
 

 

 
 

Environmental and Health Impacts of the PT 
PRIA Factory in Lakardowo 

 
 
 
 

Introduction and justification  
 

Lakardowo is a 625.24 Ha village in Jetis subdistrict at Mojokerto regency. Most of the villagers 

works as farmer with 69.7% of the landuse is farmland which consists of rice field (123.62 Ha) and 

farmfield (312.03 Ha). Based on Mojokerto regency Statistical Bureau (BPS) in 2015, there was 3,532 

household worked in agriculture sectors. The villagers depend on groundwater quantity and quality 

for irrigation and clean water resources. They also depend on soil quality for the quality of their 

food.  

 

In 2010, a factory (PT. Putra Restu Ibu Abadi or PRIA) which manage hazardous waste from 1,518 

industries and hospitals was built in Lakardowo village. PT. PRIA is the only factory which have 

environmental permit to manage 59 different type of hazardous waste.  

Since the building process, the factory has been accused to practicing illegal activities, from dumping 

and burning hazardous waste on barren land, employing local people with minimum protection 

equipment, inviting local people to scavenge hazardous waste without informed them about the 

status of the waste, etc.  

Water quality in the area has been measured in 2011 as part of the Environmental Impact 

Assessment (EIA) made by PRIA. According to that study water quality, especially when related to 

heavy metals, was good. All parameters were below the law limit and the water was considered safe 

to drink as far for the inorganic components.  

Local communities have several times claimed pollution to the water, the soil and the air. This 

allegation brought the attention of local and international NGOs. As a result, in July, August 2014 a 

study carried out by ECOTON highlighted high concentration of sulphate (SO4), iron (Fe), zinc (Zn), 

manganese (Mn), and coliform bacteria in surface and ground waters near the factory.    

 

The aim of this study is to better understand the situation of water, soils and food (rice) in the area 

surrounding PT. PRIA, especially related to heavy metals pollution.  



 

 

Materials and methods   
 
The water samples were collected in sterile, dark plastic bottles. These containers were washed 
copiously with the sample water prior to collection. The collected samples were acidified with super-
pure nitric acid and stored in a refrigerated area until the analysis. 
Soil samples were collected directly with a clean bucket. About two liters of sediments was collected 
directly from the riverbed. After collection and ‘‘in loco’’ successive quartering, the samples were 
stored in polyethylene container, refrigerated and shipped. 
Rise samples were collected as row rice, stored in polyethylene container, refrigerated and shipped. 
Water samples were analyzed with the methodology UNI EN ISO 17294-2 2016 for the analysis of 
heavy metals. This technique consists in application of inductively coupled plasma mass 
spectrometry (ICP-MS).  
Anions in water have been analyzed with the methodology UNI EN ISO 10304-1 2009 that consists 
in liquid chromatography.  
Soils and rice samples were analyzed with the EPA 6020 B 2014 methodology that consist in 
inductively coupled plasma mass spectrometry (ICP-MS) after acid attack of the organic matrix.  
 
 

Sampling points 
 
We analyzed water quality in eight different points: six of them equally distributed surrounding the 
PT PRIA factory, two of them as a control sample far away from the factory and, theoretically, 
outside the direct effect of the PT PRIA factory.  
We also analyzed six soils samples: five surrounding the PT PRIA factory and one as a control sample 
in a non-affected area.  
Finally, we analyzed five rice samples: four of them harvested close to the factory and one as a 
control sample.  
All samples have been collected between the 5th and the 10th of August 2017. Rice samples have 
been collected during the same days but they have been harvested earlier in the year, between 
February and March 2017 and they were analyzed row.  
The points have been selected in order to be representative of the entire area.  
The exact location of the sampling points is shown in the image below.  
 



 

 

 
 
A more detailed image of the affected area is shown below. 
 

 
 
 
 
 
 
 
 



 

 

Legal framework 
 

Water 
As for water analysis we refer to the Indonesian legislation; especially the law n° 492/2010.  As this 
law does not include all the elements we also refer to the Canadian limits for drinking water as they 
are considered among the best in the world and therefore often used as a reference. Some element 
is not regulated even in the Canadian limits so we used the US EPA reference. Those values are 
marked with a *. 
 
