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Preface

This report gives an overview of major environmental problems related to
the rapid economic growth in China both for accidents and continuous
emissions based on literature from the last few years. Methods for
evaluating risks ard preventing accidents especially related to hazardous
chemicals are described in several papers. Other major problems are
caused by emissions of nitrogen compounds from industry, traffic and
agriculture and emissions of heavy metals in particular mercunA few
recent studies using GAINS (Greenhouse ga# pollution Interactions and
Synergies) model or related methods are described. Among emerging issues
production of unconventional gas, in particular shale gas, is considered
briefly. Of the large numberof recent papers only those considered most
relevant for China are included. Many of the issues dealt with have special
relevance forJiangsu and Guizhou Provinces.

Haakon Vennemo
Project Manager
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1 Introduction

According to the project description, he environmental planning phase Il project
follows up on the phase | project. The phase Il project emphiizes training in CBA and
SEA (Strategic Environmental Assessment) for environmental planning, and the
application of CBA and SEA to planning for environmental risk reduction/preventiorin
this report we will look at some recent developments based on puications for the last
two-three years.

Recent development in environmental conditions in China is mixed. Although estimates
differ, the total S@ emissions seem to have decreased since about 2005, $igeire 1.
Also, many areas report reduced concentrains of particulate matter (PM) and S@
concentrations in air. However, emissions of ammonia and nitrogen oxides have
increased, see Fig. 2. Many observations of severe pollution episodes have been
described especially in blogs such as Chinadialogue an@ss media, and critique of lack
of progress has been expressed. Links to some of these recent articles are given in
Appendix 1.

According toGlobal Burden of Disease Study 2016utdoor air pollution contributed to
1.2 million premature deaths inChina in2010, nearly 40 percent of the global total
http://www.thelancet.com/themed/global -burden-of-disease

35 . Figure 1  Sectorial trend in SO2 emissions from
China

1990 to 2011, Tg SO2.

Source: From Klimont et al., 2013The GAINS (Greenhouse gaB
pollution Interactions and Synergies) model was used to calculated

25—
based anthropogenic emissions for 2000, 2005 &@4.0, while annual
20 7/ energy consumption data wasusel to scale these estimates for

intermediate years andextending to produce a preliminary estimate
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Figure 2 NHs and NOx emissions and ratios of NH 3-N to NO-N emission.
Source:From Liu,X. et al., 2013.

This report will mainly build on articles published in international journals. Section 2
deals with pollution resulting from accidents. Analyses of previous accidents have been
made and several schemes have been suggested for evaluatisgs and prevent
accidents. Several of these will be described. However, a detailed assessment of the
schemes is beyond the scope of the report. In Section 3 some important environmental
problems with special relevance for China are described. The seaticncludes recent
studies using the GAINS model or related methods. Of the large number of recent papers
only those considered most relevant for China are included. Further sonpaiblications
dealing with mercury and other heavy metals in Chinare discuss&l. Reasons for
emphasis on mercury are that China has the largest Hgnissions to the atmosphere in
the world and Guizhou ProvinceE O OE A O ( GhindAJe®ien@ Adsdibe$ vary
briefly some questions and problems related to unconventional naturajas production
since this is by some predicted to become a major energy source in China.

2 Accident related pollution

An important paper was published by HeDa Zhang and Xiad®ing Zheng at School of
Economics and Management, Beijing University of Chemicgtchnology in 2012. They
used data from official sources for 1632 hazardous chemical accidents (HCAs) occurring

Vista Analysis AS 6
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in China from 2006 to 201Q more than 2/3 in fixed facilities (see fig. 3). They found
slight increase in the annual number during the periodZhao et al. (2012), on the other
hand, reported a decrease in number of chemical accidents in China from 2004 to 2011
and also for the 2006z 2010 period. However, their annual number of accidents isiuch
smaller thanreported by Zhang and Zheng so theetection criteria are clearly different.
(See further discussion of the paper by Zhao et al. below.)

