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Background: Lead poisoning is a well recognized 
environmental health problem in children. Independent 
association of iron deficiency and lead exposure with 
elevated blood lead level (BLL) has been reported. Whether 
iron deficiency in combination with chronic lead exposure 
increases BLL and susceptibility to its harmful effects in 
children needs to be elucidated. 

Methods: In this case-control study, 246 children 
were randomly recruited. They comprised 123 children 
of lead smelters/battery recycle plant workers living close 
to the industries at Wah/Gujranwala, Pakistan (lead 
exposed group) and 123 children living 30 km away from 
the industrial area (controls). Blood lead analysis was 
carried out on the anodic stripping voltammeter lead 
analyzer 3010B. Blood counting was done on a Sysmex 
hematological analyzer and serum ferritin was determined 
by kit method on Immulite-1000.

Results: Of the 123 children in each group, 42 (34%) 
were iron deficient in the exposed group while 35 (28%) 
in the controls. The children's median age was 4 years (69 
males and 54 females in each group). Lead exposed iron 
deficient children had significantly higher BLL median 
(quartile) 13.1 μg/dL (10.1-16.8) as compared with 9.6 
μg/dL (7.6-10.3) in the iron deficient controls (P<0.05). 
Elevated BLL level was found in 31% of the lead exposed 
children and in 11% of the controls. Lead exposed 
children revealed a stronger negative correlation (r= 
-0.54; P=0.001) between BLL and serum ferritin than 
the controls (r=-0.36; P=0.01).

Conclusion: Iron deficiency in combination with lead 
exposure synergistically elevates blood lead levels and 
susceptibility to its harmful effects in children.
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Introduction

Lead toxicity is a prevalent child health problem in 
the large industrial cities of South Asia.[1] Kadir 
and co-workers[2] reported that nearly half of the 

Pakistani children in the industrial cities are exposed to 
lead. Iron deficiency (ID) is also a common nutritional 
problem seen during early childhood in the developing 
countries.[3] Children are more vulnerable to develop ID 
because of their increased iron requirements and the fact 
that they do not take enough iron in their daily diet.[4] Both 
ID and lead poisoning can adversely lead to impairment 
of neurocognitive development in children.

Lead toxicity is reported to be the most common 
pediatric disease in the United States due to occupational 
and environmental lead exposures.[5] Continued high 
lead exposure is affecting the health of children and the 
economic growth of Pakistan, therefore a comprehensive 
strategy is needed to reduce children's exposure to 
lead.[2] An effort is being made to study the prevalence 
of elevated blood lead levels (BLLs) in lead exposed 
industrial workers and their children living in close 
proximity to the lead-related industries.[6]

Several epidemiological studies have revealed a 
signifi cant association between ID and lead poisoning.[7,8] 
Similarly, a longitudinal study on 1-4 year old children 
showed a four to fi ve fold increase in BLLs in association 
with ID.[9] Schell et al[10] reported an inverse association 
between dietary iron and BLL. An association of ID with 
elevated BLL has been reported by other researchers 
in a cross-sectional study.[11] Children with ID had 
significantly higher BLLs than healthy children within 
varying strata of environmental lead exposure.[12]

An independent association of ID and lead exposure 
with elevated BLL in children has been reported. 
Whether iron deficiency in combination with lead 
exposure can affect BLL is not yet well established 
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in children. Our study aims to find out the synergistic 
effects of iron deficiency and chronic lead exposure on 
BLLs resulting in greater susceptibility to its harmful 
effects in children of lead based occupational workers. 
Identifying a causal relationship of iron deficiency with 
elevated BLL can devise an effective means of screening 
and iron supplementation in the high-risk children from 
lower socioeconomic strata in the developing countries.

Methods
The case-control study was carried out in the children of 
lead smeltering and battery recycle plant workers living 
close to the industries at Wah and Gujranwala, Pakistan 
after approval from the institutional review committee of 
Army Medical College, National University of Science 
and Technology (NUST) Islamabad, Pakistan.