Element Unit Indonesian 

limit 
Canadian 
limit 

Aluminum µg/l 200 100 

Antimonium µg/l - 6 

Arsenic µg/l 10 10 

Beryllium µg/l - 4* 

Cadmium µg/l 3 5 

Cobalt µg/l -  

Chromium µg/l 50 50 

Iron µg/l 300  

Manganese µg/l 400  

Mercury µg/l 1 1 

Nikel µg/l 70  

Lead µg/l 10 10 

Copper µg/l - 1300* 

Selenium µg/l 10 50 

Strontium  µg/l - 1500* 

Zinc µg/l 3000 5000 

    

Bromides mg/l   

Chlorides  mg/l 250  

Fluorides mg/l 1,5 1,5 

Phosphates mg/l   

Nitrates mg/l 50 45 

Sulphates mg/l 250 500 

 
 

Soil 
Indonesia does not have law limit for concentration of heavy metals in soils; therefore, we refer to 
the European legislation; nowadays widely considered as an international standard. The European 
legislation include two different limits: the first one, often referred as lower limit is the limit in which 
is it proven an ecological risk, while the higher limit is the limit in which is proven a health risks for 
humans.  
EU regulation does not distinguish between agricultural land or other type of soils, while Canad 
distinguish concentration limits between agricultural, urban or industrial land. In this case we 
referred to the Canadian limit for agricultural land as all sampling points (with the exception of point 
number S4 that it does not overcome the limit anyhow) are in agricultural lands.  
The limits are shown in the table below. 
 
 
 



 

 

Element Unit EU Lower 
limit 

EU Higher 
limit 

Canadian 
limit 

Aluminum mg/kg - - - 

Antimonium mg/kg 10 50 20 

Arsenic mg/kg 50 100 - 

Beryllium mg/kg - - 4 

Cadmium mg/kg 10 20 1,4 

Cobalt mg/kg 100 250 40 

Chromium mg/kg 200 300 64 

Iron mg/kg - - - 

Manganese mg/kg - - - 

Mercury mg/kg 2 5 6,6 

Nikel mg/kg 100 150 45 

Lead mg/kg 200 750 70 

Copper mg/kg 150 200 63 

Selenium mg/kg - - 1 

Zinc mg/kg 250 400 200 

 
 

Food (rice) 
Indonesia does not have a legislation on pollutant in food so we referred to the European 
Commission Regulation No 1881/2006 and its amendment 2005/1006 that it reports only few heavy 
metals: Lead, Cadmium, Mercury and Arsenic.  
 
Element Unit EU limit 

Arsenic mg/kg wet 0,2* 

Cadmium mg/kg wet 0,2 

Chromium mg/kg wet 1** 

Mercury mg/kg wet 0,1 

Lead mg/kg wet 0,2  

*0,1 for rice destined at child and infant. 
**Not Regulated by the EU so used the Chinese Levels of Contaminants in Foods (GB 2762-2012) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Results and discussions 
 

Water  
The results of water analysis are shown in the table below. In bold red the values that overcome 
Indonesian legislation, in bold orange the ones that overcome Canadian limits (for elements not 
considered in the Indonesian law).  
 
Element/Sampling 
point 

Unit W1 W2 W3 W4 W5 W6 W7 W8 

Aluminum µg/l 90 -- 98 -- 27 10 22 8,9 

Antimonium µg/l 0,1 -- -- -- -- -- -- -- 

Arsenic µg/l 1,6 1,6 0,8 0,67 0,19 2,5 5,4 3,7 

Beryllium µg/l -- -- -- -- -- -- -- -- 

Cadmium µg/l -- -- -- -- -- -- -- -- 

Cobalt µg/l 0,28 0,21 0,13 -- -- 0,45 0,62 0,21 

Chromium µg/l -- -- 0,49 -- -- -- 0,23 -- 

Iron µg/l 110 100 1000 14 330 260 2700 49 

Manganese µg/l 150 71 410 14 200 950 6800 470 

Mercury µg/l -- -- -- -- -- -- -- -- 

Nikel µg/l 0,36 -- -- -- -- -- -- -- 

Lead µg/l 0,23 -- 1,3 -- -- -- -- -- 

Copper µg/l -- -- 1,2 0,45 0,45 0,35 0,77 1,3 

Selenium µg/l 0,21 -- -- -- -- -- -- -- 

Strontium µg/l 1800 1800 1200 340 390 850 740 570 

Zinc µg/l 27 9,5 36 29 11 15 33 22 

          

