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ABSTRACT 
 
Cattle body has been equipped with an organ serving to eliminate toxins, included heavy metals.  Quarantine aimed to reduce a
limit the entry of potentially toxic in the body of cattle. Quarantine period is optimally expected to eliminate heavy metals
body.  The aimed of this study were to identify the content of heavy metals in several organs of cattle maintained and grazed
revegetation after quarantine period outside mining area. 
dorsi and Bicep femoris), cor, hepar, lungs, spleen, kidneys and bones of cattle. The heavy metals were analyzed by 
Spectrophotometry (AAS). There was a decreasing of Ni, Cd and Cr in meat and organs of cattle that hav
weighing 70 kg is recommended to consume meat or organs no more than 2.04; 2.43; 2.13; 1.72; 4.47 and 0.47 kg/day for meat, h
cor, spleen, kidney, and bone, respectively.

 
KEY WORDS  
Cattle, Meat, Heavy Metals, Quarantine 

 
 

 
As a consequence of mine industry and other industries, heavy metals are present in the environment, so 

that cattle and even human can contact with them especially through the consumption of foods. The main 
sources of heavy metal contamination are growing and are represen
industrial processes and exhaust gases from automobiles 

Nowadays, Heavy metals contamination in food has been concerned. The improvement of civilization, 
technology, industry and shifting patterns of life increases the possibility of heavy metals to migrate in food 
more. One source of heavy metals also
mining industry. 

The efforts to accelerate the national 
business support in livestock production, especially ruminants. 
problematic and not ready is availability of forage. It is good in terms of quality, q
effort to utilize the grass on revegetation of land mines as a source of forage raises some concerns the possibility 
of migrating heavy metals from mining environment and the grass to the body of livestock.
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Cattle body has been equipped with an organ serving to eliminate toxins, included heavy metals.  Quarantine aimed to reduce a
limit the entry of potentially toxic in the body of cattle. Quarantine period is optimally expected to eliminate heavy metals
body.  The aimed of this study were to identify the content of heavy metals in several organs of cattle maintained and grazed
revegetation after quarantine period outside mining area. The concentration of Cr, Cd and Ni were determined in 

cor, hepar, lungs, spleen, kidneys and bones of cattle. The heavy metals were analyzed by 
(AAS). There was a decreasing of Ni, Cd and Cr in meat and organs of cattle that have been quarantined. Adult 

weighing 70 kg is recommended to consume meat or organs no more than 2.04; 2.43; 2.13; 1.72; 4.47 and 0.47 kg/day for meat, h
cor, spleen, kidney, and bone, respectively. 

INTRODUCTION 

of mine industry and other industries, heavy metals are present in the environment, so 
that cattle and even human can contact with them especially through the consumption of foods. The main 
sources of heavy metal contamination are growing and are represented, especially by pesticides fertilizers, 
industrial processes and exhaust gases from automobiles [1]. 

, Heavy metals contamination in food has been concerned. The improvement of civilization, 
and shifting patterns of life increases the possibility of heavy metals to migrate in food 

also that can contaminate food can come from heavy metal residues from the 

rate the national meat self-sufficiency programs have motivated all components
livestock production, especially ruminants. Among the all of components that are most 

problematic and not ready is availability of forage. It is good in terms of quality, quantity and continuity. One 
effort to utilize the grass on revegetation of land mines as a source of forage raises some concerns the possibility 
of migrating heavy metals from mining environment and the grass to the body of livestock.
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Previous research that has been done conducted on cattle maintained and grazed in mine revegetation area, 
proved that there are several heavy metals that have been found in cattle’s body. Although, some heavy metals 
do still not exceed the tolerable standard. Moreover, it is accumulated in some part of cattle’s body so that it is 
necessary to consider the solution to solve this problem.  

Heavy metals contamination sources in previous research were estimated from grass and water consumed 
by the cattle [9]. Therefore, the quarantine period outside mine area was expected as an early way to search the 
solving to decrease the possibility of heavy metals to enter into cattle’s body.   

