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Study on each phase characteristics of the whole coal
life cycle and their ecological risk assessment—a case
of coal in China

Wenting Dat? & Jihong Dong?& Wanglin Yart & Jiren Xuf

Abstract: The paper divided the whole coal life cycle, ex- plained each phaseeaistiest and took
coal mine in China as a study case to assess the ecological risk in leatiantiphase. The main
conclusions are as follows: (1) the whole coal life cysldivided into coal mining, process- ing,
transportation, utilization, and waste disposal. (2) The key points afugtion organization and
characteristics in the five phases have great differences. The coal mining phasacieched by the
damage of the key ecological factors (water, soil, atmosphere, vegetatiotaetaged while the coal
processing phase by discharging waste. The characterisin tasal transportation phase mainly
performanceasescap- ing and migration of atmospheric pollutdntsoal utilization phase, the main
characteristics are aggravation of greenhouse effect. The main charastefistiaste disposal phase
are accumulation of negative ecological effects on the land. (3) The ecot@kiaHlsoil heavy metals
is serious in coal utilization phase. The potential ecological hazard teffiof Pb and As in coal,
residue and ash are all lower than 40, presenting low environmental iopacil; the potential
ecological risk coefficients of Cd are higher than 60, nearly half of gwential ecological risk
coefficients are higher than 160, which presents high environmental poliopact on soil;Hg's
potential ecological risk coefficients are higher than 320, presentinggtieeshienvironmental pollution
im- pact on soil; the comprehensive pollution indexes in coal, residue, and ash are relgtiyelich
means the pollution hazard potential soil environmentis high. (4) The ecologi<al risk of the
atmospheric solid suspended mageglatively strongn coal utilization phase. The ecological risliCaf
and As in primary flue gas is both lower than net flue gas. The geoaccumulation indexes of Cd and Hg
in primary flue gas and net flue gas are both higher than 5, presentirgyyhsrong ecological risk;
50 % of the geoaccumulation index valoéas are between 3 and 4, which has also presenting a strong

ecological risk whilé’bdoes not present the ecolog- ical risk characterization.

Keywords: Coal life cycle, Phase divisio®hase characteristidscological risk assessmeHRtjzhou
mining
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Life cycleis the sequence of life stages thatorganism un- dergoes from bitthreproduction



ending with the generation of the off spring (Ma eRalLQ Zhu2004). Life cycle as- sessment (LCA)
is anevaluatiorof a product, process at- tivity from the collection and processing of raw materials to
production, transportation, sale, utilization, recovery, conseonjaecycling, and final disposal process
throughout the whole life cycle of the relevant environmental load (Ccoetsalill 993 Fan et al2007
ISO/DIS 1997). The basic structure of LCA includes objective definition and sdepgrmination,
inventory analysis, impact assessmentjangrovement analysis. Recently, LCA has been widely used
in the fields of energy utilization and environmental imgacsessment of the product or service system
(Finnveden et al2009 Distsele and Awuak012 Liangetal.2013, and mosbf them are directlpr
indirectly relatedo the coal resources.

The exploitation and utilization of coal resources have obvious life ¢y¢éng2007;, Awuah-

Offei and Adekpedjor201] Burchart-Korol et al2016, and the whole coal life cycle refers to the

various phases and whole process from the raw coal mining to the final wassabliBpr a long time,
coal resources have played an important role in providing energy for human ude the
characteristics of cheapness and reliability. However, the processes of coahgapland utilization
are al- ways along with the phenomenon of disturbing and dam- aging to the ecologicaineemt
elements in regional ecosystem seriously, e.g., the concentration of atmospherimeiasing, PM
is the abbreviation of particulate matter and PM2.5 means the particulate mattesiiessr equal to
2.5umin the atmosphere, (Zherd14 Liberda et al2015, water pollution (Bukowsk2015, land
destruction (LR009. Therefore, the research of eco- logical destruction and restoration in thega®c
of coal exploitation and utilization have become an import&hd, and most of the researches are
focusing on three aspects: major environmental pollution problems in thege®oésoal exploitation
and utilization (Mangena and Bret?06 Chinh et al2007), comprehensive utilization of mine water,
coal gangue and other wastes produced along with the coal production (Mukherj&®@8 avang
et al.2012), and technology and measures of clean coal (SoR@fi§ Wang2011 Alvaro et al.

