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1.0. INTRODUCTION

Metal pollution is a major public health problem in developing countries. Metal pollution affects the physical and mental development of an individual leading to decreased work capacity that in turn affects the development of a country. The World Health Organization estimates that there are120 million people who are over exposed to metals and 99% of the most serious cases are from developing countries (Singh et al., 2007).

The impact of environmental exposure to toxic metals on human health has been discussed in numerous publications over the past 20 years, especially with respect to lead and cadmium. Evaluation of the toxic effects of cadmium on people who are working in industrial areas is based on analysis of the concentrations of these metals in blood, urine and accompanying biological effects  (Prisco et al., 2010).

In jewellery making units, the workers work in small dingy rooms filled with smoke from the acid that is used during refining and polishing processes (Uno et al., 2005). The manufacturing of gold and silver jewellery consists of large number of stages starting with refining of gold and silver before proceeding to shouldering, crafting and polishing. The jewellery making units use a number of hazardous substances and chemicals during the production process. The units engaged in refining and polishing operations use nitric acid and sulphuric acid. These hazardous chemicals emit fumes and dusts during jewellery making processes (KMDA, 2003; Chattopaddy et al., 2009).

The fumes and dusts consist of lead, mercury, silver and cadmium compounds (Roberts et al., 2011). Lead is emitted during the jewellery making process and lead persists in the environment and contaminates the soil. In adults 20%-70% of the ingested lead and nearly 100% of the inhaled lead enters the blood. Low level lead exposures also results in glomerular and tubulointerstitial changes that lead to glycosuria, proteinuria, chronic renal failure and hypertention (Sanborn et al., 2002).

The mercury vapour is much more hazardous than the lquid form. The vapour from metallic mercury is readily absorbed into lungs. Dissolved form of mercury is readily absorbed by the blood stream and diffuses to all tissues in the body. Mercury may bind to a variety of enzyme systems including those of microsomes and mitochondria producing non-specific cell injury or cell death. The recommended standard for permissible exposure limit for inorganic mercury in air in the work place is 0.05 mg m-3 (Yoon et al.,2008).

The concentration of mercury in urine is considered the most accurate biomarker for understanding the absorbed dose from chronic exposure to mercury vapour (Zeitz et al., 2002).

During 2003,jewellery and silverware, and the photographic industry were the largest consumers of silver, using 40, 31 and 22% respectively (GFMS, 2004). The most common health effects associated with prolonged exposure to silver are the development of a characteristic, irreversible pigmentation of the skin (argyria) and the eyes (argyrosis). The affected area becomes bluish gray or ash gray and is most prominent in areas of the body exposed to sunlight (Gulbranson et al., 2000).

The Occupational Safety and Health Administration (OSHA) and the Mine Safety and Health Administration (MSHA) currently enforce a Permissible Exposure Limit (PEL) of 0.01 mg / m3 for metallic and soluble silver compounds (NIOSH, 2003).

Cadmium exposure in jewellery industry is a significant source of occupational cadmium toxicity. Cadmium is used for jewellery as alloys to improve the mechanical strength (Wittman and Hu, 2002).

The Occupational Safety and Health Administration (OSHA) currently enforced a permissible exposure limit of cadmium of 5.0 µg / m3. The target organ of cadmium accumulation also depends on the period of administration. Most cadmium accumulates in the liver after short-term exposure, but in kidney in long term exposure. The amount of cadmium in human kidney increases with age, because the kidneys are the excretion routes of cadmium (Gonick et al., 2008).

Cadmium toxicity causes nephrotoxicity . Chronic exposure to low – level cadamium has been associated with a number of pathologies, such as end -stage renal failure, early onset of diabetic renal complications, osteoporosis, deranged blood pressure regulation and increased cancer risk (Satarug et al., 2004).

Recently an increased risk of clinical signs of dysfunction of the peripheral nervous system and polyneuropathy was found in cadmium workers. Approximately 0.001% of cadmium in the body is excreted per day mostely in the urine (Apinan et al., 2009).

Cadmium exposure has been associated with increased  cancer mortality, including lung, prostate and renal cancer (Menke et al.,2009). Cadmium absorption in the lung is found to be 10-50%. Exposure to cadmium was observed to cause concentration in blood, urine and kidney to be higher in women with prolonged exposure to cadmium and was also found to lead to bone disease (Jarup et al., 2002).

Cadmium produces active hydroxyl radicals that melatonin might scavenge. Furthermore, Ozal et al. (2007) reported that melatonin protects against damage to the human kidneys induced by cigarette smoke. Metallothionein is the most important factor regulating the biological effects of cadmium (Miura, 2009).

Kidney damage is usually ascertained from markers, such as albuminuria (Levy et al.,2006). Kidney is the critical organ that is affected after long term occupational or environmental exposure to cadmium. Cadmium is found to cause glomerular and tubular renal dysfunction and increased calciuria (Schutte et al., 2008).

The objective of the present study was to assess the impact of pollutants on the health of gold jewellery workers who are exposed to toxic pollutants in their work place.  Selected hematological and biochemical parameters in blood and urine were estimated and pulmonary function tests were performed in them to assess the toxicity caused due to exposure to high levels of pollutants in their work place and thereby to assess their risk for the development of health hazards.

2.0 REVIEW OF LITERATURE


The review of literature pertaining to the present study “Assessment of Renal and Pulmonary Functions among Gold Jewellery Workers” is presented under the following headings:

2.1  OCCUPATIONAL EXPOSURE OF METALS IN JEWELLERY INDUSTRY

2.2 EMMISION OF METAL ELEMENTS DURING JEWELLERY MAKING      PROCESSES

2.3  TOXICITY OF METAL ELEMENTS

2.4  CADMIUM TOXICITY IN JEWELLERY WORKERS

2.5  MECHANISM OF CADMIUM TOXICITY


2.5.1 Role of metallothioneins in mediating cadmium-induced toxicity


2.5.2 Cadmium induced renal function abnormalities


2.5.3  Cadmium induced pulmonary function abnormalities

 2.1 OCCUPATIONAL EXPOSURE OF METALS IN JEWELLERY INDUSTRY
             The exposure of human populations to metals through the occupational environment is raising much more concern as these heavy metals with high toxicity get accumulated in the body. Because of their non-corrosive properties, they are utilized in batteries, pigments, metals, coatings and plastics. The highest risk of exposure occur in occupations involving heating metal-containing products such as ore smelting operations, drying of metal pigments, soldering or welding of metal containing ores, petroleum refining and manufacturing of batteries or plastics (Kedzierska et al., 2005).

Non-occupational exposure occurs through cigarette smoke, foods, tobacco, contaminated water, ceramics and glass glazes, fabric dyes and municipal waste incineration. These are all the biggest source of non-occupational cadmium exposure (ATSDAR, 2007).

 
Jewellery making is one of the world’s oldest manufacturing operations and has always involved some hazardous processes (Fact Sheet, 2002). In jewellery industries there are different operations undertaken by workers such as the designer, the goldsmith, the engraver, the enamellist, the polisher, the stone setter and the stringer. The alloys of gold used for Indian jewellery contain silver or copper or both cadmium and all. Most of the silver used for jewellery is alloyed with copper or zinc or cadmium or all to improve its mechanical strength and resistance to wear and tarnish (Rajagopal, 2000).

During the jewellery making process, the potent toxic chemicals like amile nitrates (polishing material), ammonium chloride, aniline dyes (stone ink), aqua regia, cadium, calcium-bi-carbonate, camphor, copper sulphate, mercury, nitric acid, potassium alum, potassium cyanide, potassium hydroxide, potassium nitrate, silver nitrate and sulphuric acid are used (Jayaprakash et al., 2003).

2.2 EMMISION OF METAL ELEMENTS DURING JEWELLERY MAKING PROCESSES

         During the jewellery making processes, there is the formation of fumes and dust which consists of lead, mercury, cadmium, silver, nitric oxide and silica and some of these compounds may cause health hazards to the jewellery workers.

         Lead is a silent potent toxin that can severely damage our health. It has no biological utility and is hard to eliminate from the body. It is extremely dangerous for children and pregnant women. The World Health Organization estimates that there are millions of people who are over exposed to lead and 99% of the most serious cases are from developing countries (Bouton et al., 2001).