Actually, cattle’s body has been equipped with an organ serving to eliminate toxins entering into body 
included heavy metals.  The most important organs that have a role to eliminate the toxin are kidney. During the 
quarantine period was expected toxin elimination process to be done by cattle was optimal. It aimed to decrease 
and restrict the entering of toxic contamination. Research has been done by Arifin et al. [2] by moving the cattle 
that were previously maintained at the landfill to a cleaner proven able to eliminate heavy metals in the body of 
livestock. Arifin et al. [2] reported that the quarantine process was performed on the cow that lived in the 
landfill Jatibarang able to eliminate Pb, Hg and Cd in the animal body. This study aimed to quantify the 
concentration of heavy metals in some post-quarantine cattle organs. Base on previous research this research 
was expected can eliminate the heavy metals in body of cattle that has maintained and grazed in mine 
revegetation area.  

 
MATERIALS AND METHODS 

 
Studies in animals: 

Cattles used in this experiment were four Bali bull 2 years of age that bore, grew and grazed in mine 
revegatation areas, 220-250 kg of weight. The four Bull have been quarantined for 3 month in the slatted house 
locating far from mining area. Feed system was done by cut and carry.  

 
Collection of Samples: 

The initial phase begins with the slaughter process, cutting the neck to sever the jugular vein and carotid 
artery, esophagus and trachea, without breaking the spinal cord. The parts of cattle’s body that was taken as 
sample were muscle (Longissimus dorsi muscle and Bicep femoris muscle), heart, liver, lungs, kidney and bone 
(Os tibia).  

 
Sample preparation and quantification: 

The entire sample is observed, prepared by the method of destruction using concentrated nitric acid. Muscle 
and organs (liver, heart, lung, kidney and bone) were prepared by using the Solidum et al [11] method. The 
entire metal concentration (Cd, Cr and Ni) were analyzed using atomic absorption spectrophotometer (AAS, 
Shidamzu AA-7000). The instrumental operating conditions for the analysis of heavy metals are summarized in 
Table 1.  

 
Data Analysis:  

Statistical calculations performed using Microsoft Excel ® 2007 software. One-way analysis of variance 
(ANOVA) was used to determine whether the content of cadmium, chromium and nickel were very significantly 
between different parts of the samples. P-value of <0.05 was considered statistically significant. Recommended 
safe consumption is calculated by dividing the reference dose with the concentration of minerals in the sample 

 
Table 1: Operational condition of atomic absorption spectrophotometer for the analysis of heavy metals. 

Parameters Ni Cd Cr 
Wavelength (nm) 232.0 228.8 357.9 
Peak (nm) 232.08 228.99 357.98 
Lamp Current Low (mA) 37 8 10 
Slit Width (nm) 0.2 0.7 0.7 
Lamp Mode BDC-D2 BDC-D2 BDC-D2 

 
RESULT AND DISCUSSTION 

 
Quarantine process which has been done to the cattle hoped to decrease absorption of the heavy metals 

through decreasing of the probability of their exposure risk. Table 1-5 showed heavy metals concentration in 
muscle and  organs of cattle which have been quarantined.    
 
Nickel: 

Nickel concentration in muscle and organs of cattle which have been quarantined  did not exceed the animal 
maximum tolerable  (Table 2). There was no  standardization yet about nickel maximum concentration in food, 
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but ATSDR [4] regulated nickel maximum which inhaled through respiratory system was 0.0002 mg/m3 for 15-
364 days exposure and 0.00009 mg/m3 for more than 365 days exposure. The result showed nickel concentration 
in muscle and organ of cattle which have been quarantined was higher than our study before. Previous research 
which study on cattle which grazed on mine revegetation area, the nickel only found in lung (0.28 ± 0.48 mgkg-
1) and kidney (0.08 ± 0.16 mgkg-1) [9]. So that Nickel concentration increased after quarantine. It could happen 
because nickel contamination which brought by dust. Much of the nickel found in air, soil, sediment and rock 
are so strongly attached to dust and soil particles [3].  