Zhang and Zheng give a table for the number of accidemtsthe provincesduring the
period, main hazardous chemicals involved, and main industries. Ftinree provinces
more than one hundred chemical accidents were reported (JiangsBhandong, and
Zhejiang). These provinces areconomically developed regions with many

petrochemical factories. The numbers for Anhui and Guizhou are 54 and 21,
respectively. Altogether, 26.8%o0f the HCAs occurred in Jiangsu, Shandong and Zhejiang
provinces due totheir many petrochemical industries

For fixed facility HCAs, nearly 90% othe cases occurred as a result of conscious rule
breaking behavior (e.g., breach of duty)whereas unconscious rulébreaking behavior
(e.g., a careless operation or negligence) accounted farly 10%.

Important conclusions from the study include that n the efforts toprevent HCAs in
China, enterprises should shift their focus frommmediate human factors and concerns
over advanced equipmentequirements to the regulation of internal management issues
(e.g.,procedures constraints, training, inspection and equipment maintenance].he
governmentshould administer more external supervision andenforcement, particularly
in remote townships and villages where illegal workshops remain. Furthermore,
government should enforce realtime supervision in order to prevent non-qualified
transportation of hazardous chemicals.

a W Total number of HCAs
'3
30— 335 b pied facility HCAS

50
350 32 325

OTransportation HCAs

234

2006 2007 2008 2009 2010

Year

Figure 3 Number of hazardous chemical accidents (HCAs) occurring in China
from 2006 to 2010.

Source:From Zhang and Zheng, 2012.
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Another important paper is by Jinsong Zhao at Department of Chemical Engineering,
Tsinghua University and covorkers. Process séety challenges for SMESsin China, 20139

The starting point is UNEI& C?Responsiible Production approach for Chemical Hazards =~ )
Management along the Valu€haimm h OAA &ECOOA simplfiedPSMDDPAT AEQ
approach targeted spedically at SMEs is suggestl.

Identify Get the right Put the plan Evaluate how
responsible people involved into practice, well you did

production train and
issues communicate

Figure 4 Responsible production framework.

Zhao et al. point out that he current trend in China of clustering all chemical companies
in chemical industry parks points to increased challenges posed ltiye increased
concentration of hazards, but also to opportunitiesfor increased leadership and
harmonization of safety practicesacross the chemical sector, with government and park
managementauthorities playing a decisive roleBy sharing commoninfrastructure and
park managament standards and requirementsgnhanced opportunities are created for
companies to shareknowledge and best practice, towards the creation of a safety
culture championed by more progressive companies

Environmental risk assessment (ERA) with focus oimdustrial parks is also considered

by ChaofengShao atNankai University, Tianjinand coworkers (2013). They conclude:
Unlike a single construction project, regional ERA and management are classified as new
strategies in environmental risk managementThese strategies resolve the multiple
uncertainties of risk sources and their effects, nomadditivity of the consequences of
accidents, and other factors. In this study, a systematic analysis of the mechanisms
underlying environmental risks was conductedand an ERA method based on risk field
theory was established. Theories and methods were proposed for environmental risk
zoning in industrial parks.

The theories and methods of regional ERA and management remain in the development
stage. In particular, theregional environmental risk spatial and temporal zoning, mult
risk coupling and risk-field superimposition as well as regional environmental risk
capacity allocation are in the exploratory stage. Despite the establishment of the ERA

! Small and medium sizeshterprises
% Process Safety Management
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technology and managment mechanism in chemical industry parks, further tests,
optimization, and upgrade, combined with application practices, are required, which
should be based on the investigation and evaluation of risk sources in multiple chemical
industry parks.

