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Erythrocyte index can form erythrocyte morphology in the peripheral blood 
smear preparation. Lead exposure in Tambaklorok exceeds the threshold 
that affects anemia. The purpose of this study was to determine the 
erythrocyte index confirmation with erythrocyte morphology in the 
peripheral blood smear preparation. A cross-sectional study was 
conducted in 2month in Tambaklorok Semarang residents and 104 
samples were taken using the purposive technique. Erythrocyte index was 
measured using the hematological analyzer and erythrocyte morphology 
in the peripheral blood smear preparation using Giemsa painting. 
Erythrocyte index confirmation with the peripheral blood smear 
preparation was analyzed using the Gamma statistical relationship test. 
The results showed that the erythrocyte index value was mostly in the 
normal category, i.e., MCH 68 (64.4%), MCHC 61 (58.6%) and MCH 58 
(56%) and below normal category were MCH 45 (42.95%), MCHC 41 
(39.4%), and MCV 36 (34.3%). Erythrocyte morphology was mostly 
hypochromic, namely 46 (44.23%), normochrome 40 (38.46%), and 
hyperchrome 18 (17.3%). Relationship of MCH with erythrocyte color p-
value 0.037 with size p-value 0.038. Conclusion of erythrocyte index 
confirmation, especially MCH with the peripheral blood smear preparation, 
there was a match on the color and size of erythrocytes, while the MCV 
and MCHC values had no significant relationship. 

This is an open-access article under the CC–BY-SA license.   
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1. INTRODUCTION 
 Erythrocyte index was determined by calculating three parameters, namely 
hemoglobin (Hb), hematocrit (Ht) levels, and the number of Erythrocytes. Erythrocyte index 
calculation results show the average volume of erythrocytes and the average hemoglobin per 
erythrocyte, the average concentration of hemoglobin per erythrocyte. Clinically examination 
of the erythrocyte index is used as a filter for diagnosing anemia and its classification based 
on erythrocyte morphology.1 Measurement of erythrocyte index needs to be confirmed using 
erythrocyte morphology examination on the peripheral blood smear preparation.2 
 Erythrocyte index consists of mean corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC). MCV is measured 
by comparing Ht levels with the number of erythrocytes in million / ul multiplied by 10 in 
femtoliter units (fl), MCH is measured by comparing Hb levels with the number of erythrocytes 
in million / ul multiplied by 10 by picogram units (pg), MCHC is measured by comparing Hb 
levels with Ht multiplied by 100%. MCV reference values 82-92 fl, MCH 27-31 pg, and MCHC 
30-35 gr / dl.3 
 Peripheral blood smear preparation is a strategy to see the morphology of blood cells 
including erythrocytes, leukocytes, and thrombocytes.4 Erythrocyte morphology is examined 
based on size, color, shape, and inclusion. High MCV and MCH will give an overview of the 
size of erythrocytes in peripheral blood smear preparation enlarge (macrocytes) and otherwise 
if the MCV and MCH are low, then the size of erythrocytes in peripheral blood smear 
preparation becomes smaller (microcytes).3 It is important to know how the erythrocyte 
morphology in peripheral blood smear preparation is useful for confirming the erythrocyte 
index. 
 Increased MCV is found in aplastic anemia, hemolytic anemia, pernicious anemia, folic 
acid deficiency anemia, while decreased MCV is found in microcytic anemia, iron deficiency 
anemia, thalassemia, sickle cell anemia, lead/ plumbum poisoning.5,3 
 Lead exposure can cause anemia through the Delta-aminolevulinic acid dehydratase 
(ALAD) enzyme inhibition pathway in the heme biosynthesis process and has been proven,6 
but the erythrocyte index is not yet known with confirmation of peripheral blood smear 
preparation so that anemia is known. The benefits of anemia classification are very useful in 
the process of managing patients with anemia. 
 Various causes of anemia include lead exposure either through inhalation, digestion, 
or skin.7 Lead that enters the body will accumulate and cause detoxification in both liver and 
kidney detoxification organs.8,9 Biochemically erythropoietin hormone which functions for 
erythropoiesis is disrupted so that the formation of erythrocytes is inhibited. Lead can also 
inhibit the ALAD delta enzyme in the process of heme synthesis, so that heme is not formed 
which results in decreased levels of hemoglobin in the blood and the volume of erythrocytes 
becomes abnormal as indicated by a decrease in hematocrit levels. These parameters are 
used to determine the erythrocyte index. 
 Tambaklorok is part of the city of Semarang which is located in the northern part close 
to the north coast. Currently, the Tambaklorok region is a densely populated and industrious 
area. Various industries that have the potential as sources of lead contamination are the 
textile, pharmaceutical, power plant, ship repair, paint industry, cosmetics, batteries, pipes, 
ceramic coatings, children's toys, and others10 located in Tambaklorok. Industrial waste 
management is not all good, a lot of industrial waste before going through the treatment 
process is discharged through the flow of water up to the edge of the sea resulting in polluted 
marine commodities such as green shells, seaweed, and fish consumed by many 
Tambaklorok residents. According to research conducted by Supriyantini and Soenardjo 2015, 
waters around Tanjung Emas including Tambaklorok area found to contain a lead level of 0.06 
ppm, while the maximum standard quality was 0.008 ppm.11 Other research conducted by Tm 
NK 2011, showed Pb levels that polluted the air in Tambaklorok region was 8.41 μg / m3 
above the threshold value of quality 2 μg / m3 per 24 hours, the highest compared to other 
regions in the city of Semarang.12 Results of research conducted by Marianti A, Prasetya AT, 
2013, lead content in hair of North Semarang residents showed that 56 residents had the 
highest lead content of 17,028 ppm and an average of 8,304 ppm. The cause is thought to 
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originate from drinking water consumed by the residents containing an average lead level of 
6 ppm.13 Based on this description, it is probable that lead exposure in Tambaklorok can cause 
anemia. Therefore the classification of anemia based on the erythrocyte index becomes 
important to know so that the handling of anemia due to lead exposure can be overcome. 

