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Abstract 

 

An experimental investigation was carried out to assess the quantative presence of lead content of residential paints used in 

Oman. From local manufacture companies 32 samples were collected and analyzed the quantities of lead presence. It was found 

that the lead presence is ranged between BLD 0.73(min.) ppm to 18.65 ppm (max.) with standard deviation (SD) of 11.02834 

ppm  and average 1.744375 ppm. The maximum concentrations were found 18.65 ppm in company code (N29) for enamel gloss, 

blue color. An average of 40.6% of the samples contained below limit detection 0.73 ppm. The recommendations were suggested 

based on the data analyzed keeping in view of potential hazard of lead exposure to children in Oman. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Paint is a liquid after application to a substrate in a thin layer, is converted to a solid film. It is most commonly used to protect, 

color, or provide texture to objects. Paint can be made or purchased in many colors and in many different types, such as water 

color, synthetic, etc. Paint is typically stored, sold, and applied as a liquid, but dries into a solid. Paint contains lead when the 

paint manufacturer intentionally adds one or more lead compounds in the paint for some purpose.  Paint may also contain lead 

when one or more of the paint ingredients are contaminated with lead. The lead compounds most commonly added to paints are 

pigments. Lead is heavy metal, a highly toxic and stable (i.e. Long-lived) naturally occurring element that is toxic to plants, 

animals and micro-organisms. Lead has the ability to bio-accumulates in most According to the World Health Organization 

(WHO), Lead has no essential role in the human body, and lead poisoning accounts for about 0.6% of the global burden of 

disease [6].  

Lead paint is defined as paint to which one or more lead compounds have been added and include varnishes, lacquers, stains, 

enamels, glazes, primers and coatings. Exposure to lead causes many serious health problems, particularly for very young 

children, and the effects can persist in later years. Health authorities have concluded that there is no safe limit for the 

concentration of lead in the blood of children. There is therefore an urgent need to ensure that paints are produced using only 

non-lead materials. The major sources of domestic human exposure, particularly for children, include pica, leaded house paint, 

potable water and house dust [2]. Once lead enters a child’s body through ingestion, inhalation, or across the placenta, it has the 

potential to damage a number of biological systems and pathways. Children are exposed to lead from paint when deteriorating 

paint on walls, windows, doors, or other painted surfaces begins to chip or deteriorate and lead is released in dust and soil. When 

a surface previously painted with lead paint is sanded or scraped in preparation for repainting, very large amounts of lead-

contaminated dust also are produced and spread and can constitute a severe health hazard [3]. In some cases, children pick up 

paint chips and put them directly into their mouths. This can be especially harmful because the lead content of chips is typically 

much higher than what is found in dust and soils. Lead can affect individuals of any age, but children are more susceptible 

because their behavioral patterns place them at higher risk for exposure. Their bodies absorb a larger percentage of the lead that 

they may ingest and exhibit lead toxicity at lower levels of exposure compared to adults [7,8]. When a young child is exposed to 

lead, the harm to her or his nervous system makes it more likely that the child will have difficulties in school and engage in 

impulsive and violent behavior [9]. Lead exposure in young children is also linked to increased rates of hyperactivity, 

inattentiveness, failure to graduate from high school, conduct disorder, juvenile delinquency, drug use, and incarceration [10]. 

Lead exposure, impacts on children continue throughout life and have a long-term impact on a child’s work performance, and on 

average are related to decrease economic success. 

In Oman, relatively more attention is presently paid to environmental health problems, including chronic low level lead 

exposure. Yet these factors are likely to be disability-adjusted quality of life loss and mortality than in developed countries [11–

13]. There is no indication in the Oman paint market that non-leaded domestic paint is produced or promoted for sale. Keeping in 

view of the potential hazard due exposure of lead paints to children in Oman, the present study was carried to analyse the 

quantitative presence of lead in Oman residential used paints. A set of recommendations were prepared based on the data 

analyzed and submitted to concern authority in Oman.   
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II. MATERIALS AND METHODS 

All 32 brands of the most commonly used household paints, according to the records of marketers, from the whole range of 

paints sold in Oman markets were purchased in the month of April 2015. Four colors, usually red, white, blue and yellow were 

chosen because earlier research studies have indicated that yellow paints tend to have the highest lead concentration, white paints 

the lowest and red intermediate. Paints that contain high levels of lead include decorative paints typically used in homes and 

schools, as well as toys, children’s furniture and costume jewelry. The samples were taken in their original containers to Biyaq 

Laboratory in Oman for analysis.  