Subjects
A total of 125 lead exposed children (exposed group) 
aged 1-6 years were randomly recruited from the 
offspring of lead smeltering and battery recycle plant 
workers living in the industrial areas after informed 
consent was obtained. Two children were unwilling to 
participate in the study. An equal number of children 
(n=123) living more than 30 km away from the 
industries (control group) were included. Children with 
any acute or chronic illness or on drugs were excluded. 
Demographic data of the children were collected. The 
children underwent a thorough physical examination 
with weight and height being noted.

Blood and biochemical analysis
5 ml venous blood was collected in lead free EDTA 
and plain tubes. Blood complete counts were measured 
on a Sysmex automated hematology analyzer KX-
21 (Sysmex, Milton Keynes, UK). Serum ferritin is a 
highly sensitive and specifi c indicator of iron defi ciency 
with or without anemia.[8] Serum ferritin was measured 
using immunoassay on immulite 1000 (Siemens LA, 
California, USA). The children were defined as being 
iron defi cient if serum ferritin was ≤12 μg/L.
     Blood lead level was determined by the anodic 
stripping voltammetry method[13] on a 3010B ESA Lead 
Analyzer using kits of the same manufacturer with 
3-level control materials. The method has an operating 
range of 1 to100 μg/dL and a detection limit of 1 μg/dL. 
CV of the method was 4.6%.

We used BLL 10 μg/dL as cut-off value according 
to the guidelines of the Centers for Disease Control and 
Prevention (CDC).[14] Furthermore, the children were 
living close to lead contaminated area with their parents 
who also worked in the lead based industries. House 

dust samples were collected from the floors, walls, and 
windowsills by the method described by Reynolds and 
co-workers.[15] Dust analysis was done on graphite furnace 
atomic absorption analyst 800 (Perkin Elmer, USA).

Statistical analysis
Statistical analysis was performed using SPSS software 
version-17 (SPSS Inc, Chicago, Illinois, USA). 
Kolmogorov-Smirnov test was applied on data which 
revealed non-Gaussian distribution for all the variables 
(P<0.05). Mean, SD, median, and inter quartile 
range (IQR) were calculated for descriptive statistics. 
Children of both lead exposed and control groups were 
further grouped into iron defi cient children (IDC; serum 
ferritin <12 μg/L) and non iron defi cient children (non-
IDC; serum ferritin ≥12 μg/L). The Kruskall-Wallis 
test and Mann-Whitney U test were applied among the 
four groups of the children. Spearman's rank correlation 
coefficient analysis between BLLs and serum ferritin 
was made. A P<0.05 was considered statistically 
signifi cant.

Results
Altogether 246 children participated in the study, and 
they comprised equal numbers from both lead exposed 
and control groups. The children's mean age was 4 
years, and each group consisted of 69 (56%) boys 
and 54 girls (44%). Baseline characteristic data of the 
children are shown in Table 1. As shown in the Fig., the 
lead exposed children had signifi cantly higher BLLs 
[median (range): 8.1 (1-20.9) μg/dL] than controls [6.7 
(1.4-13.3) μg/dL (P<0.05)]. Of the 123 exposed children 
of occupational workers, 38 (31%) had BLL higher 
than CDC permissible limit (>10 μg/dL) as compared 
with 14 (11%) in the controls (P<0.05). To further 
elaborate the synergistic effect of iron defi ciency and 
lead exposure on BLLs, the iron defi cient children were 
identifi ed in both the exposed and control groups. Of 
the 123 children in each group, 42 (34%) were found 
iron defi cient in the lead exposed group while 35 (28%) 
in the controls based on their serum ferritin level of 
less than 12 μg/L. Lead exposed children and controls 
were further sub-grouped into IDC and Non-IDC (Table 
2). Blood lead level, serum ferritin and hematological 
parameters among the four subgroups were compared 
using the Kruskal-Wallis test. Iron defi cient children in 
the lead exposed group had signifi cantly high BLL as 
compared to non-IDC in the exposed group as well as 
IDC in the control group (P<0.05). Lead levels were 
signifi cantly higher in the house dust samples collected 
from the exposed area as compared with the control 
area. Hematological parameters revealed a decrease 
in hemoglobin concentration, mean corpuscular 



