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Abstract 

Sulfur emissions and spills are a major environmental concern due to their harmful effects on 

biodiversity. The release of sulfur compounds such as sulfur dioxide (SO2) and hydrogen sulfide (H2S) 

into the atmosphere can result in acid rain, which can have detrimental impacts on soil and water quality. 

Hazards associated with sulfur emissions and spills include respiratory and cardiovascular problems, as 

well as damage to crops and buildings. Risk assessments are essential for determining the potential impact 

of sulfur emissions and spills on human health and the environment, and for implementing appropriate 

management strategies. Regulatory agencies such as the EPA and OSHA have established guidelines and 

regulations to ensure the safe handling and disposal of sulfur-containing substances. Determination 

methods such as gas chromatography and mass spectrometry are used to detect and quantify sulfur 

compounds in environmental samples. Overall, the prevention of sulfur emissions and spills is crucial for 

protecting biodiversity and minimizing their negative impacts on human health and the environment.  

Keywords: sulfur emissions, water pollution, aquatic organisms, biodegradation, and sustainable 

management.  

INTRODUCTION 

Biodiversity is the variety of life on Earth, 

including all living organisms. This includes 

species, ecosystems, and genetic diversity. It is 

vital for ecosystem services like nutrient 

cycling, pollination, and water purification. 

Biodiversity also contributes to human well-

being through medicine, food, and recreation. 

Finally, it plays a crucial role in maintaining 

ecosystem stability and resilience in the face 

of environmental changes like climate change. 

However, human activities such as habitat 

destruction, pollution, and climate change are 

causing biodiversity loss at an alarming rate. 

The loss of biodiversity has serious 

consequences for the functioning of 

ecosystems and the well-being of humans, and 

it is therefore essential that we take action to 

conserve and protect biodiversity. This 
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includes efforts to reduce our impact on the 

environment, restore degraded ecosystems, 

and protect threatened species and their 

habitats. 

Sulfur compound emissions and spills can 

have significant negative effects on animal 

biodiversity, especially in water environments. 

These compounds can lead to reduced oxygen 

levels and changes in water pH, which can 

harm fish and other aquatic organisms. 

Exposure to sulfur compounds can also impair 

immune function and cause cellular damage in 

animals, leading to reduced growth and 

reproductive success. Additionally, sulfur 

compounds can have long-term impacts on the 

overall health and resilience of ecosystems, 

threatening the survival of species and 

disrupting food webs. 

Sulfur compounds emissions and spills can 

have detrimental effects on plant biodiversity 

in aquatic ecosystems. Exposure to these 

compounds can lead to reduced growth and 

survival rates of aquatic plants, as well as 

alterations in their reproductive capacity. 

Sulfur compounds can also negatively impact 

the symbiotic relationships between plants and 

other organisms, such as mycorrhizal fungi. In 

addition, high levels of sulfur compounds in 

soil and water can result in acidification, 

which further exacerbates the negative effects 

on plant biodiversity. Overall, the impact of 

sulfur compounds on plant biodiversity 

highlights the need for effective pollution 

control measures to protect our natural 

ecosystems. 

The local and global tests show the big 

challenges of using the fossil fuels as shown in 

the Table (1). 

Table (1) Average emissions from oil and 

gas processing and refineries. 

Emission  Quantity  Unit  

SOx 

(x=2, 3, 4) 

60-300 ton/M ton 

refined oil 

180 lb/T bbl 

refined oil  

H2S 500 ton/M ton 

refined oil 

H2SO4 60 T ton/world 

oil and gas 

CS2 1.6 ton/ year from 

gas 

0.4 kg/day from 

oil and gas  

0.019 kg/scf gas 

Quality Control Regulations  

The risk assessment based on the NEBOSH or 

OSHA is necessary to determine the hazards 

and suggestion of the solutions. Then the 

management can make use of this table in 

addressing the concerned authorities for the 

purpose of revising and refining ideas and then 

applying them according to the planned 

schedule. Then the significant organization put 

official limitation of each polluter. Table (2) 

shows that. 