  
 Mercury is a cumulative heavy metal poison. The elemental metallic forms of mercury can also affect the central nervous system and many other organs and like organic mercury may be a concern for developmental effects in children. The average background concentration of mercury in urine has often been reported to be about 4µg/L in the general population (Tsuji et al., 2002).

Cadmium is a toxic heavy metal. Metal fume fever can occur from inhalation of cadmium oxide fumes that are produced when cadmium metal and cadmium compounds are heated to high temperature and cause flu like symptoms with chronic exposure. Cadmium accumulates in kidney, with smaller amounts accumulating in liver and muscles and causes damage to kidney, lungs and bones (Sethi et al., 2006).
Soluble silver compounds are more readily absorbed and thus have the potential to produce adverse effect on human body.  Silver salts have been used in treating mental illness, epilepsy, nicotine addiction, gastroenteritis and infectious diseases, including syphilis and gonorrhea (Drake et al., 2005).

Nitric oxide is a meta stable radical that plays a vital role in controlling the blood flow to all muscle and organs through out the body. It reacts with oxygen to produce toxic nitrogen oxide, which causes an acute pulmonary edema and bronchitis (Jayakumar et al., 2008).
           The crystalline silica is one of the toxins that causes multiple disease and increased mortality. Disease associated with silica exposure includes silicosis, a fibrotic nodular disease of the lung parenchyma, pulmonary tuberculosis, lung cancer, chronic obstructive pulmonary disease, autoimmune and renal disease (Rees et al., 2007).

2.3 TOXICITY OF METAL ELEMENTS

          Acute absorption by inhalation of high doses of metallic mercury           vapour causes symptoms of pulmonary irritation and encephalopathy. Acute oral exposure to inorganic mercury, which can also cause a syndrome of gastroenteritis with abdominal pain, nausea, vomiting and bloody diarrhoea          and severe renal impairment leading to uremia frequently, ensures (Mason            et al., 2000).

Clinical symptoms of lead toxicity are restlessness, fatigue, irritability, sleep disturbance, headache and difficulty in concentrating, decreased libido, abdominal cramps, anorexia, nausea, constipation and diarrhoea. Other less common conditions include tremor, toxic hepatitis or acute gouty arthritis. In general, the number and severity of symptoms worsen with increasing blood lead levels. A high blood lead level of intoxication may result in delirium, coma and seizures associated with lead encephalopathy, a life threatening condition (Dongre et al., 2010).
At lower levels of exposure, non-specific symptoms such as headache, chills, muscles ache, nausea, vomiting and diarrhoea can occur. Inhalation of high levels of cadmium fumes or dust may severely irritate respiratory system and acute pneumonitis may occur. Several inorganic cadmium compounds are associated with malignant tumor in animals. In extreme exposure cases pulmonary edema may develop (Wittman et al., 2002).

Long term inhalation or   ingestion of soluble silver compounds may cause argyria(irreversible pigmentation of skin) and argyrosis (irreversible pigmentation of eyes) bronchitis,emphysema and reduction in pulmonary volume are observed when exposed to metallic silver(Dark et al., 2005).Occupational exposure to nitric oxide leads to increased levels of DNA damage among jewellery workers and causes pulmonary edema and bronchitis  (Jayakumar et al.,2008).

2.4 CADMIUM TOXICITY IN JEWELLERY WORKERS

          Cadmium is a main toxic heavy metal in jewellery industries. Recent investigations have also shown that exposure to cadmium may produce increased amounts of urinary enzymes such as N-acetyl glucosaminidase            and ((-galactosidase used for the assessment of renal tubular impairment              (Menke et al., 2009).

Cadmium accumulates gradually in the human body and causes renal damage and impairment of other organs (Yamanaka et al., 1998) .The concentration of cadmium in urine is associated with a 10% risk of increased enzymuria or microproteinuria and vary from about 5 to 10µg /g creatinine (Roels et al., 1983). Exposure to cadmium causes tubular dysfunction  and glomerular damage and a decrease in the Glomerular Filtration Rate (GFR) may emerge (Lundback et al., 2003).
The cadmium induced tubular dysfunction may also lead to an increased urinary excretion of other substances that are filtered through the glomerulus and normally reabsorbed in the tubular cells for eg – glucose, aminoacids and calcium (Elinder et al., 1981).

The high exposure of cadmium to the human population through the environment results in the accumulation of cadmium in the body and acts as a risk factor for osteroporosis. High exposure to cadmium is the cause of the feared itai – itai (Ouch-Ouch) disease in Japan (Nawrot et al., 2006).

  
Accumulation of cadmium in kidney cortex causes damage of the proximal renal tubular cells, resulting in increased urinary excretion of low molecular weight proteins which may be used as biomakers of cadmium – induced kidney damage (Bergland et al., 1994). Biological monitoring measures and the uptake of cadmium into the body reflects actual exposure and is used to assess health risk to workers (OSHA, 2005).  

 
Cadmium can be detected on the basis of various urinary low and high molecular weight proteins,enzymes,tubular antigens or serum β2 microgloubilin or creatinine  used as markers (Roles et al .,1993).Depending on the dose and duration of exposure, effects have been observed in multiple  organ system and tisues , including kidney, liver and bone . Small portions of the absorbed cadmium are excreted in the urine or in feces (Williams et al., 2010).

2.5  MECHANISM OF CADMIUM TOXICITY

       Cadmium affects many organs primarily binding to proteins within the cells and interfering with zinc. Cadmium is very similar to zinc and differs in many physiological and enzymatic function. The zinc / cadmium ratio influences cadmium toxicity and storage; zinc deficiency increases toxicity while adequate levels of zinc can reduce cadmium- related tissue damage (Nishijo et al., 2004). 

After absorption, cadmium does not undergo direct metabolism conversion such as oxidation, reduction or alkylation. Cadmium binds to proteins and other molecules, especially the metallothioneins ( MT) and it plays a considerable role in the shift of accumulated cadmium from the liver to the kidney.  Metallothioneins are low molecular weight protein, the synthesis of which is induced by various heavy metals such as cadmium and they suppress toxicity of heavy metals and form a Cd-MT complex. These complexes are released into the blood stream, reabsorbed through the proximal tubules and accumulated in renal cells (Miura, 2009).

 2.5.1 Role of metallothioneins in mediating cadmium-induced toxicity
FIGURE 1 
METALLOTHIONEINS MEDIATED CADMIUM-INDUCED TOXICITY

[image: image1.wmf]
Cadmium interferes with the metabolism of vitamin D, calcium, collagen and its accumulation may lead to osteomalacia and osteoporosis. Bone damage is depletion of the bone calcium pool due to disrupted vitamin D metabolism of the kidneys, resulting from renal tubular dysfunction caused by cadmium and continuous urinary excretion of calcium and phosphorus (Sunyer, 2001).
FIGURE 2 
CADMIUM MEDIATED CALCIUM AND VITAMIN D ABNORMALITIES
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FIGURE I. Schematic drawing of those aspects of calcium and vitamin D metabolism that may be affected
by cadmium. (1) Cadmium decreases PTH stimulation of adenylcyclase. (2) Cadmium inhibits hydroxylation
of 25-OH-D;. (3) Cadmium increases urinary calcium excretion. (4) Cadmium decreases gastrointestinal
calcium absorption. (5) Cadmium affects bone mineralization directly(?).




 
Carcinogenesis caused by cadmium exposure represents another concern. Many experimental and epidemiological studies have examined cancers of various organs such as the liver , kidneys, lungs, prostate , breast, brain , nervous system and hematopoietic  system (Wild et al.,2009).

           Exposure to cadmium at the work places can possess serious health problems due to the interference of the various metabolisms such as renal and pulmonary effects.

2.5.2 Cadmium induced renal function abnormalities

           Exposure to cadmium at the work places can pose serious health problems due to the interference of the various metabolisms such as renal and pulmonary effects. The kidneys are essential organs in the body, which function to remove water and waste products. They also produce important hormones such as erythropoietin, Vitamin D and renin. Kidney function is estimated using the glomerular filtration rate (Hellstrom et al., 2001).