R. Z. Lu at Beijing Normal University and coworkers(2012) have outlineddetails of an
Environmental Pollution Accident Risk Mapping (EPARM) approach for assessing and
mapping such risk at the scale of a citfthe EPARM approach consists of identifying
suitable indexes, assessment of environmental risk at regional and national scales based
on information on previous pollution accidents and the prevailing environmental and
social conditions, and use of GIS to map the overall rigkPARM is constructed according
to a regional risk system for @vironmental pollution hazards due to accidents. The
approach involves development of a mapping index system, evaluation of risk sub
indexes, calculation of higheflayer indexes, and zonal risk mapping. The mapping
indexes are grtinent and complete, having been derived from the causative system of
accidental environmental pollution risk, see figure 5.

deleterious properties of hazardous substance (H,,) —

ratio of stock quantity to threshold quantity (H,) [

condition of production equipment (H,5) —

—{risk source state (H;)

operation time of equipment (H4) —

clustering of risk sources (H;s) —

exposure to natural disasters (Hs) —

online electronic surveillance (H») ]

equipment maintenance (Hx,) — —
o
. . N
operational state of control system ( H>3) — &
—risk source control (H>) L
environmental management system ( Has) — E
safety measures (Has) ]
w
emergency response of employees (Hyg) — ;
=
. -
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=1
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local emergency personnel (Hss) — jay
=
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-
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Figure 5

Regional scale mapping index system of environmental pollution

accident risk

Source:From Liu et al.,

2012

Lei Huang and coworkers (2011) developed awo-scale system to identify
environmental risk of chemical industry clusters A series of risk early warning indices
both at the plant level andat the regional clusters level are used in thisystem.At the
enterprise scalearisk early warning index is constructed using inputs such as the

presence of hazardous materials, theperation of critical plant equipment and the

efficiency of extant management techniques. Secondly, srdex for quantifying risks on
regional scales depends on environmental, economic, and social conditicaswell as

OEA ODPAAEAZEA A1 OAOPOEOAOSG

Al I D

1 A1 008

study involving a five-plant chemical industry cluster in Jiangsu povince. The
framework is shown in figure 6.
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Yu Chen abDalian University of Technology and coworker$2012) have developeda
comprehensive evaluéion index system for risk assessment of chemical enterprises in
Chemical Industrial Parks CIP9 based on environmental risk systems theoryThe three
indices includethe inherent risk associated with risk source, effectiveness of prevention
and control mechanisms, and vulnerabilityof receptors. Among these, the inherent risk
index associated with risk source is determined bynultiple factors such as the stock,
toxicity, flammability/explosibility and production process of hazardous substances
The effectveness of prevention and control mechanisms is determined ke
environmental management level and fire/medical rescue situation of the enterprise
and thereceptor vulnerability is calculated based on the density and structure of
surrounding populations and the distance of sensitive targets from the enterprisesee
figure 7.

——quantity of hazardous matcrials x7

—toxicity of hazardous materials x:»

| flammability and explosibility of
hazardous materials x;

__inherent risk of risk L reactivity of Hazardous materials xy
source By

risk factorC; — |

——possibility of accident x5
accident hazard - 3
characteristics Cz [ Operating pressureg
—operating temperature Xz
~_command center for early warning and
environmental EMergency response Xy
—management —r—completeness of contingency plan xy
mechanism Cxy

—real-time monitoring of enterprises Xy

comprehensive risk

effectiveness of fire rescue situation{ﬁrc department arrival time x;;
assessment index A

—— prevention and control C, yuantily of fire deparlment emergency
mechanism B, facilities x;»
medical rescue {mcdical secure time x;;
situation Cs

medical facilities x4

distance from risk arcaxs
pulation sensitive
ptp‘ «Epopulahon density x;4

receptar Cq
vulnerability of degree of population sensitivity xyr
receptor B
P 3 population sensi “\,.e{ distance from risk area.xg

receptar Cq degree of environmental sensitivity x ;9

Figure 7 Comprehensive risk assessment index system for enterprises in
chemical industrial parks

Source:Chen et al., 2012

Results for a case studgre shown in figure 8.
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1.5 - I inherent risk of risk source
[ effectiveness of prevention and control mechanism
. [ 1 vulnerability of receptor

104 ~

Wbkl

Environmental risk level
1

1 2 3 4 10

Enterprise

Figure 8 Risk levels of layer B (sedrigure 7) indices of chemical enterprises in
Songmu Island Chemical Industrial Park Dalian, Liaoning province,
which consists of syngas chemical, petrochemical, and fine chieal
industries, with ten chemical enterprises.

