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Abstract: In order to avoid accidents and improve the level of laboratory safety management in universities,

a laboratory safety assessment method based on entropy weight method, analytic hierarchy process and

unascertained measure theory is put forward. The laboratory safety assessment index system is established
by selecting eight assessment indexes such as hazardous chemicals management, instrument and equipment

management and personal protective equipment management; The comprehensive weight of the assessment
index is determined by combining the combination weighting method of analytic hierarchy process (AHP)

and entropy weight method (EW). According to the principle of maximum membership degree, the safety
grade of university laboratory is determined, and compared with the actual results. This work indicated that

this innovated method can reasonably evaluate the current situation of laboratory safety, and it can provide a
reference for strengthening laboratory safety management.

1 Introduction

Accidents, in recent years, occurred frequently in
numerous college laboratories and caused significant
losses and negative social influences[1]. Although a
number of hazardous materials in university laboratories
is less than industry, safety problems are always difficult
to properly solve due to the high mobility of personnel,
insufficient individual experience and incomplete safety
management system.

Several scholars have established mathematical
models for safety assessment by introducing
mathematical theories such as fuzzy mathematics[2],
error back propagation (BP) neural network[3], gray
correlation[4] and set pair analysis[5]. Simultaneously,
good results have been achieved in research and
establishment of the laboratory safety assessment
system[6]. This study consulted related materials, then
found that they are related to the safety of university
laboratories.

The comprehensive weight of the assessment index is
determined by coupling the subjective weighting method
Analytic Hierarchy Process (AHP) and the objective
weighting method Entropy Weighting (EW). At present,
the laboratory safety level assessment of colleges usually
adopts a checklist scoring method, but the scoring
information in the checklist is mostly uncertain. Based on
Wang[7], it can appropriately solve the problem of
information uncertainty[8-11]. Accordingly, this study
can adopt EW-AHP and unascertained measurement
theory and assessment index system to enrich the safety
assessment theory and provide a reference for improving
the safety level of universities laboratories.

2 EW-AHP and Unascertained Measure
Theory

Assuming that the index space 4={ay, az, as, ..., a,} has
n elements, and H={h;, hz, hs;, ..., hy} is the m
assessment index for each element, an m-dimensional
vector of n a={ai, an, as, ..., am} is formed, and aj
represents the assessment index measurement value of
the laboratory safety level. Divide a; into s assessment
levels, mark the assessment level U={D;, D>, D3, ..., D},
and set it as D>D.+y, then call {D;, D,, D3, ..., D} an
ordered segmentation class on the space U[12-13].

2.1 Single index unascertained measure

If wje=u(a; €D,) represents the degree to which the
measurement value a; belongs to the e assessment level
D., and requires u to satisfy '"non-negativity",
"normalization" and "additivity". D needs to satisfy the
following Formula (1)-(3).

0<u(a,eD,)< 1 (D

u(a; eU)=1 (2

u(a, eOD,):iu(aij eD) (3
P =

(i=L2,--,nj=12,---,m;l=1,2,--- )
According to the definition of the unascertained
measure, u that satisfies the above formula is called the
unascertained measure, and the matrix (Uje)mxs IS
constructed as the single-index measurement assessment
matrix as follows:
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The Formula (4) displays the index

measurement assessment matrix.

single

2.2 EW-AHP determines the weight coefficient

2.2.1 Entropy Weight Method (EW)

The entropy weighting method (EW) is an objective
weighting method that via entropy v; to measure the
amount of information and then determine the
importance of assessment indicators. Assuming that 4; is
used to characterized the importance of an indicator 8;
(0<0;<1, Y™-10;=1) to all other indicators, then 6; is
the entropy weight value of indicator and the entropy
weight values of other indicators /; can be obtained in the
same way. The calculation Formula (5)-(6) as follows:

1 &
V,.j=1+lg—S;uy.elgu[je (5)

0, =v; Z}:ij (6)

2.2 2 Analytic hierarchy process (AHP)

The analytic hierarchy process (AHP) is a subjective
weighting method. First, the factors that affect the safety
level of the laboratory are divided into levels and
pairwise comparisons which are made according to the
9-level scale method to construct the judgment matrix S.
Then use the square root method to calculate the
judgment matrix to get the weight value of each factor.

Among them, it is greatly necessary to check the
consistency of the judgment matrix S. When it is
determined that the random consistency ratio (CR) is less
than 0.1 and it is confirmed that the result of the analytic
hierarchy process meets the requirements. Otherwise,
each value in the judgment matrix needs to be adjusted,
recalculated and verified.

2.2.3 EW-AHP combination empowerment

This work applied the multiplicative synthesis
normalization method to calculate the comprehensive
weight of each indicator[14], the calculation formula as

follows:
a)j=(aj-/3j)/i(aj-ﬁj) D

(Among then, o; and pf; are the subjective and
objective weights of the j assessment index respectively,
w; is the comprehensive weight of the j assessment index,
and m is the number of assessment index.)

2.3 Multi-index comprehensive measure

The calculation formula for the multi-index measure
obtained by combining the comprehensive weight as
follows:

m
U, = Z Wyl (8
j=1

The calculation result still satisfies 0<u.<1, > *.-;and
u;=1, then u;, is also an unascertained measure and u;~
Cui;, ui wis. ..., u;) 1is obtained, which is recorded as
the multi-index comprehensive measure assessment
vector.