         The evalution of renal effects have been observed in a population exposed to cadmium in the industrial environment and that pollutants might induce a subclinical renal response with low – molecular weight proteinuria and calciuria (Hotz et al.,1999).Tubular proteinuria is generally accepted as the critical effects following long-term, low-level exposure to cadmium seen in industrial units (Kazantzis,1979).

Renal effects were assessed by the determination of urinary N-acetyl-β-D-glucosaminidase (NAG) β2 –microglobulin (β2 –M) retinol binding protein, albumin, total protein and serum creatinine concentrations and activity (Vinceti et al.,2007).

Cadmium induced renal injury initially presents as tubular proteinuria that can be quantified through the measurement of the urinary excretion of lower molecular weight proteins and enzymes such as N-acetyl-β-glucosaminidase (Pinot et al., 2000).

Cadmium induced tubular dysfunction may also lead to an increased urinary excretion of other substances that are filtered through the glomerulus and normally reabsorbed in the tubular cells-for eg: glucose, aminoacids and calcium. Cadmium induced renal damage eventually leads to uraemia and even death (Alfren et al., 2000).

The renal effects induced by environmental cadmium exposure were not only irreversible but also progressive even after cessation of exposure and some cases of chronic renal failure or uraemia also associated with environmental cadmium exposure (Bernard, 2004).

2.5.3 Cadmium induced pulmonary function abnormalities


Jewellery making process involves inhalation exposure which may lead to acute or chronic respiratory disease. Metal fume is formed when vapourized metal condenses in air as metal oxide particles. These particles are very hazardous components and they deposit in the terminal of bronchioles and alveoli and are predominantly composed of metals such as iron, nickel, molybdenum, manganese, chromium and other oxides (Ganong, 2001).


Brazing has been associated with many respiratory problems, which  vary from acute or chronic respiratory symptoms such as, malaise, cough, dyspnea, chronic bronchitis, interstitial lung disease, pneumonitis, asthma, pneumoconiosis and lung cancer (Hull et al., 2002).


Recent attention has focused on evaluating the relationship between pulmonary function and cadmium body burden and the possible role of cadmium in the development of pulmonary disease such as chronic obstructive pulmonary diseases (COPD) and emphysema (Lampe et al., 2008).   

The parameters of spirometery are important to provide clinical information, including Vital capacity (VC), Forced Vital Capacity (FVC), Forced Expiratory Volume (FEV) Peak Expiratory Vlow (PEF), Peak Inspiratory Flow (PIF) . COPD is an important cause of morbidiy and mortality throughout the world (Mannio et al., 2004).

3.0 EXPERIMENTAL PROCEDURE

The experimental procedure pertaining to the study on “Assessment of Renal and Pulmonary Functions among Gold Jewellery Workers” is discussed under the following headings:

3.1  SELECTION OF THE PARTICIPANTS OF THE STUDY

3.2  ELICITING INFORMATION FROM THE SELECTED PARTICIPANTS

3.3
COLLECTION OF BLOOD AND URINE SAMPLES FROM THE   PARTICIPANTS

3.4  ANALYSIS OF BIOCHEMICAL PARAMETERS IN BLOOD AND URINE SAMPLES

3.5  SPIROMETRY ANALYSIS

3.6  STATISTICAL ANALYSIS

3.1 SELECTION OF THE PARTICIPANTS OF THE STUDY

People who are working as gold smiths were selected for the study.              15 male workers were taken for the study within the age limit 20-70years.

The workers should have been employed fulltime 8-9 hours per day with a work experience of not less than 5 years. Participants should not be smokers or alcoholics. The control group consisted of 10 normal men of the same age group, who were not exposed to any hazardous chemicals.

3.2 ELICITING INFORMATION FROM THE SELECTED PARTICIPANTS

The profile of the selected participants of the study were collected by intervening them and information regarding their years of services in the jewellery units, their age, socio economic status, income, food habits and clinical conditions were collected (Appendix-1).

3.3 COLLECTION OF BLOOD AND URINE SAMPLES FROM THE PARTICIPANTS

5.0 ml of venous blood and 5.0 ml of urine were taken from each participant. 1.0 ml of blood was transferred into a sterilized anticoagulant tube. Remaining 4.0ml of blood was transferred into a sterilized vaccuntainer tube. The blood was centrifuged to get the serum.

The serum samples were used for the estimation of biochemical parameters namely creatinine, urea, uric acid, bilirubin, protein, albumin, calcium and chloride. 

The urine samples were collected in separate sterilized tubes. The urine samples were used for the estimation of biochemical parameters namely creatinine, urea, uric acid, bilirubin, protein, albumin,  calcium and chloride. 

3.4 ANALYSIS OF BIOCHEMICAL PARAMETERS IN BLOOD AND URINE SAMPLES

Selected biochemical parameters were assessed in the blood samples of the participants. Hematological parameters might be altered by both endogenous and environmental factors as these parameters are sensitive to toxicants and constitute an important diagnostic tool in toxicological studies.

The selected hematological parameters in the present study were determined by the procedures as given in Table 1 and other selected biochemical parameters as given in Table  2.

TABLE 1

DETAILS OF ANALYSIS OF HEMATOLOGICAL PARAMETERS

	Parameters
	Method of analysis
	Reference
	Appendix No

	Red Blood Cell Count

Hemoglobin 

Hematocrit

Red Cell Indices

White Blood Cells

Differential Count

Platelet Count 


	Using Hemocytometer 

Cyanmethemoglobin

Centrifugation

By calculatio

Using Hemocytometer

Spectrophotometery

Spectrophotometery
	Jones and Wickramasinghe,2004

Wintrobe et al.,1965

Raghuramulu et al., 1983
Wintrobe et.al.,1965

Raghuramulu et al., 1983

Raghuramulu et al., 1983

Wintrobe et.al.,1965


	2

3

4

5

6

7

8












TABLE 2

DETAILS OF ASSESSMENT OF SELECTED BIOCHEMICAL PARAMETERS

	Parameters
	Method of analysis
	Reference


	Appendix-No



	Creatinine

 Blood urea  

Uric acid

Bilirubin

Protein 

Albumin

Calcium

Chloride

Cadmium


	Jaffe’s method 

GLDH-Urease  method

Spectrophotometry 

Diazo method

Biuret method

BCG-Dye method

     Biuret method

Biuret method

Spectrophotometry

118
	Young,1975

Young,1990

Tietz,1995

Tietz,1986

Friedman,1980

Tietz, 1986

Clark and Collip, 1925

Van Slyke and Evans,1948

Alessio et al,1994


	9

10

11

12

13

14

15

16

-


3.5 SPIROMETRY ANALYSIS

Assessment of pulmonary function by spirometry is a routine practice in epidemiological surveys in participants exposed to toxic dust and air pollution. The spirometry analysis includes assessment of Vital capacity (VC), Forced Vital Capacity (FVC), Forced Expiratory Volume (FEV) and Peak Expiratory Vlow (PEF), Peak Inspiratory Flow (PIF) as explained in Appendix-17.

3.6 STATISTICAL ANALYSIS

The obtained data were tabulated and analysed using student’s t-test to compare the levels of the different parameters between the control and the pollutant exposed participants.

4.0 RESULTS AND DISCUSSION

The results of the study “Assessment of Renal and Pulmonary Functions among Gold Jewellery Workers” are presented and discussed under the following headings :

4.1  PROFILE OF THE PARTICIPANTS

4.2  BLOOD ANALYSIS

 4.2.1 Red Blood Cells, Hemoglobin and Hematocrit 

 4.2.2 Mean Corpuscular Volume, Mean Corpuscular 

         Hemoglobin and Mean Corpuscular Hemoglobin Concentration 

 4.2.3 White Blood Cells and Differential Count

 4.2.4 Platelets and Mean Platelets Volume

 4.2.5 Serum Creatinine , Uric acid and blood Urea 

 4.2.6 Serum Bilirubin

 4.2.7 Serum Protein and Albumin 

 4.2.8 Blood Cadmium
4.3  URINE ANALYSIS

       4.3.1 Calcium and Chloride

4.4  PULMONARY FUNCTION TESTS

 4.4.1 Forced Vital Capacity (FVC) and Forced Expiratory Volume in one   Second (FEV1)

 4.4.2  Peak Expiratory Flow (PEF) and Peak Inspiratory Flow rate (PIF) 

4.4.3 Vital Capacity (VC) and Forced Expiratry Volume in one second ratio. (FEV1 ratio)
      4.4.4 Forced Expiratory Flow (FEF 25-75%) 

4.1 PROFILE OF THE PARTICIPANTS


The present study included 12 gold jewellery workers between 20 and 50 years of age. The period of their exposure in the jewellery unit environment ranged between 10 and 15 years.  All the selected men were non-smokers and non-alcoholics. They did not report any ailments or metabolic disorders.