Table (2) Environmental constraints locally and globally  

Polluter WHO constraints Remarks 

Quantity Unit 

Air polluters 

 

SO2 0.11 ppm/h Locally: 0.25 

150 μg/m3.24h - 

40 μg/m3.year Locally: Locally: 0.002 

SO2 0.01 ppm/h Locally: 0.14 

H2S .01 ppm/h Locally: 0.1 

 

Water Polluters 

Total sulfide   mg/l EPA= 1  

 

 

Soil Polluters 

 

 

The content of Total 

petroleum 

100-  

 

 

mg/kg 

Normal soil 

200 Alert of sensitive 

500 intervention values for 

sensitive soil 
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Hydrocarbon (TPH) 1000 Alert of less sensitive soil 

2000 Intervention values for 

less sensitive soil 

There are several international and national 

agreements and laws that aim to promote the 

conservation and sustainable use of 

biodiversity, as well as ensure the fair and 

equitable sharing of benefits derived from 

genetic resources. The Convention on 

Biological Diversity (CBD) is an international 

treaty signed by 196 countries, which seeks to 

achieve these goals. The United States has its 

own federal law, the Endangered Species Act 

(ESA), which provides for the conservation 

and protection of endangered and threatened 

species and their habitats. The Nagoya 

Protocol on Access to Genetic Resources and 

the Fair and Equitable Sharing of Benefits 

Arising from their Utilization supplements the 

CBD by providing a framework for the fair 

and equitable sharing of benefits arising from 

the utilization of genetic resources. The 

European Union Biodiversity Strategy aims to 

halt the loss of biodiversity and ecosystem 

services in Europe by 2020, and to restore 

them as much as possible. Finally, India 

passed the National Biodiversity Act in 2002, 

which regulates access to biological resources 

and associated knowledge and aims to provide 

for the conservation and sustainable use of 

biodiversity. 

The management and protection of 

biodiversity in Iraq and Iran is the 

responsibility of the Ministry of Environment 

and Department of Environment (DOE), 

respectively. In Iraq, the Ministry of 

Environment has multiple departments and 

directorates that enforce laws and regulations 

for biodiversity conservation, and monitor the 

status of biodiversity. Additionally, the 

Ministry of Agriculture and Water Resources 

and the Ministry of Health also have 

responsibilities for biodiversity management. 

Similarly, in Iran, the DOE is a governmental 

agency that operates under the President's 

supervision, responsible for implementing the 

country's environmental policies and 

regulations, including those related to 

biodiversity conservation. 

Modeling and Mechanism of Hazards of sulfur 

emissions and spills 

The emissions and spills of various sulfur 

compounds in the oil and gas sector can be 

seen in Fig. 1, whereas it can be formulated in 

the treatment, processing, and combustion 

stage. The hazard mechanism equations of 

emissions and spills on biodiversity have been 

suggested based on AI as shown in Fig.2. 

 

 

 

 

 

 

 

 

 

 



Effect of Sulfur Emissions and Spills on the Biodiversity  

 

4291 

Fig. 1 Flow sheet of formation of sulfuric emissions and spills. 

 

Fig. 2 AI-based modelling scheme of the sulfuric emissions and spills. 

SOx are reactive gases that react with water 

and other atmospheric components to form 

acidic compounds, including sulfuric acid. 

