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Abstract: The sources of mercury in hospital wastewaters include potable water supply, medical equipment breakage, 

laboratory chemicals, medicinal wastes, amalgam from dental clinics, human amalgam and dietary waste retained in 

wastewater sumps and traps. Cleaning products used in hospitals may contain trace mercury levels from the caustic soda used 

in production of soap or from chemicals that may contain traces of mercury as an impurity. This Study assesses the mercury 

content in hospital waste water from the hospital in Jhansi City. Samples were collected from three different sites during 

different season and were analyzed quantitatively. The quantity of mercury ranged between 0.100 mg/L to 0.150 mg/L. the 

higher conc. is found in waste water samples collected from site C which is the disposal site of laboratory, radiology 

department, operation theatre etc. These finding are higher than agreeable limit of EPA which is 0.002 mg/L. This indicates the 

contamination of receiving environment due to discharge of mercury in hospital waste water which could harm human and 

aquatic life. In this study in methods were used for reduction of mercury in hospital waste water. The sulfide precipitation 

reduced the quantity of mercury from 0.210 mg/L to 0.006 mg/L. By using charcoal, it was found that mercury was reduced 

from 0.210 mg/L to 0.003 mg/L.  
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1. Introduction 

The term heavy metal refers to any metallic chemical that 

has high relative density and is toxic or poisonous at low 

level. The heavy metals like cadmium, zinc, lead, mercury, 

silver, chromium etc. are non-degradable metals in the 

environment. Hospitals are one of the major sources of heavy 

metals in the environment. The United States recognizes 

health care facilities, through medical waste incineration, as 

the fourth largest source of mercury emissions to the 

atmosphere [1]. Hospitals are also recognized as a source of 

mercury discharge to the wastewater system. The Palo Alto 

(California) Regional Water Quality Control Plant has 

determined that mercury contributions from hospitals 

represent 4% of its total mercury loading [2]. Mercury is a 

persistent, bioaccumulative, and potent environmental neuro-

toxin and is toxic at very low concentrations. It is found in 

many common health care devices, including thermometers, 

blood pressure cuffs, laboratory chemicals, measurement 

devices, fixatives, and cleaning supplies. Mercury from 

medical equipment may enter wastewater if mercury from 

broken equipment is discharged to sinks and drains [3]. 

Products entering hospital wastewater as an active ingredient, 

a contaminated ingredient or a preservative include: 

laboratory chemicals, medicinal wastes, amalgam from 

dental clinics, human amalgam and dietary waste and 

cleaning products. Dirt and dye from laundry processing, and 

mercury settled in wastewater sumps and traps can also be 

mercury sources. Mercury-containing wastes disposed down 

the drain can pass through the wastewater treatment system 

and into the rivers, where it gets concentrated in the 

sediments and bioaccumulate in aquatic animals.  Domestic 

wastewater and municipal wastewater treatment plants 

account for less than 1 percent of the total mercury entering 

the environment [4]. The largest sources of mercury to 

Publicly Owned Treatment Works (POTWs) include 

discharges from dental offices (~36 percent relative 

contribution of mercury influent load), domestic sources 

(human wastes, household products and laundry graywater; ~ 
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20 percent relative contribution of mercury influent load) and 

hospitals (~ 8 percent relative contribution of mercury 

influent load) [5]. Household washing product contribution to 

the net mercury load to municipal wastewater has been 

reported as 0.5 percent or less[6].  

The production, use, release and disposal of heavy metals 

like mercury is well characterized and risk of exposure for 

general population is potentially high. The use of mercury 

leads to a high risk of their release to the environment, 

particularly to water. Numerous processes exist for removal 

of dissolved heavy metals including-ion exchange, 

precipitation, phytoextraction, ultrafilteration, reverse 

osmosis and electrodialysis. [7-10]. Chemical precipitation is 

the most common technique used for treatment of metal 

containing waste water [11-13]. Several precipitation 

methods are used for removing heavy metals and all operate 

under same fundamental principle in which soluble metals 

are converted to relatively insoluble metal salts (precipitation) 

by adding precipitating agents. 