2013. The priority for production organization, the level, and form pollution & was the

environmental behavior characteristics and ecological risk on environment in eaelfthascoal life
cycle are different, and it is necessary to analyze each phase characteristics andtikeeadoategical
risk based on the rational phase division of the whole coal life cycle. The Fes€applying life cycle
theory to the coal exploitation and utilization is incomplete for now, winiaimly applies the LCA
theory to assess the ecological impact on the processes of coal exploitatiolizatidmiQian et al.
2003 Naser and Timothg008 Xiang et al.2015, and lack of scientific, systematic research on the
ecological risk assessment in each phase of the whole coal life cycle. Thettefqraper studied the
phase division of the whole coal life cycle and each phase characteristics, and taokXeazdilou,

China as an example to evaluate the ecological risk in coal utilization plessgtskof the study can



clear each phase characteristics of the whole coal life cycldarmdsological risk of coal exploitation

and utilization, and so that provide proposals for rational exploitation of coal resources.

Phase division of the whole coal life cycle
Division basis

Life cycle theory has been developed and improved continuously, and gradually penetrated into
various industries in the human economic society, the coal industry is no exceptipnl 2080, nine
top mineral companies in the world started the Mining, Minerals and Sustajn@iltSD) project
and started to introduce the life cycle theory into the study on sustainable developmeningf
industry. In 2002, the Implementation Plan of the World Summit on SustainableslDement
summited in World Summibn Sustainability Development Conference, Johannesburg, South
Africa, proposed that all relevant agencies need to consider the whole miningycliée and
governments are advocated to use the life cycle theory to evaluate the dontabmrtineral re- sources
and mining industryo sustainable development.

The coal mine life cycle refers to the whole process from constructibe mine closure, and its
research objecs coal mine. For now, there are many references haea besearched the phase
division of the coal mine life cycle, e.g., Tong divided the coal mine lifeecymo coal mine
construction phase, mine production phase, expansion phase, and abandoned treatnjEahgétae
2013; Wang divided the coal minde cycle into planning period, building well period, putting into
operation period, production period, stable production period, aging pamasiicceeding period (Wang
etal.2009; Donoghue divided the coal mine life cycle into mine construction stage, padstage,
recession stage, and transition stage (Donogb08§.

There are also many researches on the phase division of the coal life cycteaSitedtivided the
coal life cycle into extraction stage, transportation stage, and a power planingdteiet al2014);
Babbitt divided the coal life cycle into coal mining and preparation, coal combustiongcoal
combustion product disposal (Babbitt and Lindd@d8. Some major coal producing and consuming
countries also have their own phase division of the coal life cycle. For exampl&Ahis bne of the
largest coal producing and consuming countries in the world, which has sstdbdin integrated,
efficient clean coal production and energy conversion system. The system mainly inokldeming,
coal drying, and power plant combustion to produce electric energy and water vapor. $icatis Af
the third largest coal exporter in  the world, secondly only to Australia andSthe ld South Africa,
about 40 % of fuel comes from caat sources, and the coal resources are mainly used for combustion
power generation and oil refining. The process of coal exploitation andativh includes coal

mining, coal washing and liquefaction, and coaliméition. Poland is rich in coal resources and is



the most important coal producing and exporting countries in the world. Its coal misiogyHias
been more than 400 years, 65% of coal resources in Poland are used for power gearatation
centralized power supply, and the process of coal exploitation and ubitizatiludes coal mining,

coal screening and machining of raw coal, coal combustion for power generation and energy supply.

Five phases division for thewhole coal life cycle

By summarizing the existing research results and the processes of coal exphritatiditizatiorin
major coal producing countries of the world, the coal exploitation and utilizationcbothin coal
mining, coal processing, and coal utilization. In China, coal resources are diaiributed in the north-
west region, while the coal consumption industries are concentrated in the southealshi@zsstDue
to the situation that the coal resources distribuisonot adaptedo the productive forces, the long
distance coal transportation patterns from wesiast and nortto south are difficulto change in the
short term At the same time, 90 % of coal mimeChina is underground mining, leading the surface
subsidence becomes one of the main land destruction forms, and waste backfill treatmerdfithe
main restoration technologies. Therefore, the coal trarsdfmriand waste disposal are also important
partsin the process of coal exploitation and utilization in China. By combinitigtine processes of coal
exploitation and utilizatiom the main coal mining countries of the world, relevant researches, and the
characteristicef coal and coal mine in China, the whole coal life cycle can be divided ietpliases:
coal mining, coal processing, coal transportation, coal utilization, and eggtesal (Figl). The phase
division of the whole coal life cycle can reflect the integrity of the Gifmlcycle and the diversity

among each phase characteristics, and conducive to systematically study on the cgiabécisk

assessment.
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Fig. 1 Phase division of the whole coal life cycle