This acidity can negatively impact aquatic 

biodiversity by causing acidification and 

altering the pH of water. Mechanism equations 

show the formation of sulfuric acid from 

sulfurous acid, which is highly toxic and 

corrosive. This can harm the health and 

survival of aquatic organisms. SOx-induced 

acidification can reduce the availability of 

essential nutrients, such as calcium and 

magnesium, necessary for growth and 

reproduction of aquatic species. Additionally, 

sulfuric acid toxicity can lead to a decline in 

phytoplankton populations, the base of the 

aquatic food chain, and endanger higher 

trophic levels. 
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The impact of H2S on different species and 

ecosystems can vary due to factors such as 

H2S concentration, other pollutants, and the 

unique characteristics of the organisms and 

environments involved. H2S is a toxic gas that 

can harm aquatic biodiversity through 

complex mechanisms involving various 

pathways. The hazard mechanism of H2S on 

biodiversity can be described by equations 

such as dissociation of H2S in water, 

formation of bisulfide ion, reaction of 

bisulfide ion with H2S and oxygen, and 

reaction of H2S with metal ions, as illustrated 

in the model scheme. These equations 

represent the chemical reactions that occur in 

aquatic environments when H2S is present, 

leading to the formation of harmful 

compounds that can negatively impact 

biodiversity. 

There are several chemical equations that can 

be used to describe the effects of sulfuric acid 

(H2SO4) on biodiversity and fish. One such 

equation is the acidification of water to form 

the hydronium ion (H3O+) and the bisulfate 

ion (HSO4-), which can lead to the 

acidification of aquatic habitats. This 

acidification can have negative effects on fish 

and other aquatic organisms, such as reduced 

growth and reproduction, altered behavior, and 

increased susceptibility to disease. Another 

equation involves the formation of sulfates by 

reacting with metals and other minerals, which 

can accumulate in soils and waterways and 

have toxic effects on plants and animals. For 

instance, high levels of sulfate can interfere 

with the uptake of essential nutrients by 

plants, leading to reduced growth and 

productivity. And the Oxidation of organic 

matter such as dead plant and animal material, 

to oxidize it and release carbon dioxide (CO2), 

water (H2O), and sulfur dioxide (SO2). This 

can lead to changes in nutrient cycling and 

energy flow in ecosystems, and can also 

contribute to air pollution and climate change. 

Overall, the effects of sulfuric acid on 

biodiversity and fish are complex and 

multifaceted, and depend on factors such as 

the concentration and duration of exposure, 

the specific organisms and habitats involved, 

and the interactions with other environmental 

stressors. 

The reaction of carbon disulfide (CS2) with 

water can lead to the formation of carbonic 

acid (H2CO3) and hydrogen sulfide (H2S) as 

shown in the model. The presence of H2S can 

be toxic to aquatic organisms such as fish and 

other aquatic animals, causing a decrease in 

dissolved oxygen levels and leading to 

negative impacts on their growth and 

reproduction. In addition, carbon disulfide can 

also react with other chemicals in the 

environment to form toxic compounds such as 

carbon monoxide (CO), which can have 

detrimental effects on biodiversity. 

Thiophenes “Organosulfur heterocycles” (e.g. 

benzothiophene) can undergo oxidation in the 

presence of water and oxygen to generate 

reactive oxygen species (ROS), which can 

cause damage to cells and negatively impact 

biodiversity. This highlights the potential 

hazard of thiophenes on aquatic life and the 

importance of monitoring and mitigating their 

environmental release. Another possible 

equation is that thiophenes may interact with 

enzymes within cells, inhibiting their function 

and leading to cellular damage. This 

disruption of enzymatic function can have 

cascading effects on cellular processes and 

ultimately lead to negative impacts on 

biodiversity. 

One example of a hazard mechanism of thiols 

(e.g. methyl mercaptan) on biodiversity is 

their ability to inhibit enzymes involved in 

cellular respiration and other metabolic 

processes. Thiols can inhibit key enzymes 

involved in cellular metabolism, leading to 

adverse effects on the growth and survival of 

aquatic organisms. 

Thioethers or sulfides such as dimethyl sulfide 

(DMS) and dimethyl disulfide (DMDS), can 
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have a negative impact on biodiversity and 

fish in aquatic habitats. The degradation of 

thioethers in water can lead to the production 

of hydrogen sulfide (H2S), which is toxic to 

aquatic organisms. The chemical equations for 

the effect of thioethers on biodiversity and fish 

can be represented eme as degradation of 

dimethyl sulfide (DMS), degradation of 

dimethyl disulfide (DMDS), and the 

production of hydrogen sulfide (H2S) as 

shown in the model sch. The accumulation of 

hydrogen sulfide in aquatic habitats can lead 

to reduced biodiversity and fish populations 

due to its toxic effects on these organisms. 