Ten age and sex matched control group participants with equivalent socio economic status not engaged in any occupation and not exposed to high levels of metals or any known air pollutant in their surroundings were selected for the study.


Table 3 shows the mean age, weight and height of the gold jewellery workers of the experimental and control group.

TABLE 3

PROFILE OF THE GOLD JEWELLERY WORKERS
	Parameters
	Experiment men (n=12)
	Control men (n=10)

	Age (yrs)
	33.4 ± 7.50
	33.4 ± 12.39

	Weight (kg)
	54.4 ± 7.95
	59.3 ± 12.08

	Height (cm)
	154.6 ± 4.09
	161.6 ± 3.33



The average height and weight of the control group of healthy Indian men (20-50yrs) are 162cm and 59 kg respectively (ICMR, 1988). The average weight of the men in the experimental group was markedly lesser than the reference values.  

4.2 BLOOD ANANLYSIS

4.2.1 Red Blood Cells (RBC), Hemoglobin and Hematocrit


Table 4 shows the mean levels of Red Blood Cells (RBC) and hemoglobin in the gold jewellery workers. Mean total RBC count of the experimental group did not differ significantly from the control group  (5.32 ± 0.429 million per cu-mm and 5.36 ±  0.489 million per cu-mm respectively)  Mean total hemoglobin of the experimental group men (15.6 ±  0.73 g/dl) was significantly increased compared to the control group (14.8 ± 1.80 gl/dl).  (Ponka ,1998).
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TABLE  4

MEAN LEVELS OF RED BLOOD CELLS AND HEMOGLOBIN IN 
GOLD JEWELLERY WORKERS

	Groups
	Red blood cells (million/cu-mm)
	Hemoglobin (g/dl)

	Experiment group(n=12)
	5.32 ±  0.429
	15.6  ± 0.73

	Control group (n=10)
	5.36 ± 0.489
	14.8  ± 1.80

	t  0.05
	1.67ns
	7.61*


* Significant at 5% level             ns - not significant

Mean hematocrit (Fig 3) of the experimental group (44.96 ± 2.63%) were did not different significantly compared to the control group (44.96 ± 3.67%).
FIGURE 3

HEMATOCRIT IN GOLD JEWELLERY WORKERS
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The elevated  hematocrit count may be caused by dehydration, hypoxia or due to polyethemia (Nitche, 2004). On the other hand, the entry of heavy metals into the body is suggested to decrease the number of RBC, whereas number of WBC and blast like cells were significantly increased  as reported by Chiesa et al. (2006).


 The status of RBC, hemoglobin and hematocrit as recorded in the present study, could also be attributed to multiplication of prioplasms in RBC, which might result in RBC lysis as opined by Singh et al . (2001).


The jewellery workers are highly exposed to toxic heavy metals. It might cause altered levels of red blood cells, which could be correlated to their work load as observed by Zhou et al .(2003).

4.2.2 Mean Corpuscular Volume, Mean Corpuscular Hemoglobin and Mean Corpuscular Hemoglobin Concentration.


Table 5  shows the Mean Corpuscular Volume (MCV), Mean Corpuscular Hemoglobin Concentration (MCHC) and Mean Corpuscular Hemoglobin (MCH) in the gold jewellery workers.

TABLE 5

MEAN CORPUSCULAR VOLUME, MEAN CORPUSCULAR HEMOGLOBIN AND MEAN CORPUSCULAR HEMOGLOBIN CONCENTRATION 
IN THE GOLD JEWELLERY WORKERS

	Groups
	Mean Corpuscullar Volume (fl)
	Mean Corpuscular Hemoglobin (pg)
	Mean Corpuscular Hemoglobin Concentration (g/d1)

	Experiment

(n=12)

Control

(n=10)
	82.85 ± 7.19

84.56 ± 3.36
	27.8 ± 3.64

29.37 ± 1.67
	33.44 ± 1.94

34.73 ± 1.08

	t 0.05
	3.06*
	3.17*
	3.33*


   * Significant at 5% level


In the present study, among the red cell indices MCV, MCH and MCHC showed a significant decrease in the experimental group (82.85 ± 7.19 fl), (27.8 ± 3.64 pg) and (33.44 ±1.94 g/dl) compared to the control group might be due to the anemic condition in them. 

Beyan et al. (2006) reported vitamin B12 deficiency in patients with normal MCV and a decreased MCH. Nazifi et al .(2009) observed that there was an elevation in MCV and MCHC in macrocytic hyperchromic anemic condition. They opined that regenerative anemia was accompanied by the presence of reticulocytes which explained the elevation of MCV and the increase in MCHC might be due to extravascular hemolysis of infected erythrocytes.


Jolobe (2001) showed that a lower MCH value in the combined iron deficiency and vitamin B12 deficiency anemic group than in the groups with only iron deficiency which could be related to impaired DNA synthesis and reduction in MCH values was more predominant than the reduction in MCV values in iron and vitamin B12 deficiency group.

4.2.3 White Blood Cells and Differential Count


Table 6 presents the mean of white blood cells and differential count in gold jewellery workers.
TABLE 6

MEAN WHITE BLOOD CELLS AND DIFERENTIAL COUNT IN   
GOLD JEWELLERY WORKERS

	Groups
	White Blood Cells
(per cu mm)
	Differential Count (x 10 3 )

	
	
	Lympocytes  Neutrophils

	Experiment 

(n=12)

Control group

(n=10)
	7.03 ± 1.12

7.74 ± 2.02
	2.9 ± 0.549

2.6 ± 0.671
	3.9 ±  0.79

3.6 ± 0.84

	 t 0.05
	1.68ns
	0.785 ns
	1.165 ns


   ns-not significant

Mean White Blood Cells (WBC), lympocytes and neutrophils of the experimental group men was not significantly different compared to the control group .

Murray et al . (1995) observed an increase in WBC in the experimental group which was suggested to be due to an induced proliferation, as a result of metal toxicity.


Devi et al.(2008) reported that among the Differential Count, lymphocytes and neutrophils revealed interesting changes and caused neutropenia and leucopenia. 

4.2.4  Platelets and Mean Platelet Volume


Table 7 presents the levels of platelets and Mean Platelet Volume (MPV) in jewellery workers.

TABLE  7

PLATELETS AND MEAN PLATELET VOLUME IN GOLD 
JEWELLERY WORKERS

	Groups
	Platelets (million per cu mm)
	Mean Platelet Volumes (fl)

	Experiment 

(n=12)

Control group

(n=10)
	320 ± 73

267 ± 50
	10.30 ± 0.87

10.36 ± 0.93

	t 0.05
	52 *
	0.1 ns


   * Significant at 5% level               ns – not significant

The platelet count of the experimental group men was significantly increased at 5% level compared to the control group. However, MPV did not record any significant difference.


Papanas et al. (2004) reported that the stimulated megakaryotes produce larger platelet, Larger platelets with a higher MPV is expected in destructive thrombocytopenia.  Platelet counts with lower MPV is expected in thrombocytopenic states associated with aplasia.

4.2.5 Serum Creatinine , Uric acid and blood Urea 


 Table 8 shows the mean creatinine values of the gold jewellery workers which did not show any significant difference between the experimental group and the control group.