World Journal of Pediatrics

O
riginal article

World J Pediatr, Vol 7 No 2 . May 15, 2011 . www.wjpch.com152

hemoglobin (MCH) and mean corpuscular hemoglobin 
concentration (MCHC) with increased blood lead levels 
in the iron defi cient subgroup in contrast to the non 
iron defi cient subgroup in each of the two major groups 
(Table 2). Hemoglobin concentration levels were 
signifi cantly lower in the lead exposed IDC sub-groups 
as compared to the rest three sub-groups (P<0.05).

Blood lead levels revealed a negative correlation 
with serum ferritin levels (r=-0.54; P=0.001) and 
hemoglobin concentrations (r=-0.51; P=0.001) in the 
lead exposed group. Weak negative correlation was also 
observed between BLL and serum ferritin (r=-0.36; 
P=0.001) in the control group. The correlation between 
iron deficiency and BLL was relatively more evident 
in the lead exposed children as compared with the 
controls.

Discussion
It is generally accepted that BLL is the best index 
for monitoring the actual exposure of individuals to 
lead. We found a significantly large number (31%) 
of children who had BLL greater than the CDC 
recommended levels due to exposure to the lead from 

the industries. Dust lead concentration was signifi cantly 
higher in the exposed children's homes as compared to 
the controls. Children can swallow and breathe lead in 
dust while they play on the fl oor. 
    We also demonstrated that IDC had higher BLL 
compared with non-IDC in both the exposed and the 
control groups. However, BLLs were higher in the 
IDC of the lead exposed group than in those of the 
controls. This finding was consistent with the study 
which clearly reported an association of elevated BLLs 
with low iron levels.[16] Similarly, another study from 
California on 1 to 6 year old children states that iron 
defi ciency is associated with higher blood lead level.[8] 
A longitudinal analysis of children followed up by an 
urban primary clinic showed that there is an association 
of iron deficiency with low level lead poisoning.[7] 
Several studies have found an association between iron 
deficiency and lead toxicity.[17] While observing the 
causes of elevated blood lead levels among children 
living in rural Philippines, an inverse gradient was 
found between hemoglobin concentration and BLL, 
representing another aspect of iron defi ciency as a cause 
of elevated BLL.[18] The results of a study conducted 
in Turkey to observe the interaction between anemia 

Table 1. Baseline characteristics of the study population (n=246)
Parameters Exposed group (n=123)

  mean±SD
Control group (n=123)
  mean±SD

Age (y)     4.07±1.59     4.28±1.54 
Gender (M/F)   69/54   69/54
Weight (kg)     21.5±8.29   20.47±4.77
Height (cm)   112.6±27.68 117.85±17.99
BLL (μg/dL)     9.03±4.49*     6.48±2.71
Ferritin (μg/L)   20.75±12.39   22.38±12.29
Hemoglobin (g/dL)   11.93±1.22*   12.23±0.96
MCV (fl )   79.10±9.44*   81.74±9.01
MCH (pg)   25.06±2.94   24.39±3.91
MCHC (g/dL)   29.93±2.98   30.41±3.31
*: P<0.05. BLL: blood lead level; MCV: mean corpuscular volume; 
MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular 
hemoglobin concentration.

Table 2. Comparison of BLL, serum ferritin and hematological parameters in IDC with Non-IDC of lead exposed and control groups (n=246)
Parameter Lead exposed group Control group

IDC (n=42)
  median (quartile)

Non-IDC (n=81)
  median (quartile)

IDC (n=35)
  median (quartile)

Non-IDC (n=88)
  median (quartile)

