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Heavy metals: 

 

• heavy metals are an important class of pollutants that have lethal and sub-

lethal effects on living organisms which recently took increasing interest due 

to their negative effects on environment as it has harmful effects on the 

health of both humans and living communities in aquatic and terrestrial 

ecosystems. 

• The harmful effects of heavy metals resulting from its high toxicity, non-

biodegradable, have long half-life, bio-accumulation in different parts of the 

body and carcinogens. 

• When ingested, they combine with the body’s biomolecules, like proteins 

and enzymes to form stable biotoxic compounds, thereby mutilating their 

structures and hindering them from the bioreactions of their functions. 

• Heavy metals are metals or metalloids with high stability, which has the 

highest density of 5 g/cm
3
 and high atomic numbers more than 24, such as 

cadmium, lead, mercury and others. 

 

Heavy metals in the water: 

Heavy metals in water existed in several chemical forms: dissolved heavy 

metals are element ions or some of their compounds that have the ability to 

pass through millipore filter paper 0.45 µm, these exist as free ions or bind 

with  organic or inorganic compounds and some bind to colloidal particles, 

Particulate heavy Metals which are the molecules with diameters greater 

than 0.45 µm  which divided into two types: first biotic like phytoplankton, 

zooplankton, bacteria, fungi and some metabolic products, and the second 

type is abiotic are include organic and inorganic compounds, such as clay, 

silt, feldspar, quartz, silica and limestone compound and remains of the dead 
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organisms as well as the molecules resulting from the union of dissolved and 

colloidal particles with each other. 

 

Chemicals: 

1. Concentrated nitric acid HNO3. 

2. Concentrated hydrochloric acid HCl. 

3. Concentrated perchloric acid HClO4. 

4. Concentrated hydrofluoric acid HF. 

5. HNO3 0.5 N. 

6. millipore filter paper 0.45 µm. 

7. Teflon beaker. 

 

Dissolved heavy metals: 

1. Wash containers with 10% HCl, then with distilled water before collection 

water samples. 

2. Wash millipore filter paper with HNO3 (0.5 N) and then dried at 60 ◦C for 

(12) hours. 

3. filter the sample through millipore filter paper 0.45 microns. 

4. Add 1 ml of con. HNO3 to each 1 liter of filtrated sample. 

5.Store samples until measurement with Flame Atomic Absorption 

Spectrophotometer, expressed of results as micrograms / liter (µg/l). 

 

Particulate heavy metals: 

1. Filter sample through known weight millipore filter paper 0.45 micron. 

2. Dried millipore papers at 80 ◦C for 48 hours and then weighted to 

determine the amount of particulate matter. 
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3. Placed paper and suspended matter in containers of Teflon and add 6 ml 

of con. HCl and HNO3 (1:1) mixture and heated at 80 ◦C to near dryness. 

4. Added 4 ml of con. HClO4 and HF (1:1) mixture and evaporate the 

solution to near dryness. 

5. Dissolve precipitate with 20 ml of dilute hydrochloric acid HCl (0.5 N) 

and leave it for 10 minutes. 

6. Centrifuge for 20 minutes at speeds of 3000 r / min, place solution in 25 

ml volumetric flask. 

7. Wash the precipitate with deionized distill water and add water to the 

volumetric flask after separating precipitate and complete the volume to 25 

ml. 

8. Store samples in polyethylene bottles until measurement by Flame Atomic 

Absorption Spectrophotometer, expressed of results as micrograms / gram 

(µg/g). 
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Heavy metals in soils and sediments: 

Heavy metals are important pollutants in the soil because its toxicity 

to organisms in the soil and its portability to accumulate in plant body and 

then transition to higher consumers in the food chain. 

There are two forms of heavy metals in soil and sediment are 

exchangeable heavy elements and residual heavy elements. 

 

Exchangeable heavy metals: 

Include metals that adsorbed with soil and sediment particles, binding 

with organic matter,  binding with carbonates and bicarbonates and binding 

with iron and manganese oxides. Exchangeable heavy metals characterized 

by susceptibility to easily release when any change in pH occur. These 

metals give an indicator of pollution resulting from human activities. 

 

Procedure:  

1 - Weight 1 g of dry and sieved with 65 microns sieve soil. 

2 - placed in a teflon tube and add 20 ml of HCl (0.5N)  with carefully and 

cautiously. 