Increased understanding and concerns about the effects of 

mercury exposure on both human health and aquatic life have 

led to the development of water and fish tissue criteria for 

protecting human health and aquatic species. 

Concern over mercury in environment arises from the 

extremely toxic forms in which mercury can be a threat to 

public safety. Mercury poisoning is associated with tremor, 

brain damage and damage to nervous system if exposed to 

humans. 

This study aims at presenting the data for quantitative 

analysis of mercury in hospital waste water and experiments 

were planned to reduce its quantity so that its value is 

reduced to acceptable limits of discharge. 

2. Materials and Methods 

2.1. Sample Collection 

Samples of waste water were collected from three different 

sampling sites – Site A where the entire waste water from the 

hospital was being disposed off. Site B was the site where 

waste water flows out through the inhabitant of indoor 

patients. The site C was the site where waste water was 

passed out from various laboratories such as pathology, 

radiology laboratory etc. Samples were collected from each 

site in 250 ml pre-sterilized glass bottles and transported to 

laboratory in a cooler and stored at 4
0
C in chiller. 

2.2. Analytical Methods 

The mercury is detected in two steps Spot Test Analysis 

and Volumetric Analysis. For Spot Test Analysis Diphenyl 

Carbazone Reagent is used. It is a 1% alcoholic solution. A 

drop of test sample and drop of 0.2 N – nitric acid on was 

placed on filter paper moistened with freshly prepared 

reagent. A violet or blue colour obtained. It indicated the 

presence of mercury. Another reagent Stannous Chloride is 

used for spot test analysis. This is a 5% solution of stannous 

chloride in 10N hydrochloric acid. Drop of sample solution 

was added to the filter paper having a drop of reagent. A 

brown or black stain of mercury confirmed its presence. 

For Volumetric Analysis [14] mercury is first precipitated 

as mercurous ions according to following reaction. 

2HgCl2+H3PO3+H2O�Hg2Cl2+2HCl+H3PO4 

The reagents used were 1 N hydrochloric acid (HCl), 50% 

phosphorus acid solution (H3PO3), Concentrated 

hydrochloric acid (HCl), Carbon tetra chloride solution 

(CCl4), 0.025 M potassium iodate solution (KIO3).  

25 ml of sample was taken in conical flask and 25 ml of 

water, 2 ml of 1N HCl and excess of 50% H3PO3 was added 

and stirred thoroughly. The flask was then allowed to stand 

for 12 hrs. The precipitation of Hg2Cl2 was filtered through a 

filter paper and washed moderately with cold water. The 

precipitation was transferred from filter paper to a 250 ml 

reagent bottle. 30 ml of concentrated HCl, 20 ml of distilled 

water and 5 ml of CCl4 was added to reagent bottle. The 

mixture was titrated with standard 0.025 M KIO3 solution. 

After titration the amount of mercury was calculated in the 

sample according equation -  

IO3
-+2Hg2Cl2+6H+13Cl- = ICl+4[HgCl4]

- +3H2O 

Thus KIO3 = 4Hg = 2Hg2Cl2  and 

1ml 0.025M KIO3=0.02006g Hg=0.02361gHg2Cl2 

Equation states that 4 mole of Hg
+
ions react with 1 mole of 

KIO3. By calculating the moles of KIO3 used in titration, the 

moles of mercury (Hg
+
) can be calculated. 

2.3. Removal of Mercury 

The experiments were planned to reduce the mercury in 

quantity so that it could be within acceptable limits. The 

methods used for reduction of mercury were based on the 

quantity of the effluent passing out of the hospital and at the 

same time keeping in mid: (1) The capital operating costs 

should be low, (2) The removal should be efficient and high 

with very little disadvantages. Two methods were used for 

removal of mercury – Sulfide precipitation and using 

activated charcoal.  

2.3.1. Sulfide Precipitation 

In sulfide precipitation method 1000ml of sample was 

taken in reaction vessel. Sodium sulfide was then added to 

the waste water samples where the soluble mercury was 

precipitated as mercury sulfide. Then precipitate was 

separated from samples by filteration. Filterate was 

centrifuged at 4000 rpm and then filtrate was analysed for the 

quantity of these metals after treatment.  

