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Abstract Risk assessment methodology for chemicals in

Shenyang Chemical Industrial Park (SCIP) was established

from the realities of frequent environmental pollution

emergencies, just for the sake of quantitatively describing

the risk levels of the chemicals, and for conducting priority

control for those typical ones among them. Meanwhile

vapor pressure (PV), median lethal concentration (LC50),

combustibility and explosibility (CE), popularity (P) and

detection frequency (DF) are selected as the risk assess-

ment index for the chemicals, and then the weight from

each assessment indicator on the surveillance levels for

those chemicals has been identified. Finally, Fuzzy Com-

prehensive Evaluation (FCE) was adopted to work out the

surveillance assessment level for each chemical in SCIP.

The results show that 14 chemicals with relatively high-

risk levels have been identified based on the above meth-

ods. Study on the risk assessment methodology for SCIP

shall avail judgment on the risk levels for chemicals, al-

lowing better management and control for chemicals

accordingly.

Keywords Risk assessment � Chemical industrial park �
Fuzzy comprehensive evaluation � Chemicals

Introduction

With the rapid development of science and technology,

chemical industry plays a critical role in accelerating the

development of other industries (Wang and Feng 2005;

Martin Del Campo et al. 2014); however, environment

pollution is increasingly perilous at the same time, result-

ing in frequent environmental pollution emergencies (Shi

and Zeng 2014; Zhang et al. 2014). At the moment, the

surveillance management and research for the chemicals

are still at the early stage (Han et al. 2013). Especially in a

chemical industry park (Chrysoulakis et al. 2005; Zhao

et al. 2013), there is a great number of chemicals with high

density, due to the aggregation of enterprises in the park,

along with complicated chemical process and huge unit

scale, so hazards and extra serious accidents are occurred

possibly (Wei et al. 2007; Hou 2012; Shao et al. 2013). In

recent years, serious environment pollution accidents fre-

quently occurred especially in chemical industry or heavy

chemical industry, for instance the Songhua River Pollu-

tion in 2005, blue-green algae bloom crisis in Taihu Lake

in 2007 (Zhang et al. 2010), aniline leakage in Tianji Coal

CIP in Changzhi, and Shanxi in 2012 (Yuan et al. 2013).

All these serious pollution accidents turn out to be severe

threats to the harmonious development of Chinese socio-

economy, as well as to be devastating damages to the

ecological environment (Liu et al. 2006; Gupta et al. 2002).

According to the incomplete statistics, since the year of

2000, the economic loss, due to serious environment pol-

lution accidents, simply amounts to more than 10 million

RMB per year (Ministry of Environmental Protection
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1991–1998). Therefore, concerns on environment risk

surveillance management become more noticeable than

ever, and priority surveillance and control for chemicals in

the CIP need to be carried out desperately.

Studies on priority surveillance and management of the

chemicals with focusing on environmental pollution firstly

started in the United States of America (USA), subse-

quently other countries such as Japan and European Union

(EU), carried out studies on priority control for environ-

mental pollutants (European Commission 1999; US EPA

2009; Guillen et al. 2012). Screening and monitoring study

on pollutant priority control began since the end of last

century in China (Song and Dai 2009; Chen 2006; Fu et al.

1990), mostly covering screening and sorting pertinent to

physicochemical property such as chemical state and toxic

effects. There is a lack of quantitative consideration in

terms of social concern about pollutant accident frequency,

as well as in term of the threshold quantity. For example,

Wang et al. (2005) screened some organics under key

control from the surface water in Liao River Basin, and

Lou (2002) studied the sorting priority of organic pollu-

tants in the maritime space by way of osculation value

method. Nevertheless, there are fewer studies on the che-

micals in CIP, an area with high environmental risks, and

there is still a lack of systematic and full-scale analysis and

assessment method; studies with qualitative methods are

commonly adopted instead. While FCE is an approach

based on fuzzy mathematics, widely applied in the envi-

ronment field, with applications reported relatively in river

health assessment and spatial–temporal variations of water

quality in small watershed (Zhu et al. 2009; Wu et al. 2011;

Aryafar et al. 2013). Based on the theory of fuzzy

mathematics, qualitative assessment shall be converted into

quantitative assessment, namely to make a comprehensive

evaluation for something or some object with the help of

fuzzy mathematics.