Bromide mg/l 0,38 -- -- -- -- -- -- -- 

Chloride mg/l 30 330 14 41 6,9 3,9 62 49 

Fluoride mg/l 0,25 0,31 0,099 0,26 0,09 0,16 0,079 -- 

Fosphate in PO4 mg/l -- -- -- -- -- 0,57 1,6 0,96 

Nitrate in NO3 mg/l 31 150 22 36 24 20 6,6 9,4 

Sulfate mg/l 960 300 490 190 130 270 10 21 

 
The only two heavy metals that overcome the Indonesian limits are Iron and Manganese, both 
among the most abundant and easy to mobilize (and therefore to find in water). Particularly high 
concentration of these two elements are found in point W7, one of the control samples. Strontium 
exceed the US EPA limit in point W1 and W2, both points very close to PT PRIA factory. This is the 
main concern in the area regarding heavy metals. 
As far as for the anionic compounds point W1 has a Sulfate concentration almost double than the 
maximum allowed by law, while point W2 present elevate concentration of Chloride and Nitrate. 
Particularly Nitrate concentration in three times higher than the Indonesian maximum allowed. 
We can therefore consider the water in points W1 and W2 not drinkable while its eventual use in 
agriculture need more investigations. Point W7 should not consider drinkable nor suitable for 
agriculture.  
As for the other points the concentrations of metals and anionic compounds make those water 
suitable for agriculture; in order to be consider potable it is necessary to also analyze other 
parameters such bacterias.  
 
 
 



 

 

Soil 
The results of soil analysis are shown in the table below. In bold red all the values that overcome 
the Canadian limit for agricultural land. In bold orange the values that overcome the EU limit for 
Arsenic, as this element is not considered in the Canadian legislation.  
 
Element/Point Unit S1 S2 S3 S4 S5 S6 

Dry Matrix at 
105°C 

% m/m 72,3 94,6 73 90,2 63,3 52,7 

Residual Matrix % m/m 66 33 62 46 0,78 13 

Aluminum mg/kg on dry 320000 480000 340000 6700 36000 49000 

Antimonium mg/kg on dry 2,1 2,5 3,5 0,14 0,14 0,17 

Arsenic mg/kg on dry 32 57 50 3,1 2,7 4,5 

Beryllium mg/kg on dry 4,6 9,4 6,1 0,61 0,44 0,45 

Cadmium mg/kg on dry 3,4 4,1 3,7 0,17 0,33 0,48 

Cobalt mg/kg on dry 160 170 170 7,8 16 15 

Chromium mg/kg on dry 230 250 190 6,9 16 9,9 

Iron mg/kg on dry 150000 180000 160000 4600 16000 16000 

Manganese mg/kg on dry 12000 30000 19000 250 1500 1900 

Mercury mg/kg on dry 0,27 0,36 0,3 -- -- -- 

Nikel mg/kg on dry 200 200 170 52 13 9,1 

Lead mg/kg on dry 86 170 120 2,3 8,1 9,9 

Copper mg/kg on dry 290 350 410 14 32 54 

Selenium mg/kg on dry 2,9 2,2 2,7 0,21 0,12 0,26 

Zinc mg/kg on dry 610 830 730 25 64 63 

 
A better graphic representation is shown in the table below. 
 
 

  

  



 

 

  

  

  

 
It is very clear the difference between points 1-2-3 and points 4-5-6. Points 1-2-3 are all agricultural 
soils close to the PT PRIA factory. Point 4 is the soil of a house that has been fulfilled with coal ashes. 
Point 5 is still in the PT PRIA area but a little bit more far and probably better protected from 
pollution. Finally, point number 6 is the control point and it is far from the factory.  
It is very important to highlight that point 5 and 6 are suitable for agriculture while point 1-2-3 are 
definitely not suitable for any kind of agriculture as 9 elements overcome the limit of Canadian 
legislation. Furthermore, it is very relevant to highpoint that several elements overcome Canadian 
limit for agricultural land by far. For example, the concentration of Cobalt is four time the limit in all 
three points and more than ten times higher than in the control point. The concentration of Copper 
is 5 times the limit in point S1 and S2 and the concentration of Lead in point S2 is more than 8 times 
the limit and more than 17 times higher than the control point S6.  
Other things to highlight is that even element that do not have a law limit like Iron and Manganese 
or element that do not overcome the limit like Mercury or Antimony are much higher in points 1-2-
3 than in points 4-5-6. That is another very important indication of a general accumulation of heavy 
metals in the area.  
Further investigations are needed in order to evaluate the impact of PT PRIA on soils in the area of 
study, but from this early study we can assume that the soils near the PT PRIA factory are heavily 
polluted and therefore not suitable for agriculture.  
 
 



 

 

Food (rice) 
The results of the analyzed samples of rice are reported in the table below. The rice has been 
analyzed as row rice: not processed at all. In bold red the values that overcome the EU regulations, 
in bold orange the values that overcome the EU regulations only for children (valid only for arsenic).  
 
