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Abstract
Very low birth weight (VLBW) infants usually receive packed red blood cell unit (pRBC) transfusions. Heavy metal transfer via
pRBCs is not widely discussed before. This study aimed to determine pre-/post-transfusion erythrocyte lead and mercury levels
in infants and to correlate these levels to heavy metal concentrations in pRBCs. VLBW infants (n = 80), needing pRBC
transfusion for the first time, were enrolled. Erythrocyte heavy metal levels were determined in pre-/post-transfusion blood
samples and also in pRBC units. Mean lead and mercury levels in the pRBCs were found to be 16.3 ± 10.8 and 3.75 ±
3.23 μg/L, respectively. Of the infants, 69.7% received lead above reference dose. Erythrocyte lead levels increased significantly
after transfusions (10.6 ± 10.3 vs. 13 ± 8.5, p < 0.05) with significant correlated to amount of lead within pRBCs (r = 0.28). Mean
pre-/post-transfusion erythrocyte mercury levels were 3.28 ± 3.08 and 3.5 ± 2.83 μg/L, respectively (p > 0.05). There was a
significant correlation between mean difference of mercury levels after transfusion and amount of mercury delivered by
pRBCs (r = 0.28). Infants can be subject to high levels of lead and mercury through pRBC transfusions.
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Abbreviations
ATSDR Agency for Toxic Substances and Disease

Registry
CDC Centers for Disease Control and Prevention
CI Confidence interval
CL Confidence level
CPDA-1 Citrate-phosphate-dextrose-adenine
ELBW Extremely low birth weight
EPA Environmental Protection Agency
IQ Intelligence quotient

JECFA the Joint Food and Agriculture Organization/
World Health Organization Expert Committee

LOD Limit of detection
NHANES National Health and Nutrition Examination

Survey
NICU Neonatal intensive care unit
OSHA the US Occupational Safety and Health

Administration
pRBC packed red blood cell unit
RfD Reference dose
VLBW Very low birth weight
WHO World Health Organization

Introduction

The frequency of anemia is high in very low birth weight
(VLBW) infants in the neonatal intensive care units (NICU).
Almost 80% of infants require at least one packed red blood
cell (pRBC) transfusion because of repeated blood samplings
for laboratory analysis, anemia of prematurity, infections, and
bone marrow suppression [1]. In acute and long term, pRBC
transfusion has various adverse effects, like immunologic/
non-immunologic modifications, metabolic changes, and in-
creased frequency of infections. In addition to several

* Belma Kocer-Gumusel
belmagumusel@yahoo.com; belma.gumusel@lokmanhekim.edu.tr

1 School of Medicine, Department of Pediatrics, Gaziosmanpasa
University, Tokat, Turkey

2 Faculty of Pharmacy, Department of Toxicology, Hacettepe
University, Ankara, Turkey

3 Faculty of Pharmacy, Department of Toxicology, Atatürk University,
Erzurum, Turkey

4 Faculty of Medicine, İhsan Dogramaci Children’s Hospital,
Neonatology Unit, Hacettepe University, Ankara, Turkey

5 Faculty of Pharmacy, Department of Toxicology, Lokman Hekim
University, Ankara, Turkey

Biological Trace Element Research (2019) 188:344–352
https://doi.org/10.1007/s12011-018-1436-5

http://crossmark.crossref.org/dialog/?doi=10.1007/s12011-018-1436-5&domain=pdf
http://orcid.org/0000-0003-4311-2291
mailto:belmagumusel@yahoo.com
mailto:belma.gumusel@lokmanhekim.edu.tr


unfavorable effects, heavy metal overload via pRBC transfu-
sions is not usually well-noted and can be regarded as a hidden
danger [1].