3 Case application and analysis

3.1 Survey of Research Objects

The research object is a laboratory affiliated to a
secondary college of a Shanghai university. Based on the
system of each secondary college of the university in
charge of the laboratory to which it belongs and taking
into account the safety management mode of the
laboratory of different colleges and the difference in the
nature of teaching or scientific research. Among them,
during the use of laboratories such as the School of
Humanities and the School of Economics and
Management, laboratories with low risk of occurrence
are not within the scope. This study only focuses on the
laboratories of six colleges with relatively high risk and
numbered the six colleges as B1, B2, B3, B4, B5 and B6.

3.2 Selection and classification of assessment
indicators

The domestic university laboratory safety assessment
system established is shown in Figure 1. below, which
includes the follow laboratory safety ing 8 main

assessment indicators[15-19]: Hazardous chemicals
management (X1). Instrument and equipment
management (X2). Personal protective equipment

management (X3). Laboratory waste disposal (X4).
Emergency plan and facilities (X5). Personnel training
management (X6). Safety culture (X7). Laboratory
access system (X8).

Laboratory : s
system (X8).

ennca - equipment
management (X1). management (X2).

Figure 1. Safety assessment index system
In this case, the laboratory safety level is divided into:
U={D,, D,, D3, D4, Ds}={very unsafe, unsafe, generally
safe, safe ,very safe}. The eight first-level assessment
indicators in the laboratory safety assessment system are
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scored through quarterly and annual inspection score
sheets. The scoring standards are mainly based on the
completion of the work content described in the
corresponding second-level assessment indicators. The
scoring uses a hundred-point system, and the division is
in accordance with: 0<D;<50, 50<D,<60, 60<D;<75,
75<D,<90, 90<Ds<100.

3.3 Construct single index function

Its laboratories seldom use chemicals, and most of them
use various instruments and equipment taking the B3
laboratory as an example. For other types of accidents,
the waste generated by the experiment is usually metal,
wood and other wastes, and most of them are
non-hazardous. In the process of managing laboratories,
the college prepares emergency rescue plans for each. To
forming a better safety culture, it is equipped with
enough emergency facilities have been adequately
studied, trained and assessed for personnel who related to
laboratory.

By constructing a single-index measurement function
u, the value u; of each unascertained measurement can
be obtained directly. According to the unascertained
measure definition, the single index measure function of
the assessment model is constructed as follows:

0 50 60 75 90 100

Figure 2. Single index measurement function of each
assessment index

Table 1. Laboratory safety management status statistic
table

No. | X1 | X2 | X3 | X4 | X5 | X6 | X7 | X8
Bl | 70 | 85 | 80 | 75 | 80 | 85 | 85 | 85
B2 |70 | 70 | 75 | 80 | 95 | 85 | 80 | 90
B3 | 65| 65|80 |8 | 8 | 90 | 90 | 90
B4 | 80 | 80 | 90 | 80 | 90 [ 90 | 90 | 90
B5 | 75|80 | 8 | 90 | 80 | 8 | 80 | 85
B6 | 75 (70 | 80 | 80 | 90 | 90 | 80 | 95

From Table 1, the assessment matrix of B2 single
index measurement can be obtained as shown in Figure
2.

[0 0.667 0333 0 0]

0 0667 0333 0 0
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3.4 EW-AHP combined weighting to determine
the weight of assessment index

Combined the AHP and EW methods and employed
Formula (7) to calculate the comprehensive weight of
each assessment index. Taking B3 as an example, the
specific calculation process as follows:

1) The AHP method determines the weight.
According to the 9-level scale method in the AHP
method, the 8 indicators are used to construct a judgment
matrix by comparing the importance of each factor
through expert assessment and through the consistency
test, the subjective weight of each assessment indicator is
finally obtained, as shown in Table 2.

2) The EW method determines the weight. The
amount of information provided by the assessment index
is determined according to the degree of variation of the
index, which can directly reflect the effect of a certain
assessment index in all indexes. Therefore, this method
can be used as an objective assessment index weight
calculation method in comprehensive assessment.
According to the Formula (5)-(6), the objective weight of
each assessment index can be calculated as Table 2.

3) The combination weighting method determines the
weight. Using the multiplicative normalization method,
combining the subjective weight of the assessment index
with the objective weight according to Formula (7), the
comprehensive weight of each assessment index can be
calculated as shown in Table 2.

Table 2. Comprehensive weight value of assessment index of
laboratory safety management level

Asifle;::;“t AHP EW AHP-EW
X1 02568 | 0.1531 03620
X2 0.0424 | 03123 0.1219
X3 0.1228 | 0.1062 0.1201
X4 0.0841 | 0.1062 0.0822
X5 0.1165 | 0.1426 0.1530
X6 02056 | 0.0286 0.0542
X7 0.0564 | 0.0991 0.0515
X8 01154 | 00519 0.0551

3.5 Determination of Assessment Vector of
Multi-index Comprehensive Measure

According to Formula (8), the comprehensive weight of
B3 laboratory safety assessment index and its single
index measurement assessment matrix, then the
multi-index comprehensive measurement vector #3.~(0 0.
3228 0.3470 0.3302 0) of B3 can be obtained and
according to the principle of maximum membership
degree, its safety level is general safety. Using the same
method, the multi-index comprehensive assessment
vector and safety level of the data samples of the other
colleges’ laboratory can be obtained. The final
assessment results are compared with the actual
assessment results in the following Table 3.
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