Each phasecharacteristicsof thewholecoal lifecycle

Description in the whole process of the coal life cycle

The whole processes of coal exploitation and utilization are divided into faodgeplanning
period, commissioning period, stable exploitation period, and recession periodvd hhadses of the
whole coal life cycle are a continuous cycle process, and the prioriteach period of the coal
exploitation and utilization is different. Coal resources are the major basic éoetigy development
of the national economy, which results in the continuous accumulation of ecoloegedive effects,
imbalance of the ecosystem, and threating the ecological stability, @amitysef coal mining aredn
addition, the high strength exploitation accelerates the depldtamabresources and result in a series of
social, ecological, economic problems (e.g., forming the single industrial structureslyetaonaging
the ecosystem, ard- creasing unemployment and poverty in a certain degree), which restricts the
sustainable development of the society and ecology in the mining area, even the whol€Tl hegion.

whole process characteristics of coallife cycle are shown ir2Fig.
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Fig. 2 Characteristics in the whole process of Gtatycle

Main characteristicsin each phase
Coal mining phase: water, soil, atmosphere, and other key ecological elements are damaged
Dueto the non-mobility of coal resources, the infrastructure construction and icddjmmust lead

to the destruction of water, soil, atmosphere, and other key ecologicantteim mining area. The

negative effects result in a) water resources depletion. Minattivities change the



hydrogeological conditioria the mining area, the structures of coal seam surrounding rock and aquifer
are destroyed, which results in the underground water and surface water in coakmariming into

the pit. Therefore, the surface water system is damaged, the underground wehisrreduced, and

the water resource is exhausted. At the same time, a large number of untreatedteriigedischarged
directly, which makes the rivers and lakes surrounding the mining aredegdo#ieriously. b) Land
resource damage. The main damage forms of land resources caused by coal minmgpaesdare,

land digging, and land collapse. Coal gangue and other solid waste pressure a large number of land
resources, and the coal gangue emissig@enerally accounted for 20 % of the rawal’s output. In
China, over 90 % of coal mining is underground mining, and land col- isfse main form of land
destruction, which resulig a sharp reductioof arable land area, and exacerbates the contradiction
between land and people. It is also easy to cause geological disasterso§phra pollution. The coal
dust from open pit blasting and dump gangue, waste gas, and coal mine gas are the main atmosphere
pollution sources in the coal mining phase. According to the statistics of ibaahaconomic and
social development during 2005 to 2013, in 2013, one ton of raw coal produced with35g2% m
emission, and the total amount of gas emitted from coal mining in China waslabegB billion i,

which increased the regional greenhouse effect. d) Biodiversity reductionndsdeformation and
collapse caused by coal mining destroy the soil ecosystem stability, andeiakirobial species and

soil quality decrease. It has direct impact on the transport and traasforrof material and nutrient in
plant ecosystem, and the surface vegetation redincémss phase, the ecological problems are various
and have wide distribution and great harm, and the prie@mpystem is disturbed; however, the
demand for labor resourceslargein this phase, whickan promote the region- al employment and

economic development.

Coal processing phase: solid and liquid waste ar edischar ged

Coal processing refers to process the raw coal to improve its qualisearalue by mechanical,
physical, chemical, and other methods. It mainly includes crushing and screeasmigvor dry
cleaning, coal blending, and indigenous coking. Coal processing process produces a large number of
toxic and harmful pollutants, the effects includgGangue, coal slime, and other solid waste produced
in washing and dry cleaning process pifedirectly, which presses the land and pollutes the soil and
groundwater in mining area seriously due to the long-term weatheringlanatieh. b) Wastewater
containing SS (solid suspended matteZ)D (chemical oxygen demand), BOD5 (biochemical
oxygen demand), and other toxic and harmful substances arerdisdhdirectly before treatment,
leading to the serious pollution of the surrounding waterdspdind endangering the surrounding

animal and human health. ¢) Raise dust and coal dust produced in coal crushing and streeespio,



process, lead to the inhalable particulate matter content in the atmosgheasing. The atmospheric
environmentjuality decreases obviously, and the workers” health is threatened. In this phase, the main
problem is the solid and liquid waste are discharged directly, which damagesatéieand soil
ecosystem; however, the quality and use efficiency of raw coal are improved, and the economi

development of the coal enterprises and region are promoted in this phase.