Hydrogen sulfide can interfere with the 

respiratory system of fish, leading to reduced 

growth, reproduction, and survival. 

Hazards Analysis  

HAZID and HAZOP are two widely used 

methods for identifying and assessing the 

potential hazards associated with chemical 

substances, such as organosulfur compounds, 

on fish. HAZID involves analyzing the 

properties of the substance and potential 

sources of exposure, while HAZOP evaluates 

the hazards associated with a specific process 

or system. Both methods can help identify 

direct toxicity to fish and indirect effects on 

fish populations, and measures can be taken to 

mitigate the risks to fish and their environment 

[ ]. 

Sulfur emissions and spills can have 

hazardous effects on aquatic life and 

biodiversity. Exposure to sulfur compounds 

can lead to reduced growth, reproductive 

impairment, and mortality in aquatic 

organisms. Sulfur oxides and H2S emissions 

from industrial activities and oil and gas 

operations can significantly impact aquatic 

ecosystems. Organosulfur compound spills 

can also be harmful to aquatic life. Measures 

to prevent and mitigate these impacts include 

pollution control technologies, regulations and 

guidelines, and improving monitoring and 

reporting. Efforts must be made to inform 

decision-making and management efforts to 

protect aquatic ecosystems from the hazardous 

effects of sulfur emissions and spills [ , , ]. 

Sulfur emissions can have various negative 

effects on biodiversity, including: 

1. Acidification of soil and water bodies, 

leading to reduced pH levels and decreased 

availability of nutrients for plants and aquatic 

organisms. 

2. Toxicity to aquatic organisms, such as 

fish and other aquatic life, due to the 

formation of sulfuric acid and other sulfur 

compounds in water bodies. 

3. Alterations to the composition and 

structure of plant communities, leading to 

changes in the food web and potentially 

reducing the diversity of plant species. 

4. Impacts on soil microorganisms, which 

can affect nutrient cycling and soil fertility. 

5. Impacts on terrestrial and aquatic 

ecosystems, which can lead to reduced 

biodiversity and ecosystem function. 

6. Impacts on human health, as sulfur 

emissions can lead to respiratory problems and 

other health issues, which can indirectly affect 

biodiversity. 

Sulfur compounds spills can have various 

hazards on biodiversity, including: 

1. Toxicity to aquatic organisms: Spills of 

sulfur compounds can have direct toxic effects 

on aquatic organisms such as fish, 

invertebrates, and plants. The severity of the 

toxicity depends on the concentration and 

duration of exposure. 

2. Changes in water quality: Sulfur 

compounds spills can alter the water chemistry 

of aquatic ecosystems, leading to changes in 

pH, dissolved oxygen levels, and nutrient 

availability. These changes can have indirect 

effects on biodiversity by altering the food 
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web dynamics and causing stress to sensitive 

species. 

3. Habitat degradation: Spills of sulfur 

compounds can also physically alter the 

habitats of aquatic organisms by coating 

surfaces or settling on the bottom. This can 

smother or suffocate organisms, destroy 

important habitats, and reduce the availability 

of resources. 

4. Bioaccumulation: Some sulfur 

compounds can bioaccumulate in the tissues 

of aquatic organisms, leading to increased 

concentrations in higher trophic levels of the 

food web. This can have negative effects on 

the health and reproduction of these organisms 

and lead to biomagnification of the toxins in 

the ecosystem. 

Then it is necessary to study the hazards 

identification (HAZID), analysis (HAZAN), 

operability (HAZOP) for each projects 

especiaaly those having emissions such as oil 

ans gas ones in order to reduce the effect of 

emissions. Also, countries must care regarding 

the agreements for the topics of hazardous 

materials (HAZMAT), chemicals 

(HAZCHEM), hazardous waste operation and 

emergency response (HAZWOPER) for 

optimum hazardous location (HAZLOC) in 

order to reduce and inhibit the occurrence ot 

effect of spills. 