3 - place the tube in the shaker for 16 hours. 

4 - centrifuge for 20 minutes at speed of 3000 r / min. 

5 - placed solution in polyethylene cup until measurement by Flame Atomic 

Absorption Spectrophotometer, expressed of results as micrograms / gram 

(µg/g). 
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Residual heavy metals: 

Are elements that binding with the silica and lattice structure of soil 

and sediment particles. 

 

Procedure: 

1. wash the residual precipitate from extraction of exchangeable heavy 

metals by 40 ml of distill water to remove traces of exchangeable metals 

and using acid. 

2. centrifuge for 20 minutes at 3000 r / min to get rid of washing water. 

3. transfer precipitate and placed it in the teflon beaker. 

4. vaporizes water to near dryness, then add 6 ml of con. HCl and HNO3 

(1:1) mixture and heated at 80 ◦C to near dryness. 

5. Added 4 ml of con. HClO4 and HF (1:1) mixture and evaporate the 

solution to near dryness. 

6. Dissolve precipitate with 20 ml of dilute hydrochloric acid HCl (0.5 N) 

and leave it for 10 minutes. 

7. Centrifuge for 20 minutes at speeds of 3000 r / min, place solution in 25 

ml volumetric flask. 

8. Wash the precipitate with deionized distill water and add water to the 

volumetric flask after separating precipitate and complete the volume to 

25 ml. 

9. Store samples in polyethylene cup until measurement by Flame Atomic 

Absorption Spectrophotometer, expressed of results as micrograms/gram 

(µg/g). 
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Toxicity of Heavy Metals on Algae: 

 

Algae are an important component of aquatic systems as they are the 

base of most food chains and the production base of freshwater and marine 

ecosystems. Algae form a high quality food source as they are eaten by 

zooplankton, by vertebrates in their larval stages and by some large marine 

organisms. As primary producers, algae fix a major portion of the Earth’s 

carbon and generate, via photosynthesis, much of the oxygen in our 

atmosphere. Any adverse impacts on algae will effect the organisms at 

higher trophic levels and may have important consequences for the health of 

the whole aquatic ecosystem. 

Heavy metals contamination of aquatic environments occurs as a result 

of human activities and affects organisms at the biochemical, cellular, 

population and community level. 

Toxicity of a metals seems to be related to cell surface interactions or to 

intracellular accumulation. In the case of algae, toxicity primarily results 

from metal binding to sulphahydryl groups of proteins or the disruption of 

protein structure or displacement of an essential element. Also, it seems that 

it is related, at least in part, to the oxidative stress induced in living systems. 

In addition, heavy metal ions could inhibit routine metabolic processes by 

competing  for the protein binding sites, activate enzymes and various 

biological reactive groups, causing poor or no growth. 

 

Materials: 

1-Algal culture media (sterilized by autoclave). 

2-Heavy metal stock solution (100 mg/l) of copper. 

3-Pure culture of algae like Scenedesmus sp. or Chlorella sp. 
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4-milipore filter paper 0.45 µm. 

5-sensetive balance.  

 

Procedure: 

1-Prepare solution (0.5, 1, 3, 10) mg/l of heavy metal (Cu) by dilution (1, 2, 

6, 20) ml of Cu stock solution to 195 ml with culture media. 

2-Place heavy metal solutions in 250 ml conical flasks plugged with cotton 

stoppers. 

3-Place 195 ml of culture media without heavy metal in another flask for use 

it as a control. 

4-Add 5 ml of algal culture to each flask. 

5-Incubate flasks at condition (25 ºc, 10-14 hr. dark/light cycle, with shaken 

by hand twice every day) for 14 days. 

6-Calculate dry weight of algae as following: 

a- filter 100 ml of each culture through known weight 0.45 µm filter 

paper. 

b- oven at 70 ºc for 24 hours. 

c- reweight the filter paper. 
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Pesticides 

 

The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) 

defines a pesticide as “any substance or mixture of substances used for 

preventing, destroying, repelling, or mitigating any pest.” 

Pesticides create some risk of harm to humans, animals or the 

environment because they are designed to kill or otherwise adversely affect 

living organisms. 

Over 98% of sprayed insecticides and 95% of herbicides reach a 

destination other than their target species, including non target species, air, 

water, bottom sediments and food. 

