blood lead concentration in these 18
infants was  significantly lower after ferric hydroxide treatment
compared to before such treatment (2.386 vs. 1.785 �g/dL), while
their hemoglobin, ferritin, and Fe/TIBC (%) levels were significantly
higher after treatment (Table 2). However, in 4 of these 18 infants,
ferric hydroxide treatment was  not accompanied by a decrease in
blood lead levels.

Discussion

The present longitudinal study of iron-deficient infants receiv-
ing iron supplements showed that iron deficiency was associated
with increased blood lead concentrations, in good agreement with
previous findings [10–19]. Most of those studies, however, were
cross-sectional and could not determine whether iron deficiency
preceded lead exposure or vice versa.

Few previous studies have assessed the temporal relationship
between iron deficiency and increased blood lead [11,15,19]. A lon-
gitudinal study showed an association between iron deficiency and

high blood lead level in young children, with blood lead levels ran-
ging from <5 �g/dL to 40 �g/dL [15]. Another study, in children aged
10–15 years, found that mean blood lead levels were 6.9 �g/dL
in iron deficient and 4.3 �g/dL in control children, and that iron

Control (n = 35) P value

11.7 ± 4.0 0.820
51.4 0.128

6.3 ± 4.9 <0.001
1.416 (0.32–3.60) 0.026

11.85 ± 1.02 0.001
35.08 ± 2.61 0.007
39.10 ± 23.78 <0.001
47.00 ± 28.20 0.269

353.35 ± 46.85 <0.001
13.6 ± 8.6 0.121

After iron therapy (n = 18) P value

1.785 (1.150–3.990) 0.008
12.38 ± 0.88 0.001
36.95 ± 2.28 0.002
21.28 ± 6.96 <0.001
65.00 ± 37.64 0.009

366.17 ± 54.31 <0.001
18.0 ± 9.7 0.002

ts. Iron-deficient infants were followed-up after 1–6 months (mean ± SD, 2.9 ± 1.5
.
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upplementation significantly decreased blood lead concentrations
n the former group [11]. A clinical trial assessing the impact of iron
upplementation on blood lead concentrations in infants with iron
eficiency found that changes in blood lead concentrations corre-
ponded closely to changes in iron status [19]. The mean blood lead
evel in 165 iron-deficient Costa Rican infants before iron treatment

as 10.98 �g/dL (SEM 0.26), ranging from 5.8 to 36.9 �g/dL, with
7.6% (95/165) having lead levels >10 �g/dL [15].

In contrast to the works described above, other studies have
ound no association between iron deficiency and increased blood
ead concentrations [20–25,27]. This discrepancy may  be due in
art to differences in the age distribution of study subjects, the
ssumptions used, or lead exposure levels. For example, no asso-
iation was observed in studies in which the study subjects was
omprised of older female children or adolescents [17,20,22]. Post-
enarche adolescents do not show an association between high

lood lead and iron deficiency due to the overshadowing of the
ffects of estrogen. Moreover, studies have found that iron and
ead concentrations are not correlated in the absence of iron defi-
iency [23,24]. For example, a randomized, placebo controlled trial
ound that reductions in blood lead were similar in iron and placebo
reated groups of Mexican children [23]. Thus, iron supplemen-
ation reduces blood lead concentration in anemic, but not in
on-anemic, children.

In addition, studies showing correlations between lead and iron
oncentrations [12,16,17] have typically been performed in chil-
ren exposed to high environmental levels of lead levels, with
lood lead levels of 20–40 �g/dL, whereas studies reporting no
ssociation [21,25] were performed in children with lower blood
ead levels (11.0 and 11.4 �g/dL). However, longitudinal stud-
es of children with blood lead levels in the similar range have
hown an association between iron status and blood lead con-
entration in children following iron supplementation [11,15,19].
ompared to these previous longitudinal studies, the blood lead

evels in the control and iron deficient groups in the present
tudy (1.416–1.846 �g/dL) were much lower. Thus, in contrast to
revious findings, we observed an association between iron supple-
entation and blood lead in infants with very low blood lead

oncentrations. Paradoxically, one study found that lead levels
ere not correlated with iron status in children with severe lead
oisoning (mean blood lead 86 �g/dL; range 63–190 �g/dL) [27].
hus, the increase in lead associated with iron deficiency appeared
o be overshadowed by severe lead poisoning.