Coal transportation phase: atmospheric pollutants escape

The coal production base away from the consumer base in China, which makes the coal
transportation become anintegral part of the whole coal life cycles 6édevelopment, China has
formed coal transportation pattern of coexistence with various transport (hedeailway, highway,
shipping, and waterway). The railwéy/the main means, waterway and highway are the important
supplement, and highwamainly for short distance transport (Wai 3. Coal transportation contains
a series process of the coal storage, loading and transportation, and,tbealasist and traffic exhaust
produced in the process pollute the atmospheric envirahmi&ccordingto statistics, duéo the
railway and highway of coal transportation, thisi@ least 10 million tonsf the coal dust discharging to
the atmosphere every year. At the same time, because of the coal sportandmstion during the
transportation process, there ara@@0-30 tons of sulfur oxides, sulfur hydride, and other toxic gas
discharging to the atmosphere every year (Witg. In the phase, the atmospheric pollutants and
traffic noise interfere the humanity along the traffic line and have a negative impact onc¢hbuagri
fisheries, and animal husbandry on both sides of the transportation roaesjeh the source and
consumption areas of coal resources are linked, the exchanges and joint developregianaf
economy are promoted, and the conditions in insufficient effective demandcalf doonomic

development are made up in this phase gDaB).

Coal utilization phase: greenhouse gas effect aggravates

Coal resources are mainly useddirect combustion, and is divided into power plant coal,
industrial coal, and civil burning coal. By the end of 2013, the total ledtedpacity of Chinawas 1.246
billion kilowatts, and there was 0.785 billion kilowatts thermal power predby coal combustion, which
accounts for 63 % of the total generating capacity A¥i¥). A large number of toxic and harmful
elements are discharged in the process of power plant combuastiaron dioxide (Cg), sulfur dioxide
(SOx), nitrogen oxides (N&), particulate matter, and other harmful gases are discharged to the
atmospherén the process of coal combustion, which aggravates the regional greenhousedas eff
makes the atmospheric environment polluted seriously, and threatens the Waréesarrounding
residentshealth. Accordingo the relevant department statistics, 70 % of the total suspended particulate
matter, 90 % of SE) 67 % of NQ, 85 % ofCO, are derived from the coal utilization (Wakgl1). b)



The waste wateis dischargedo the environment directly, which causes serious pollution of surface
water and underground water. In addition, it harms the surrounding crops, animédlsiremchealth

through irrigation, drinking, exposure, and other way3he slag and fly ash generated in the process

of coal combustion stack on the land directly, which presses andgmliu¢ land. The long-term
weathering and leaching on the solid waste would cause serious pollution of tbendung
atmosphere, soil and underground water. In this phase, it mainly destructs and pollutes the atmosphere
ecosystem; however, the coal resources are transformed into heat energy, whicllgs basic
protection for the national economy development, and play a decisive role in threahatonomic
development.

Waste disposal phase: negative influence on land ecology

The waste generaté@tthe processes of coal exploitation and utilization mainly includes coal mining
tailings and thermal power plant waste, sastpal gangue and fly ash. The waste disposal phase mainly
includes the waste recycling and land- fill treatmAbpresent, the waste recycling mainly refers to acting
asthe filling materials, and producing building materials. Because ofgaoagjue, fly ash, and other
waste materials containing heavy metals and other toxic and harmful elements,aacfitigg
materials may pollute the soil, groundwater, and planting crops, for example, healpatiation of
the reclamation soil in mining area (Dong et2010. In this phase, a large number of mining waste
residue is treated, the ecological problems are improved, but the neghgots efthe soil ecosystem
are accumulated; however, the land subsidémarining areas controlled and treated, the area of
pressure and damaged land is decreased, and the cost of the ecological tieatrreng areas
reduced.