Nickel is released to the atmosphere by Industry making or using nickel, combinations nickel or nickel 
compound. It is also released by electricity generator, coal burning, and incinerator of waste. In the air, it 
adheres to the small dust precipitating on the ground or taken out of the air in rain or snow. It usually takes 
several days. Nickel is released to the waste of industry and ending to the ground or sediment. It adheres to the 
particle containing of iron and manganese [4]. There are three absorption ways of nickel into body, such as 
respiratory, gastrointestinal and derma [8]. The increasing of  absorption of nickel into cattle’s meat and organs 
that have been quarantined can be caused by the interaction among heavy metals. The change in the composition 
of heavy metal absorbed by cattle’s body is also can cause metal interaction change. The present of metal 
interaction can have positive or negative interaction (with the absorption of the selective metals can obstruct the 
other absorption of metals). 

 
Cadmium: 

There is no cadmium (Cd) in meat and organs of cattle that have been quarantined (Table 3). Base on the 
previous research on cattle maintained and grazed in mine revegetation area, cadmium in meat and organs 
dramatically decrease. In previous research, Purnama et al. [9] reported a number of cadmium in meat and 
organs of cattle maintained and grazed in mine revegetation area such as 0.04 mg/kg in lungs, 0.03 mg/kg in 
spleen, 0.04 in kidney and 0.02 mg/kg in bone. After It has quarantined for three month, the cadmium in meat 
and organs of cattle was non detectable. It can be caused during the quarantine period, the cattle release the 
heavy metal through their secretion system. Displacement of cattle from mining area to the outside mining area 
is expected to optimize the detoxification capacity of cattle and decreased metals exposed. So that the quarantine 
period can directly decrease the accumulation of cadmium in cattle’s meat and organs.    
 
Table 2: Nickel (Ni)  in  meat and organs (mg/kg wet base) from cattle that have been quarantined outside of mining area.     

Location 
Nickel 
(mg/kg) 

Standard 
(mg/kg) 

Longissimus dorsi 0.685 ± 0.056 - 
Biceps femoris 0.221 ± 0.014  
Cor 0.655 ± 0.002  
Hepar 0.575 ± 0.003  
Lungs 0.812 ± 0.017  
Spleen 1.020 ± 0.091  
Kidney 0.313 ± 0.008   
Bone 3.007 ± 0.089  

Nd : Non detectable. 
 
Table 3: Cadmium (Cd)  in  meat and organs (mg/kg wet base) from cattle that have been quarantined outside of mining area.     

Location 
Cadmium 
(mg/kg) 

Standard* 
(mg/kg) 

Longissimus dorsi Nd 0.3 
Biceps femoris Nd 0.3 
Cor Nd 0.5 
Hepar Nd 0.5 
Lungs Nd 0.5 
Spleen Nd 0.5 
Kidney Nd 0.5 
Bone Nd 0.5 

*National Standard of Indonesia : SNI 7387 (2009).  
Nd : Non detectable. 

  
Cadmium is grouped as one of hazardous heavy metals for animal and even human. Toxicity of cadmium is 

lethal at a dose of 225 consumption mg/kg of weight (LD50) and provisional tolerable weekly intake is 0.007 
mg/kg of weight. JECFA (2010) re-evaluated cadmium because there have been a number of recent 
epidemiological studies that have reported that cadmium biomarkers bound in the urine due to environmental 
exposure. Level of β2 - microglobulin in urine is chosen as a proper biomarker to see the toxicity of cadmium 
because it is generally avowed as a marker for kidney pathology and its consequent is the highest in all of data. 
The long retention time of cadmium in human kidney is fifteen years, so it can concluded that determination 
critical concentration of cadmium in urine is can used to get cadmium data  for individual having 50 years or 
more of age. Use the link between dose and excretion β2-microglobulin responses in urine  for this population is 
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estimated 5.24 ppm in creatine cadmium. Remembering the long retention time of cadmium, JECFA changed 
the previous standard (provisional tolerable weekly intake 0.007 mg/kg) to become provisional tolerable 
monthly intake 0.025 mg/kg or equal to 0.0008 mg/kg/day.  