Risk Analysis 

The oil and gas industry in Iraq has resulted in 

the release of sulfur compounds into the 

environment, which have harmful effects on 

biodiversity in both terrestrial and aquatic 

ecosystems. Sulfur emissions can damage 

vegetation and reduce growth and 

productivity, while in aquatic ecosystems, they 

can cause acidification, leading to water 

chemistry changes and reduced fish 

populations. Additionally, soil quality can be 

harmed by sulfur emissions, leading to 

reduced microbial activity and fertility, which 

can have negative cascading effects on the 

entire ecosystem. The lack of effective 

environmental regulations and enforcement 

mechanisms in Iraq exacerbates these negative 

impacts on biodiversity. To address this issue, 

robust environmental regulations and 

enforcement mechanisms are necessary, 

including stricter emissions standards for the 

oil and gas industry and the use of pollution 

control technologies, such as sulfur recovery 

units. 

Iran is known for its significant biodiversity, 

which is critical in preserving the health and 

resilience of ecosystems. However, the 

country's biodiversity is threatened by various 

factors, including pollution, overgrazing, and 

habitat destruction. Among the primary 

sources of pollution are sulfur emissions from 

industrial activities such as oil and gas 

extraction and refining. These emissions can 

have harmful effects on both terrestrial and 

aquatic ecosystems, including plants, animals, 

and microorganisms, and can disrupt nutrient 

cycling while contributing to soil and water 

acidification, exacerbating negative effects on 

biodiversity. To mitigate the impact of sulfur 

emissions, Iran can adopt several measures 

such as regulating pollution sources, 

improving monitoring systems, implementing 

conservation and restoration efforts, and 

educating the public on sustainable practices 

and environmental impact. These steps can 

help preserve Iran's rich biodiversity for future 

generations. 

Climate change has a significant impact on 

biodiversity and fish populations, leading to 

habitat loss and alteration, changes in 

distribution and abundance, and altered 

community interactions. Changes in 

temperature, precipitation patterns, and 

extreme weather events can affect fish life 

cycles, leading to altered spawning seasons, 

changes in migration patterns, and decreased 

reproductive success. Additionally, ocean 

acidification can impair the development and 

survival of marine organisms, including fish 
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and their larvae. Climate change can also 

indirectly impact fish populations through 

changes in their food webs and ecological 

interactions, such as disrupted food 

availability and altered community 

interactions. To address these impacts, a range 

of strategies have been proposed, including 

reducing greenhouse gas emissions, enhancing 

the resilience of ecosystems and species, and 

increasing protection of habitats and species. 

Effective implementation of these strategies 

requires comprehensive understanding of the 

interactions between climate change and 

biodiversity and fish, as well as stakeholder 

engagement and support. 

Quality Assurance, Risk Management and 

Sustainability of biodiversity 

To mitigate the effects of sulfur oxides, H2S 

emissions, and organosulfur compounds on 

aquatic life, various measures can be taken. 

For instance, wastewater treatment plants can 

use alkaline agents, such as calcium carbonate. 

A typical risk assessment is presented in Table 

(3). 

Table (3) Typical risk assessment 

Hazard Likelihood Severity Risk Level Mitigation 

H2S emissions High High Extreme Install H2S scrubbers on exhaust systems 

Sulfur oxides Moderate Moderate Moderate Switch to low-sulfur fuels 

Organosulfur 

compounds in 

water 

Low High Moderate Implement water treatment systems 

Organosulfur 

compounds in soil 

Moderate Moderate Moderate Soil remediation strategies such as 

phytoremediation 

Disposal of sulfur-

containing waste 

High Low Moderate Implement proper disposal methods and 

training for employee 

Organosulfur in oil High High Extreme Treatment of the oils by physical, 

chemical, or even biological methods  

Note that the likelihood and severity of the 

hazard are typically rated on a scale from low 

to high, and the risk level is often calculated as 

the product of the likelihood and severity. 