Samples were prepared according to ASTM E1645-01 standards, which are used to prepare dried paint samples with hot plate 

microwave digestion for subsequent lead analysis. In brief, one gram of each type of paint was taken directly from the container 

and dried. 0.25 to 0.50g of dried paint sample is placed in a clean beaker and then 3 mL of conc. HNO3 and 1 ml of 30% H2O2 

was added into the beaker. The beaker was covered with a watch glass and heated on a hot plate, initially at 85-100oC and 

gradually increased to 140oC until most of the acid evaporated.  

The procedure was repeated two times until the sample completely dry. Paint was carefully removed from the painted glass by 

means of a clean sharp paint scraper. The paint scrapings were extracted with nitric acid and hydrogen peroxide according to the 

method: Standard Operating Procedures for Lead in Paint by Hotplate or Microwave-based Acid Digestions and Atomic 

Absorption of Inductively Coupled Plasma Emission Spectroscopy, according to ASTM E1645-01 Standard Practice for 

Preparation of Dried Paint Samples by Hotplate of Microwave Digestion for Subsequent Lead Analysis. The paint manufacture 

companies in Oman from which samples collected are indicated with code letters N, B, S and K respectively.  

Total lead concentrations in parts per million (ppm) dry weight were compared by country where paints were purchased, brand 

headquarters country, color and by lead concentration distributions, such as number of samples with lead concentrations 90 ppm 

and 600 ppm. It was compared with the results of the analysis of the concentration of lead in paints with approved in Canada and 

U.S.A and Nepal standard of "maximum concentration acceptable" for lead in paint, any 90 ppm and with the standard of 600 

ppm, adopted in some other countries, such as Oman, Brazil, Philippines, Alsnghafforh, Sri Lanka and Uruguay. 

III. RESULTS AND DISCUSSION  

The results of the laboratory analyses of the lead content of the paint samples are shown in table 1. The range of values for lead 

in domestic paints sold in Oman was ranging between < 0.73 ppm to 18.6 ppm according to Omani and United States standard. 

The following observations have been found from the analysis. mean=1.744375, standard deviation (SD)=11.02834 ppm and 

limit of detension (LOD)=0. 73ppm was shown in table 1. 

The two major categories of domestic paints sold in Oman markets were enamel gloss and emulsion. The range of enamel 

gloss paint was <0.73 to 18.65 ppm with a mean =1.992143, standard deviation (SD)=24.33379 was shown in table 2. 

Emulsion paints was <0.73 to 3.11 ppm with a mean of 1.642941, standard deviation (SD)=1.536397 was shown in table 3. 

As per the investigation N29 is the company containing highest lead concentration  and K33 is having second high percentage 

compared with other samples about 3.97 ppm, but (13) samples have lead concentration less (<0.73) of different colors, 

companies and types of paints.  

As per the analysis from Code company (N), one enamel gloss (N29) and two samples of emulsion paint (N30, N31) samples 

showed variances in lead concentration. Although all of these paints are produced in the same factory such as (N29) for enamel 

gloss paint blue color the lead concentration is 18.65 ppm, while (N30) for emulation paint, white color the lead concentration 

equal 0.73 ppm. 

Six samples were collected from Code company (B) [3 for enamel gloss and 3 for emulation]. Lead concentration range 

between < 0.73 and 3.11 ppm. B3 for emulation paint red color contains lead concentrations about 3.11 ppm., but B1, B4 and B5 

for enamel gloss (blue, yellow and red) contains the lead concentration BLM 0.73 ppm., while (B2 and B6) for emulation paint 

(yellow and blue ) lead concentration between BLM 0.73 and 2.59 ppm. 

As per the observation from the analysis code company (S), 6 samples [3 enamel gloss and 3 emulation, all results showed 

BLM 0.73 ppm., except one sample (S8) yellow for enamel gloss paint, lead concentration is 0.85 ppm and thus reflect 

difference is very simple.  

From Code company (K), 10 samples [6 emulation and 4 enamel gloss paints]. K17&K18 for enamel gloss paint, red and blue 

color, the results of lead concentration are BLM 0.73 ppm., while K13-16, K26-27 and K32-33 the result showed lead 

concentration range between 1.57-3.97 ppm. Although all samples are produced in the same factory, but that there is a clear 

disparity in the outcome of the concentration of lead. The result in the table 1 for the code company (J19-29) for the  6 samples 

[3 emulation and  3 enamel gloss paints] shows that lead concentration range between BLM 0.73 and 2.39 ppm.  