Lead and mercury are heavy metals that are highly present
in the environment, food, and water. Lead is present in dyes,
paints, crayons, air, water (in the water directly or in water
carrying pipes, old plumbing), batteries, semiconductors, pot-
tery (ceramics), PVC coating of electrical cords, glass, tex-
tiles, automobile exhaust, food (especially canned food), bat-
teries, and cosmetics (e.g., mascaras). All these sources cause
high lead overload in the environment. If severe cautions are
not taken, lead can be abundant in the environment and in the
air [2]. Humans can be exposed to mercury through anthropo-
genic sources (from hydroelectric, mining, pulp, and paper
industries; incineration of municipal and medical waste and
emissions from coal-using power plants). Mercury is also
present in different sources, including water, thermometers,
amalgams, food (particularly fish and seafood), vaccines
(thiomersal, a preservative), pharmaceuticals, and cosmetics
(mascaras) [3]. Although placenta is a good barrier for a vast
variety of toxic elements in fetal life, early-life exposure to
heavy metals (i.e., lead and mercury) has long to be known
neurotoxic. In particular, very preterm infants have increased
vulnerability to neurotoxic agents, due to the immature blood-
brain barrier and ongoing neurological developmental pro-
cesses [4–6].

The blood of adult donors may contain both lead and mer-
cury depending upon their occupations, diets, and lifestyles.
As blood transfusions are administered usually within the first
2 weeks of life, early exposure of VLBW and very preterm
infants to heavy metals via transfusion may exert serious long-
term neurotoxic effects. No blood lead or mercury threshold
has been identified for children. Regulatory authorities have
not currently set safe lead and mercury levels for infants.
Centers for Disease Control and Prevention (CDC) case man-
agement guidelines are designed to keep children’s blood lead
levels below 10 μg/dL. However, studies have found neuro-
behavioral impairment in children with blood lead levels even
below this limit [7–9]. It is not clear whether elevated blood
lead levels is related to low intelligence scores, behavioral
problems, and diminished school performance or not [7]. On
the other hand, fetal exposure to mercury is associated to neu-
ropsychological dysfunctions such as language, attention, and
memory deficits and visuospatial and/or motor dysfunctions
[10]. Neurodevelopmental disabilities are even evident in in-
fants with low mercury exposure [11]. In general population,
mercury blood levels should be below 10 μg/dL while some
researchers suggest as low as < 5 μg/dL [12].

Taking into account all the available data, the aim of this
study was to determine pre-and post-transfusion erythrocyte
lead and mercury levels in VLBW infants receiving blood
transfusions and to correlate these levels to the lead and mer-
cury concentrations in pRBCs.

Material and Methods

This study was carried out prospectively over 21 months (July
2011–March 2013) at Hacettepe University İhsan Doğramacı
Children’s Hospital, NICU. The study was approved by
Hacettepe University Human Ethics Committee (HEK 11/
18-7). An informed consent was obtained from all families
before the infants were recruited to the study. Premature in-
fants born ≤ 1500 g and in need of blood transfusion for the
first time (for any reason) were enrolled. Demographic vari-
ables were recorded for each infant.

Web-based software (Survey Software, 2016 Creative
Research Systems) was used to calculate the sample size.
There are almost 1500 cases of blood transfusion per year
in the hospital. Considering confidence level (CL) of 95%
and confidence interval (CI) of 10%, the sample size
needed for the study, the sample size needed was 90.
Due to several reasons beyond control (coagulation, not
getting parents’ approval, etc.), our sample size was lim-
ited to 80.

Chemicals

All chemicals were obtained from Sigma-Aldrich (St. Louis,
MO), orMerck (Darmstadt, Germany), except ERA 100mg/L
mercury SRM 3133 was purchased from Waters Corporation
(Milford, MA) and Seronorm Trace Elements Whole Blood
was obtained from Sero (Billingstad, Norway).

Transfusion Practices

All the pRBCs used in the transfusions were obtained from
healthy adults. Eighty VLBW neonates (29 male/51 female)
were consecutively enrolled in the study. Birth weights ranged
from 600 to 1500 g with the gestational age from 24.4 to
34 weeks. First, pRBC transfusion was performed within 2–
22 days (mean 8.5 ± 6.6 day). Thirty-three (41.2%) infants
received their first transfusion in the first week of life while
34 (42.5%) infants in the second week, 8 (10%) infants in the
third week, and 5 (6.3%) infants in the fourth week of life.
Each infant received 1 to 9 transfusions (3.5 ± 1.7 times) dur-
ing their NICU stay. Blood transfusions were carried out ac-
cording to our institutional guideline, and for each infant, 10 to
20 ml/kg pRBCs were administered. All of the pRBCs were
irradiated and filtrated before use. The preservative was
citrate-phosphate-dextrose-adenine (CPDA-1). Total amount
of pRBC volume ranged between 17 and 200 ml per infant
with a mean of 69.5 ± 35.6 ml/kg (Table 1).