Element/sampling 
point 

Unit R1 R2 R3 R4 R5 

Aluminum mg/kg 47 52 37 19 9,1 
Antimonium mg/kg 0,0056 0,022 0,0041 -- -- 
Arsenic mg/kg 0,17 0,51 0,099 0,065 0,017 
Beryllium mg/kg 0,0011 0,0017 0,0031 0,0011 -- 
Cadmium mg/kg 0,0078 0,009 0,0075 0,0058 0,0052 
Cobalt mg/kg 0,043 0,036 0,012 0,027 -- 
Chromium mg/kg 19 6,8 1,2 0,6 0,24 
Iron mg/kg 54 75 50 35 22 
Manganese mg/kg 54 88 51 70 42 
Mercury mg/kg -- -- -- -- -- 
Nikel mg/kg 0,27 2 0,79 0,27 0,31 
Lead mg/kg 0,38 0,67 0,35 0,23 -- 
Copper mg/kg 1,7 5,6 3,4 2,8 2,3 
Selenium mg/kg 0,015 0,034 0,018 0,018 0,0064 
Zinc mg/kg 28 58 21 18 13 

 
As for soils also in rice it is very clear the difference between points R1, R2 and R3 and points R4 and 
R5 where R4 is the control and R5 is the point more far from PT PRIA factory. As far as the elements 
that are regulated arsenic is over the limit in point R2 and over the limit for children and infant at 
point R1. Lead is abundantly over the limit in R1, R2 (in this point is three times over the limit) and 
R3, while it is slightly over the limit in R4 and absent in R5.  
In the case of Chromium the difference is still more evident. Points R1, R2 and R3 all exceed 
abundantly the limit while the other two points do not. Point R1 exceed the limit by 19 times.  
Below a graphical representation of the three element and aluminum that also present a significant 
difference between the points close to PT PRIA and the ones far away.  
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In 1993 the Food and Drug Administration of United States set up a maximum daily intake of 6 
µg/day. At the time the FDA set the 6 µg/day level, the agency stated that its Provisional Level “may 
be reduced if additional research shows that even lower levels of lead cause adverse health effects.” 
In the last decade, new scientific information has become available with respect to neurotoxic 
effects of low levels of exposure to lead. Years later the California Environmental Protection Agency 
under the Safe Drinking Water and Toxic Enforcement Act for chemicals with known reproductive 
toxicity set up a standard of maximum intake of 5 µg/day1. 
However, 10 grams of the rice sampled at point R2 are enough to overtake that value. Considering 
that on average an Indonesian is more than 400 grams per day2 (178 kg per capita a year), it means 
that if local population eat the rice or the point R2 they will have, only from that source, 40 times 
the maximum intake set up by the FED. 
Same for Chromium. The World Health Organization in 19963 establish as a level of alert of 
chromium intake a daily doses of 1 mg per day. That 52 grams of the rice of the point R1 are enough 
to reach the level of alert. Considering the 400 grams a day on average consumption of Indonesian, 
it means 8 times the level of alert, only from the rice.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                      
1 California Environmental Protection Agency. Final report. Sacramento, CA: California Environmental Protection 
Agency, Office of Environmental Health Hazard Assessment; 2007.  
2 Food and Agriculture Organization FAO. Statistical Yearbook 2007. Accessible online: 
http://www.fao.org/docrep/018/i3107e/i3107e03.pdf  
3 WHO Chromium in Drinking Water. Available online: 
http://www.who.int/water_sanitation_health/dwq/chemicals/chromium.pdf  
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Health risks 
 
All the analyzed elements are dangerous for human health. Listed below are the major risks for 
each of the analyzed elements.  
 
Aluminium  
The uptake of aluminium can take place through food, through breathing and by skin contact. Long 
lasting uptakes of significant concentrations of aluminium can lead to serious health effects, such as 
damage to the central nervous system, dementia, loss of memory, listlessness and severe trembling. 
Aluminium is a risk in certain working environments, such as mines, where it can be found in water. 
People that work in factories where aluminium is applied during production processes may endure 
lung problems when they breathe in aluminium dust. Aluminium can cause problems for kidney 

patients when it enters the body during kidney dialyses. Inhalation of finely divided aluminium and 
aluminium oxide powder has been reported as a cause of pulmonary fibrosis and lung damage. This 
effect, known as Shaver’s Disease, is complicated by the presence in the inhaled air of silica and 
oxides of iron. May also be implicated in Alzheimer’s disease.4 In Lakardowo the main source of 
aluminium intake is probably the food.  
 