In this paper, based on the fuzzy set theory with FCE as

a model, influencing factors during assessment were

quantified to establish aggregative indicator set, weight set

and evaluation set of surveillance were also established in

the CIP (Najafi et al. 2014; Md Rejaur et al. 2014). Then

with help of setting-up and transformation of the fuzzy

relation matrix, comprehensive evaluation on the surveil-

lance for the chemicals in the CIP was achieved to provide

effective surveillance and control methods to the environ-

ment authorities of the CIP.

Research area

SCIP located in the western urban area of Shenyang, the

capital city of Liaoning Province, and the largest city in

Liao River Basin (Bu et al. 2013; Lv et al. 2014), is 2 km

east to Shenyang Economic Development Zone, 1.1 km

north to Jingshen Highway, 900 m south to Provincial

Highway and 3 km from the north bank of the Hun River

(Zheng et al. 2014), as shown in Fig. 1. The planned area

of SCIP is from the Development Road in the north, to

Daqingduizi Village in the east, from Dapan Town in the

south and to Gaohua Town in the west. The SCIP is 10 km

from east to west, 3 km wide from south to north, and it

occupies a total area of 30 km2 with a built-up area of

Fig. 1 Location of Shenyang

chemical industrial park
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14.8 km2. The total population in the CIP amounts to

10,455. According to the surface water quality standards,

the water in the Hun River and Xi River around the SCIP is

inferior of V type and pollution discharge has surpassed the

water environment capacity (Hu and Su 2011). The mul-

titude of chemical enterprises, complicated internal clas-

sifications, and the unreasonable industry structure inside

the SCIP, together with the residential areas around the

SCIP, so in case of fire, explosion or chemical leakage,

disastrous domino effect would take place easily. Thus,

risk level assessment for chemicals in SCIP is much critical

to risk management.

Methodology

Description of the FCE method

Decision making for environmental risk assessment is often

not positive or negative absolutely (Antunes et al. 2014;

Simpson et al. 2014). Many variables can affect the object

to be evaluated, and relationships between the variables

and the object are difficult to be predicted by precise

mathematics. The FCE is an effective means to address

these problems with uncertain and fuzzy boundary. The

idea of the FCE is that the contributions of multiple related

actors are comprehensively considered according to weight

factors, and the fuzziness is decreased using membership

functions (Chen and Wei 2000).

The basic procedure of the FCE is that: establishing the

evaluation factor (viz. index) set and grading level set of

the evaluated object first; and then the fuzzy evaluation

matrix being calculated after determining weight factor and

membership vector of each evaluation factor; finally, the

object class being achieved based on the fuzzy arithmetic

on the fuzzy evaluation matrix and weight vector of factors

(Ling et al. 2013; He et al. 2014). The steps of risk level

assessment for the chemicals in the SCIP are shown in

Fig. 2 (Liu et al. 2014). With reference to the evaluation

results, the chemical risk levels shall be evaluated for the

better management and control for them.

Establishing the evaluating index and grading level

sets

Screening and establishing the evaluating index set U

On the basis of the lists of chemicals in different envi-

ronment pollution incidents, as well as those under priority

control nationwide; with reference to the chemicals cate-

gories in the Technical Guidelines for Environmental Risk

Assessment on Projects (HJ/T 169-2004), investigations

were carried out for these industrial enterprises of the

SCIP. The focus was on the environment impact and health

effect of chemicals. Then chemicals with higher detection

rate, excessive output or use, hard to be degraded, bioac-

cumulation and persistence shall be selected preferentially,

and pollutants with serious damage to health possibly, shall

be selected, too.