Sample Collection, Lead and Mercury Analysis

About 0.5 ml of blood was drawn before transfusion and ap-
proximately 6 h after the transfusion to analyze the erythrocyte

Lead and Mercury Levels in Preterm Infants Before and After Blood Transfusions 345



lead and mercury levels. Lead and mercury concentrations in
the pRBC transfusions were also determined. The samples
were collected to heparinized glass tubes and were centrifuged
at 3000 rpm for 15 min. Erythrocytes were washed with
phosphate-buffered saline (PBS) two more times and centri-
fuged again. Later, aliquoted erythrocytes were stored in −
80 °C until analysis.

Erythrocyte lead levels were analyzed with a Perkin-Elmer
Analyst 800 atomic absorption spectrophotometer (AAS,
Norwalk, CT) equipped with a graphite furnace and Zeeman
background correction. Briefly, 0.2% (v/v) nitric acid (0.6 ml)
and 0.2% (v/v) Triton-X (0.3 ml) were added on erythrocyte
packages (0.1 mL) before analysis. Nitric acid (0.2%, v/v) was
used for the dilution of the samples and was also used as
blank. Standards contained between 1 and 50 μg/L of lead.
Light source was lead discharge lamb (without electrode). The
limit of detection (LOD) for lead was 1 μg/L.

Erythrocyte total mercury levels (methyl, ethyl, and other
organic forms) were analyzed with a Perkin-Elmer FIAS-
Analyst 100 Hydrur System AAS (Waltham, MA) in Düzen
Laboratories (Ankara, Turkey). Briefly, potassium persulfate
(0.2 mL), nitric acid (82 mL), and sulfuric acid (0.5 ml) were
added on erythrocyte packages (0.3 ml) before analysis and
hydrolyzed at 100 °C. Samples were later cooled and sample
volume was brought to 2.5 mL. Calibrators and controls were
also prepared accordingly. ERA 100 mg/L mercury SRM
3133 was used as calibrator and Seronorm Trace Elements
Whole Blood was used as control. The LOD for mercury
was 2 μg/L.

Lead and Mercury Reference Doses

Reference Lead Dose Dose response analysis, performed by
The Joint Food and Agriculture Organization/World Health
Organization Expert Committee (JECFA), showed that even
at low doses of 1.9 μg/kg/day, a decrease of 3 in intelligence

quotient (IQ) scores can be observed in populations. Such
decreases are considered to be very important as they may
cause a shift in the general population’s IQ scores. As de-
scribed in the previous study of Elabiad and Hook, we used
the higher intake dose of 1.9 μg/kg/day as the reference dose
(RfD) to compare lead levels administered by blood transfu-
sions [13]. Thus, an Bintravenous (iv) reference dose^ would
be the one tenth of the oral reference dose [14]. Therefore, the
corresponding daily iv RfD was considered as 0.19 μg/kg
[15].

Reference Mercury Dose Three major agencies [Agency for
Toxic Substances and Disease Registry (ATSDR), World
Health Organization (WHO), and Environmental Protection
Agency (EPA)] have considered the safe mercury intake for
a life span [16–18]. The current oral RfDs given by ATSDR,
WHO, and EPA are 0.3, 0.23, and 0.1 μg/kg/day, respectively
[16–18]. Considering about the 95% oral mercury is absorbed,
the daily equivalent iv RfDs were calculated as 0.29, 0.22, and
0.095 μg/kg/day by ATSDR, WHO, and EPA, respectively
[16–18].

Calculating Lead and Mercury Doses

A load of transfused lead and mercury per given transfusion
was calculated as follows: volume of blood transfusion (mL)
× pRBCmercury or lead levels (μg/L)/weight (kg). The result
was compared with daily iv RfDs.

Statistical Analysis

The differences between the pre-transfusion and post-
transfusion lead and mercury concentrations were analyzed
with paired samples t test. Repeated measures for ANOVA
were used to determine the effect of lead and mercury dose
on the difference of pre- and post-transfusion lead and mercu-
ry levels. Pearson’s correlation coefficient was used to deter-
mine the relation between continuous variables. Descriptive
statistics were expressed as mean ± standard deviations (SDs)
and/or medians (minimum-maximum). The significance level
was set at p < 0.05.