The amount of pesticide that migrates from the intended application 

area is influenced by the particular chemical's properties, its ability to 

binding to soil ,its vapor pressure, its water solubility and its resistance to 

being broken down over time. 

 

Sample containers: 

Glass, teflon or aluminium containers are preferred. All sample 

containers must be clean (internally and externally), by thoroughly washed 

with high purity solvent hexane or acetone. Solid samples may be wrapped 

in aluminium foil and placed in polyethylene or polypropylene 

bags/containers. 

 

Sample preservation: 

Field samples should generally be placed in a cool-box held at 4–8 °C 

after collection. The rate of pesticide degradation is reduced at lower 

temperatures. They should be transferred to a refrigerator immediately on 
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return to base. With most samples for residue analysis, it is recommended 

that the sample should be deep-frozen unless the sample can be analysed (or 

extracted) within 24–36 h. 

 

Determination of Pesticides: 

The samples were injected in the HPLC column using the 

chromatographic system. pesticide was identified and assessment on the 

basis of retention time and area of the peak by comparing peak heights with 

those obtained from known amount of pesticide standard. 

 

High-performance liquid chromatograph (HPLC): 

An analytical system with pump, injector, detectors, and recorder. 

Preferably use a data system for measuring peak areas and retention times. 

Use system capable of injecting 200-μL portions. 

 

 

Water: 

No concentration is needed for samples containing 25 μg/L or more. 

Fortify a 9.9 mL sample portion with 0.1 mL 0.1M EDTA, filter through a 

0.22 or 0.45 μm filter, and inject 200 μL.  

 

To concentrate samples containing less than the detection limit: 

1. Of 500 mL sample transfer 250 mL to a 500 mL round-bottom flask. 

2. If suspended matter is present, filter sample through coarse filter 

Paper. 

3. Add 5 mL conc. HCl to flask and 5 mL to sample remaining in 

original container. 
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4. Concentrate on a rotary evaporator by slowly increasing temperature 

from 20 to 60°C. 

5. Before the first portion is completely evaporated, add remaining 

sample and two 5 mL rinses of the sample bottle. 

6. Evaporate to dryness, and if necessary, remove final traces of water 

with a stream of dry nitrogen. 

7. Dissolve residue in 2.9 mL of mobile phase (adjust pH to 2 if 

necessary) and 0.1 mL 0.03M EDTA solution. 

8. Filter through 0.45 μm filter to a test tube and inject into the HPLC 

system. 
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Pesticides in Soil and Plant: 

  

Pesticides are very hazardous and lethal for organisms as well as for 

humans. 

They present danger to consumers, bystanders and workers during 

manufacture, transport or, during and after use. Pesticides are also toxic to 

plants and many food crops, including fruits and vegetables, contain 

pesticide residues after being washed or peeled. 

Pesticides decrease the biodiversity in soil and it has been found that 

the quality of soil is higher in the absence of pesticides. 

A number of pesticides are highly toxic and even in very small 

quantities these pesticides can result in the death of humans and animals, 

while exposure to a sufficient amount of almost any pesticide can initiate 

long-term illness. 

Statistics show a 70 % increase in the risk of developing Parkinson's 

disease for individuals exposed to low levels of pesticides. Long-term health 

problems such as respiratory, memory disorders, dermatological conditions, 

cancer, depression, neurological deficiencies, miscarriages and birth defects 

have been known to be associated with pesticide exposure. 

 

 

 

Procedure: 

1. Weight 100 g of material (soil or plant) and added to 250 ml of Tetra 

hydro furan. 

2.  Shake for 15 minutes in ultrasonic to ensure that the all components of 

material are extracted. 
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3. Left the solution for one hour to stability, then filtering the solution to 

isolate gravel, sand or fibers. 

4.  Concentrate the solution by pass 250 ml in 5 cm length column to 

detention of all pesticide on the column. 

5. Elute pesticide which retained on the column by passing 5 ml of 

methanol. 

Concentration of sample was calculated by this formula: 

 

 

                               Area of sample 

Con. μg/ml = ــــــــــــــــــــــــــــــــــــــــــــــ  × Con. of standard (10 μg/ml) × dilution factor 

                               Area of standard 
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Effect of some toxic substances on seeds germination: 

 

Some heavy metals are essential to the plants as trace elements (Cu, Fe, 

Mn, Zn) because they are included in metabolic processes. In spite of their 

usefulness in small quantities, these elements become toxic to plants and 

microorganisms when they are present at higher concentration in the soil. 