Arsenic 
Arsenic is one of the most toxic elements on earth. It is so toxic that it has been used as poison for 
very long time. Levels of arsenic in fish and seafood may be high, because fish absorb arsenic from 
the water they live in. Exposure to inorganic arsenic can cause various health effects, such as 
irritation of the stomach and intestines, decreased production of red and white blood cells, skin 
changes and lung irritation; all effects that has been reported in Lakardowo. It is suggested that the 

uptake of significant amounts of inorganic arsenic can intensify the chances of cancer development, 
especially the chances of development of skin cancer, lung cancer, liver cancer and lymphatic 
cancer. A very high exposure to inorganic arsenic can cause infertility and miscarriages with women, 
and it can cause skin disturbances, declined resistance to infections, heart disruptions and brain 
damage with both men and women. Finally, inorganic arsenic can damage DNA.5 
 
Beryllium 
Beryllium is not an element that is crucial for humans; in fact it is one of the most toxic chemicals 
we know. It is a metal that can be very harmful when humans breathe it in, because it can damage 
the lungs and cause pneumonia. 
The most commonly known effect of beryllium is called berylliosis, a dangerous and persistent lung 
disorder that can also damage other organs, such as the heart. In about 20% of all cases people die 
of this disease. People that have weakened immune systems are most susceptible to this disease. 
Beryllium can also cause allergic reactions with people that are hypersensitive to this chemical. 
These reactions can be very heavy and they can even cause a person to be seriously ill, a condition 
known as Chronic Beryllium Disease (CBD). The symptoms are weakness, tiredness and breathing 
problems. Some people that suffer from CBD will develop anorexia and blueness of hands and feet. 
Sometimes people can even be in such a serious condition that CBD can cause their death. 
Next to causing berylliosis and CBD, beryllium can also increase the chances of cancer development 
and DNA damage6. 

                                                      
4 Emsley J. 2001. Nature’s Building Blocks. Oxford University Press. 
5 Emsley J. 2001. Nature’s Building Blocks. Oxford University Press. 
6 Emsley J. 2001. Nature’s Building Blocks. Oxford University Press. 

http://www.lenntech.com/Periodic-chart-elements/Si-en.htm
http://www.lenntech.com/Periodic-chart-elements/Fe-en.htm


 

 

Cadmium 
Cadmium is first transported to the liver through the blood. There, it is bond to proteins to form 
complexes that are transported to the kidneys. Cadmium accumulates in kidneys, where it damages 
filtering mechanisms. This causes the excretion of essential proteins and sugars from the body and 
further kidney damage. It takes a very long time before cadmium that has accumulated in kidneys 
is excreted from a human body. Other health effects that can be caused by cadmium are: diarrhoea, 
stomach pains and severe vomiting, bone fracture, reproductive failure and possibly even infertility, 
damage to the central nervous system, damage to the immune system, psychological disorders.7 In 
Lakardowo the food is the main source of Cadmium intake as soils are heavily polluted with this 
element. 
 
Cobalt  
Cobalt is not often freely available in the environment, but when cobalt particles are not bound to 
soil or sediment particles the uptake by plants and animals is higher and accumulation in plants and 
animals may occur. 
Cobalt is beneficial for humans because it is a part of vitamin B12, however, too high concentrations 
of cobalt may damage human health. When plants grow on contaminated soils they will accumulate 
very small particles of cobalt, especially in the parts of the plant we eat, such as fruits and seeds. 
Soils near mining and melting facilities may contain very high amounts of cobalt, so that the uptake 
by humans through eating plants can cause health effects. 
Health effects that are a result of the uptake of high concentrations of cobalt are: vomiting and 
nausea, vision problems, heart problems, thyroid damage8. 
The International Agency for Research on Cancer (IARC) haslisted cobalt and cobalt compounds 
within group 2B (agents which are possibly carcinogenic to humans). Cobalt has been classified to 
be carcinogenic to experimental animals by the Federal Republic of Germany9. 
 
Chromium 
People can be exposed to chromium through breathing, eating or drinking and through skin contact 
with chromium or chromium compounds. Problems that are caused by chromium are: skin rashes, 
upset stomachs and ulcers, respiratory problems, weakened immune systems, kidney and liver 
damage, alteration of genetic material, lung cancer, death.  
Chromium has been listed by the National Toxicology Program (NTP) as having inadequate evidence 
for carcinogenicity in experimental animals. According to NTP, there is sufficient evidence for 
carcinogenicity in experimental animals for the following hexavalent chromium compounds; 
calcium chromate, chromium trioxide, lead chromate, strontium chromate, and zinc chromate.10 
Soils around Lakardowo are heavily polluted with Chromium and therefore are a serious risk for 
local population. Rice it is also a major risk as it presents concentration of Chromium by far over the 
standards.  
 