Results

Pre-transfusion and post-transfusion mean hemoglobin (Hb)
levels were found to be 9.70 ± 1.00 and 12.50 ± 1.40 g/dL,
respectively (p = 0.000). Pre- and post-transfusion hematocrit
(%) levels were 29.10 ± 3 and 38.40 ± 4.20%, respectively
(p = 0.000).

In a total of 80 pRBCs, 76 samples were eligible for lead
analysis. Four samples were inappropriate due to hemolysis
and/or coagulation. Pre- and-post transfusion lead levels were

Table 1 The characteristics pRBCs administered to infants

Mean transfusion count
Median (minimum-maximum)

3.5 ± 1.7
3 (1–9)

Mean pRBC volume given per infant (ml)
Median (minimum-maximum)

17.50 ± 2.70
17.50 (10–20)

Mean total pRBC volume given per infant (ml/kg)
Median (minimum-maximum)

69.50 ± 35.60
60.50 (17–200)

Mean lead concentration in pRBC units (μg/L)
Median (minimum-maximum)

16.30 ± 10.80
14.30 (2.20–62.80)

Mean mercury concentration in pRBC units (μg/L)
Median (minimum-maximum)

3.75 ± 3.23
3 (1.30–13.70)

Mean lead dose given per infant (μg/kg)
Median (minimum-maximum)

0.30 ± 0.21
0.30 (0.04–1.26)

Mean mercury dose given per infant (μg/kg)
Median (minimum-maximum)

0.08 ± 0.05
0.07 (0.03–0.27)

pRBC packed red blood cell
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measured in 68 erythrocyte samples of infants. Lead was de-
tected in 76 pRBCs and 68 infants. Mean pRBC erythrocyte
lead level was 16.30 ± 10.80 μg/L (range 2.20–62.80 μg/L)
(Table 1). The mean lead dose received per infant in the first
transfusion was 0.30 ± 0.21 μg/kg (range 0.04–1.26 μg/kg)
(Table 1). Fifty-three (69.7%) infants received lead above
the RfD according to JECFA (Fig. 1). Mean pre-transfusion
and post-transfusion erythrocyte lead levels were 10.60 ±
10.30 and 13.00 ± 8.50 μg/L, respectively (p = 0.000) (Table
2).Mean erythrocyte lead difference before and after the trans-
fusion was 2.39 ± 5.4 μg/L. There was a significant correla-
tion between the mean difference of lead levels of pre-
transfusion and post-transfusion in infants and mean lead load
of pRBCs administered (r = 0.28, p = 0.02) (Fig. 2). The
highest lead concentration was 60 μg/L in an infant before
transfusion; after transfusion, it was found to be 60.50 μg/L.
The concentration of lead was 36 μg/L in pRBCs given to this
infant as 0.60 μg/kg lead was calculated to be given via
pRBC.

In a total of 80 pRBCs, 78 samples were eligible for mer-
cury analysis. In 24 samples (30.80%), mercury levels were
below the detectable limits. Pre- and post-transfusion mercury
levels were measured in erythrocytes of the infants (n = 76) as
well as in pRBC transfusions. Twenty-four (31.60%) of pre-
transfusion samples and 22 (28.90%) of post-transfusion sam-
ples were below the detectable limit for mercury. Mean eryth-
rocyte mercury levels of pRBCs was 3.75 ± 3.23 μg/L (range
1.30–13.70 μg/L) (Table 1). The mean mercury load received
per infant in first transfusion ranged from 0.03 to 0.27 μg/kg
with a mean of 0.08 ± 0.05 μg/kg. Twenty-one infants (27%)
received mercury above the RfD set by EPAwhile one infant
(1.3%) receivedmercury above the RfD set byWHO. None of
the infants received mercury above the RfD set by ATSDR
(Fig. 2). Mean pre-transfusion and post-transfusion mercury
levels were 3.28 ± 3.08 and 3.42 ± 2.83 μg/kg, respectively
(p = 0.712) (Table 2). The highest value of pre-transfusion
mercury level was 12.4 μg/L, and it was 10.9 μg/L after trans-
fusion. Although there was not a statistically significant dif-
ference between pre-transfusion and post-transfusion erythro-
cyte mercury levels, there was a significant correlation be-
tween the pre-transfusion and post-transfusion levels and the
dose of mercury levels administered through pRBCs to each
infant (r = 0.28, p = 0.016) (Fig. 3).