The evaluating index set U ¼ U1;U2; . . .;Umf g for the

chemicals in the SCIP was established, U1;Um defined as

evaluating index regarding risk level evaluation of the

chemicals in SCIP. According to the chemical character-

istics of SCIP, evaluating index includes environmental

exposure, substance toxicity, popularity, combustibility

and explicability, which are judged by various indices,

such as vapor pressure (PV), median lethal concentration

(LC50), combustibility and explicability (CE), popularity

(P) and detection frequency (DF), So, based on the above

idea of chemicals’ risk level analysis, a evaluating index

system for risk level of SCIP was established:

U ¼ PV, LC50; CE;P;DFf g: ð1:1Þ

PV in the evaluation set, represents substance volatility,

and evaporation rate relates to liquid PV level, so substance

 Analysis of basic information data 
for the chemicals

Step 1

Identification of evaluation 
factor set of risk levels for the 

chemicals in the CIP

Step 2

 Establishment evaluation Set with 
evaluation grades as constituent

Step 3

Identification of the fuzzy 
relation from evaluation factor set 

to the evaluation set

Step 4

Establishment of weight set 
for the risk level of the chemicals

in  the CIP

Step 5

 Comprehensive evaluation
Step 6

Fig. 2 Risk level evaluation steps for the chemicals in the CIP
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with higher PV is usually volatile; LC50 mainly represents

exposure density to the environment and toxicity of these

chemicals; CE represents the possibility of explosion ac-

cident; P mostly means the frequency of these chemicals in

the list of different priority control pollutants at home and

abroad; DF refers to the detection frequency of chemicals

in the environment pollution accident statistics over

30 years, and the more frequent, the higher for the risk

level for them.

The establishment of the evaluating index system also

referenced the screening method of environment priority

pollutants (Pei et al. 2013).

Defining the grading level set V for Chemicals in SCIP

A grading level set is composed of all evaluation results for

the evaluated objective and usually expressed by fuzzy

language. According to the effect degree of evaluating

factors on the risk level of chemicals, we define four grades

for the significance of the evaluating factors. The four

grades consist of the grading level set

V ¼ V1;V2; . . .;Vnf g; ð1:2Þ

in which, the variables V1, V2, V3 and V4 represents high

risks, relatively high risks, medium risks and ordinary risks,

respectively. For each evaluating index, each variable, i.e.,

V1, V2, V3 and V4, must be given a value, which is called the

index of gradation, to quantify the fuzzy languages: high

risks, relatively high risks, medium risks and ordinary risks.

According to requirements of risk level assessment of

chemicals in SCIP, the grading level set was constructed by

referencing the method of water environment security fuzzy

comprehensive evaluation (Qiu et al. 2013). The expert

opinions are especially introduced in the process of con-

structing the grading level set. In this way, the influential

degree of the evaluating indices on the risk level of SCIP

can be reflected quantitatively. Details are presented as the

following: for evaluation factor set as to be established:

V ¼ high risks, relatively high risks, medium risks,f
ordinary risksg: ð1:3Þ

Evaluating index weight sets

Weight factors reflect the relative importance of each

evaluation index to the evaluated objective. Slight changes

of weight will have a significant impact on evaluation re-

sults. So, determining the weight factor of each index is as

important as establishing the index system itself for the

assessment. The relative significance of evaluating indexes,

is

Ic ið Þ; i ¼ 1; 2; . . .;m; ð1:4Þ

by means of relative probability significance for each

evaluating index; while weight of evaluating indexes Ui is

ai ¼ IcðiÞ=
Xm

i¼1

IcðiÞ; ð1:5Þ

and then impacts, as from PV, storage, LC50, CE, P plus

DF, on the chemicals shall be identified, and the weight set

for evaluating index is:

A ¼ a1; a2; . . .; amð Þ; ð1:6Þ

of which, a1 * am is the evaluating index weight,

Xm

i¼1

ai ¼ 1: ð1:7Þ

Establishment of fuzzy relation matrix R

First of all, rij (as the membership) to

Ui i ¼ 1; 2; . . .;mð Þ; ð1:8Þ

(as the grading level) for

Vj j ¼ 1; 2; . . .; nð Þ; ð1:9Þ

(each evaluating index) in evaluating index set U shall be

identified. The evaluating index set for each evaluating

index is

rij ¼ ri1; ri2; . . .; rinð Þ; ð1:10Þ

and then the evaluating index set for all these evaluating

indexes shall form R, an evaluation matrix with m� n

order, namely

R ¼

r11 r12 � � � r1n
r21 r22 � � � r2n

..

. ..
. . .