Iron 
Iron is an essential compound. Humans need Iron and without it, health problem can occur. Iron is 
an essential part of haemoglobin; the red colouring agent of the blood that transports oxygen 

                                                      
7 Emsley J. 2001. Nature’s Building Blocks. Oxford University Press. 
8 Emsley J. 2001. Nature’s Building Blocks. Oxford University Press. 
 
9 International Agency on Research on Cancer. Available online at https://www.iarc.fr/  
10 Emsley J. 2001. Nature’s Building Blocks. Oxford University Press. 

https://www.iarc.fr/


 

 

through our bodies. Nevertheless, an excessive exposure to iron can also be very dangerous for 
health.  
Iron may cause conjunctivitis, choroiditis, and retinitis if it contacts and remains in the tissues. 
Chronic inhalation of excessive concentrations of iron oxide fumes or dusts may result in 
development of a benign pneumoconiosis, called siderosis, which is observable as an x-ray change.11 
 
Manganese 
Manganese is one out of three toxic essential trace elements, which means that it is not only 
necessary for humans to survive, but it is also toxic when too high concentrations are present in a 
human body. When people do not live up to the recommended daily allowances their health will 
decrease. But when the uptake is too high health problems will also occur. 
Symptoms of manganese poisoning are hallucinations, forgetfulness and nerve damage. Manganese 
can also cause Parkinson, lung embolism and bronchitis. When men are exposed to manganese for 
a longer period of time they may become impotent. A syndrome that is caused by manganese has 
symptoms such as schizophrenia, dullness, weak muscles, headaches and insomnia. Manganese 
compounds are experimental equivocal tumorigenic agents.12  
 
Mercury  
Mercury is considered one of the most dangerous elements for human health. Mercury has a 
number of effects on humans, that can all of them be simplified into the following main effects: 
disruption of the nervous system; damage to brain functions; DNA damage and chromosomal 
damage allergic reactions; resulting in skin rashes, tiredness and headaches; negative reproductive 
effects, such as sperm damage, birth defects and miscarriages. 
Damaged brain functions can cause degradation of learning abilities, personality changes, tremors, 
vision changes, deafness, muscle incoordination and memory loss. Chromosomal damage is known 
to cause mongolism13. 
 
Nickel 
Humans may be exposed to nickel by breathing air, drinking water, eating food or smoking 
cigarettes. Skin contact with nickel-contaminated soil or water may also result in nickel exposure. In 
small quantities nickel is essential, but when the uptake is too high it can be a danger to human 
health. An uptake of too large quantities of nickel has the following consequences: higher chances 
of development of lung cancer, nose cancer, larynx cancer and prostate cancer, lung embolism, 
respiratory failure, birth defects, asthma and chronic bronchitis, heart disorders.  
Carcinogenicity- Nickel and certain nickel compounds have been listed by the National Toxicology 
Program (NTP) as being reasonably anticipated to be carcinogens. The International Agency for 
Research on Cancer (IARC) has listed nickel compounds within group 1 (there is sufficient evidence 
for carcinogenicity in humans) and nickel within group 2B (agents which are possibly carcinogenic 
to humans). 14 
 
Lead 
Lead is one out of four metals that have the most damaging effects on human health. It can enter 
the human body through uptake of food (65%), water (20%) and air (15%). Foods such as fruit, 
vegetables, meats, grains, seafood, soft drinks and wine may contain significant amounts of lead. 

                                                      
11 Emsley J. 2001. Nature’s Building Blocks. Oxford University Press. 
12 Emsley J. 2001. Nature’s Building Blocks. Oxford University Press. 
13 Emsley J. 2001. Nature’s Building Blocks. Oxford University Press. 
14 Emsley J. 2001. Nature’s Building Blocks. Oxford University Press. 



 

 

Rice grown in crop close to the PT PRIA factory present a very high concentration of lead and 
therefore represent a serious risk for local population. Cigarette smoke also contains small amounts 
of lead.  For as far as we know, lead fulfils no essential function in the human body, it can merely do 
harm after uptake from food, air or water. Lead can cause several unwanted effects, such as: 
disruption of the biosynthesis of haemoglobin and anaemia, rise in blood pressure, kidney damage, 
miscarriages and subtle abortions, disruption of nervous systems, brain damage, declined fertility 
of men through sperm damage, diminished learning abilities of children, behavioural disruptions of 
children, such as aggression, impulsive behaviour and hyperactivity.15 
 
Copper 
Long-term exposure to copper can cause irritation of the nose, mouth and eyes and it causes 
headaches, stomachaches, dizziness, vomiting and diarrhea. High uptakes of copper may cause liver 
and kidney damage and even death. Whether copper is carcinogenic has not been determined yet. 
There are scientific articles that indicate a link between long-term exposure to high concentrations 
of copper and a decline in intelligence with young adolescents. Industrial exposure to copper fumes, 
dusts, or mists may result in metal fume fever with atrophic changes in nasal mucous membranes. 
Chronic copper poisoning results in Wilson’s Disease, characterized by a hepatic cirrhosis, brain 
damage, demyelization, renal disease, and copper deposition in the cornea16. 
 