Source:Chen et al., 2012

Yan Fu Wangat China University of Petroleum, Qing Daand coworkers (2013) proposed
an accident analysis model to develop cosfficient safety measures fopreventing
accidents. he model comprises two parts. In the first part, a quantitative accident
analysismodel is built by integratingthe Human Factors Analysis and Classification
System (HFACS) witla BayesianNetwork (BN), which can be utilized to present the
corresponding prevention measures. In the secongart, the proposed prevention
measures are ranked in a cosgffectiveness manner through BesFit method and
Evidential Reasoning (ER) approach. A case study of vessel collision is analyzed as an
illustration. The case stug shows that the proposed model can be used to seek out
accident causes andank the derived safety measures from a costffectiveness
perspective.The proposed model can providexccident investigators with a tool to
generate costefficient safety intervention strategies.

Guizhen Heat Research Centre for Ec&nvironmental Sciences, Beijingnd coworkers
(2011) stated thatthe current chemical accidenirelated data system is highly
fragmented and incomplete, aslifferent responsible authorities adopt different data
collection standards and procedures for differenpurposes.To contribute to the
building of a more comprehensive, integrated and effective information systerthey: (i)
reviewed and assessethe existing data sources ad data management, (ii) aalyzed
data on 976 recordedmajor hazardous chemical accidents in China over the last 40
years, and (iii) identified the improvementsrequired for developing integrated risk
management in China.
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Among the conclusions areFor the sustainable development ba fast expanding
chemicalsector in China, it is strategically important to move from responding
reactively to preventing proactively risks and accidents. Thisalls for amore

coordinated managementof comprehensiveinformation system that gives more weght
to environmental pollution information of the chemical accidents. A comprehensive and
publicly accessible information system would not only increase thefficiency and
effectiveness of accident prevention and responselut also help raise public awaeness
and gain support from thesociety at large.
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Figure 9 Major dangerous chemical accidents in China, 1970 z2009

Source:from He et al., 2011

Yu Hou (2012) criticizes the Chinese policy regarding accidents causing seriouswge
to health and environment. He studied two accidents in China in 2006 that caused
serious environmental problems in nearby communities and discusses the problems
these accidentsreated and the resulting disputes among the concerned people. He
stressesthe importance ofaddressing the apparent weakness of oversight as shown by
the continued operation of companiewithout environmental licenses.
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3 Recent studies of environmental problems with focus on
China

3.1 Studies mainly based on GAINS

Fei Liu at Tsinglua University, Beijing and coworkers (2013) developed a citgcale
emissionmodel (GAINSCity) for Beijing based on the Greenhouse Gas and Air Pollution
Interactions and Synergies (GAINS) model. The GAIN3ty model relies on a
technology-based approach ¢ evaluate the cebenefits of various policies. This approach
allows for estimation of emission reductions of several pollutants (including SONG;,
PM) and CQfor individual policies and support evaluation of cebenefits. Liu et al. claim
that the approach will have great potential to be applied in many large cities with local
input data and/or minor structure modifications.

The emissions under three scenariosBaseling Air Quality, andStrict Air Quality) in base
year (2005) and future years (2020 and2030) were estimated. The results indicate a
significant reduction potential. In 2030, implementation ofAir Quality and Strict Air
Quality scenarios could result in reductions of 39%48% of SQ emissions, 38%42% of
NOx emissions, 37%55% of PMb.s emissions and 5%22% of CQ emissions respectively,
compared with the Baseline scenario. The results demonstrated air quality policies and
measures could also have ebenefits of reducing C@emissions. However, there is no
significant difference of reductions letween the two policy scenarios, which indicates
the limited further reduction potential in the stricter air quality case. Thiscalls for a
wider application of cleaner technologiessuch asintegrated gasification combined cycle
and carbon capture and stoage, and more aggressive air quality measures by
neighboring provinces to control regional air pollution.