The main characteristics, environmental behavior, ecological respeossystem change,
social/leconomic systemimpact, and response plan/measure in the five phasebaoligkeal life cycle

are different, and they are shown in Tabkpecifically.

Table 1 Characteristics in each phase of the whole coal life cycle

Phase Main Environmental Ecological Ecosystem  Social/economic Response
characteristics behavior response change system impact plan/measure
Water, soil, Destruction of the Water resources .
. . Regional
atmosphere surrounding rock and depletion, land . .
. Primary economic .
Coal and other key aquifer structure, resource damage, Reclamation
. . . . ecosystem development, .
mining ecological waste water and gas air pollution, . .. project
.. L . disturbance mining area
elements are emissions, pressure biodiversity =,
e . stability
damaged and digging land, etc. reduction
Solid waste, Air particulate Use efficiency
. - . Water and .
Solid and wastewater containing ~ matter increased, . is improved,
Coal S . . soil . Cleaner
. liquid waste toxic and harmful water and soil enterprise .
processing . . ecosystem . production
are discharged elements are pollution, human economy is

are damaged

discharged, dust is health is harmed. developed.




generated, etc.

Air pollution Regional
. Dust, coal dust, along the traffic economic
Atmospheric . . Human
Coal vehicle exhaust and route, agriculture, exchanges and
. pollutants . . ecosystem Zero
transportation other air pollutants fishery and animal L common .
escape violation discharge
escape husbandry are development are
damaged. promoted.
Waste gas and water, . . Basic energy for
Air quality .
Greenhouse slag, fly ash and other . Atmosphere the national
Coal . . declines, surface Green
e . gas effect solid waste residue . ecosystem economy
utilization . water is polluted, . . technology
aggravates are discharged . destruction development is
. land is pressed. .
directly provided.
Negative
. . The harmful & The cost of
. Solid waste is stacked . . effects on .
Negative . elements in filling ecological .
Waste . directly, and the land . land . Ecological
. influence on . . materials pollute management in .
disposal is filled with . ecosystem .. . restoration
land ecology soil, underground mining area is
hazardous waste. are
water, and plants. reduced.

accumulated

Characteristic inventory

Life cycle inventory is an important basis for the ecological impact evatuatid improvement
proposain life cycleasessmentt is a processf compiling and quantitatively evaluating the input and
output of the whole life cyclén a given product system, arité functions areas follows: a)
comprehensive understanding the interrelated product systems; b) identifying resieatolestand
scope, defining the analysis system, and establishing the systema)mgafititative analyzing the input
and output of energy and materiaisthe product system, and establishing the basic line of system
environmental behaviot) identifying the proportionf energy and raw material consumption, pollutant
emissiorin the pro- duce system, and determining process and environmental impraveasinte <)
providing scientific dateodetermine the ecological standard, and establishing the sharing mechanism of
environmental cost (Pei2z@12. LClis a progressive process and mainly includes preliminary inventory,
targetinventory, result inventory, and standard inventory.

Preliminary inventory of the whole coal life cycle is de- firexthe preparation work before
collecting the input and output datia each phase of the whole coal life cycle, which includes
determination of the objectives and scope, and making the input-output envirahimfentnation table
of the whole coal life cycle. Target inventory analysis rdfensaking clear the input and output iteims
eachphase of the whole coal life cycle, and the way to obtain the inventory data,rigdiadé collection
and validation. Result inventory is collecting and processing the target invdatarof the whole coal
life cycle, including correlation of data and unit process, correlafidata and functional unit, and data
merging. Standard inventong a sensitivity analysis on the results of the whole coal life cycle,
determining the importance of data in each phase, and amending the system bouridanyhadle
coal life cycle defined initially. Taking Jiangzhuang coahe of Huanghuaihai plain, China as

example, the inventory dataeach phase of the whole coal life cycle are shown in Pable



Table 2 Characteristics inventory of various stages of coal’s life cycle

Input data

Output data

Square, wood, steel products,
cement, water resources, and
power consumption

Waste water, waste gas, dust, noise, etc.

Phase
Infrastructure
construction
Coal
mining

Raw coal mining

Fuel, water resources,
equipment power
consumption (such as
continuous mining machine,
filling machine, etc.),
occupation of land

Coal production, solid waste (coal
gangue, etc.), mine water, gas, land use
change. Main pollution factors : COz,
CO, NOx, CHa......