Selenium 
The exposure to selenium mainly takes place through food, because selenium is naturally present 
in grains, cereals and meat. Humans need to absorb certain amounts of selenium daily, in order to 
maintain good health. Food usually contains enough selenium to prevent disease caused by 
shortages. People that live near hazardous waste-sites will experience a higher exposure through 
soil and air. Selenium from hazardous waste-sites and from farmland will end up in groundwater or 
surface water through irrigation. People that eat a lot of grains that grow near industrial sites may 
experience a higher exposure to selenium through food. 
The health effects of various forms of selenium can vary from brittle hair and deformed nails, to 
rashes, heat, swelling of the skin and severe pains. When selenium ends up in the eyes people 
experience burning, irritation and tearing. Selenium poisoning may become so severe in some cases 
that it can even cause death. Overexposure may result in red staining of the nails, teeth and hair17. 
 
Strontium 
People can be exposed to small levels of strontium by breathing air or dust, eating food, drinking 
water, or by contact with soil that contains strontium. We are most likely to come in contact with 
strontium by eating or drinking. 
For children exceeded strontium uptake may be a health risk, because it can cause problems with 
bone growth. When strontium uptake is extremely high, it can cause disruption of bone 
development18. But this effect can only occur when strontium uptake is in the thousands of ppm 
range as in Lakardowo. 
 
 
 
 

                                                      
15 Emsley J. 2001. Nature’s Building Blocks. Oxford University Press. 
16 Emsley J. 2001. Nature’s Building Blocks. Oxford University Press. 
17 Emsley J. 2001. Nature’s Building Blocks. Oxford University Press. 
18 Emsley J. 2001. Nature’s Building Blocks. Oxford University Press. 



 

 

Zinc 
Zinc is a trace element that is essential for human health. When people absorb too little zinc they 
can experience a loss of appetite, decreased sense of taste and smell, slow wound healing and skin 
sores. Zinc-shortages can even cause birth defects. 
Although humans can handle proportionally large concentrations of zinc, too much zinc can still 
cause eminent health problems, such as stomach cramps, skin irritations, vomiting, nausea and 
anemia. Very high levels of zinc can damage the pancreas and disturb the protein metabolism, and 
cause arteriosclerosis19. 
 
 
 

Bioaccumulation of heavy metals 
The pollution that has been reported in Lakardowo soils and food is heavy metal’s pollution. An 
important characteristic of heavy metals is that they are residual and they bioaccumulate along the 
trophic chain. It means that heavy metals present in water accumulate in water organisms as plant 
and fish and also accumulate in any animal that drink that water. Moreover, the concentration of 
metals in the animals would be higher than in the water.  

This phenomenon is known as biomagnification and 
it affect wild animals all along the trophic chain as 
shown in the picture. As it affect wild animals this 
phenomenon also affect cattle and human being.20 
In order to produce one litre of milk a cow need to 
drink roughly 100 litres of water and then absorb a 
much higher quantity of metals. The organism of the 
cow is able to drain a part of the metals. However, 
because the biosystem of the cow is able to drain just 
a part of the metals the milk will have a concentration 
of those metals much higher than in the water.21  
As already highlighted the heavy metals pollution 
pass from the soil to the rice and can also affect other 
stages of the trophic chain as the accumulation on 
chicken, cows and goats.  
Nevertheless, the important thing to highlight is that 
humans, as final consumers of the trophic chain will 
end up accumulating a big quantity of heavy metals 

in their organism. The concentration will be even bigger in kids and young persons because in their 
growing phase they accumulate more elements inside their organism.  
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20 EPA (U.S. Environmental Protection Agency). 1997. Mercury Study Report to Congress. Vol. IV: An Assessment of 

Exposure to Mercury in the United States . EPA-452/R-97-006. U.S. Environmental Protection Agency, Office of Air Quality 
Planning and Standards and Office of Research and Development. 
21 Croteau, M., S. N. Luoma, and A. R Stewart. 2005. Trophic transfer of metals along freshwater food webs: Evidence of 

cadmium biomagnification in nature. Limnol. Oceanogr. 50 (5): 1511-1519. 