Discussion

Blood transfusion is a critical part of NICU stay for very
preterm infants, and it is considered to be life-saving for neo-
nates with severe conditions. Due to iatrogenic blood loss
(immaturity of the hematopoietic system, shorter erythrocyte
life span) or blood loss because of medical conditions (sepsis,
hemolysis or bleeding disorders, and surgery), preterm infants

particularly those with VLBW, often need multiple blood
transfusions during hospitalization [19]. However, transfusion
has been associated with significant morbidity. One of the
causes of morbidity can be increase in iron or heavy metal
content of blood [13, 20].

In this prospective study, we investigated the effects of
blood transfusion on the erythrocyte lead and mercury levels
with a relatively large sample size. Ankara, the capital of
Turkey, is an industrialized city and Turkey is a developing
country, with several environmental issues that are yet to be
solved. These are the main reasons that lead and mercury are
still highly present in the environment. Currently, we have
also evaluated the mercury and lead levels of pRBC transfu-
sions given the small preterm infants and determined the cor-
relations between the increases in blood lead and mercury
levels of these infants along with the levels of lead and mer-
cury in the pRBCs. Measurement of mercury and lead levels
in pRBCs with pre- and post-transfusion heavy metal levels
strengthened the findings of the current work. Lead and mer-
cury levels were measured in erythrocytes instead of whole
blood as the main aim of the study was to determine whether
the increases in lead and mercury levels after transfusion were
ingenerated directly by the administration of pRBCs or not.
Therefore, the erythrocyte lead and mercury levels, rather than
whole-blood levels, enabled us to obtain more accurate data.

It is known that most of the pRBC transfusions are given in
the first 2 weeks of life [21, 22]. Depending on the NICU’s
transfusion policy, as many as 80% of infants with a birth
weight < 1250 g receive pRBC transfusion at least once dur-
ing their NICU period [23]. However, this time period is very
critical for brain development of premature infants. Exposure
to heavy metals, i.e., lead and mercury, during this early stage
of life poses neurodevelopmental toxic effects in vulnerable
infants. Such exposures are suggested to cause the accelera-
tion of decline in the central nervous system functions and
late-life neurotoxic effects [6, 24]. These suggestions may
not possibly be very realistic, considering low amount of in-
take and short exposure time. However, the critical timing of
the exposure and certain factors related to the prematurity
needs the scientific community to pay more attention on lead
and mercury intake via pRBC transfusions. We have shown
that blood transfusions can be potential sources of lead and
mercury exposure for VLBW infants, herein.

Most of VLBW infants are not stable during the first weeks
of life, and the blood-brain barrier tend to have a higher per-
meability due to several unfavorable factors like hypoxia-is-
chemia, infections, inflammation, intra-ventricular hemor-
rhage, blood pressure alterations, mechanical ventilation, and
oxidative stress [21, 22]. In the current work, first blood trans-
fusion was performed with a mean 8.5 days and 42.2% of the
infants received blood in the first week of life. Mean total
pRBC volume given per infant was 69.5 ml/kg which is com-
parable with previous studies, ranging from approximately 40
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to 90 ml/kg, depending on the NICU policy and inclusion
criteria to the study [13, 25, 26]. Although our transfusion
policy seems to be in accordance with the current transfusion
practices throughout the world, applying Blower total transfu-
sion volume^ strategies to prevent heavy metal exposure
should be considered. Delayed clamping or milking of the
umbilical cord at birth, limiting blood loss by phlebotomy
(such as using micro methods for laboratory analysis), ade-
quate nutrition, erythropoietin and using of standardized trans-
fusion guidelines are now highly discussed issues in contem-
porary medicine [27].