The materials have significant contamination with lead as per the analysis. When using a paint manufacturer lead compound in 

the manufacture of some of their paints such as industrial paints, other paints produced in the same facility can become 

contaminated with lead when proper housekeeping and cleanup procedures are not followed. Also to inorganic pigments, fillers 

and perhaps some other ingredients used in the manufacture of paints are often derived from natural, earth-based materials such 

as clay, calcium carbonate, mica, silica, talc and various naturally occurring salts and metal compounds such as iron oxide. 
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IV. ANALYSIS OF PAINTS 

The results of our analysis of the most commonly sold household paints in Oman reflect that all of them approximately is 

considered paints free lead, but need more efforts to achieve that zero lead. Enamel Gloss paint in general had higher lead levels 

than emulsion paints. There was no significant relationship with the amount of lead in the emulsion and gloss varieties of paint 

from the same manufacturers. 

The National legislation for Lead in home paint recommended that safe paint in Oman should contain less than 0.06% by 

weight 600 ppm. 

The use of lead based paint has been discontinued for at least two decades in the United States, Europe and Canada. 

Regardless of these recommendations, recent studies have suggested that there is no safe blood/lead level in children, therefore 

all potential sources of lead exposure should be removed [14]. It is imperative, therefore that paint manufacturers move towards 

the production of lead-free paints. Lead compounds, in the form of carbonates, naphthenates, acetate and oxides are used in 

paints because of their excellent adhesion, drying and covering abilities. They extend the protective properties of paint. In 

domestic paint, they are increasingly replaced by titanium dioxide and other less toxic elements; however, they continue to be 

used in industrial and highway paints. 

The percentage of all the paints has the concentrations less than 90 ppm and 600 ppm. The two major categories of domestic 

paints sold in Oman markets were enamel gloss and emulsion. The samples collected from five companies manufacture in Oman, 

it consisted of white, red, yellow and blue paints. The lead concentrations range from Below Limit Detencion (BLD) 0.73 ppm to 

18.65 ppm.  
Table – 1 

Summary of Total Lead Concentration Data for Decorative Gloss and Emulation Paints in Oman. 

U S A Standard (ppm) Omani Standard (ppm) ppm Colour Type of paints Comp.code 

90 600 <0.73 Blue Enamel Gloss B1 

90 600 <0.73 Yellow Emulation B2 

90 600 3.11 Red Emulation B3 

90 600 <0.73 Yellow Enamel Gloss B4 

90 600 <0.73 Red Enamel Gloss B5 

90 600 2.59 Blue Emulation B6 

90 600 <0.73 Red Enamel Gloss S7 

90 600 0.85 Yellow Enamel Gloss S8 

90 600 <0.73 Blue Enamel Gloss S9 

90 600 <0.73 Red Emulation S10 

90 600 <0.73 Yellow Emulation S11 

90 600 <0.73 Blue Emulation S12 

90 600 3.01 Red Emulation K13 

90 600 2.83 Blue Emulation k14 

90 600 2.91 Yellow Emulation k15 

90 600 2.27 Yellow Enamel Gloss k16 

90 600 <0.73 Red Enamel Gloss k17 

90 600 <0.73 Blue Enamel Gloss k18 

90 600 1.59 Red Emulation J19 

90 600 <0.73 Yellow Emulation J20 

90 600 2.39 Blue Emulation J21 

90 600 0.82 Red Enamel Gloss J22 

90 600 1.33 Blue Enamel Gloss J23 

90 600 <0.73 Yellow Enamel Gloss J24 

90 600 2.54 White Emulation k26 

90 600 2.28 White Emulation k27 

90 600 18.65 Blue Enamel Gloss N29 

90 600 0.73 White Emulation N30 

90 600 2.38 White Emulation N31 

90 600 1.57 Blue Emulation K32 

90 600 3.97 White Enamel Gloss K33 

UOM = Units of Measurement (mg/kg); LOD = Limit of Detection = 0.73 ppm; Test -Method: ICP- OES; SD= Standard 

deviation =11.02834;Average = 1.744375; Assume : <0.73=0 
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Fig. 1: Reflect the results of lead (pb) ppm for 32 samples comparing with USA and Omani Standard 

Table – 2 

Reflect Summary of Total Lead Concentration Data for Decorative Enmale Gloss Paints in Oman. 

S.No. Code Comp. Type of paints colour Result of (b (pb) ppm Omani Standared UN.S 

1 B1 Enamel Gloss Blue <0.73 600 90 

2 B4 Enamel Gloss Yellow <0.73 600 90 

3 B5 Enamel Gloss Red <0.73 600 90 

4 S7 Enamel Gloss Red <0.73 600 90 

5 S8 Enamel Gloss Yellow 0.85 600 90 

6 S9 Enamel Gloss Blue <0.73 600 90 

7 k16 Enamel Gloss Yellow 2.27 600 90 

8 k17 Enamel Gloss Red <0.73 600 90 

9 k18 Enamel Gloss Blue <0.73 600 90 

10 J22 Enamel Gloss Red 0.82 600 90 

11 J23 Enamel Gloss Blue 1.33 600 90 

12 J24 Enamel Gloss Yellow <0.73 600 90 

13 N29 Enamel Gloss Blue 18.65 600 90 

14 K33 Enamel Gloss White 3.97 600 90 

 SD=24.33379, Average = 1.992143 

 
Fig. 2: Results of lead (pb) for Enamel Gloss of variety companies 

Table – 3 

Reflect Summary of Total Lead Concentration data for Decorative Emulation Paints in Oman. 