. ..
.

rm1 rm2 � � � rmn

2
6664

3
7775: ð1:11Þ

Calculation of membership rij shall be based on the

triangular membership function, with the detailed calcula-

tion as to make the midpoint of each grade interval as a

demarcation point. When the evaluation factor is in the

middle of such an interval, membership of such an

evaluation factor to this grade is defined as I, and in the

middle of adjacent intervals defined as 0. For the bigger

indicator in need of more surveillance, membership func-

tion of ‘‘high risks’’ in the first grade is:

f xið Þ ¼
1 0� xi � Sij
Sijþ1 � xi

Sijþ1 � Sij
Sij\xi � Sijþ1

0 Sijþ1\xi

8
><

>:
: ð1:12Þ

And membership function of ‘‘relatively high risks’’ and

‘‘medium risks’’ in the second and third grade is:
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f ðxiÞ ¼

1 xi ¼ Sij
xi � Sij�1

Sij � Sij�1

Sij�1\xi\Sij

xi � Sijþ1

Sij � Sijþ1

Sij\xi � Sijþ1

8
>>>><

>>>>:

ði ¼ 2; 3Þ: ð1:13Þ

And membership function of ‘‘ordinary risks’’ in the

fourth grade is:

f xið Þ ¼
1 xi � Sij
xi � Sij�1

Sij � Sij�1

Sij�1\xi\Sij

0 xi � Sij�1

8
><

>:

9
>=

>;
: ð1:14Þ

Fuzzy comprehensive evaluation (FCE)

FCE shall be implemented for the risk level of chemicals in

SCIP, in accordance with weight set A and evaluating

matrix R, and the evaluating matrix B is obtained as:

B ¼ A�R ¼ ½a1a2 � � � am��
r11 r12 � � � r1n
r21 r22 � � � r2n

..

. ..
. . .

. ..
.

rm1 rm2 � � � rmn

2

6664

3

7775: ð1:15Þ

Of which, � refers to the calculation of product sum-

mary, and evaluating matrix B was the fuzzy set on the

evaluating index set V, a result vector of FCE for the risk

level of chemicals in SCIP.In line with evaluating matrix

B and values from grading level in the evaluating index set,

the final evaluation result C was worked out as:

C ¼ B � VT : ð1:16Þ

Then the final evaluation result as C shall be compared

with values from evaluation grades from the evaluating

index set V, and the evaluation results of risk levels for

chemicals in SCIP shall be obtained. The evaluating index

weight sets, fuzzy relation matrix and fuzzy comprehensive

evaluation were constructed by referencing the method of

water environment security fuzzy comprehensive evalua-

tion (Qiu et al. 2013), fuzzy comprehensive assessment on

spatio-temporal variations of water quality of a small

catchment (Wu et al. 2011).

Evaluation results and analysis

Chemicals overview

The basic property of the 35 chemicals in SCIP, such as

appearance and properties, CAS registry number, toxi-

city data, PV, CE, along with their frequency in the list

of priority control pollutants, the number of times of

priority pollutants list as issued worldwide and the

detection frequency in the environment pollution acci-

dent statistics over the 30 years in China are shown in

Supplement 1.

Risk material distribution

The categories of chemical enterprises in SCIP include

industrial projects in petrochemical, chlor-alkali chemical,

rubber products and fine chemicals. Furthermore the She-

nyang Paraffin-Refinery Plant could be identified as a

heavy chemical enterprise. Additionally there is a coal

gasification enterprise, typical of coke-oven gas. Materials

needed by these enterprises include raw material, acces-

sories, intermediates, products and fuels of varieties, many

of them are risk material, distributed among production

facilities, storage tank and handling sections. According to

the type of enterprise, risk material in SCIP can be dis-

tributed in the raw materials and finished products

(Table 1).

Risk material in different enterprises include many

combustible and explosive material such as crude oil,

naphtha and LPG, and some chemicals such as benzene,

ammonia, chlorine, epichlorohydrin, fuel gas which can be

found in Table 1. All these materials are distributed in both

storage and transportation system, which means prove to be

of great potential hazards due to their frequent flow and

transfer.