Heavy metals such as lead and cadmium are non-essential to plant, and are 

toxic in any concentration. Heavy metals have adverse effects on seed 

germination and growth of plants. 

Some of the pesticides are reported to be beneficial for plants growth if 

used at their lower concentration but becomes phytotoxic at their higher dose 

and to the change in the activity of some useful soil microorganisms. By 

repeated and extensive application of pesticides, it ultimately reaches the 

plant body and soil, which in turn may interact with plant growth and with 

soil organism and their metabolic activities. 

 

Materials: 

1- Petri dishes. 

2- Cotton. 

3- Pesticides. 

4- Heavy metals. 

5- Seeds of some crops like Wheat and Corn. 

 

Procedure: 

1- Prepare heavy metal solution in concentration (10, 50, 100, 200) ppm 

and pesticides solution in concentration (10, 50, 100, 200) ppm. 

2- Place 10 seeds in solution and leave it for 24 hour. 
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3- Transport the seeds to petri dish which contain wet cotton with 

distilled water. 

4- Place petri dishes in an incubator at 25ºc for 7 days. 

5- Record the result in the table below:  

 

Concentration 

mg/l 

Number of 

germinated 

seeds 

Percentage of 

germination % 

Root length 

mm 

Shoot length 

mm 

0 (control)     

10     

50     

100     

200     
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PAHs in soils and sediments 

 

Accumulation of PAH soils without direct industrial contamination is 

believed to result mainly from atmospheric deposition after long-range 

transport. Forest fires and airborne pollution deposition are the main source 

of soil PAHs in remote areas. Soil levels of PAHs resulting from natural 

processes are estimated to be in the range of 1-10 μg kg
-1

. 

Levels of PAHs in soils have increased in the past 100-150 years 

because of growing industrial activities. PAHs in urban industrial soils can 

be 10-100 times higher than in remote soils. In soils at industrial sites, PAH 

concentrations and type of PAH found vary depending on the type of 

industry. 

PAHs compounds tend to accumulate in sediments rather than water 

because its hydrophobcity to water . Concentrations of PAH compounds in a 

particular sediment can range from μg kg
-1

 to g kg
-1

 levels depending on the 

proximity of the area to PAH sources such as industries, municipalities, and 

on water currents. 

PAHs can be adsorbed onto plant roots, but translocation to the above-

ground parts was negligible because plants are unable to transport 

hydrophobic compounds such as PAHs in xylem. PAHs also toxic to 

invertebrates and other animals in soil and sediments, and can be source of 

contaminants for bioaccumulation in the food chain to causing finally 

carcinogenic effects to mammals.   

 

Procedure: 

1. Allow the samples to thaw at room temperature.  
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2. About 100 gm of soil or wet sediment sample was weighed in to 

Whatman extraction thimble that has been pre–extracted. 

3. Placed in a soxholet extractor and extracted with 250 ml Hexan for 12 hr.  

4. Allow the extract to cool for 30 minute with elution of soxholet apparatus 

with 10 ml Hexan to separate PAHs compounds expected to be adsorbed 

. 

5. The extract was carefully reduced to about 10 ml on rotary evaporator 

and transferred in to clean separatory funnel. 

6. To this triply of 20 ml distilled water was added and mixture washed 

with 30 ml of (0.1M) Na2CO3.This step is necessary to remove saponified 

lipids. 

7. Non-saponified lipids and other complex components that interference 

with sample matrix must be removed by chromatographic column. 10 gm 

of silica gel (70-150 mesh) was placed in the glass column (10.5mm l.D. 

and 300mm length) followed by 10gm neutral aluminum oxide and 1-2 

cm anhydrous sodium sulphate. Activated copper was added to the top to 

remove reduced sulphur.  

8. The column was first eluted with Hexan, then the dried extract was 

passed through the column followed by 30 ml Hexan. 

9. Evaporate Hexan  to dryness by rotary evaporator and the residue 

dissolved with 5 ml Acetonitrile, then concentrated to 1 ml under gentle 

N2 . 

10. The extract stored at(– 20 ºC) until analysis by HPLC . 

11. A separate sample of sediment was dried over night in an oven at 120 ºC 

and reweighed to determined water content. 

 

 