BLL (μg/dL) 13.1 (10.1-16.8)*†   7.0 (4.8-8.2)   9.6 (7.6-10.3)*†   5.6 (3.8-7.0) 
Serum ferritin (μg/L)   9.0 (7.0-11.0)* 23.0 (18.5-36.2) 10.6 (7.9-12.0)* 24.0 (18.5-35.0)
Hemoglobin (g/dL) 11.2 (10.3-11.6)* 12.6 (11.9-13.1) 11.7 (10.0-12.5)* 12.4 (12.1-12.9) 
MCV (fL) 69.5 (65.5-78.8)* 81.4 (78.3-89.7) 76.1 (69.7-82.4)* 82.6 (78.3-90.0) 
MCH (pg) 23.9 (21.5-25.0)* 26.7 (24.4-27.6) 20.4 (17.4-26.6)* 26.4 (24.3-27.5) 
MCHC (g/dL) 28.9 (26.5-31.2)* 30.1 (28.9-32.8) 27.0 (26.0-29.0)* 33.0 (29.0-33.9) 
*: P<0.05, IDC in the exposed group and controls compared with Non-IDC in the respective groups (Kruskal Wallis test); †: P<0.01, IDC of the 
lead exposed group compared with that of the controls (across groups). BLL: blood lead level; IDC: iron defi cient children; MCV: mean corpuscular 
volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration.

Fig. Box plots showing the blood lead level and serum ferritin in lead 
exposed children (n=123) and controls (n=123).
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and BLL in children were also in agreement with the 
results of the present study.[19] While identifying the 
risk factors for elevated BLL in 3 to 4 year old children, 
iron defi ciency was identifi ed as a valid risk factor.[20]

The present study demonstrates a low correlation 
between serum ferritin and BLLs in the lead exposed 
children and controls. A Brazilian study on children found 
a relationship between anemia and elevated BLL.[21] 
Although most studies are in favor of this association there 
are certain studies which negate any such link. In one study 
no significant correlation was found between blood lead 
level and serum ferritin level.[22] Similarly, a study on Costa 
Rican children failed to find any significant association 
between ID and elevated BLL,[23] but the failure of this 
study may be attributed to the small sample size.

A possible explanation for the association of 
iron deficiency with elevated BLL could be the fact 
that lead utilizes iron's absorptive pathway which is 
the divalent metal transporter-1 (DMT1) to enter the 
gastrointestinal tract.[24] Hence, when there is defi ciency 
of iron, the absorption of lead increases through this 
receptor, making iron deficient children more prone 
to lead toxicity. Another likely explanation for this 
association can be that iron defi ciency sharply increases 
the expression of DMT-1 in the duodenum, leading to 
increased absorption of lead.[25]

Hematological parameters showed a negative 
correlation with elevated BLL in children. Rondó 
and co-workers[21] reported that anemic children 
had elevated BLL. Others have used some of these 
parameters like MCV[7] or hemoglobin to assess iron 
deficiency and to see their correlation with elevated 
BLL. Thus, keeping this in view iron deficiency can 
also be used as a screening procedure for elevated BLL 
in children chronically exposed to lead.

The strength of the present study is that we included 
iron deficient children in the study, not only those 
children who were frankly anemic. This is particularly 
important because WHO reports that 40% to 50% of 
children in developing countries are iron deficient but 
not anemic.[4] The prevalence of iron deficiency in 
Karachi and Peshawar Pakistan has been reported to be 
45% and 63% respectively.[25,26] Moreover, in our study 
we included 1-6 year old children who were at highest 
risk for lead poisoning and iron defi ciency.[27] We have 
also studied the synergistic effect of iron deficiency 
and lead exposure on blood lead levels, considering the 
greater susceptibility of harmful effects of lead toxicity 
on the lead exposed children. The study presents a 
better overview of the condition compared to most 
studies on either iron defi ciency[7] or lead contaminated 
environment as a cause of elevated blood lead level.[28] 
In our study we observed the synergistic effects of both 
iron defi ciency and lead exposure on blood lead level in 

a much more effective manner using a control group for 
comparative purposes.

Iron fortifi cation may help reduce BLL among most 
children.[29] This method may be better than chelation 
therapy as it is effective even at a lower blood lead 
level and is far cheaper and safer than chelation therapy. 
Several studies have been conducted to see the effects of 
iron fortifi cation on blood lead level whereby some have 
shown favorable results[11] while others have negated 
any benefit of such measures.[30] By far not a single 
study has been conducted in Pakistan to see the effect 
of iron fortification on BLL, thus the present study has 
opened venues for researchers to make iron fortifi cation 
a measure of secondary prevention of lead poisoning in 
the high-risk children in the developing countries.

