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Abstract:

Contamination of heavy metal on the South Kalimantan River has become a well thrived issue. In
the Barito River watershed, it is reported that there are heavy metals in the form of Pb, Hg and Cd.
Heavy metals can affect physiological anatomical changes and the hematopoietic system. This study
aims to determine the impact of heavy metal contamination on changes in body weight and
hemoglobin levels. The research method is a true laboratory experiment using a pre-post-test group
design. The subjects used were healthy male white rats (Rattus norvegicus), aged 2-6 months and
weighing 250-300 gr. The research group was divided into two groups, the control group (K) was a
group of experimental animals that were given distilled water while the treatment group (P) was a
group of experimental animals that were given water contaminated with heavy metals (Pb. Cd, and
Hg) ad libitum for 30 days. The results showed that there was no effect of giving Pb metal; 0.01 mg/1
= 0.006 mg/kgBW, Cd; 0.003 mg/l = 0.018 mg/kgBW, Hg; 0.001 mg/l = 0.0006 mg/kgBW and
Pb+Cd+Hg; 0.006 mg/kgBB + 0.018 mg/kgBB + 0.0006 mg/kgBB on body weight of white rats.
There was a significant decrease in Hb levels in white rat hemoglobin after administration of Pb
metal; 0.01 mg/1 =0.006 mg/kgBB. Pb metal in water can influence changes in decreasing Hb levels
during sub-acute administration. It can be concluded that there was a significant difference in
hemoglobin levels before and after giving water containing Pb/lead metal, whereas in the other
groups there was no significant difference, as did the Hb levels.
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Introduction

River is a live resource for people around
it. Many kind of activities such as such as the
disposal of industrial, household and
agricultural waste cause a decrease in river
water quality. Heavy metal pollution in rivers
in the South Kalimantan area is a growing
issue. Herliwati et al's research found the
presence of heavy metals in shrimp from the
Barito River estuary indicating that there was
bioaccumulation of lead and cadmium metals
that exceeded the tolerance limits according
to JECFA (Joint FAO/WHO Expert Committee
on Food Additives).! Research by Rahmadinah
et al reports that the quality of the river in
Sungai Paring Village shows moderate to poor
polluted conditions, this is in line with data
from the South Kalimantan Regional
Environmental Agency (BLHD) 2021.%3

Heavy metals consist of 2 types, essential
and non-essential. Essential heavy metals
such as copper (Cu), selenium (Se), iron (Fe)
and zinc (Zn) are needed to maintain the
human body's metabolism. On the other
hand, non-essential heavy metals have no
function in the human body, and are even so
dangerous that they cause poisoning (toxicity)
in humans, including: lead (Pb), mercury (Hg),
arsenic (As) and cadmium (Cd). Several studies
have reported that heavy metal toxicity in
experimental mice can cause a decrease in
several hematological parameters, one of the
consequences of a decrease in hematological
parameters is a decrease in hemoglobin or
anemia. +>57

Anemia or lack of blood is a serious
problem because it causes sufferers to
experience tiredness and lethargy, which will
have an impact on creativity and productivity.
Apart from that, anemia also increases
susceptibility to disease in adulthood and
gives birth to a generation that experiences
nutritional disorders. The incidence of anemia
in Indonesia is still quite high. Based on 2018
Riskesdas data, the prevalence of anemia in
adolescents is 32%. Based on the data,
examination results in South Kalimantan in
2018 showed that 52.98% of adolescent girls
experienced anemia, while in 2019 adolescent

| 54

girls' anemia reached 42,45%. Apart from
teenage girls, pregnant women are also at risk
of anemia. Anemia in pregnant women in
South Kalimantan in 2021 is 19,6%.%

This research is aimed to find out the
effect of heavy metal pollution on body
weight change and Hemoglobin level.

Research Method
Research Design

The research used True Experiment
Method with pre-post-test control group
design. Research subject used male rats
(Rattus norvegicus), 2-4 months old, healthy
with 250-300 gram in weight. Research
groups were divided into 2 groups: control
group (K) was a group of experimental
animal fed with aquades ad libitum; and
treatment group (P) was a group of
experimental group fed with heavy metal
polluted water. Treatment period was 30
days. Based on the number of groups, the
minimum number of repetitions of research
subjects determined using the Federer
formula was 16 per group plus 10% risk
factor for death, so the total research
subjects used were 32 white rats (Rattus
norvegicus).