P. Rafaj and J. Cofala013) studied ancillary benefits of climate policies for the

mitigation of atmospheric mercury emissions. The study provides an analysis of the
impact of global climate policies on mercury emissionasing the GAINSmodel in the

time horizon up to 2050. The time evolution of mercury emissions is based on
projections of energy consumption provided bythe Prospective Outlook for he Long
term Energy System (POLES) model for a scenario without any glolgeaéenhouse gas
mitigation efforts, and for a 2°C climate policy scenario, which assumes internationally
coordinated action to mitigate climate change. Outcomes of the analysis aeported
globally and for keyworld regions: EU27, China, India and the US. Scenario calculations
for mercury emissions indicate significant scope foco-benefits made possible through
climate policies.Atmospheric releases of mercury from anthropogenisources under

the global climate mitigation regime are reduced in 2050 by 45% when compared to the
casewithout climate measures. Around one third of cebenefits for mercury emissions
estimated world-wide in this study by 2050 are allocated to China. An anallHg
abatement of about 800 tons is estimated for the coabmbustion in power sector if the
current air pollution legislation and climate policies are adopted in parallel.

Since nitrogen emissions are an increasing problem in China, the recent studyHbgns J.
M. Van Grinsverand coworkers (2013) may be of interest although it is for Europe. The
paper, which partly is based on GAIN$yovides a criticaland comprehensive
assessment of costs and benefits of the various flows of N lbaman health, ecosystms
and climate stability in order to identify major options for mitigation. A good treatment
of uncertainties is given.
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3.2 Haze and other air pollution

Litao Wang atHebei University of Engineering, Handaand coworkers (2012) studied
haze pollution over the Hebei areausing an air quality model. They foundhat
approximately 65% of the PM s in Shijiazhuang and Xingtai originated from the local
emissions of the southern Hebei area, followed by Shanxi Province and the northern
area of Hebei (13.8%and 7.3% b Shijiazhuang and 10.4% and 5.2% to Xingtali,
respectively). Moreover, an analysis od typical pollution episode indicates that the
contributions from the Shandong and Henan provinces aralso significant. Further
investigations are still required becauseof the complexity of the haze pollutionover the
southern Hebei area.

K. Huang atrudan University,Shanghaiand coworkers (2012) studied the mpact of
anthropogenic emission on air quality over a megacitipy an intensive atmospheric
campaign during theChinese Spring Festivallhe study demonstratedthat organic
aerosol was the largest contributorto aerosol extinction at 47 %, followed by sulfate
ammonium, nitrate ammonium, and EQelemental carbon) at 22 %, 14 %, andl.2 %,
respectively. Theresults indicated the dominant roleof traffic-related aerosol species
(i.e. organic aerosol, nitrateand elemental carbor) on the formation of air pollution, and
suggested thamportance of controlling vehicle numbers and emissions imegadcities of
China as its pgulation and economy continueto grow.

Another similar study by the same group on gllution characterization and source
analysis in Shanghai before, duringand after the 2010 World Expo has been carried out,
but so far only an abstract seems to have begublished (Huang et al., 2013).