Mitigation strategies can then be developed 

and implemented to reduce the risk level. 

There are several methods of sustainable 

biodiversity that can be implemented to 

mitigate the impact of sulfur environmental 

pollution on the ecosystem. Some of these 

methods include: 

1. Bioremediation: Bioremediation is the 

use of living organisms such as bacteria, fungi, 

and plants to break down or remove 

contaminants from the environment. It can be 

used to treat soil and water contaminated with 

sulfur compounds by enhancing the activity of 

naturally occurring microorganisms. 

Bioremediation is a cost-effective and 

environmentally friendly method of cleaning 

up contaminated sites. 

2. Green infrastructure: Green 

infrastructure refers to the network of natural 

areas and ecosystems such as forests, 

wetlands, and grasslands that provide multiple 

ecological, economic, and social benefits. The 

preservation and restoration of green 

infrastructure can help to maintain the 

ecological balance and support the 

biodiversity of an area. 

3. Conservation of biodiversity hotspots: 

Biodiversity hotspots are regions that harbor a 

high number of endemic species and are under 

threat from human activities. Protecting and 

conserving these hotspots is essential for 

maintaining biodiversity and ecosystem 

services. The identification and conservation 

of hotspots can be done through collaboration 
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between conservation organizations, 

governments, and local communities. 

4. Sustainable agriculture: Sustainable 

agriculture practices aim to reduce the 

negative impact of agricultural activities on 

the environment and promote biodiversity 

conservation. These practices include crop 

rotation, integrated pest management, and the 

use of organic fertilizers. Sustainable 

agriculture can help to reduce the amount of 

sulfur compounds released into the 

environment and maintain the ecological 

balance. 

5. Education and awareness: Education 

and awareness campaigns can help to inform 

the public about the negative impact of sulfur 

environmental pollution on biodiversity and 

the environment. These campaigns can also 

promote sustainable practices and encourage 

individuals to adopt behaviors that support 

biodiversity conservation. 

Quality Control Evaluation 

To evaluate the presence and concentration of 

organosulfur compounds in water, air, and oil; 

several analytical techniques can be employed. 

One commonly used method is gas 

chromatography-mass spectrometry (GC-MS), 

which allows for the identification and 

quantification of individual sulfur-containing 

compounds in water samples. Another 

technique is liquid chromatography-tandem 

mass spectrometry (LC-MS/MS), which has 

been used to detect and quantify a range of 

organosulfur compounds in water samples, 

including thiophenes, benzothiophenes, and 

dibenzothiophenes. Additionally, sulfur-

specific detectors such as sulfur 

chemiluminescence detection (SCD) and 

sulfur-selective detection (SSD) can be used to 

measure total sulfur content in water samples, 

which can provide an estimate of the total 

concentration of organosulfur compounds 

present. 

 

Conclusions 

There are several strategies to mitigate the 

negative impact of sulfur environmental 

pollution on biodiversity and the environment. 

Bioremediation, which involves using living 

organisms to break down or remove 

contaminants, is a cost-effective and 

environmentally friendly method of cleaning 

up contaminated sites. Green infrastructure, 

which refers to natural areas and ecosystems, 

such as forests and wetlands, can help to 

maintain the ecological balance and support 

the biodiversity of an area. Conserving 

biodiversity hotspots, which are regions that 

harbor a high number of endemic species, is 

essential for maintaining biodiversity and 

ecosystem services. Sustainable agriculture 

practices, such as crop rotation and the use of 

organic fertilizers, can help to reduce the 

negative impact of agricultural activities on 

the environment and promote biodiversity 

conservation. Education and awareness 

campaigns can also play an important role in 

informing the public about the negative impact 

of sulfur environmental pollution on 

biodiversity and promoting sustainable 

practices to support biodiversity conservation. 
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