Nevertheless, our study had a few limitations. We 
targeted children belonging to a low socioeconomic 
group and the findings of the study cannot be 
generalized. As a case control study, our study was 
difficult to assess the temporal pattern of exposure 
and co-existing factors leading to elevated BLL. 
Since both ID and lead poisoning occurred in the 
low socioeconomic group their association may be 
due to common environmental factors. Therefore the 
role of environmental factors and a dose dependent 
relationship between iron deficiency and lead toxicity 
may be confi rmed by future studies. 

In conclusion, our study demonstrates iron 
deficiency in combination with lead exposure 
synergis t ica l ly  e levates  blood lead level  and 
susceptibility to its harmful effects in Pakistani children 
living close to lead related industries. This has led to 
an important public health perspective of prevention 
of lead exposure and introducing iron fortification as 
an effective measure to combat lead poisoning in the 
children residing in lead contaminated environments.

Acknowledgements
We would like to thank all colleagues and technical staff who 
contributed to this study.

Funding: This study was supported by a grant from the Higher 
Education Commission, Pakistan (20-808/RND/07).
Ethical approval: The study was approved by the institutional 
review committee of Army Medical College, NUST Islamabad, 
Pakistan.
Competing interest: None.
Contributors: Khan DA proposed the concept and designed the 
study, analyzed and interpreted the data, critically revised and 
drafted the main body of the article. Ansari WM collected the 
samples and analyzed them, analyzed the data and did further 
drafting. Khan FA provided advice on data interpretation, medical 
aspects and critically revised the manuscript.



World Journal of Pediatrics

O
riginal article

World J Pediatr, Vol 7 No 2 . May 15, 2011 . www.wjpch.com154

References
1 Gao W, Li Z, Kaufmann RB, Jones RL, Wang Z, Chen Y, et al. 

Blood lead levels among children aged 1 to 5 years in Wuxi 
City, China. Environ Res 2001;87:11-19.

2 Kadir MM, Janjua NZ, Kristensen S, Fatmi Z, Sathiakumar N. 
Status of children's blood lead levels in Pakistan: implications 
for research and policy. Public Health 2008;122:708-715.

3 Gökçay G. Strategies for the prevention of iron deficiency 
anemia in children. J Trop Pediatr 2006;52:75-77.

4 WHO. Iron Deficiency Anemia: Assessment, Prevention and 
Control. A guide for programme managers. Geneva: World 
Health Organization, 2001. www.nlm.nih.gov/medlineplus/
ency/article/007134.htm (accessed June 12, 2010).

5 Marcus S. Toxicity, Lead. e-medicine, 2009. http://emedicine.
medscape.com/article/815399-overview (accessed June 12, 
2010).

6 Khan DA, Qayyum S, Saleem S, Ansari WM, Khan FA. Lead 
exposure and its effects among occupational workers' children. 
Toxicol Ind Health 2010;26:497-504.

7 Wright RO, Shannon MW, Wright RJ, Hu H. Association 
between iron defi ciency and low level lead poisoning in an urban 
primary care clinic. Am J Public Health 1999;89:1049-1053.

8 Bradman A, Eskenazi B, Sutton P, Athanasoulis M, Goldman 
LR. Iron deficiency associated with higher blood lead in 
children living in contaminated environments. Environ Health 
Perspect 2001;109:1079-1084.

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

10 Schell LM, Denham M, Stark AD, Ravenscroft J, Parsons P, 
Schulte E. Relationship between blood lead concentration and 
dietary intakes of infants from 3 to 12 months of age. Environ 
Res 2004;96:264-273.

11 Muwakkit S, Nuwayhid I, Nabulsi M, al Hajj R, Khoury R, 
Mikati M, et al. Iron deficiency in young Lebanese children: 
association with elevated blood lead levels. J Pediatr Hematol 
Oncol 2008;30:382-386.