    TABLE 8

   MEAN SERUM CREATININE, URIC ACID AND BLOOD UREA

	Groups
	Serum Creatinine (mg/dl)
	Serum Uric acid (mg/dl)
	Blood Urea (mg/dl)

	Experiment 

(n=12)
Control group

(n=10)
	1.772 ± 1.113 

1.128 ± 0.486
	6.05 ± 0.32

5.86 ± 20.73
	19.47 ± 0.019

21.0 ± 0.025

	t 0.05
	1.56 ns
	6.32*
	2.516*


     *Significant at 5% level               ns-not significant


The mean serum uric acid of the experimental group (6.05 ±  0.32 mg/dl) was significantly increased when compared to that of the control group (5.86 ±  20.75 mg/dl). The mean serum urea of experimental group (19.47 ± 0.019 mg/dl) were significantly decreased when compared to the control group                (21.0 ± 0.025 mg/dl).
Nordberg, (2004) reported that creatinine is a waste product formed in muscle from the high energy storage compound, creatinine phosphate. It is removed from the plasma by glomerular filration and then excreted in urine without any appreciable reabsorption by the tubules. Creatinine is a usefull indicator of renal function. Elevated creatinine level in serum is usually associated with various renal diseases.
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Erzen,  and Kragej, (2006) suggested that urea is the major end product of protein metabolism in humans. Urea is produced in liver and excreted through the kidneys in the urine. Elevated blood urea concentrations was observed in impaired kidney function, liver disease and congestive cardiac failure.


Grasseschi et al. (2003) reported that uric acid is a metabolite of purines, nucleic acid and nucleo -proteins . Consequently abnormal levels of uric acid may be indicative of a disorder in the metabolism of these substances. They also established that increased levels of serum uric acid are observed in renal dysfunction, diabetes, hypothyroidism and decreased levels in Wilson’s disease.

4.2.6 Serum Bilirubin

FIGURE 4

BILIRUBIN IN  GOLD JEWELLERY WORKERS
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Figure 4 shows the mean bilirubin levels, which were not significantly different between the experimental group and  the control group.


Tatrai et al. (2001) reported that bilirubin is a breakdown product of hemoglobin and formed in the  reticuloendothelial system .It is transported to the liver bound to albumin. This bilirubin is water insoluble and is known as indirect or unconjugated bilirubin. In the liver, bilirubin  is conjugated to glucornic acid to form direct bilirubin. Conjugated bilirubin is excreted through the biliary system into the intestine where it is metabolized by bacteria to urobilinogen and sterocobilinogen

4.2.7  Serum Protein and Albumin

Table 9 shows the mean of protein and albumin of the gold jewellery workers which were not significantly different between both the experimental and control groups.   

TABLE 9

MEAN  PROTEIN AND ALBUMIN IN THE GOLD 
JEWELLERY WORKERS
	Groups
	Serum Protein (mg/dl)
	Serum Albumin (mg/dl)

	Experiment 

(n=12)

Control group

(n=10)
	5.07 ± 1.82

6.03 ± 0.45
	2.89 ± 0.45

2.72 ± 0.24

	 t 0.05
	1.84 ns
	0.495ns


         ns –not significant


Jacobs (2005) suggested that blood proteins are found in blood plasma. Normal serum total protein in blood is 7g/dl. They serve many different  functions, including circulatory transport molecules for lipids, hormones, vitamins and metals, enymes complement components, protease inhibitors and regulation of  cellular activities and functions and in the immune system. 


Bjorkumar et al. (2000) reported that albumin, a major plasma protein, is synthesized in the liver from amino acids which are absorded from the ileum. Its function includes regulation and distribution of extracellular fluid, transportation of various hormones vitamins and trace metals. 

4.2.8  Blood Cadmium

FIGURE  5

BLOOD CADMIUM  IN THE GOLD JEWELLERY WORKERS


              

Figures 5 shows the mean blood cadmium level of the experimental group (1.75 ± 1.92 μg / l) which was significantly increased (0.175 ± 0.13 μg / l) compared to the control group which could be due  to the exposure of cadmium in the industrial environment.

Lu et al.(2001) opined that cadmium an environmental pollutant, causes a number of health effects, particularly affecting  the kidneys. When taken up in the body, cadmium circulates initially in plasma primarily bound to albumin. Cadmium that enters the liver is bound to metallothioneins and is later released into the blood stream.

Haq et al. (2003) suggested that metallothionein bound cadmium is readily filtered through the renal glomerulus and reabsorbed from the glomerular filtrate by proximal tubule cells. Cadmium bound to metallothionein is degraded in tubular lysosomes to release the free element, which then induces the synthesis of renal cell metallothionein. Renal damage is believed to occur once free cadmium or an excessive concentration of non-MT bound cadmium increases within the cell. Increased amounts of cadmium were found in the exposed workers blood and blood cadmium determination seemed to accurately reflect the workers level of exposure to cadmium and to correlate well with symptoms of cadmium intoxication.   

4.3 Urine analysis

4.3.1 Calcium and Chloride

Table 10 shows the mean  of calcium and chloride  of the gold jewellery workers.

TABLE 10

MEAN   CALCIUM AND CHLORIDE  OF THE GOLD 
JEWELLERY WORKERS
	Groups
	Urine Calcium 
(mg/ 24 h)
	Chloride

(mg /24 h)

	Experiment group (n=12)

Control group (n=10)
	117± 8

132  ± 15
	192±17

217 ± 27

	t 0.05
	7.21*
	18.36*


      * Significant at 5% level

  The mean  urine calcium and chloride of the experimental group (117± 8 mg /24h , 192  ±17  mg /24 h respectively) were significantly decreased when compared to the  control groups (132 ±15 mg/24h,217±27 mg /24h respectively) which might be due to the inhalation of metals in their work place .

Adkins (2002 ) reported  that hyper calciuria may occur as a result of increased absorption of calcium from the gut and the calcium metabolism is affected due to the environmental exposue to cadmium . Increase in calcium levels in urine leads to biochemical abnormalities related to other proximal renal tubular defects ,and the workers who developed osteomalacia had additional evidence of a distal tubular defect .

Zhu et al . (2004) suggested that chloride is a neagatively charged molecule  known as an electrolyte . It works with other electrolyte such as potassium , sodium and carbon dioxide to help keep the proper balance of body  fluids and maintain the body ‘s acid –base balance.

 4.4 PULMONARY FUNCTION TESTS

The pulmonary function tests define clearly the type of functional disorder of the lungs. They also measure serially the natural progression or regression  of lungs with therapy of the disorder . They decide the feasibility of thoracic surgery and help in assessing the degree of the respiratory failure (Connellan ,1993).

4.4.1 Forced Vital Capacity (FVC) and Forced Expiratory Volume in one second (FEV1) of gold jewellery workers

The mean forced vital capacity (FVC) and forced expiratory volume in one second (FEV1) of gold jewellery workers are shown in table 11

TABLE 11

MEAN FORCED VITAL CAPACITY (FVC) AND FORCED EXPIRATORY VOLUME IN ONE SECOND (FEV1) OF GOLD 
JEWELLERY WORKERS

	Groups
	Forced vital capacity(FVC) (litres)
	Forced expiratory volume in one seconds (FEV1) (litres /seconds)

	Experiment (n=12)
	2.92 ± 0.37
	2.31 ± 0.74

	Control (n=10)
	3.26 ±0.59
	2.70 ±0.53

	t 0.05
	10.03*
	14.16*


  * Significant at 5 % level.

There was a significant decrease in percentage predicted values           among jewellery workers at 5 percent level of FVC (2.92 ± 0.37 litres) and FEV1 (2.31 ± 0.74 litres) with respect to the control group of men FVC (3.26 ±0.59 and FEV1-2.70 ±0.53 litres / second ).Similarly significant decrease in the percentage predicited values of FEV1 in cotton dust exposed textile industry workers have been reported by Christiani et al .(1986).
The significant decrease in percentage predicted value of FVC and FEV1 clearly represent the chronic obstruction in the pulmonary function in the experimental group of participants  as suggested by Cotes et al. (1997).

4.4.2 Peak Expiratory Flow (PEF) and Peak Inspiratory Flow rate (PIF) 

The mean values of Peak Expiratory Flow (PEF) and Peak Inspiratory Flow rate (PIF) of gold jewellery workers are shown in Table -12

TABLE  12

MEAN PEAK EXPIRATORY FLOW (PEF) AND PEAK INSPIRATORY 
FLOW RATE (PIF)

	Groups
	Peak Expiratory Flow in litres
	Peak Inspiratory Flow in litres

	Experiment (n=12)
	431 ± 87
	152± 51

	Control (n=10)
	414 ± 69
	231 ± 23

	t 0.05
	5.15 *
	6.0 *


  * Significant at 5 % level.