Our results suggest that increased blood lead levels are associ-
ted with prolonged breast feeding, a risk factor for iron deficiency
n infants [28,29]. Infants given prolonged breast feeding tend to
e iron deficient, and thus have higher blood lead levels. How-
ver, not all infants who received prolonged breast feeding were
ron deficient in the present study. This may  be due to varia-
ions in the iron status of infants depending on whether they
eceive iron-rich supplementary food during prolonged breast
eeding. Lead is ubiquitous in the environment. Factors influenc-
ng blood lead concentrations in an infant after iron treatment
nclude exogenous environmental lead exposure and blood lead
evels in the mother, which were not evaluated in the present
tudy.

The present findings have several public health implications.
irst, they emphasize the importance of assessing iron and hema-
ologic status when addressing environmental exposure to lead
nd related neurobehavioral effects in infants. Due to the high
revalence of iron deficiency in children, epidemiological obser-
ations with iron deficiency as a susceptibility factor should be

onsidered, especially when assessing health risks associated with
xposure to low levels of environmental lead. Second, the risks
f long-lasting and possibly permanent mental and psychomo-
or impairment associated with elevated blood lead levels [6], as

[

[
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well as from the iron deficiency itself [3], make the prevention of
iron deficiency a very important public health concern. Third, both
increased blood lead levels and prolonged breast feeding, which
is also a risk factor for iron deficiency, were observed in anemic
infants in the present study. Our results suggest that babies who
are breast-fed for prolonged periods should be given plain, iron-
fortified cereals or other good sources of dietary iron.

The present study had several limitations. In regard to the
method used to measure iron concentration, serum ferritin is an
acute-phase reactant that may  be artificially elevated in the pres-
ence of inflammation [30], a potential confounding factor that we
did not rule out (e.g., by adjusting for C-reactive protein, which
was  not measured). We  did, however, exclude infants with acute
or chronic inflammation or infection. In addition, we did not mea-
sure blood lead concentration in the mothers of these infants
or current exogenous environmental lead exposure. Lead levels
in an infant’s blood may  be influenced by those in the mother’s
blood or by environmental lead exposure, as well as by iron
deficiency.

In conclusion, we  have shown here that iron deficiency increases
blood lead concentrations in infants with very low blood lead con-
centrations.

Conflict of interest

The authors declare that there are no conflicts of interest.

References

[1] de Benoist B, McLean E, Egli I, Cogswell M.  Worldwide prevalence of anaemia
1993–2005: WHO  global database of anaemia. Technical report. Geneva: World
Health Organization; 2008.

[2] Centers for Disease Control and Prevention (CDC). Recommendations to pre-
vent and control iron deficiency in the United States. MMWR  1998;47(No.
RR-3):5.

[3] Lozoff B. Iron deficiency and child development. Food Nutr Bull 2007;28(Suppl
4):560S–71S.

[4] Lozoff B, Beard J, Connor J, Felt B, Georgie M,  Schallert T. Long-lasting neu-
ral and behavioral effects of iron deficiency in infancy. Nutr Rev 2006;64(s2):
S34–43.

[5] Lockitch G. Perspectives on lead toxicity. Clin Biochem 1993;26:371–81.
[6] Bellinger DC. Prenatal exposures to environmental chemicals and children’s

neurodevelopment: an update. Saf Health Work 2013;4:1–11.
[7] Conrad ME,  Barton JC. Factors affecting the absorption and excretion of lead in

the  rat. Gastroenterology 1978;74:731–40.
[8] Ragan HA. Effects of iron deficiency on the absorption and distribution of lead

and cadmium in rats. J Lab Clin Med 1970;90:700–5.
[9] Six KM, Coyer RA. The influence of iron deficiency on the tissue content and

toxicity of ingested lead in the rat. J  Lab Clin Med  1977;74:128–36.
10] Bradman A, Eskenazi B, Sutton P, Athanasoulis M,  Goldman LR. Iron deficiency

associated with higher blood lead in children living in contaminated environ-
ments. Environ Health Perspect 2001;109:1079–84.

11] Choi JW,  Kim SK. Association between blood lead concentrations and body iron
status in children. Arch Dis Child 2003;88:791–2.

12] Rahman MA,  Rahman B, Ahmad MS,  Blann A, Ahmed N. Blood and hair lead
in  children with different extents of iron deficiency in Karachi. Environ Res
2012;118:94–100.

13] Rondó PH, Conde A, Souza MC,  Sakuma A. Iron deficiency anaemia and
blood lead concentrations in Brazilian children. Trans R Soc Trop Med  Hyg
2011;105:525–30.

14] Wright RO, Shannon MW,  Wright RJ, Hu H. Association between iron deficiency
and low-level lead poisoning in an urban primary care clinic. Am J Public Health
1999;189:1049–53.