2.3.2. Using Activated Charcoal 

In this method activated charcoal column was prepared by 

using sterilized burette. Glass burette with glass stopper at 

lower end was taken. First, glass beads were placed upto a 

height of 5 cm. Above the glass beads, activated charcoal was 

placed upto a height of 7 cm. Lower end of burette was fitted 
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in sterilized collection glass bottle using a rubber cork. Into 

another hole of rubber cork twice bent glass tube was 

introduced. Other end of bent tube was introduced in another 

bottle with rubber cork. Care was taken so that the end of 

bent rod in the bottle must be immersed in sterilized water so 

that no external air could enter in the bottle. The waste water 

sample was poured into the burette and was plugged at open 

end through sterilized cotton. After some time the water 

sample passed through activated charcoal and collected in the 

lower bottle. After recovery the waste sample was analysed 

for mercury. 

3. Result 

The heavy metal mercury was quantitatively analysed in the 

samples collected from all the three sites of hospital. Mercury 

was measured by volumetric method [Table-I] During winter 

season, the samples collected from site A showed 0.132 mg/L 

of mercury. Sample collected from site B showed 0.100 mg/L 

of mercury, while at site C, mercury was equivalent to 0.160 

mg/L. During summer season, at Site A, mercury was 

equivalent to 0.150 mg/L while. At site B the sample collected 

showed 0.120 mg/L of mercury, while at Site C, mercury was 

0.210 mg/L. in rainy season, at site A the mercury was 0.145 

mg/L. At site B, the mercury was 0.100 mg/L and at Site C, the 

mercury was 0.176 mg/L. From these observations, it is 

concluded that mercury was higher in summer season as 

compared to rainy and winter season at all the three sites. The 

lowest quantity of mercury was found in winter season. 

Table I. Mercury Detected in Hospital Waste Water Samples of Three 

Sampling Sites (mg/L) 

Season Site A Site B Site C 

Winter 0.132 0.100 0.160 

Summer 0.150 0.120 0.210 

Rainy 0.145 0.100 0.176 

All Reading are mean of triplet sample reading. 

To reduce the quantity of mercury in hospital waste water 

samples, two methods were used as mentioned earlier  

[Table-II]. The sulfide precipitation reduced the quantity of 

mercury from 0.210mg/L to 0.006mg/L. This value is quite 

low and very near to the agreeable limit of EPA. 

Table II. Reduction of Mercury in hospital waste water samples at site C 

during summer season (mg/L) 

Method Initial Conc. 
Conc. After 

treatment 

Agreeable limit of 

discharge by EPA 

Sulfide 

Precipitation 
0.210 0.006 0.002 

Activated 

Charcoal 

Method 

0.210 0.003 0.002 

All Reading are mean of triplet sample reading. 

By using activated charcoal, it was found that mercury was 

reduced from 0.210 mg/L to 0.003 mg/L. The agreeable limit 

of EPA is 0.002 mg/L. Quantitative estimation of mercury 

was done with the help of micro-balance which meets the 

requirement for measuring small masses with high readability. 

Its measurement range is 0.1 µg to 2 g. 

4. Discussion 

Mercury is persistant, toxic, bioaccumulative substance 

that possess serious health risk to human and animals. Health 

care facilities use variety of products that contain mercury. 

Mercury is used in thermometers, blood pressure cuffs, 

batteries, many drugs etc. Mercury containing fixatives are 

commonly used in histopathology laboratories. Mercury is 

released from hospital by incineration of medical waste and 

release of mercury containing chemicals into waste water. 

Twenty percent of the spilled mercury from fever 

thermometers is reportedly discharged to wastewater when 

the spill is cleaned up by washing the area; ten percent of the 

spilled mercury is lost through volatilization[15].
 

Over 50 percent of hospital sphygmomanometers are 

reported to leak mercury [16]. Spill incidents are reported at 

approximately 9.0 kilograms (kg) of mercury spilled per 

hospital per year [17]. The mass of mercury entering hospital 

wastewater from this source depends on spill response 

procedures, but if estimated at 20 percent of the spilled 

mercury [15], this source contributes approximately 0.06 kg 

to 1.8 kg of mercury/hospital/year. Despite the introduction 

of new types of materials, dental amalgam, which contains 

approximately 50 percent mercury by weight, is the most 

popular material used for restoring teeth [18].  The average 

human excretion of mercury from amalgam-filled teeth is 

estimated to range between 17.2 and 67 µg/person/day [19]. 