Table 12 shows that the mean predicted values of PEF (431.± 87) were significantly increased at 5% level when compared to the control group ( 414 ± 69) PEF is used to asses the diurnal variation in air way caliber, variation over a working shift and cyclic variation related to the pattern of employment including weakends and holidays as reported by Buerke et al . (2002).

The mean predicted values of the experimental group (152 ± 51) were significantly decreased at 5% level when compared to the control group(231.3 ± 23). Decreased levels of PIF would have caused chronic bhronchitis problems and asthamatic problems in the gold jewellery workers Padilla et al. (2007).

4.4.3 Vital Capacity (VC) and Forced Expiratry Volume in one second ratio. (FEV1 ratio) of gold jewellery workers

The mean Vital Capacity (VC) and FEV1 percentage values in the jewellery workers are shown in Table 13.
TABLE  13

MEAN  VITAL CAPACITY(VC) AND FEV1 PERCENTAGE OF THE JEWELLERY WORKERS
	Groups
	VC % predicted
	FEV1 ratio predicited

	Experiment (n=12)
	77 ± 8.61
	0.76 ± 0.22

	Control (n=10)
	76 ± 9.5
	0.81± 0.08

	t 0.05
	0.74ns
	9.4*


    *Significant at 5 % level                   ns-not significant.

Table - 13 shows that mean predicted values of VC (77 ± 8.61%) was  did not differ  significantly  when compared to the control group (76 ± 9.5%).

           Increased levels of VC leads to increased airway reactivity resulting in fixed airway  obstruction (Szanto et al., 2010).

FEV1 ratio was significantly decreased (0.76 ± 0.22) when compared to the control group (0.81± 0.08). Decreased value of FEV1 ratio are indicative of lung obstruction. In normal individual FEV1 ratio is usually more than 75% in them. Determination of FEV1/FVC ratio serves as a valid tool in assessing lung obstruction (Schalkwyk et al., 2004). 

4.4.4 Forced Expiratory Flow (FEF 25-75%) 

The mean Forced Expiratory Flow (FEF 25-75 %) of the gold jewellery workers was found to be significantly increased (85 ± 26%) compared to the control group (83 ± 40%).


Chinn et al. (1990) opined that elevated level of FEF 25-75% among welding workers caused reduced flow in the smaller airways and adversely affects the pulmonary function.

Figure 6 shows the vitalogram of a jewellery worker indicating abnormal pulmonary function.
FIGURE 6

VITALOGRAM OF A JEWELLERY WORKER INDICATING ABNORMAL PULMONARY FUNCTION
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5.0 SUMMARY AND CONCLUSION

Air pollution is one of the dangerous and common kinds of environmental pollutions. Airborne particles cause major health hazards in jewellery workers. Jewellery industries use alloys, polishing compounds, investment dusts and acids for jewellery making processes which produce fumes consisting of heavy loads of pollutants. The airborne heavy metals are inhaled by the jewellery units workers. The excessive environmental exposure to cadmium may cause a variety of disorders. Jewellery dust is shown to evoke many respiratory disorders like bronchial asthma, chronic bronchitis and allergy.  The present study was focused on the assessment of selected hematological and biochemical parameters and  heavy metal such as cadmium in blood and pulmonary functions in jewellery workers. Workers who have been continuously working in the jewellery units from 7 am to 9 pm daily with a working experience of not less than 3 years were selected for the study.

Blood analysis was carried out in the selected participants which included assessment of red blood cells, hemoglobin, hematocrit, red cell indices, white blood cells , differential count, platelets, creatinine, blood urea , uric acid, albumin,total  protein,  bilirubin, chloride, calcium and blood cadmium. 

Assessment of pulmonary function in the selected participants included analysis of spirometric parameters- Vital capacity (VC), Forced Vital Capacity (FVC), Forced Expiratory Volume (FEV)  Peak Expiratory Flow (PEF) and  Peak Inspiratory Flow (PIF). Age and sex matched control participants who were not exposed to any environmental pollutants were also assessed for these parameters for comparison.

The salient findings of the study are summarized as follows: 

· Significantly increased hemoglobin was observed in the experimental group compared to the control group.

·  Significantly decreased mean corpuscular hemoglobin, mean corpuscular volume and mean corpuscular hemoglobin concentration were recorded in the jewellery unit workers suggesting  anemic condition in them.

· Total white blood cell count, total lymphocytes and neutrophils were not significantly different in the experimental group compared to the control group. This suggested that the toxic environment of the jewellery units  did not stimulate any noticible inflammatory condition among the workers.

· The  significantly increased mean platelets of the experimental group compared to the control group suggested  destructive thrombocytopenia in them.

· Creatinine , bilirubin, protein and albumin  values of the gold jewellery workers did not show any significant difference between the experimental group and the control group.

·  Significantly decreased blood urea, calcium and chloride in the experimental group compared to the control group again suggested impairment of the normal metabolism .

· Serum uric acid and  blood cadmium were significantly increased in the experimental group compared  to the control group. 

· FVC, FEV1, PEF, FEI and PIF were significantly decreased in the metal exposed workers compared to the control group suggesting  chronic lung obstruction. The reduction in FEV1 and PEF indicated lower airways obstruction.

· Significantly increased FEF of the experimental group compared to the control group indicated reduced flow in the smaller airways which might adversely affect the pulmonary function.

To conclude, the hematological , biochemical and pulmonary test profile of the jewellery units workers were indicative of metabolic abnormalities in them  accompanied by pulmonary function disorders.
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APPENDIX - 1  

QUESTIONNAIRE ADMINISTERED TO THE GOLD

JEWELLERY WORKERS
1. Name                                  :

2. Age                                     :

3. Sex                                     :

4. Marital status                      :

5. Address                              :

6. Working hours / day           :

7. Working experience            :

8. Anthropometric Measurments                     :

a. Height (cm)                                       :

b. Weight (kg)                                       :

9. Clinical conditions                                        :

a. Shakiness                                         :  Yes / No

b. Foot or leg swelling                           : Yes / No

c. Weight loss                                       : Yes / No

d. Hand ache                                         : Yes / No 

    10.  General Enquiry                                           :

           a. Diabetes                                             : Yes / No

           b. High Blood Pressure                          : Yes / No

           c. Cardiovascular disease                      : Yes / No

           d. Bronchitis                                           : Yes / No

APPENDIX-2

DETERMINATION OF RED BLOOD CELL COUNT

(Jones and Wickramasinghe,2004)

 
The manual method for counting red cells involves diluting blood 1: 200 in a solution containing formaldehyde and tri sodium  citrate and filling a Neubauer, or similar type of counting chamber, with the diluted blood. The chamber was placed on the stage of the microscope and the RBC was counted. 

APPENDIX-3

ESTIMATION OF HEMOGLOBIN

(Wintrobe et al.,1965)

Principle:

When hemoglobin is treated with a mixture of potassium ferricyanide, potassium cyanide and sodium bicarbonate, ferric cyanide converts hemoglobin to methemoglobin which is further converted to cyanmethemoglobin by the cyanide. Cyanmethemoglobin shows characteristic absorption at 540nm, which can then be determined spectrophotometrically by comparison with standard cyanmethemoglobin.

Reagents :

Cyanide reagent – 1.0 g of sodium carbonate, 50 mg of potassium cyanide and 200 mg of potassium ferricynaide were dissolved in 1 liter of water. This was stored in a brown bottle at room temperature.

Standard cyanmethemoglobin -The standard cyanmethemoglobin solutions were prepared in the range of 2.0g to 10.0g.

Procedure:

To 5.0 ml of cyanide reagent taken in test tube, 0.02ml of blood was added and mix well. The colour intensity was measured at 540nm, after 10 minutes. A standered graph was prepared in the range of 0.2g to 10.0g. this was used for calculating the hemoglobin concentration in blood. The hemoglobin concentration was expressed as g/100 ml of blood.

APPENDIX-4

DETERMINATION OF HEMATOCRIT (PACKED CELL VOLUME)

(Raghuramulu et al., 1983)

                          Packed cell volume is determined by centrifugation using Wintrobe tubes.  0.6 ml of blood was taken in Wintrobe tube and centrifuged for 30 minutes  in relative centrifugal field (RCF) of 2500 rpm. Then the volume of packed cell was noted.