Coal processing

Fuel, power loss of
equipment (Such as
screening machine, crusher,
heavy medium separator,
etc.), shipping tool fuel
consumption, water
resources

Wastewater, waste gas, solid waste
(such as coal, solid impurities in raw
coal etc.). Main pollution factors: COx,
CO, NOx, CH4, S, Pb, Cd, Hg, As......

Coal transportation

Fuel, water, etc.

Dust, tail gas, noise, etc. Main pollution
factors: CO, NOx, Pb, Cd, Hg, As......

Coal utilization

Coal, water resources, power
loss of equipment, etc.

Power generation, waste water, waste

gas, solid waste (coal cinder, coal ash,

etc.). Main pollution factors: CO2, CO,
SOx, NOx, Pb, Cd, Hg, As......

Recycling

Power consumption of
equipment, fuel, etc.

Recycling the waste to converse
available material. Main pollution
factors: CO2, CO, NOx ...

Waste disposal

Backfill
treatment

Square, transportation tools,
fuel, etc.

Waste gas, waste water (such as
filtrate), landfill, land pollution. Main
pollution factors: CO2, CO, NOx.....

Ecological risk assessment in coal utilization phase

The whole coal life cycles a very complex process, aids difficult to assess ecological risk of all
the phases clearlg a mper. In addition, previous studies have compared the eco- logical potential risk
of the core phases, coal mining, transpor- tation, and utilization ghasesults show that the environ-
mental impact of coal utilizatias the highest, and the phase has the greatest ecological riskgVdang
2009. Thus, the paper selected the coal utilization pteeassess the ecolog- ical riskonthe environment.

Xuzhou of Huanghuaihai plainis in the northwest of Jiangsu Province, Cliihaastiongitude 116°

22~118° 40 and north latitude 33° 4334° 58, which belonggo the warm temperate semi-humid
monsoon climate, and has four distinct seasons, adequate light, and moderateXantiallis richin
coal resources and has a long history of coal miniingianimportant coal producing area and power
basan China. Therefore, the paper takes coal in Xuzhou, Gisaaexampleto assess the ecological

risk of soil and atmospheric environmentoal utilization phase.



Soil ecological risk assessment in coal utilization phase

Data sources
The data from the three power enterprises which have similar amoundlefasal annual coal
consumption in Xuzhou, China, is monitored and obtained by the Product Quality InspectioroCenter

Xuzhou, China in October 2014. The specific data is shown in Bable

Table 3 Discharge inventory of soil heavy metals in coal utilizatiorsph@g/g)

Company Sample Cd Pb As Hg

| Coal 1.10 19.00 4.00 0.12

Sample Residue 2.90 31.00 2.00 0.00
source 1

Ash 2.60 46.00 5.00 0.20

| Coal 0.80 24.00 3.00 0.39

Sample Residue 1.30 18.00 0.20 0.00
source 2

Ash 1.40 42.00 5.00 0.15

| Coal 0.60 24.00 4.00 0.13

Sample Residue 2.40 20.00 2.00 0.00
source 3

Ash 1.80 171.00 1.00 0.15

Reference values of heavy metals 0.29 16.3 11.2 0.01

Note: the "coal" in the table refers to the incomplete combustion of coal.

Evaluation method: potential ecological risk index method

Potential ecological risk index method, establisimet980 by Hakanson, is a method applying
sedimentology theory to evaluate heavy nefabllution and ecological damage. The method not only
considersthe content of heavy metal, but also links the ecological effeiconmental effect, and toxicol-
ogy together. Potential ecological risk index metiwbased on the ratio of heavy metals and their
corresponding back- ground valuesstablish the heavy metal ecological toxicity coefficient model. Th
results reflect the environmentimpact of a single heavy metataatlon a particular environment, or the
comprehensive environment impact of a variety of heavy metals on a par&oulesnment, and

guantitatively classify the potential ecological risk degree of heavy metateienits formula is as

follows:
¢ =CY/C 1)
Ef =Tic} )
Rl = YL E} 3)