S. K. Kharol abalhousie University, Halifax, Nova Scotia, Canadad coworkers (2013)
used a chemical transport model and its adjoint teexamine the sensitivity of secondary
inorganic aerosolformation to emissions of precursor trace gases from Asiasee figure
10. Sensitivity simulations indicate that secondary inorgani@erosol mass
concentrations are most sensitive to ammoni@NHz) emissions in winter and to sulfur
dioxide (SQ) emissions during the rest of the yearHowever, persistent sensitivity to
NC arisesfrom the regional abundance of Nklover Asia that promotesammonium
nitrate formation. Satellite observations corroborate the NH: abundance.The authors
encourage more attention to NQ@controls in addition to SQ and NHs controls to reduce
ground-level East Asian aerosol.
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Figure 10 The left map indicates the spatial distribution of annual mass
concentration of secondary inorganic aerosol for 2006. The
remaining maps indicat e the sensitivity of the aerosol to a 10%
increase in precursor emissions (NO x, SQ, or NHz)

Source:FromKharol et d., 2013

Based on a&themical transport model Y.Wangat Tsinghua University, Beijingand
coworkers (2013) suggesedthat the SQ emission reductiontarget set by the 12th FYP,
although effective in reducingsulfate-nitrate -ammonium (SNA) aerosols oveSouth
China (SC) and Sichuan Basin (SCB), will not be successful dNerth China (NC)where
NOx emission control needs to be strengtheed. IfNHs emissions are allowed to keep
their recent growth rate and increase by+16% from 2006 to 2015, the benefit of S©
reduction will be completely offset over all of China due tthe significant increase of
nitrate, demonstrating the critical role of NHs. The effective strategy ta@wontrol SNA and
hence PMs pollution over China should thus be based on improving understanding of
current NHz emissions and putting more emphasis on controlling Nkemissions in the
future.

Wenijia Cai atTsinghua Uniwersity, Beijing and coworkers(2013) estimated baseline
emission factorsfor SQ, NQ and PM s, see figurell. (Not using GAINS) It was
”””””” ET #EEIT A6O bPI xAO
resulted in coreductions of 1.1%, 05%, and 0.8% of S§ NG, and PMs, respectively.
Wind is the best technology to achieve the largest amount of -@batement in most parts
of China. This methodology is recommended to be used in making comprehensive air
pollution control strategies and inco-benefits analysis in future CDM approval
processes.
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Kyung-Min Namat Massachusetts Institute of Technologgnd coworkers (2012)
investigated the costs of achievig the reductions in S@and NQE T  # EtdIftA Bive@
Year Plan (FYPand the implications of doing so for C&emissions.The analysiswas
extendedthrough 2050, and emissions policy targetsvere either hold at the level
specified inthe Twelfth FYP, oreduced gradually. They applied acomputable general
equilibrium model of the Chinese economy that includes i@presentation of pollution
abatement derived from detailed assessment of abatement technology and coSikey
foundOE A O # k &nd N@ dmissdohs control targets would have substantial effects
on CQ emissions leading to emissions savings far beyond those we estimate would be
needed to meet its C@intensity targets. However, the cost of achieving and maintaining
the pollution targets can be gite high given the growing economyActually the Twelfth
FYP pollution targets can be met while still expanding the use of coal, but if they are,
then there is a lockin effect that makes it more costly to maintain or further reduce
emissions. That is, ifirms were to look ahead to tighter targets, they would make
different technology choices in the near term, largely turning away from increased use of
coal immediately.

Jiahai Yuan and cowarkers (2011) review energy conservation(EC)and emissions
reduction (ER)in China Lessons from the 11thFYP periods are drawn and factors
underlying and limiting the policy formulation and implementation are discussed to
probe problems and solutions. Rationality and feasibilityanalysis onthe 12th FYP EC
and ER tar@t is also addressedPolicy suggestions argroposed for longterm
successful implementation of EC and ER in China.
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Since the NOx emissions are a key to ozone formation one should note that recent
predictions of ozone damage to important crops indicatehat this may become larger
than several earlier predictions, see Amin et al., 2013.

Another paper on effects of air pollution of special interest for cogbenefit analyses has
been published by Jie Cao and coworkers (2011). It describessaciation betwee long-
term exposure to outdoor air pollution and mortality in China

3.3 Studies with emphasis on agriculture

Agriculture is a major source of water, air and solil pollution. Pollution rates are often
linked to intensification of agricultural activities, i.e.large-scale livestock production
and excessive fertilization ofcrops.