12 Hammad TA, Sexton M, Langenberg P. Relationship between 
blood lead and dietary iron intake in preschool children: a 
cross-sectional study. Ann Epidemiol 1996;6:30-33.

13 Bannon DI, Chisolm JJ Jr. Anodic stripping voltammetry 
compared wi th  graphi te  furnace  a tomic  absorpt ion 
spectrophotometry for blood lead analysis. Clin Chem 
2001;47:1703-1704.

14 Centers for disease Control and Prevention. Preventing lead 
poisoning in children. August, 2005. http://www.cdc.gov/nceh/
lead/publications/prevleadpoisoning.pdf (accessed June 12, 
2010).

15 Reynolds SJ, Etre L, Thorne PS, Whitten P, Selim M, 
Popendorf WJ. Laboratory comparison of vacuum, OSHA, and 
HUD sampling methods for lead in household dust. Am Ind 
Hyg Assoc J 1997;58:439-446.

16 Yip R, Dallman PR. Developmental changes in erythrocyte 
protoporphyrin: the roles of iron defi ciency and lead toxicity. J 
Pediatr 1984;104:710-713.

17 Kwong WT, Friello P, Semba RD. Interactions between iron 
defi ciency and lead poisoning: epidemiology and pathogenesis. 
Sci Total Environ 2004;330:21-37.

18 Riddell TJ, Solon O, Quimbo SA, Tan CM, Butrick E, Peabody 
JW. Elevated blood-lead levels among children living in the 
rural Philippines. Bull World Health Organ 2007;85:674-680.

19 Turgut S, Polat A, Inan M, Turgut G, Emmungil G, Bican M, 
et al. Interaction between anemia and blood levels of iron, 
zinc, copper, cadmium and lead in children. Indian J Pediatr 
2007;74:827-830.

20 Raymond JS, Anderson R, Feingold M, Homa D, Brown 
MJ. Risk for elevated blood lead levels in 3- and 4-year-old 
children. Matern Child Health J 2009;13:40-47.

21 Rondó PH, Carvalho MF, Souza MC, Moraes F. Lead, 
hemoglobin, zinc protoporphyrin and ferritin concentrations in 
children. Rev Saúde Pública 2006;40:71-76.

22 Serwint JR, Damokosh AI, Berger OG, Chisolm 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-
110.

23 Rosado JL, López P, Kordas K, García-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;136:2378-2383.

24 Watson WS, Morrison J, Bethel MI, Baldwin NM, Lyon DT, 
Dobson H, et al. Food iron and lead absorption in humans. Am 
J Clin Nutr 1986;44:248-256.

25 Molla A, Khurshid M, Molla AM. Prevalence of iron defi ciency 
anaemia in children of the urban slums of Karachi. J Pak Med 
Assoc 1992;42:118-121.

26 Paracha PI, Hameed A, Simon J, Jamil A, Nawab G. Prevalence 
of anaemia in semi-urban areas of Peshawar, Pakistan: a 
challenge for health professionals and policy makers. J Pak 
Med Assoc 1997;47:49-53.

27 American Academy of Pediatr ics .  Lead exposure in 
children: prevention, detection and management. Pediatrics 
2005;116:1036-1046.

28 Vishwanath P, Prashant A, Devanand, Nayak N, D'souza V, 
Venkatesh T. Screening of school children for blood lead levels 
and attempts to reduce them by nonpharmacological means in a 
coastal city of India. Indian J Med Sci 2008;62:185-192.

29 Zimmermann MB, Muthayya S, Moretti D, Kurpad A, Hurrell 
RF. Iron fortification reduces blood lead levels in children in 
Bangalore, India. Pediatrics 2006;117:2014-2021.

30 Gulson BL, Mizon KJ, Korsch MJ, Taylor AJ. Low blood 
lead levels do not appear to be further reduced by dietary 
supplements. Environ Health Perspect 2006;114:1186-1192.

Received December 11, 2009
Accepted after revision January 21, 2010



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