Two commonly used formulations of mercuric chloride 

fixatives used in histopathology laboratories are Zenker’s 

Fluid and B5 Solution [20]. Zenker’s Fluid is reported to 

contain mercury at 37.5 grams per liter (g/L) [21] and B5 

Solution is reported to contain 148.4 µg/L [22]. The 

supernatant from using B5 solution that could be discharged 

to wastewater was reported to contain 25 mg/L and 260 mg/L 

of mercury on two separate occasions [20]. The mass of 

mercury entering hospital waste water from laboratory 

chemical products will depend on the quantity and type of 

chemical products disposed with hospital waste water. 

In health care facilities, the cleaning of surfaces is 

important for infection control and basic sanitation. The 

concentrations of mercury in laundry detergents have been 

reported to range from 1.478 µg/kg[19] to less than 25 µg/kg 

[23]. Washing products include products used for personal 

hygiene, such as soap, shampoo and dishwashing detergents. 

The reported concentrations of mercury in soap range from 

approximately 0.0027 µg/kg [24] to 7.908 µg/kg
 
[19]. All 

these cleaning products contribute mercury in hospital waste 

water. 

In 2001 the Nova Scotia Department of Environment and 

Laboratory partnered with USEPA, Environment Canada to 

conduct a study to determine mercury used and released in 17 

Nova Scotia Hospitals. Total mercury concentration in 

hospital waste water ranged from 0.0064 to 0.26µg/L with 
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mean concentration 0.10µg/L. These findings are less than 

the quantity found in present study. It appears that in Canada 

they must be taking some precautions so that these 

substances may not enter the waste water system. 

Mercury is a toxic pollutant and is listed as one of 12 

priority chemicals by the EPA Persistent, Bioaccumulative, 

and Toxic (PBT) Chemical Program. Consuming fish from 

mercury-polluted water bodies can severely affect the central 

nervous system; impair hearing, speech and gait; and cause 

blindness, tremors, insomnia, emotional instability, paralysis, 

loss of muscular control, and even death. For treatment of 

waste water sulfide precipitation effectively removes 

mercury [25]. The insoluble sulfide precipitate first patented 

as ‘sulfex’ process [26] which removes dissolved metal by 

mixing the waste water with iron sulfide slurry in a 

solid/liquid contant chamber. In this study sulfide 

precipitation method remove the mercury from 0.201 mg/L to 

0.006 mg/L. This value is quite low and very near agreeable 

limit of EPA. Activated carbon adsorption is considered to be 

particularly competitive and effective process for removal of 

heavy metals at trace quantities [27]. Granulated activated 

carbon (GAC) removed 99.8% of the mercury in the waste 

water. Many worker conducted lab work to investigate the 

feasibility of using activated carbon for mercury removal 

from aqueous wastes [28]. The activated charcoal reduced the 

mercury 0.210 mg/L to 0.003 mg/L. This is again near to 

agreeable limit of EPA (0.002 mg/L). 

5. Conclusion 

Although mercury is found in many places within hospitals, 

a mercury elimination plan should include a prioritized list of 

targets. Hospitals most frequently commit to becoming 

mercury-free based on an ethical motivation to protect human 

health and the environment. The waste water should be 

discharged to the municipal sewer system with proper 

treatment. This study concludes that waste water released 

from hospital is loaded with high amount of mercury. If 

hospital effluent discharged into the natural environment 

without proper treatment then this can create biological 

imbalance and at the same time cause health hazards. 

Therefore, efficient treatment of hospital waste water should 

be conducted. A switch to mercury free alternatives can save 

a hospital potential regulatory and disposal costs. Most 

mercury-containing equipment have a mercury-free 

alternative. Although some mercury-free alternatives may 

initially cost more, facilities often find that their initial capital 

costs are outweighed by the total costs associated with 

mercury cleanup equipment, spill costs and liabilities, and 

handling and disposal costs and liabilities. 
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