 
Chromium: 

Chromium in meat and organs of cattle that have been quarantine was non detectable (Table 4). To compare 
with previous research on cattle maintained and grazed in mine area, it was found 0.12 mg/kg cadmium in bone 
[9]. So that after quarantine, the cadmium in meat and organs of cattle decreased and even non detectable in 
several part of cattle. It can happen because there was a repairing condition in environment of cattle 
maintenance and decreased the possibility of chromium exposure. It definitely has positive impact for human 
consuming it because it also decreases the chromium exposure for human.    

 
Table 4: Chromium (Cr)  in  meat and organs (mg/kg wet base) from cattle that have been quarantined outside of mining area.     

Location 
Chromium 
(mg/kg) 

Standard* 
(mg/kg) 

Longissimus dorsi Nd 0.02-0.52 
Biceps femoris Nd  
Cor Nd  
Hepar Nd  
Lungs Nd  
Spleen Nd  
Kidney Nd  
Bone Nd  

*IOM (2001). 
Nd : Non detectable 

 
The chromium threshold according to FAO (food and agriculture organization) is 0.02-0.52 mg/kg related 

to IOM [7] report. A research in England to all of foods showed the highest concentration in chromium has been 
found  in meat products (230 µg/kg), followed by oil and fat (170 µg/kg), bread (150 µg/kg), bean and cereals 
(140 µg/kg), fish and sugar (130 µg/kg). The lowest concentration has been found in milk (10 µg/kg), fresh fruit 
and green vegetable (20 µg/kg) and egg (40 µg/kg). Chromium concentration in water that was not 
contaminated is under 1 µg/L [5]. 

 
4. Safe Consumption for Human: 

Meat, cor, hepar, spleen, kidney and bone are part of cattle body that usually consumed by human. 
Although the concentration of heavy metals such as Ni, Cd and Cr were found not exceeding the threshold, their 
presence must be concerned because consuming it in excessive amounts can lead the accumulation in the body. 
Base on the maximum tolerable of heavy metals ingested through foods, so that the daily safe consumption of 
meat and organs of cattle that have been  quarantined can calculated with to divide reference dose of heavy 
metals with mean concentration in measured sample (Table 5). Adult weighing 70 kg is recommended to 
consume meat or organs no more than 2.04 Kg/day for meat, 2.43 Kg/day for hepar, 2.13 Kg/day for cor, 1.72 
kg/day for spleen, 4.47 kg/day for kidney and 0.47 kg/day for bone. The determination was based on the 
reference dose of Ni concentration in meat. 

 
Table 5: Comparison between the RfD (IRIS, 2005) and the mean concentrations measured in the muscle (=meat) 

 
BF LD Cor Hepar Spleen Kidney Bone 

RfD (mg/kg/day)  ---------------------------------------------------- 0.02 ------------------------------------------------- 
RfD (mg/day) for a person of 
70 kg 

-------------------------------------------------------1.4 ------------------------------------------------- 

Mean concentration in 
measured samples (mg/kg) 

0.221 0.685 0.655 0.575 0.812 0.313 3.007 

Max. edible amount of cow 
meat per day (kg) for a person 
of 70 kg 

6.3 2.04 2.13 2.43 1.72 4.47 0.47 

*NRC, 2002 
LD = Longissimus dorsi, BF = Bicep femoris.  

 
Conclusion: 

There was a decreasing of Ni, Cd and Cr in meat and organs of cattle that have been quarantined. Adult 
weighing 70 kg is recommended to consume meat or organs no more than 2.04; 2.43; 2.13; 1.72; 4.47 and 0.47 
kg/day for meat, hepar, cor, spleen, kidney, and  bone, respectively.  
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