 
2. MATERIAL AND METHOD 
 This type of analytic research is a cross-sectional approach, study from January to 
March 2020. The study population is the residents of Tambaklorok Semarang and the number 
of samples is 104 taken based on the Lemeshow formula.14 Sampling uses a purposive 
technique by not limiting age groups to residents who have lived for at least five years. Lead 
content data from Tambaklorok residents in the form of secondary data were obtained from 
the study of Marianti A, Prasetya AT, 2013. The erythrocyte index was obtained from 
measurements of venous blood samples using a hematology analyzer with the impedance 
principle. Erythrocyte morphology in the form of erythrocyte size and color was identified using 
peripheral blood smear preparation with Giemsa staining. To confirm the erythrocyte index 
with erythrocyte morphology in the peripheral blood smear preparation, a relationship test was 
performed using the Gommer test. 
 The study was conducted after obtaining ethical clearance from the Medical Faculty of 
UNISULA Semarang No.064/III/2020/Komisi/Bioetik. The Head of the Clinical Pathology 
Laboratory of the University of Muhammadiyah Semarang agreed to research after receiving 
notification of the results of ethical clearance. Erythrocyte index examination and erythrocyte 
morphology was carried out in the clinical pathology laboratory of Unimus. 

 

3. RESULTS AND DISCUSSION 
 Erythrocyte index examination in the form of MCV, MCH, MCHC as well as a 
morphological description of erythrocytes based on color and size was carried out on 
Tambaklorok residents of Semarang who were suspected of being exposed to lead. MCV, 
MCH, MCHC values can be seen in figure 1. The graphs of increase and decrease in MCV, 
MCH, MCHC in each sample are almost the same. If there is an increase in MCV will be 
followed by an increase in MCH and MCHC and vice versa, although the increase or decrease 
can not be measured with the same number. It can be explained that each increased 
erythrocyte volume will be followed by a decrease in the mean and the percentage of 
hemoglobin levels. Likewise, a decrease in erythrocyte volume will be followed by a decrease 
in the mean and percentage of hemoglobin levels.  
 The mean value of MCV is still in the normal category even though it is at the lowest 
limit of its normal value (83.1), so is the mean value of MCHC that is also at the lowest limit of 
its normal value of 32. Whereas the mean value of MCH is below normal (26.8) (Table 1). The 
erythrocyte index value is mostly normal (Table 2), the highest normal category is MCH 68 
(64.4%), followed by MCHC 61 (58.6%) and MCH 58 (56%). The highest erythrocyte index 
values below normal were MCH 45 (42.95%), MCHC 41 (39.4%), and MCV 36 (34.3%). 
 