Lead exposure can affect nearly every system in the body
and often shows no obvious symptoms at first sight.
Neurodevelopment impairment in children may occur even
in low lead levels [9]. In the present study, mean erythrocyte
lead level in pRBCs was found to be 16.30 μg/L [median

14.30 (min 2.20; max 62.80)]. pRBC lead levels were 18.3
and 15.6 μg/L in two previous studies in literature [13, 28]. In
addition, our results are consistent with a previous study in-
vestigating blood lead levels in healthy Turkish population
[29]. According to BAdult Blood Lead Epidemiology and
Surveillance Program^ set by The United States National
Institute for Occupational Safety and Health (NIOSH), lead
exposure at low doses can lead to adverse outcomes. The US
Department of Health and Human Services recommends that
blood lead levels among all adults be reduced to < 10 μg/dL.
The US Occupational Safety and Health Administration
(OSHA) Lead Standards require workers to be removed from
lead exposure when blood lead levels are ≥ 50 μg/dL (con-
struction industry) or 60 μg/dL (general industry) and allow
workers to return to work when the blood lead level is below
40 μg/dL. In the current study, the highest lead levels ob-
served in pRBCs was 62.80 μg/L (6.28 μg/dL), which was
lower than the limits given by NIOSH and OSHA [30].

Erythrocyte lead levels increased significantly after trans-
fusions (10.60 ± 10.30 μg/L vs. 13.00 ± 8.50, p = 0.00), and
these alterations were significantly correlated to the dose of
lead given with pRBCs (0.30 ± 0.21 μg/kg) herein (r = 0.28,
p = 0.022). Our findings were supported by the study of
Elabiad and Christensen (2014), who also observed signifi-
cant increases in blood lead and mercury levels after blood
transfusion in premature infants, although they did not

Fig. 1 Lead levels in pRBC
samples. Fifty-three infants
(69.7%) received lead above the
daily RfD set by JECFA. JECFA:
The Joint Food and Agriculture
Organization/World Health
Organization Expert Committee;
RfD: Reference Dose

Table 2 Mean lead and mercury levels before and after pRBC
transfusions

Number Pre-
transfusion

Post-
transfusion

p

Lead (μg/L) 68 10.60 ± 10.30 13.00 ± 8.50* 0.000

Mercury (μg/L) 76 3.28 ± 3.08 3.42 ± 2.83 0.712

*Significantly different from pre-transfusion values

pRBC packed red blood cell transfusion
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measure the levels of these heavy metals in pRBCs [20].
Recently, Zubairi et al. (2015) also showed a significant cor-
relation between the post-transfusion premature infant blood
lead levels and lead levels in transfused pRBCs. Post-
transfusion mean erythrocyte lead level was increased by

22.6% in our study when compared to pre-transfusion lead
levels [31]. In the study of Bearer et al. (2000), the researchers
found 27% increase in blood lead levels in premature infants
under 30 weeks of gestation [28]. Recently, CDC released a
reference value of 50 μg/L. This value was based on the data

Fig. 2 Mercury levels in pRBC
samples. Twenty-one (27%)
infants received mercury above
the RfD set by EPA, and one
infant (1.3%) received mercury
above the RfD set byWHO. EPA:
Environmental Protection
Agency; RfD: Reference dose;
WHO: World Health
Organization

Fig. 3 The correlation between the mean difference of lead and mercury levels of pre-transfusion and post-transfusion in infants and mean lead load of
pRBCs administered (r = 0.28, p < 0.05 for both lead and mercury). pRBC: packed red blood cell
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obtained from the 97.5th percentile of the National Health and
Nutrition Examination Survey (NHANES)’s blood lead distri-
bution in children [9]. In our study population, the highest
erythrocyte lead concentration was 60μg/L in an infant before
transfusion; after transfusion, it was 60.5 μg/L.

As in study of Elabiad and Hook, the cut of value of toler-
able daily iv intake of lead was 0.19 μg/kg. Fifty-three
(69.7%) infants received lead above this limit set by JECFA
within the single blood transfusion [13]. The researchers in-
vestigated 322 pRBC units given to extremely low birth
weight (ELBW) infants and found 42% of all transfusions
exceed the daily limit. The average lead load from each trans-
fusion was 0.21 ± 0.13 μg/kg in that study [11]. Previously, it
was reported as 1.56 ± 1.77 μg/kg in another study [30]. We
found the average lead amount given by single transfusion
slightly higher than the results of Elabiad and Hook (2013)
as 0.3 ± 0.21 μg/kg.