15] Wright RO, Tsaih SW,  Schwartz J, Wright RJ, Hu H. Association between iron
deficiency and blood lead level in a longitudinal analysis of children followed
in  an urban primary care clinic. J Pediatr 2003;142:9–14.

16] Yip R, Norris TN, Anderson AS. Iron status of children with elevated blood lead
concentrations. J Pediatr 1981;98:922–5.

17] Yip R, Dallman PR. Developmental changes in erythrocyte protoporphyrin: the
roles of iron deficiency and lead toxicity. J Pediatr 1984;104:710–30.

18] Watson WS,  Hume R, Moore MR.  Oral absorption of lead and iron. Lancet
1980;2:236–7.
19] Wolf AW,  Jimenez E, Lozoff B. Effects of iron therapy on infant blood lead levels.
J  Pediatr 2003;143:789–95.

20] Bárány E, Bergdahl IA, Bratteby LE, Lundh T, Samuelson G, Skerfving S, et al.
Iron status influences trace element levels in human blood and serum. Environ
Res  2005;98:215–23.

http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0005
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0010
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0015
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0015
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0015
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0015
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0015
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0015
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0015
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0015
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0015
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0015
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0015
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0015
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0015
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0015
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0020
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0025
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0025
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0025
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0025
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0025
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0025
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0025
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0025
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0025
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0025
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0025
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0030
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0035
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0040
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0045
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0050
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0055
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0060
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0065
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0070
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0075
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0080
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0085
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0090
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0090
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0090
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0090
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0090
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0090
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0090
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0090
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0090
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0090
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0090
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0090
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0090
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0090
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0090
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0090
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0095
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0100


ts in M

[

[

[

[

[

[

[

[

[29] Dee DL, Sharma AJ, Cogswell ME,  Grummer-Strawn LM,  Fein SB, Scanlon KS.
S. Park et al. / Journal of Trace Elemen

21] Hammad T, Sexton M,  Langenberg P. Relationship between blood lead and
dietary iron intake in preschool children. A cross-sectional study. Ann Epi-
demiol 1996;6:30–3.

22] Hershko C, Konijn AM,  Moreb J, Link G, Grauer F, Weissenberg E. Iron depletion
and blood lead levels in a population with endemic lead poisoning. Isr J Med
Sci  1984;20:1039–43.

23] Rosado JL, Lopez P, Kordas K, Garcia-Vargas G, Ronquillo D, Alatorre J, et al.
Iron  and/or zinc supplementation did not reduce blood lead concentrations in
children in a randomized, placebo-controlled trial. J Nutr 2006;136:2378–83.

24] Serwint JR, Damokosh AI, Berger OG, Chisolm Jr JJ, Gunter EW,  Jones RL, et al.

No difference in iron status between children with low and moderate lead
exposure. J Pediatr 1999;135:108–10.

25] Wolf AW,  Jimenez E, Lozoff B. No evidence of developmental ill effects
of  low-level lead exposure in a developing country. Dev Behav Pediatr
1994;15:224–31.

[

edicine and Biology 28 (2014) 56– 59 59

26] Adams JW.  Iron deficiency and other hypoproliferative anemias. In: Kasper DL,
et  al., editors. Harrison’s principles of internal medicine. 16th ed. New York:
The  McGraw-Hill Companies, Inc.; 2005. p. 586–92.

27] Clark M,  Royal J, Seeler R. Interaction of iron deficiency and lead and
the  hematologic findings in children with severe lead poisoning. Pediatrics
1988;81:247–54.

28] Maguire JL, Salehi L, Birken CS, Carsley S, Mamdani M,  Thorpe KE, et al. Asso-
ciation between total duration of breastfeeding and iron deficiency. Pediatrics
2013;131(5):e1530–7.
Sources of supplemental iron among breastfed infants during the first year of
life.  Pediatrics 2008;122(Suppl 2):S98–104.

30] Gabay C, Kushner I. Acute-phase proteins and other systemic responses to
inflammation. N Engl J Med  1999;340:448–54.

http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0105
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0110
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0115
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0120
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0125
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0130
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0155
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0160
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0165
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170
http://refhub.elsevier.com/S0946-672X(13)00166-1/sbref0170

	Effects of iron therapy on blood lead concentrations in infants
	Introduction
	Subjects and methods
	Subjects
	Laboratory testing
	Lead determination in whole blood
	Statistical analyses

	Results
	Discussion
	Conflict of interest
	References