Table 1. Average MCV, MCH, MCHC among Tambaklorok residents in Semarang 
Variable  n Average SD Highest Lowest 

MCV 104 83.2 4.99 84.20 82.30 
MCH 104 26.8 1.99 27.20 26.40 

MCHC 104 32.0 3.40 32.30 31.30 

 
Table 2. Values of MCV, MCH, and MCHC based on normal values 

Variable N Results 

< Normal 
(%) 

Normal 
(%) 

>Normal 
(%) 

MCV 104 36 (34.30) 68 (64.40) 1 (1.00) 
MCH 104 45 (42.90) 58 (56.00) 1 (1.00) 

MCHC 104 41 (39.40)  61 (58.60) 2 (1.90) 
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In the peripheral blood smear preparation that has been stained with Giemsa staining, 
erythrocyte morphology can be grouped into hypochromic, that is, pale color with a diameter 
exceeding 1/3 central polar, normochromic that is normal with a pale color 1/3 the diameter of 
the central polar, and hyperchromic that is pale the entire surface of the erythrocyte does not 
appear to have a central poll. Besides being grouped by color, the morphology of erythrocytes 
is also seen based on their size, which is normal (normocyte), which is 6.9 µ and 9.6 µ., Small 
(microcytes), and large (macrocytes). The following in figure 2 an example of hypochromic 
normocytic erythrocyte morphology. 

 
Figure 2. Hypochromic Normocytic 

In Figure 2, it comes from sample no. 50 whose MCV value is 87.7 fl and MCH is 26.6 pg 

 
 The morphology of erythrocytes (Table 3) based on color abnormalities was mostly 
found hypochromic, namely 46 samples (44.23%), while normochrome 40 samples (38.46%), 
and the least hyper chrome was 18 (17.3%). Erythrocyte morphology (Table 4) based on size 
abnormalities, found 72 (69.23 samples of normal size (normocytic), only 14 (13.46%) were 
microcytic, and 18 (17.3%) were macrocytic. 
 

Table 3. Erythrocyte morphology based on color abnormalities 
Color Frequency Percentage 

(%) 

Hypochromic 46 44.23 
Normochromic 40 38.46 
Hyperchromic 18 17.30 

Total 104 100 

 
Table 4. Erythrocyte morphology based on the size of the measurement 

Size Frequency Percentage 
(%) 

Microcytic 14 13.46 
Normocytic 72 69.23 
Macrocytic 18 17.30 

Total 104 100 

 
Tables 5 and 6 are a recap of the results of statistical tests of the relationship between the 
erythrocyte index and the morphology of erythrocytes based on the color and size of the 
erythrocytes. Based on the results of the gamma statistical test, only MCH with color and MCH 
with a size that has a relationship, respectively, the p-value is 0.038 and 0.037. MCV and 
MCHC both in color and size are statistically not significant. 
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Table 5. Erythrocyte index based on the color of erythrocytes in the peripheral blood smear 
preparation 

Erythrocyte 
index 

Category 
Color 

P-value 
Hypochromic Normochrome Hyperchrome 

MCV < N 17 12 7 

0.783  N 28 28 11 

 >N 0 1 0 

MCH < N 25 14 6 

0.038  N 20 26 12 

 >N 0 1 0 

MCHC < N 19 10 12 

0.587  N 26 29 6 

 >N 0 2 0 

 
Table 6. Erythrocyte index based on the size of erythrocytes in the Peripheral Blood Smear 

Preparation 
Erythrocyte index Category Size P-

value Microcytic Normocytic Macrocytic 

MCV < N 6 24 6 

0.632  N 7 48 12 

 >N 0 1 0 

MCH < N 9 31 5 

0.037  N 4 41 13 

 >N 0 1 0 

MCHC < N 3 35 3 

0.516  N 10 36 15 

 >N 14 73 18 

 
Based on the results of the study it was found that the average value of MCH was in 

the lowest normal limit and most were less than normal when compared with MCV and MCHC. 
The statistical test results obtained a p-value of 0.038 between MCH and erythrocyte color 
and size, meaning that there is a significant relationship between MCH and erythrocyte color 
and erythrocyte size.  MCH is the average level of hemoglobin contained in erythrocytes. The 
higher the level of hemoglobin in the blood, the higher the hemoglobin content in erythrocytes 
will be and vice versa so that it can be used as an indicator of anemia.3,15 Such a condition, 
when viewed in terms of erythrocyte morphology in the preparation of peripheral blood smear, 
will give a picture of pale erythrocytes. The pale color is determined by the width of the central 
polar diameter of the erythrocytes. The pale coloration of erythrocytes in peripheral blood 
smear preparations is increasingly apparent with Giemsa staining.16 