G. Fischer atnternational Institute for Applied Systems Analysis (IIASApand coworkers
(2010; 2012) developed a concept of a spatially and temporally explicit model for
sustainableagriculture production planning, which operates at a detailed spatial scale
and integrates demand andgricultural production activities at national and sub
national levels, see figure 12 It distinguishesenvironmental loads and sources of
agricultural pollution originating from two main agricultural activities: livestock raising
and crop production. The indicators used to reflect the impacts of agricultural
production comprise of fluxes to air (emissions of ammonia and nitrous oxide) and
water (nitrate | eaching. Risk functions indicate the degree of risk associated with
agricultural production. Alternative production scenarios are compared in terms of
human exposure to risk, i.e., theaumber of people in different risk classes. In this way
the model allows for assessment and testing cftrategies for mitigating agricultural
pollution. Application of the integrated model is illustrated by acase study of
agricultural production development in China.Results for ammonia emissions are
shown in figure 13.
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Figure 12  Schematic structure of the model used by Fischer et al.

Source:Fisher et al.
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Figure 13  Ammonia emissions from agriculture (kg ammonia/ha cultivated
land) in 2000 (left ) and estimated fo r 2030 (right ).

Source:from Fischer et al., 2012.

3.4 Water pollution

JianShaat Nankai University, Tianjinand coworkers(2013) described a modeling
approach for quantifying the source apportionment of dissolved nitrogen (DN) and
associated tools for exarming the sensitivity and uncertainty of the model estimates
Resultswere assessed for the Sha He River (SHR) watershed in Chiftae SHR is
representative of many watersheds in the region because of its main environmental
issue, excess nitrogen. Becaudds the main naturalrecharge source of the Yu Qiao
Reservoir (YQR, the source afrinking water for Tianjin City), the water quality of the
SHR is otritical concern.

The Regional Nutrient Management model (ReNuMa) was used to infer the primary
sources of DN in the SHR watershed. This model is based on the Generalid&dershed
Loading Functions (GWLF) and the Net Anthropogenic Nutrient Input (NANI)
framework, modified to improve the characterization of subsurface hydrology and
septic system loads. Hyrochemical processef the SHR watershed, including
streamflow, DN load fluxes, and corresponding DN concentration responsegre
simulated following calibrations against observations of streamflow and DN fluxes.

3.5 Heavy metals with emphasis on mercury

Yan Lin atNorwegian Institute for Water Research, Osland coworkers (2012) have
written a review on environmental mercury in China.China is the country that

contributes most to atmosphericmercury (Hg) emissions and has the greatest

intentional (industr ial) use of Hg. Mercury in the Chinesenvironment is generally
elevated, particularly in air and water bodies. Remote areas in China also show elevated
Hg levels in air andwater bodies compared to other rural regions in the world. Large

river estuaries are often heavily affected by upstream industrial sourcesMercury is also
elevated in sediments, a direct result of contamination in river systems. Regardless of
the few heavily polluted sites, thaurban environment in Chinese cities is comparable to
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that of other megacities in terms of Hg pollution, considering the size and rapid
development of Chinese cities. Studies on Hg in fish showed generally low levels of
contamination resulting from low bioaccumulationof Hg in the mostly short food chains.
Mercury in rice has recently received increased research interest; elevated
concentrations havebeen reported from rice grown in contaminated areas and may
pose a threat to people dependent on such locally grown foodowever, or the general
population, Hgexposure from rice issmall (Table 1). In addition, Hg hair concentration
in the Chinese population showedjenerally low levels of exposure to Hg, except for
people with special occupational exposureSome values for Hg in water, soils and
sediments are givenm Table 2.

Table 1 Mercury concentrations in  rice in China (from Lin et al., 2012).

Table 2 Environmental Hg concentrations in China: Heavily contaminated
sites (Lin et al., 2012).
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