 

 

Conclusions and recommendations 
 
The water quality in the area surrounding PT PRIA factory is generally good, heavy metals are in low 
concentrations, with the exception of iron and manganese, probably due to their abundance and 
the fact that they are easily mobilized. More attention, and possible further investigations are 
needed for the presence of strontium and for the presence of some anionic compounds in the water 
samples very close to the factory. 
Soil is by far the major concern. All the soils in the area surrounding PT PRIA factory are heavily 
polluted with heavy metals. Concentrations are up to ten times the limit and the control samples. 
Further investigations are needed to identify the causes of such heavy pollution but we can list a 
few: 

o One of the possible causes might be the deposition of polluted dust from the factory for 
prolonged time. The dust coming out from the chimney of the PT PRIA factory is heavily 
polluted, especially with heavy metals and, due to the absence of winds and the high 
humidity, it fall down in the nearby ground. Then, with the rain and the normal movement 
of the terrains it become part of the soil itself. Because we sample soils up to 30 cm below 
the surface the deposition should be very prolonged in time. Probably years of continuous 
deposition.    

o Another possible cause might be that the company, during the operation to build the factory 
has moved the land and has accumulate hazardous material under the ground. This is an 
hypothesis that has been also reported by some community members who have worked at 
the construction phase.  

o It is also possible that heavily polluted water has been drained in the area and therefore the 
pollution accumulate in the soil.  

 
The rice is also a major concern as in the rice harvested close to PT PRIA the concentration of heavy 
metals is much higher than in the control samples. Lead is a major concern for rice harvested close 
to the PT PRIA factory. Chromium concentration in rice’s samples is also very high ant it put critically 
in danger local populations. Furthermore, due to the high consumption of rice in rural Indonesia the 
risk for the population of Lakardowo is even higher then expected.  
It is also important to mention that the heavy metals present in the rice are bio-accumulative and 
therefore this rice is not suitable neither for animal consumption. In fact, animal consumption can 
only bring to a bio-magnification of the concentration of these metals and make it even more 
dangerous for human health.  
We can also highlight a major concentration on the north side of the factory, this can be due to the 
formation of the terrain or, more probably, to the winds. Further investigations are needed also to 
understand this phenomenon 
 
Further investigations are needed in order to better understand the source of pollution and the 
effective distribution of it. Nevertheless, it is already possible to declare that soils around the PT 
PRIA factory are not suitable for agriculture and that rice harvested near the factory is not suitable 
for human consumption nor for animal consumption. 
Therefore, we recommend local authorities to take action in order to investigate more the causes 
of pollution in order to immediately stop and remediate them as the actual situation is critically 
putting in danger the environment and the health of local communities. 
 
 
 



 

 

Additional information 
 
Source International ONLUS 
Via Santa Maria 5 
56011 Calci (PI) 
Italy 
C.F. 93078070500 
 
Source International 
Source International is a non-profit organization that works with communities dealing with 
environmental pollution and health problems principally caused by extractive industries. 
Source International provides high-level technological and scientific support completely free of 
charge to the communities with whom it works, helping them to assess the damage to the 
community’s resources and enabling them to promote restorative actions. 
In addition, the organization trains local leaders, called promoters, so they can develop and promote 
their own environmental and social monitoring systems. Promoters are responsible for training 
other promoters in their region, therefore guaranteeing greater efficiency and the sustainability of 
the model. 
Source International has been awarded with the Intel Tech Award in 2014 and with the Impact Tech 
Award in 2016; in both cases for the use of science for benefit humanity. 
The investigation in Lakardowo has been made under the coordination of the director of Source 
International Flaviano Bianchini  
 
Flaviano Bianchini 
Flaviano Bianchini (Fabriano, Italy) is an environmentalist and human rights expert. Ashoka Fellow 
from 2012. He is specialized in Valorization and Management of Natural Resources and he holds a 
Master Degree in Human Rights and Conflict Management at the Sant’Anna School of Advanced 
Studies in Pisa. 
For several years he has been dealing with violations of Human Rights and health damages related 
to the extractive industries, especially in Latin America. His studies on the impact of extractive 
industries on environment and health have led to changes in the mining law in Honduras, the 
adoption of precautionary measures by the Inter-American Commission of Human Rights in 
Guatemala and the adoption of laws on the welfare for the city of Cerro de Pasco in Peru. From 2007 
to 2009 he promoted a campaign on the impact of mining activity together with Amnesty 
International. 
Candidate environmentalist of the year by the magazine The New Ecology in 2008 received the social 
worker prize from the San Carlos University of Guatemala in 2006 and the Chatwin prize in 2012 for 
his book “In Tibet un viaggio clandestino”. He received the Ashoka Fellowship in 2012. 
A full CV is attached. 