In this study, MCH with erythrocyte size was also found to have a significant 
relationship. Some studies of erythrocyte size are related to erythrocyte volume.15 In this study 
showed that the hemoglobin content was also related to the volume of erythrocytes. If the 
hemoglobin content in erythrocytes decreases, the size of erythrocytes also decreases.17 
Several studies have shown that the color and size of erythrocytes were associated with the 
type of anemia. A decrease in MCH occurs in patients with microcytic anemia and 
hypochromic anemia, whereas an increase in MCH occurs in patients with iron deficiency 
anemia.18,19,20 

Hypochromic anemia based on the results of this study occurred due to low 
hemoglobin levels in the samples/ respondents. The low level of hemoglobin of Tambaklorok 
Semarang residents was inseparable from the previous history of lead exposure that was 
above the threshold. Hemoglobin is composed of heme and globin, the presence of lead can 
inhibit heme synthesis.21,22,23,24 The mechanism of lead heavy metal poisoning in the heme 
synthesis process occurs as a result of suppressing enzyme activity at the beginning, middle, 
and end of heme biosynthesis. Enzyme δ ALAD is a starting enzyme that is inhibited by the 
presence of lead. Due to the inhibition of lead in the δ ALAD enzyme, it will cause the cessation 
of δ ALA to become porphobilinogen (PBG). This can result in increased levels of ALA in the 



 

ERYTHROCYTE INDEX    Budi Santosa 

 

156 

blood and urine. The intermediate enzyme that is inhibited by lead exposure is 
coproporphyrinogen oxidase which can cause an increase in coproporphyrinogen levels. The 
last enzyme that is inhibited by lead in the heme biosynthesis process is ferrochelatase. 
Obstacles that occur in ferrochelatase will cause elevated levels of protoporphyrin in red blood 
cells / free erythrocyte protoporphyrin (EPP) so that the porphyrin ring is not formed and results 
in the failure of heme formation.25,26 

The results of statistical tests for MCV and MCHC values obtained an average p-value 
above 0.05, which means that statistically there is no significant relationship with the size and 
color of erythrocytes, although descriptively there is a downward trend in the mean value. This 
could be possible through hematocrit levels and the number of erythrocytes was decreasing, 
some were still within normal limits. The main finding of this study is that erythrocyte 
morphology in peripheral blood smear preparation can be used as confirmation of erythrocyte 
index results, although the strength of this study is only significant in the relationship of MCH 
to erythrocyte color and size. The limitation of this study is that in a population with mild 
anemia, further research is needed to confirm the erythrocyte index based on erythrocyte 
morphology in peripheral blood smear preparation preparations in a severe anemia 
population. 
 

CONCLUSION 
 Based on the results of research and discussion it can be concluded that the 
erythrocyte index confirmation, especially MCH with the morphology of erythrocytes in the 
form of color and size is appropriate as evidenced by a significant relationship, while the values 
of MCV and MCHC have no significant relationship. 
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Figure 1. Distribution of MCV, MCH, MCHC values in Respondents 
(Y=MCV, MCH,MCHC. X=no sample) 
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28 27,3 27 25,7 21,2 26,1 26,5 28,1 23,2 26,1 23,9 27,1 25,3 28,4 27,8 26 27,1 23,6 22,9 26,8 27,1 29,5
24,4 29 27,6 27,2 30,7 27,1 25,6 26,3 25 29,4 27,7

MCHC(g/dl) 31,9 33,7 32,3 31,9 30,9 30,8 33,8 30,1 31,3 30,8 32,9 32,8 31,2 31,5 31,5 31,4 32 31,8 30,9 31
31,3 32 30,9 32 29,3 31,4 31,6 32,5 30,4 30,2 30,8 32,4 30,3 32,5 32,1 31,9 31,3 29,4 31,8 33,1 33,2 35
32,6 32,6 32,3 33,2 33,9 31,9 31,9 31,6 31,2 32,5 33.3 \
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https://www.univmed.org/ejurnal/index.php/medicina/article/view/544
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https://www.atsdr.cdc.gov/csem/lead/docs/CSEM-Lead_toxicity_508.pdf.
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