APPENDIX-5

DETERMINATION OF RED CELL INDICES

(Wintrobe et al.,1965)

Using the following formula, red cell indices were calculated

1. Mean Corpuscular Hemoglobin =          Hemoglobin/RBC count x10

             (MCH) pg

2. Mean Corpuscular Hemoglobin =          Hemoglobin/PCV x10

    Concentration (MCHC)%

3. Mean Corpuscular volume =                Packed Cell Volume/RBC count x10

      (MCV)µ3

APPENDIX-6

DETERMINATION OF WHITE BLOOD CELL COUNT

(Raghuramulu et al., 1983)

Principle:

  Leukocytes being less in number , a dilution of only 1 to 20 is used and diluent is usually one which destroys the red cells.

Reagents:

WBC diluting fluid was prepared by mixing glacial acetic acid 3ml and gention violet 1%. Added till it gives a pale violet colour. To this added 95 ml of water

Procedure:

The method of counting is similar to RBC counting except that the count is made in 4 large (1 mm) corner squares of the Neubauer counting chamber.

APPENDIX-7

ENUMERATION OF DIFFERENTIAL  COUNT

(Raghuramulu et al.,1983)

Principle:

The enumeration of the different types of leukocytes namely the polymorphonuclear neutrophils, eosinophils and basophils and the non-granulated lymphocytes and monocytes is possible by preparing the blood smear and staining with suitable dye.

Reagents:

Leishman’s  stain: Dissolved 0.2 g of  Leishman’s dye in 100 ml acetone free methanol,at 50˚C  for 15 minutes with occasional shaking . cooled and filtered.

Buffered H2O

Procedure:

Placed a drop of blood on a glass slide and using another slide, blood was spread as a thin film on glass slide. Placed the slide flat on two glass rods over a sink. Covered the slide with the stain and waited for 3 minutes. Diluted the stain by drop addition of buffered water and stained for 7 minutes. Drained off the stain and washed in water. Air dried and washed under the microscope to count the cells.

APPENDIX-8

ENUMERATION OF PLATELETS

(Wintrobe et al.,2003)

Principle:

The method involves a accurate dilution of a measured quantity of blood with diluting fluid which stains the platelets. A dilution of 1 to 200 is usually necessary. The diluted blood is placed in a counting chamber and the number of cells in a circumscribed volume is enumerated under a microscope.

Reagents:

Platelet diluting fluid –sodium citrate (3.8 g), formalin (0.2 ml) and  brilliant cresyl blue (0.1 g) were dissolved in 100 ml of distilled water and filtered before use.

Procedure:

 
The dilution was done as described in RBC count . the counting chamber was charged as before and the number of cells in 5 squares was counted as RBC counting was done.

Calculation :

The total number of cells in five squares is multiplied by 2000 to give the number of platelets/mm3 of blood.

APPENDIX-9

ESTIMATION OF CREATININE IN SERUM

(By Kit Method-Young,1975)

PRINCIPLE:


Creatinine reacts with alkaline picrate to produce an orange - yellow  colour. The absorbance of orange – yellow colour formed is directly proportional to creatinine concentration and is measured photometrically at 505 nm.

REAGENTS: (Reagent is ready to use)

Reagent 1:

Picric acid reagent

Sodium hydroxide

Reagent 2: Creatinine  Standard

PROCEDURE:
	Pipette into tubes marked
	Standard
	Sample

	Working reagent
	1000µl
	1000µl

	Standard
	100µl
	-

	Sample
	-
	100µl


Mixed well and read initial absorbance (A1) 20 seconds after mixing and finial absorbances (A2) 80 seconds after mixing.

APPENDIX-10

ESTIMATION OF UREA IN BLOOD

(By Kit Method-Young,1990)

PRINCIPLE:


The estimation of urea in blood involves the following enzyme catalyzed reactions

Urea +H2O      urease        2NH3 +CO2  
NH3+ α ketoglutrate+NADH        Glutamate dehydrogenase          Glutamate +NAD +  
The rate of decrease in absorbance is monitored at 340 nm and is directly proportional to urea concentration in the sample.

REAGENTS: (Reagent is ready to use)

Reagent 1:Urea Reagent

α ketoglutrate

Nicotinamide adenine dehydrogenase

Urease

Glutamate dehydrogenase

Adenosine diphosphate

Tris buffer pH 7.9 

Reagent 2: Urea Standard

	  PROCEDURE:

Pipette into tubes marked
	Standard
	Sample

	Working reagent
	1000µl
	1000µl

	Standard
	20µl
	-

	Sample
	-
	20µl


  Mixed well and aspirated standard followed by samples.

APPENDIX-11

ESTIMATION OF URIC ACID IN SERUM

(By Kit Method-Tietz,1995)

PRINCIPLE:


The estimation of uric acid in serum involves the following enzyme catalyzed reactions:

Uric acid+O2+H2O     uricase    
Allantoin  +Co2+H2O2

TOOS +4Aminoantipyrine+ 2H2O2   Peroxidase    quinonemine dye +4H2O      

The intensity of colour formed is proportional to the uric acid concentration.

REAGENTS: (Reagent is ready to use)

Reagent 1:Uric Acid Reagent

Pipes buffer (pH –7.5)

4-aminoantipyrine

Uricase

peroxidase

TOOS

Reagent 2:Uric Acid Standard

PROCEDURE:
          

	Pipette in to the test tubes marked
	Blank
	Standard
	Test

	Working reagent
	1000µl
	1000µl
	1000µl

	Distilled water
	25µl
	-
	-

	Standard
	-
	25µl
	-

	Test
	-
	-
	25µl


   Mixed well, incubated for 5 minutes at 37°C. Read absorbance at 546/630 nm   against reagent blank.

APPENDIX-12

ESTIMATION OF BILIRUBIN IN SERUM

(By Kit Method-Tietz,1986)

PRINCIPLE:


Bilirubin reacts with diazotised sulphanilic acid medium to form a pink coloured azobilirubin with absorbance directly proportional to bilirubin concentration. Direct bilirubin, being water soluble directly reacts in acidic medium. However indirect or conjugated bilirubin is solubilised using a surfactant and then it reacts similar to Direct bilirubin.

REAGENTS:

Reagent 1: Total Bilirubin Reagent

Surfactant 

HCl 

Sulphanilic acid

Reagent 2: Direct Bilirubin Reagent

Sulphanilic acid

HCl

Reagent 3:Sodium nitrite Reagent

Sodium nitrite

Reagents preparation:

	Test
	Add reagent 1
	Add reagent 2
	Add reagent 3

	Bilirubin total
	25 ml
	-
	0.5 ml

	Bilirubin direct
	-
	25 ml
	0.25 ml


PROCEDURE:

Total bilirubin/Direct bilirubin

	Pipette into the test tubes marked
	Blank
	Standard
	Test

	Working reagent
	500µl
	500µl
	500µl

	Distilled water
	25µl
	-
	-

	Standard
	-
	25µl
	-

	Test
	-
	-
	25µl


Mixed well, incubated for 5 minutes at 37°C for total bilirubin and direct bilirubin . Read absorbance at 546/630 nm against reagent blank.

APPENDIX-13

ESTIMATION OF TOTAL PROTEIN  IN SERUM

(By Kit Method- Friedman,1980)

PRINCIPLE:


The colorimetric method for protein estimation makes use of biuret reaction.  Substances which contain-CONH2 group joined directly or through a single carbon or nitrogen atom give a blue colour with alkaline copper sulphate solution. Protein thus gives a blue purple colour which is different for diffrernt protein. 

REAGENTS:(Reagent is ready to use)

Reagent 1:  Total Protein Reagent

     Copper ll sulphate

     Potassium sodium tartrate

     Potassium iodide

     Sodium hydroxide

Reagent 2: Total Protein Standard

             Protein Standard

PROCEDURE:


	Pipette into tubes marked
	Blank
	Standard
	Test



	Reagent
	1000µl
	1000µl
	1000µl

	Distilled water
	20µl
	-
	-

	Standard
	-
	20µl
	-

	Test
	-
	-
	20µl


  Incubated for 10 minutes at 37°C. Read  absorbance of the standard and each test at 546nm (520-560 nm)against reagent blank.