Mercury is a ubiquitous metal in the environment. It bio-
a ccumu la t e s i n t he food cha in and can a f f ec t
neurodevelopment, particularly in the perinatal period [6].
Study showed that pRBC transfusions may also be a source
of mercury. Mercury was detected 69.2% of the pRBC units
and mean erythrocyte mercury concentration was 3.75 μg/L.
However, high cut-off value for mercury detection was a lim-
itation for our study. Before transfusion, mean erythrocyte
mercury level was 3.3 ± 3.1 μg/L and after transfusion, mer-
cury levels raised to 3.4 ± 2.8 μg/L. pRBCs mean mercury
level was found to be 3.7 ± 3.1 μg/L [median 3 μg/L (min
1.3 μg/L-max 13.7 μg/L)]. Although the difference between
pre-transfusion and post-transfusion levels was not statistical-
ly significant (p = 0.712), there was a significant correlation
between the difference of pre-transfusion and post-transfusion
mercury levels and the amount of mercury in pRBCs (r =
0.28, p = 0.016).

On the basis of current levels set by EPA, 21 infants (27%)
received mercury above the RfD. The EPA appointed the es-
timated mercury levels below 5.8 μg/L as without perceptible
harm based on measures of mercury in cord blood [18]. In the
study of Elabiad and Hook, it was reported that the average
mercury level in pRBCs was 1.9 μg/L and 6.8% transfusions
were above the RfD according to EPA [13, 16]. This differ-
ence may be attributed to the high single transfusion volume
(mean 17.5 ml/kg) in our study. We can suggest that mercury
levels may be decreased by using more restricted transfusion
criteria and by applying decreased volume of transfusion.

The major route of mercury excretion is through stool,
followed by urine whereas absorbed lead is excreted primarily
in urine followed by stool. VLBW infants have prolonged
intestinal transit time and very few bowel movements during
the first days of life [16, 32]. Urinary excretion may be con-
sidered negligible because of low glomerular filtration rate in
this population [33]. After thiomersal containing hepatitis B
vaccine, mean mercury level was three times higher in the

preterm infants than those in full-term infants, suggesting
elimination of mercury is limited in premature babies [34].
Mercury and lead accumulations are possible via repeated
blood transfusions in VLBW infants.

One should also consider placental transport of lead
and mercury. Cord blood and maternal blood lead and
mercury levels were found to be highly correlated and in
some studies, cord blood lead levels were determined to
be higher than maternal blood lead levels [6, 35]. Our pre-
transfusion lead and mercury levels reflect cord blood
level because of early mean sampling time (8.5 days).
Lead is lifelong stored in bone. During pregnancy, calci-
um requirements increase and give rise to bone turn over.
Therefore, calcium supplementation of the maternal diet
was suggested to prevent mobilization of maternal bone
lead stores [36]. In addition, some sources of lead expo-
sure such as smoking, occupational lead exposure, expo-
sure to lead paint and gasoline should be avoided during
pregnancy. Pregnant women should also avoid excessive
consumption of seafood and dental amalgam fillings in
order to prevent early mercury exposure of their babies
[6, 37]. Infants may also receive heavy metals by breast
milk or infant formulas; however, intake via enteral route
may be negligible due to small volumes of enteral feeding
in VLBW infants in the first week of life.

When transfusing blood to a preterm infant, some au-
thors recommend screening the donated blood, specifical-
ly for lead, whereas the others do not [31, 38–41]. In
conclusion, a cost-effective analysis of this procedure
should be elaborately discussed. Particularly, in infants
requiring excessive amount of blood transfusions (such
as exchange transfusion or Extra Corporeal Life
Support), pRBCs may be tested for lead and mercury.
Thus, more simply, pre-blood transfusion checklist can
be enhanced or a scoring system, which can cover the
occupation, demographics, living area, nutritional habits,
amalgam fillings, tobacco use, alcohol consumption, and
other factors (that possess risk for lead and mercury ex-
posure) of the blood donor, may be settled. In a well-
designed cohort study, evaluating donated blood for lead
levels, sex, and age were found to be independent risk
factors for high blood lead levels. The authors suggested
a viable policy alternative to systematic determination of
blood lead levels to eliminate burden of additional labo-
ratory testing for pRBCs [11]. Finally, blood transfusions
can be suggested to be sources of lead and mercury and
therefore, several factors should be taken into account
when administering blood transfusions to infants, partic-
ularly to very preterm babies.
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