Research Variable and Operational Definition

Independent variable in this research was
heavy metal polluted water while dependent
variables were body weight and hemoglobin
level. Heavy metal polluted water is water
that added by heavy metal with following
concentrations: Pb: 0,01 mg/l; Cd: 0,003 mg/;
Hg : 0,001 mg.l; and Pb + Cd + Hg : 0,01 mg/ |
+ 0,003 ml/l + 0,001 ml/I.?

Feeding was done ad libitum, and once a
week the rats were weighted. Rats weight is
the result of weighting using scale in gram (g).
Hemoglobin level (Hb) is rats hemoglobin
levels measured using portable hemoglobin
measurement, before and after treatment.
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Treatment Proccess

The white rats (Rattus norvegicus) were
selected with some certain requirement:
male, 2-6 months old, 250-300 gram, and
healthy. Before treatment, the rats were
acclimatized for one week in separate cagesto
provide the same physical and psychological
conditions. Each cage was only filled with 3-4
animals and given special food for
experimental animals. Then the experimental
animals were randomly grouped into two
groups, the control group (K) given distilled
water ad libitum and the treatment group (P)
given water contaminated with heavy metals
ad libitum. The rats before and after
treatment had their body weight measured
and hemoglobin checked.

Measurement of Body Weight and
Hemoglobin Levels

Body weight was checked using a scale in
gram units and blood glucose levels are
checked using the enzymatic method, using a
hemoglobinometer, units mg/dL. The data
collection process was carried out based on
the parameters measured in the study:
assessing body weight and hemoglobin levels
before and after treatment within 30 days.

Data Analysis

The data were analysed using statistic
test in SPSS program. The hemoglobin level
variable was subjected to a normality test to
determine the normality of the data
distribution using the Shapiro-Wilk test
because n<50. Then proceed with a
homogeneity test using Levene's test to
determine whether the variance of several
data populations is the same or not. Data was
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normally distributed and homogeneous if the
confidence level value is 95%, p > 0.05 so that
the data can be analyzed using the
independent  parametric  t-test. The
independent t-test was used to determine
differences in body weight and hemoglobin
levels between control and treatment group
data. If the data is not normally distributed
then the research data is analyzed using
nonparametric test analysis with the Mann-
Withney test.

Results

The research group consisted of 4 groups:
the control group (K) and the treatment group
(P1-P4), K was the group given distilled water,
P1 was the rat group given water
contaminated with the heavy metal Pb; 0.01
mg/l = 0.006 mg/kgBW, P2 was a group of
mice that were given water contaminated
with the heavy metal Cd; 0.003 mg/l = 0.018
mg/kgBW, P3, the group of mice given water
contaminated with the heavy metal Hg; 0.001
mg/l = 0.0006 mg/kgBW, P4 was a group of
mice that were given water contaminated
with the heavy metal combination Pb+Cd+Hg;
0.006 mg/kgBB + 0.018 mg/kgBB + 0.0006
mg/kgBB.

All  treatment groups were given
contaminated water orally with sondase while
the control group was given distilled water ad
libitum for 28 days. After the 29th day, the
mice were fasted at night and the next day
they were euthanised to check research
parameters for body weight and hemoglobin
levels.
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Table 1 The Mean of Body Weight and Hemoglobin Levels’s Measurement in Research Group

Body Weight (gram)

Hemoglobin (g/dL)

Group

Pre Post p Pre Post p
Control 217,8 216,2 >0,05 18,25 22,78 <0,05
Pb Group 212,4 215 >0,05 20,72 18,38 <0,05
Cd Group 212,6 2314 >0,05 20,4 19,64 >0,05
Hg Group 211 213 >0,05 18,1 19,9 >0,05
Pb+Cd+Hg Group 212 226,6 >0,05 20,2 19,18 >0,05

Discussion

This study used doses of heavy metals
that were safe to consume via bottled water
according to SNI 2009 with a subchronic
exposure time (28 days) according to BPOM
regulations. The results of subchronic
administration of the heavy metals Pb, Cd, Hg
orally once a day were behavioral responses
to the rats' appetite which was reflected
through weight observations carried out
during 28 days of observation. In the control
and treatment groups there was no significant
difference in the weight of the mice. This is
different from Sani et all's research. 2021, rats
who received Pb and Cd at a dose of 1 mg/kg
BW or those given Pb (2mg/kgBW) + Cd
(1mg/kgBW) and Cd (2 mg/kgBW) + Pb
(1mg/kgBW) experienced a decrease in BW.°