Where:C} represents the pollution coefficient of heavy metal i in a certain environfiféatmeasured content
of heavy metal iC; is reference value of heavy metal i. The solid waste coal, slag and astoaibfited power
generation enterprises are mainly discharged into the soil environment, thetieédbackground values of soil

heavy metals in Xuzhou city are used as the reference value (Table 3) (L&I04KAIT, represents the toxic



response factor, the toxicity response coefficients of Cd, Pb, As and Hg, &gel® and 40 respectively
(Zhuang and Jiang 2009 represents potential ecological risk factor, it is low pollution wieis less than
40, moderate pollution wheff is 40~80, higher pollution whef. is 80~160, high pollution wheB' is
160~320, and very high pollution whé# is more than 320 (Zhuang and Jiang 2009; Wang and Qin 2R07);
represents integrated potential ecological risk index, it is low pollution Whénless than 150, medium
pollution whenRI is 150~300, higher pollution whet1 is 300~600, and high pollution wh&i is more than
600 (Peng 2012).

Sail ecological risk results

According totheformulas—(3), the potential ecological risk coefficients of soil heavy métals

coal utilization phase in Xuzhou are calculated, and the results are as shown ¢ Table

Table 4 Potential ecological risk coefficient of soil heavy metals

Company Sample Cd Pb As Hg RI
Coal 113.79 5.83 3.57 480.00 603.19
Sample o sidue  300.00 951 1.79 ) 311.30
sourcel
Ash 268.97 14.11 4.46 800.00 1087.54
Coal 82.76 7.36 2.68 1560.00 1652.80
Sample  oocidue  134.48 5.52 0.18 ) 140.18
source2
Ash 144.83 12.88 4.46 600.00 762.17
Coal 62.07 7.36 3.57 520.00 593.00
Sample  podidue  248.28 6.13 1.79 ; 256.20
source3
Ash 186.21 52.45 0.89 600.00 839.44

The potential ecological risk coefficients of the four kinds of heavy matat®al, residue and ash are
followed by Hg>Cd>Pb>As. The potential ecological risk coefficientshoéid As in coal, residue and ash are
all lower than 40 (except for some abnormal data), and their environnmaptadtion soil present low pollution;
The potential ecological risk coefficients of Cd are 62.07~300, and 44&ntad hazard coefficients of which
are more than 160. The potential pollution impact on soil environmdanglis All the potential ecological risk
coefficients of Hg are higher than 320, and the potential pollutioadtrgn soil environment is very high.

All the comprehensive pollution indexes of coal and ash are higher tifanpffsenting the very high
potential pollution impact on soil environment; while the comprehensiligtipa indexes of residue are between

150to 300, presenting the medium potential pollution impact on soil emaeat.

Atmospher eecological risk assessment in coal utilization phase

Data sources
The data from the three power enterprises which have similar amount efaschlannual coal

consumption in XuzhotwGhing is monitored and obtained by the Product Quadligpection Center



of Xuzhou, Chinan October 2014. Thepecific data is shown in Takte

Table 5 Discharge inventory of atmosphere heavy metals in coal utilizatiase (ug/g).

Company Sample Cd Pb As Hg
Sample Primary flue gas  101.37 2.94 47.81 5.25
source 1 Net flue gas 909.32 5.04 55.92 4.14
Sample Primary flue gas  112.45 2.46 43.45 4.57
source 2 Net flue gas 274.26 2.12 174.21 4.83
Sample Primary flue gas  50.31 1.34 356.33 1.87
source 3 Net flue gas 111.51 1.75 415.89 1.21

Evaluation method: Geoaccumulation index method

The atmospheric samplefthe paper are primary flue gas and net flue gas, the solid suspenthrd mat
contentsof them are high, and their deposition are strong. Tlogee geoaccumulation index
methodis choseo assess the ecological risk of the atmosphere. Geoaccumulation yagex &l kind
guantitative indicatoof the heavy metal pollution degrée the atmosphere, soil, and sediment. The
method considers not only the effeofghe anthropogenic pollution and environmental geochemistry
on the background values, but also the influesicéhe background values caused by the natural
digenesis. The calculation formula is as follows (Zhao @5 Loska2004 Hu et al.2013:

Ci
Igeo = log, 15%B; (4)

where:(C; represents the measured concentration of element i in the s&nmpresents the average content of
element i in the global shale layer, the average content of Cd, PHgAs the global shale layer are 0.29, 16.3,
11.2, 0.01ug/gl,., is geoaccumulation index, it has no ecological risk whgnis lower than 0, slight
ecological risk wher,, is 0-1, moderate ecological risk whgp, is 1-2, moderate strong ecological risk
whenl,,, is 2-3, strong ecological risk whép,, is 3-4, stronger ecological risk whéjp, is 4-5, and very

strong ecological risk whely,, is more than §hao et al. 2015).