APPENDIX-14

ESTIMATION OF ALBUMIN IN SERUM

(By Kit Method-Tietz, 1986)

PRINCIPLE:


Albumin binds with bromocresol green (BCG) at pH 4.2 causing a shift in absorbance of the yellow BCG dye . The blue – green colour formed is proportional to the concentration of albumin present, when measured photometrically between 580-630 nm with maximum absorbance at 625 nm.

REAGENTS: (Reagent is ready to use)

Reagent 1:Albumin reagent

            Bromocresol green

            Succinate buffer (pH 4.2) 

            Sodium azide

            Surfactant

Reagent 2: Albumin Standard.

PROCEDURE:
	Pipette into tubes marked
	Blank
	Standard
	Test



	Reagent
	1000µl
	1000µl
	1000µl

	Distilled water
	10µl
	-
	-

	Standard
	-
	10µl
	-

	Test
	-
	-
	10µl


Mixed well and read the absorbance of standard and each test at 630 nm against reagent blank, after one minute incubation at 37°C.

APPENDIX-15

ESTIMATION OF CALCIUM IN URINE

(Clark and Collip, 1925)     

AIM:

 
To estimate the amount of calcium present in urine.

PRINCIPLE:

Calcium is precipitated directly from serum as oxalate. The precipitate was dissolved In acid and titrated against 0.01N KMnO4.     

REAGENTS:

Ammonium oxalate – 4% solution.

2% ammonia : (V/V solution) Diluted 2 ml of ammonia in 100 ml  with water. 

KMnO4 0.01N Prepared freshly. Used by diluting the stock solution of 0.1N.

Approximately normal sulphuric acid .

PROCEDURE:

 
To 2 ml of the serum , added 2ml of water and 1.0ml of  4% ammonium oxalate and allowed to stand over night. The precipitated calcium oxalate was centrifuged. Removed supernatant fluid without disturbing the precipitate. Added 3 ml of 2% ammonia down the inside of the tube, mixed the precipitate, centrifuged and poured the supernatant . This was repeated till supernatant gave no precipitate with calcium chloride. This was done to remove excess of ammonium oxalate. Finally added approximately normal H2SO4 , 2 ml . Mixed and dissolved the precipitate with acid warmed by placing in a beaker containing boiling water to complete the solution of oxalate. Then removed and titrated against 0.01N KMnO4  keeping the mixture at 70-75º C to a faint pink colour which persists  for about a minute.    

 As a blank was filtrated, 2 ml of N/10 H2SO4  to  the same end point. The difference between the two titre values gives the volume of 0.01 KMnO4 required to titrate calcium oxalate precipitate.

APPENDIX-16

ESTIMATION OF CHLORIDE IN URINE

(Van Slyke and Evans,1948)      

AIM:

 
To estimate the amount of chloride present in urine.

PRINCIPLE:


Using a solution of acidic silver nitrate, chloride is precipitated as silver chloride and the excess silver nitrate is then titrated against standard thiocyanate using ferric alum as the indicator.

REAGENTS:

Silver nitrate 0.05N solution – Dissolved 8.495g of silver nitrate in about 250 ml of distilled water and then made up to litre with the same. The solution was standardized against sodium chloride and stored in a brown bottle.

Thiocyanate 0.02N solution (Equivalent weight 97.12)

5 % solution of ferric alum

Concentrated nitric acid

PROCEDURE:


Placed 0.5 ml of urine in a clean dry conical flask. Added 3.0 ml of silver nitrate with constant shaking followed by 2 ml of concentrated nitric acid. Heated over a bunsen flame until digestion had occurred and the solution was pale yellow in colour. The digestion usually requires only 1-2 minutes. When the digestion was completed, cooled and added 6.0 ml of 5% ferric alum. Then titrated with 0.02N thiocyanate until a reddish brown colour persisting for 10-15 seconds was obtained. The experiment was repeated with 0.5 ml of serum.


To determined the standard, added 2 ml of nitric acid and 6.0 ml of ferric alum solution to 3ml of silver nitrate solution. Cooled and titrated with 0.02N thiocyanate. The difference between the two titer values( Titre values of standard – Titre value of test solution) gives a measure of the amount of chloride in 0.5 ml of urine  in terms of 0.02N thiocyanate solution.

APPENDIX-17

PULMONARY FUNCTION TESTS

Due to rapid industrialization and urbanization , there is increasing number of airborne substances like dust, fumes and gases in the atmospheric environment causing contamination . Man in his working environment is continuously exposed to inhaled particles. Besides these , personal pollution like burning of cooking fuels leads to an additional burden to this environment . Many of the inhaled substances get deposited in tracheo-bronchial tree and alveoli of lung causing disease like chronic bronchitis, emphysema, asthma, byssinosis, silicosis and asbestosis. Pulmonary function tests have proved to be of great value in the diagnosis of these diseases and in their clinical management . The pulmonary function test (PFT) is an established and sensitive method to find out restrictive and obstructive type of lung impairments.

SPIROMETERY ANALYSIS

Spirometer is a device used to assess the ventilatory function of lungs (the process by which lungs replenish the gas in alveoli). When a person breathe in and out in a spirometer, this is capable of measuring expired / inspired gas volume and plotting gas volume or flow as a function of time.

The following indices of PFT were included for assessment of spirometery:

1.Forced vital capacity (FVC) in litres

2.Forced expiratory volume in one second (FEV1) in litres / second

3.Peak expiratory flow (PEF) in litres

4.Vital capacity (VC) in litres

5.Forced expiratory volume in one second percentage (FEV1 %) (Costes et al., 1997)

Vitalograph spirometer (reading being obtained from a Data Dec Computer) was used for conducting pulmonary function tests. Before using the instrument, it was calibrated using an 1 litre syringe recommended by vitalograph Ltd.,England. Sex, ethnic identity, height, weight, age, occupation and spirometer temperature were recorded for all subjects before testing. The tests were carried out with the subject seated and a nose clip applied (Vijayan et al., 1990).

The FVC,FEV1 and PEF were recorded thrice and the best value was taken for evaluation (Parikh et al., 1997). For assessing chronic changes , the observed values of FVC,FEV1 and PEF were expressed as  percentage of the predicted values by using the regression equation developed by Vijayan et al. (1990).

For the assessment of pulmonary function of a particular population, normal standard values of that population should be known. This is because the PFT values will vary essentially in different regions of the same country depending upon climatic condition , habit, age, sex and height. Pulmonary function tests before and after shift might reveal the acute changes in PFT (Mohanrao,1989).

FORCED VITAL CAPACITY (FVC) 

Forced vital capacity is the total volume of air expired from maximal inspiration to the maximal inspiration being as  rapid and complete as possible (Sabiston  and Spencer, 1983). FVC is reduced in most diseases of lung.

The steps involved were:

1.To breath normally for some seconds

2. To carry out a maximal inspiration

3. To carry out a maximal forced expiration

4. To carry out a maximal forced inspiration

5. To breathe normally

FORCED EXPIRATORY VOLUME IN ONE SECOND (FEV1)

Forced expiratory volume in one second (FEV1) is the volume of air that is expired in one second. FEV1 helps to measure the changes in expired volume against a particular time (Connellan,1993). This is the maximal volume gas that can be expired in the first second of a forced exhalation after a full inspiration. The FEV1 is used as an indicator of air flow obstruction.

The steps involved were:

1. To breath normally for some seconds

2. To carry out fast maximum inspiration and expiration sudden and fast

3. To breathe normally

PEAK EXPIRATORY FLOW (PEF)

Peak expiratory flow (PEF) is the volume of the expired air at peak condition during a maximal expiration (Connellan, 1993). PEF provides a guide to the quality of forced expiration.

The steps involved were:

1. To carry out normal breathing

2. To carry out maximal inspiration slowly

3. To carry out maximum expiration suddenly and forcefully

4. To breathe normally

VITAL CAPACITY (VC)

It is the maximum amount of gas that can be expelled from the lungs following a maximal inspiration.

The steps involved were:

1. To breathe normally for some seconds

2.  To carry out maximum inspiration to fill the lungs

3. To carry out maximum expiration

4. To breathe normally 
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