Risk evaluation results of the chemicals

Based on the evaluation method for the chemicals as de-

scribed above, risk evaluation was conducted for 35 major

chemicals, which were involved for the enterprises in

SCIP. The results show that there were 14 sorts of materials

with relatively high risks, 40 % of those investigated, such

as crude oil, acetone, methanol, propiolic alcohol, propy-

lene epoxide, ammonia, polypropylene, PPG, naphtha,

diesel fuel, fuel gas, LPG, propene and coal gas, 12 sorts of

materials with medium risks, 34 % of all, such as toluene,

ethanol and isopropyl alcohol, in addition to 9 sorts of

materials with ordinary risks such as acetic acid and sul-

furic acid, as shown in Figs. 3 and 4.

Percentage of materials with risk level in different

enterprises

On the whole, chemicals with different risk levels were

distributed the most in chemical enterprises, followed by

heavy chemical enterprises, least in coke-oven gas enter-

prises. Moreover, the percentage of risk materials in the

raw material zone was higher than that in the finished

product area, whereas cases in the heavy chemical enter-

prises are on the contrary, where percentage of the risk
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materials in the final product area was higher than that of

raw material zone. In view of the risk levels, materials with

medium risk level have a higher percentage in the chemical

enterprises, while materials with relatively high-risk level

have a higher percentage in the heavy chemical enterprises,

as shown in Fig. 5.

Analysis of enterprise environment risk in CIP

Enterprises that store and use hazardous chemicals become

part of a CIP. Although this reduces the environmental risk

caused by the establishment of uncontrolled sites, it cannot

eliminate the risk within the industrial park; on the con-

trary, CIP is surely of high risks, and would have accident

chain reaction with serious consequences once an accident

happened. We identify environmental risk sources within

the chemical industry, and the mainly risk materials are

organic substances including rude oil, acetone, methanol,

propiolic alcohol, etc. Therefore, implement of priority

monitoring for risk substances to CIP is needed.

Table 1 Distribution of chemicals in storage and transportation system

Type of enterprises Storage and transportation system

Chemical enterprises Raw materials Finished products

Crude oil, acetone, toluene, methanol, ethanol,

a-picoline, isopropyl alcohol, acetic anhydride,

acetic acid, sulfuric acid, propargyl alcohol,

chlorine, ammonia, and epichlorohydrin

Propylene epoxide, polypropylene, EVA resin, PPG,

Propylene glycol, PVC paste resin, chlorinated paraffin,

fumed silica, VCM chloroethylene, bivinyl rubber,

and polystyrene

Heavy chemical

enterprises

Raw materials Finished products

Crude oil, chlorine Naphtha, heavy fluid paraffin, diesel fuel, fuel gas, LPG,

propene, PVC

Coke-oven gas

enterprises

Finished products

Coal gas, tar and crude benzol

40%

34%

26%

Rela�vely High Risks

Medium Risks

Ordinary Risks

Fig. 3 Percentage of risk level of each chemical
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Conclusions

With China’s rapid economic growth, chemical-related

environmental issues have become increasingly promi-

nent, and the environmental management of chemicals has

garnered increased attention from the government. To

better management and control risk of chemicals, foreign

experience in risk management of industries need to be

used, and risk assessment techniques from foreign envi-

ronmental management should be applied in industrial

chemicals. At the same time, a monitoring system should

also be developed. In this paper, evaluation methodology

for the chemicals risk level in a CIP has been established

based on FCE. According to the established evaluation

method of risk level, 14 sorts of materials with relatively

high risks have been identified, 40 % of all, risks are still

high in a sense. From the perspective of the enterprise

categories, chemicals are mainly distributed in the raw

material and finished product section. Regards the overall

distribution of the risk materials, chemicals are most

widely distributed in the chemical enterprises, next in the

heavy chemical enterprises, and least in the coke-oven gas

enterprises. It is suggested to set up a complete environ-

ment surveillance system with the purpose of conducting

prior surveillance for the materials with high-risk level as

assessed already; emergency plan and accident precau-

tions for the environment risks both in the park and in the

enterprises are suggested to be improved and imple-

mented, safety level of the production unit to be averaged

up, personnel and property safety to be safeguarded as

well.
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