S.No. Code No. Type of paints colour Result of (b (pb) ppm Omani Standared UN.S 

1 B2 Emulation Yellow <0.73 600 90 

2 B3 Emulation Red 3.11 600 90 

3 B6 Emulation Blue 2.59 600 90 
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4 S10 Emulation Red <0.73 600 90 

5 S11 Emulation Yellow <0.73 600 90 

6 S12 Emulation Blue <0.73 600 90 

7 K13 Emulation Red 3.01 600 90 

8 k14 Emulation Blue 2.83 600 90 

9 k15 Emulation Yellow 2.91 600 90 

10 J19 Emulation Red 1.59 600 90 

11 J20 Emulation Yellow <0.73 600 90 

12 J21 Emulation Blue 2.39 600 90 

13 k26 Emulation White 2.54 600 90 

14 k27 Emulation White 2.28 600 90 

15 N30 Emulation White 0.73 600 90 

16 N31 Emulation White 2.38 600 90 

17 K32 Emulation Blue 1.57 600 90 

SD= 1.536397, Average = 1.642941 

 
Fig. 3: Illustrated the Results of lead (pb) for Emulation paints 

As per the experimental observations, paints in Sultanate of Oman market contain very low lead percentage. As per the 

discussion with the manufacturers about the resource for lead in paint, inorganic pigments, fillers and possibly some other 

ingredients used in the manufacture of paints are often derived from natural, earth-based materials such as clay, calcium 

carbonate, mica, silica, talc, and various naturally occurring salts and metal compounds such as iron oxide. Houses in Oman are 

therefore likely to have older paints with higher lead levels, which are flaking off into dust and may contribute to high lead levels 

through the dust in such homes. Whichever exposure to lead in the domestic environment through dust, water and paint causes 

several negative adverse for children; such as high susceptibility,toxicity and  the impact on their narrow behavioral 

development. Hence the reduction of lead in the domestic environment should become a basically.In October 2015 the 

International community adopted decision through a conference held in Geneva about Strategic Approval International Chemical 

Management household paint must be free lead in 2020.National efforts to encourage the development National Legislation and 

Regulatory Framework to control the manufacture to produce and import paints free lead.  

The present study illustrated the results for collection of 32 samples for gloss enamel and emulsion paints. As per the 

observation of present experimental study, Oman need to prepare another comprehensive study with more number of samples, as 

well as that are not limited to dyes manufactured only but including imports. Water-based paints are rarely contaminated with 

lead, but solvent-based enamel paints have been found to have high lead content in many countries in the world.As per the study 

it was suggested that inclusion of sensor within the tank mixing,mixing the indicatior outside the tank for the paint process in the 

industry.When mixing of paint ingredients this indicator given sign referring the product is contained or contaminated (red color) 

with some amount of lead or not containing (green color).The sign is red, this means the product is contained on lead 

concentration and its risk depend on levels of lead (the same idea for a danger indicator of the pressure gas). In this case the 

factory requires removing lead concentration from the paint before packing process to give a final product free lead. 

V. CONCLUSIONS 

The current study enhances to increasing knowledge of the extent of the problem of lead in paint in Oman and the emerging 

countries in the world. The study has been conducted for different data points from five manufacturers in Oman comprehensive 

32 samples, including gloss and enamel paints. The paint samples were tested in an analytical laboratory for their total lead 

content and the result shows those samples for lead concentration less than Oman 600 ppm and the United State 90 ppm as per 
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the regulatory standards. The results illustrated the highest value was 18.65 ppm for the level of lead concentration in the home 

paints in Oman for one colour(blue) and one sample for one company, While the lowest value was less than 0.73 ppm for (13) 

samples, different colour and also different company. As per the analysis of manufacture companies it was found that the lead 

presence is ranged between BLD 0.73(min.) ppm to 18.65 ppm (max) with standard deviation (SD) of 11.02834 ppm and 

average 1.744375 ppm. The maximum concentrations were found 18.65 ppm in company code (N29) for enamel gloss, blue 

color. An average of 40.6% of the samples contained below limit detection 0.73 ppm. The recommendations were suggested 

based on the data analysed keeping in view of potential hazard of lead exposure to childrens in Oman.  
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