In the control group there was a
significant difference in the increase in Hb
levels before and after 28 days, while in the
group given Pb there was a decrease in
meaningful Hb levels. In contrast to other
treatment groups there was no difference in
meaningful Hb
administration of Cd, Hg and all heavy metals.
This is in accordance with the meta-analysis
results of Capitdo C et al (2022) which found a
relationship between Hb and Pb of -0.750;
95% Confidence Interval (Cl) 0.583- 0.874.

Heavy metals can inhibit the synthesis of
haem and globin at certain amounts. Heavy
metal poisoning inhibits the pyrimidine 5'
nucleotidase enzyme which
accumulation of denatured RNA in red blood

levels before and after

causes the

cells. This RNA will give a basophilic stippling
picture on peripheral blood examination using
Romanowsky staining. Red blood
become hypochromic or develop hemolytic
anemia. 1!

Exposure to heavy metals can also inhibit
enzymes, such as hexokinase enzyme, works
in glycolysis process. Its disruption cause
disturbances in carbohydrate metabolism.

cells

This enzyme is affected by mercury metal ions
binding.'?

Generally, the absorption, distribution
and accumulation of metals in organs and
tissues is influenced by several factors. These
include the characteristics and form of the
metal, route, dose and duration of exposure,
ability to bind ligands in cells, and species
sensitivity. The hematopoietic system is one
of the most vital organs for assessing toxicity.
After oral administration, Hg, Cd and Pb
undergo intestinal absorption and are
transported through the blood. In the blood,
they can be distributed via red blood cells and
plasma  proteins, especially  albumin.
According to Markowitz, M. (2000), there are
several factors that can influence the toxicity
of heavy metals.

Level and Length Exposure

It is known that heavy metals have
bioaccumulative and biomagnification
properties. Thus, the higher and longer the
level of exposure to heavy metals, the higher
the concentration of heavy metals in the
bodies of organisms including humans and the
toxic effects will be greater.
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Chemichal Form

The chemical form of a heavy metal can
affect the toxicity. For example, mercury in
the form of HgClI2 is more toxic than mercury
(HgCl). This is because the divalent form is
more soluble than the monovalent form.
Besides, HgCl form is faster and easier
absorbed so that the toxicity is higher.
Inorganic mercury such as HgCl and HgCl2 are
known as kidney toxicants, while organic
mercury such as methyl mercury is known to
be toxic to the central nervous system.
Protein Complex

Some of heavy metal can bonded with
protein because of the high afinity on sulfide
group. Protein contains of amino acid that has
S group such as methionine (met) and cysteine
(cys), that easily binding with heavy metals. As
for the example of heavy metal that form
protein metal complex is the one that is
formed by lead, bismuth, and mercury-
selenium. Cadmium (Cd) and some water
metal, such as copper (Cu) and Zinc (Zn) can
bind with metalotioneine, a protein that has
low molecule mass. Cd complex is not always
toxic if compared with Cd2+, but inside of
renal tubular cells, Cd metalotioneine
complex will release Cd2+ and resulted a toxic
effect.

The administration of heavy metals in this
study used safe doses according to SNI 2009
but was able to reduce Hb levels after 28 days
of subacute administration, although the
metals Hg, Cd and Pb+Hg+CD had no effect on
Hb levels and body weight.

Conclusions

There was no effect of giving Pb metal;
0.01 mg/! = 0.006 mg/kgBW, Cd; 0.003 mg/l =
0.018 mg/kgBW, Hg; 0.001 mg/l = 0.0006
mg/kgBW and Pb+Cd+Hg; 0.006 mg/kgBB +
0.018 mg/kgBB + 0.0006 mg/kgBB on body
weight of white mice. There was a significant
decrease in Hb levels in the hemoglobin of
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white mice after administration of Pb metal;
0.01 mg/l = 0.006 mg/kgBB. Pb metal in water
can influence changes in decreasing Hb levels
during sub-acute administration.
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