Results of atmospheric ecological risk
Accordingtotheformul, the geoaccumulation indexes of the atmospheric heavy metals in coal

utilization phase of Xuzhou are as shown in Té&ble

Table 6 Geoaccumulation indexes of atmosphere heavy metals.

Company Sample Cd Pb As Hg
Sample Primary flue gas  7.86 -3.06 1.51 8.45
source 1 Net flue gas 11.03 -2.28 1.73 8.11
Sample Primary flue gas  8.01 -3.31 1.37 8.25

source 2 Net flue gas 9.30 -3.53 3.37 8.33



Sample Primary flue gas 6.85 -4.19 4.41 6.96
source 3 Net flue gas 8.00 -3.80 4.63 6.33
The geoaccumulation indexes of the four kinds of heavy metalsnmanyr flue gas and net flue gas are

followed by Cd>Hg>As>Pb. The geoaccumulation indexes of Cd and ptiniary flue gas and net flue gas are
all higher than 5, and their ecological risk are very strong; the geoaccumulatéxesrof Pb in primary flue gas
and net flue gas are negative, and it does not present the ecological risk charaotebpétfioof the
geoaccumulation indexes of As are between 3 and 4, and it has a strongcattkig

The geoaccumulation indexes of Cd and As in primary flue gas are lowarghfine gas, which indicates
that the ecological risk of Cd and As in primary flue gas is lower thamtimat flue gas. The geoaccumulation
indexes of Hg in primary flue gas are close to that in net flue gas.

Conclusions and proposals

The coal exploitation and utilization are a complex periodic process. The pagdeddihe whole
coal life cycle, analyzed each phase characteristics, and todk éaahou, China, as an example to
assess the ecological risk énal utilization phase. Based on the research results, coal and coal mine
characteristics, and the whole life cycle connotation, the whole coal life cycle dandaal into five
phases: coal mining, processing, transportation, utilization,andwaste dispesaiority for production
organization and characteristigs the five phases are differerib coal mining phase, the main
characteristics are that the key ecological factors (waterawoisphere, vegetation, etc.) are damaged
and the primargco systemis interfered; waste discharged and the water and soil ecosystem damaged
are main characteristiascoal processing phase; the characteristics in coal transportation phase mainly
performanceasthe migration and diffusion of atmospheric pollutants, and human ecosysisturbed,;
in coal utilization phase, the main characteristics are that greenhéeeagiyravates, and atmospheric
ecosystem is destroyed; the main characteristiegative ecological effects accumulatimghe landn
waste disposal phase. The ecological risk of soil heavy metals and atmospli@suspended matter is
seriousn coal utilization phasé) The potential ecological risk coefficientsRifandAsin coal, residue,
andashare all lower than 40, and their environmental impact on soil present Ibigrolthe potential
ecological risk coefficients of Cd are higher than 60, and nearly half of @aherhigher than 160, its
environmental impact on soil exists high pollution;tes potential ecological risk coefficients are higher
than 320, and its environmental impaesoilis very high pollution; the comprehensive pollution indexes
in coal, residue, and ash are relatively higher, which have highettipbfgollution hazard on soil
environmentB) The ecological risk ofd andAs in primary flue gas are lower than net flue gas.
The geoaccumulation indexes of Cd and Hg in primary flue gas and net flue baghar than 5, and
their ecological risk are very strong; 50 % of the geoaccumulation indexesané between 3 and 4,

andit has a strong ecological ridRbdoes not present the ecological risk characterization.



Eachphase characteristio§the whole coal life cycle are different, and the environmental behavior
and ecological negative effects are also diffeleistnecessarip take appropriate measuteselieve the
ecological pressurén the process of coal exploitation and utilization. Proposal one, constructing
reclamation projecis coal mining phase, suelsland reclamation, adding soilamendment, and planting
restoration vegetation. Proposal two, realizing clean produictional processing phase by enhancing
processing technology, improving the production management system, etc. Priomgesalaveloping
green technology in coal utilization phase, such as desulfurization,ifition, and advanced dust
control technologies.
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