880 Proceedings of the 3rd International Conference on Green Energy, Environment and
Sustainable Development (GEESD2022), X. Zhang et al. (Eds.)

© 2022 The authors and 10S Press.

This article is published online with Open Access by 10S Press and distributed under the terms

of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).
doi:10.3233/ATDE220364

Determination of Five Isothiazolinone
Preservatives in Liquid Detergents by High
Performance Liquid Chromatography

Xiaoling HE', Yan MA, Jiali LU, Mei LONG, Xing DENG and Nian ZHANG
Chongqing Academy of Metrology and Quality Inspection, Chongging 401123,
China

Abstract. In this study, an associate analytical approach supported by high
performance liquid chromatography (HPLC) was developed to analyze five
isothiazolinones in liquid detergents in the meanwhile. The isothiazolinones were
extracted from liquid detergents by ultrasound with methanol as the extraction
solvent and analyzed by HPLC. The gradient elution procedure uses acetonitrile-
water as the mobile phase. The isothiazolinones were effectively separated by
Agilent ZORBAX SB-C18 column (4.6 mm x 250 mm, 5 um), and detected by
diode array detector. The maximum absorption detection wavelengths of MIT,
CMIT, OIT, DCOIT, and BIT were 275 nm, 275 nm, 282 nm, 285 nm, and 318 nm,
severally. Quantitative analysis use of external standard method. The method was
illustrated the excellent linearity with the standard curve correlation coefficients of
determination (R?, 0.9992-1.0), LOD ranged from 0.06-0.19 pg/g. The spiked
recoveries were 92.73%-109.92% with the RSD (n=7) varied from 0.06%-2.26%. A
total of 30 liquid detergents samples were inspected, the results demonstrated that
MIT, CMIT, and BIT were contained with the concentration varied from 4.26 ng/g
to 102.62 pg/g. And, it described the matrix effects of liquid detergents. Conclusion
this method was recognized by excellent linearity, precision, accuracy, and was
validated as a suitable and reliable technique for determination of isothiazolinone
preservatives in liquid detergents.
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1. Introduction

Liquid detergents are a class of substances composed of water, surfactant, preservative,
and various additives. Liquid detergents are rich in a large amount of water and various
surfactants, which providing conditions for the breeding and reproduction of
microorganisms. In order to prolong the shelf life of the product, preservatives play a
particularly role in protection of liquid detergents. Isothiazolinone preservatives are
widely applied in liquid detergents with its remarkable antimicrobial characteristics.
They are a class of sulfur-contaning heterocyclic compounds, including 2-Methyl-4-
Isothiazoline-3-one ~ (MIT, @ CAS  No. 2682-20-4), 5-Chloro-2-methyl-4-
choroisothiazolinone-3-one (CMIT, CAS No. 26172-55-4), 2-n-Octyl-4-isothiazolin-3-
one (OIT, CAS No. 26530-20-1), 4,5-Dichloro-2-octyl-isothiazolone (DCOIT, CAS No.
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64359-81-5), and 1,2-Benzisothiazolin-3-One (BIT, CAS No. 2634-33-5). Owing to the
broad-spectrum, high efficiency and environmental friendliness properties,
isothiazolinone preservatives are widely used to control the growth of microorganisms
in various fields, for instance cosmetics, paints, detergents, toys and other industries.
However, isothiazolinone preservatives had been reported that they can cause allergic
reactions or contact dermatitis. Several studies had reported that isothiazolinone
preservatives had become one of the main allergens in EU, which had aroused wide
concerns with its risk to human health [1-3]. In China, there are no laws and regulations
for liquid detergents, which except for used in food-related liquid detergents shall
comply with the limit of MIT is less than 0.01%, and 3:1 CMIT/MIT mixture is less than
0.0015%. Therefore, the relevant regulations are established to ensure the safe use of
isothiazolinone preservatives in liquid detergents. More researches are needed to obtain
more exposure data to provide a basis for further risk assessments.

It is reported that the detection methods of isothiazolinone preservatives include gas
chromatography (GC) [4, 5], high performance liquid chromatography (HPLC) [6-10],
high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS)
[11, 12], and gas chromatography-mass spectrometry (GC-MS) [13, 14]. HPLC
techniques are widely used in environmental, food, cosmetics and other detection areas.
The ingredient of liquid detergents is complex, it’s easy to lead to pollution and
quantitative inaccuracy of mass spectrometry, if the sample pretreatment purification is
not complete. In conclusion, HPLC is the optimum analysis technique for detection
isothiazolinone preservatives in liquid detergents, and there are few reports about the
simultaneous examination of five isothiazolinone preservatives in liquid detergent by
High performance liquid chromatography at the seam time.

The main objective of this work is established an accurate and effective detection
method which is appropriate and reliable for determination of five isothiazolinone
preservatives (MIT, CMIT, BIT, OIT, and DCOIT) in liquid detergents by optimizing
the extraction conditions of sample pretreatment and analytical conditions. To provide
technical supports for testing the content of isothiazolinone preservatives in liquid
detergents, in order to improve the quality of liquid detergents and ensure consumer
safety.

2. Experiments
2.1. Instruments

Agilent 1260 HPLC system equipped with diode array detector (DAD) (Agilent 1260,
Agilent Technologies, USA); Electronic analytical balance (MS105DU, Mettler Toledo,
Switzerland); The vortex oscillator (Lab Dance, IKA, Germany), and ultrasonic cleaner
(KH3200DE, Kunshan Hechuang, Jiangsu, China) were used to extract compounds from
liquid detergents; The centrifuge (TGL-16, Sichuan Shuke, China) was used to
centrifuge sample solutions; Purified water was produced by Milli-Q Q-POD® system
(Merck Millipore, USA).
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2.2. Reagents and Standards

HPLC grade methanol and HPLC grade acetonitrile were obtained from Merck
(Darmstadt, Germany); Reference substances of MIT (purity: 98.8%), CMIT (purity:
99.2%), OIT (purity: 99.3%), DCOIT (purity: 99.8%), and BIT (purity: 99.7%) were
purchased from Bepure®. Accurately weigh each reference substances to prepare the
standard stock solution, and the mixed standard solutions constant volume with methanol.
The concentration of the mixed standard stock solution of MIT, CMIT, OIT, DCOIT,
and BIT was 1155.2 pg/mL, 817 pg/mL, 1218 pg/mL, 1222.8 ug/mL, and 1068 ug/mL.
Accurately transfer standard solutions to the volumetric flsk, dilute with methanol to
volume to prepare the operation solutions and make working curves.

2.3. Sample Preparation

Liquid detergents were obtained from the local market with different companies.
Approximately weigh about 1.0 g (accurate to 0.1 mg) of liquid detergents to 10 mL tube,
and dilute with methanol to volume. The solutions mixed by vortex oscillator and placed
in ultrasonic cleaner for extraction 20 min at 30 °C. Next, the sample solutions were
centrifuged for 5 min. Finally, the extraction solution was filtered by 0.45 um organic
filter membrane for HPLC detection.

2.4. Chromatographic Conditions

Isothiazolinone preservatives were analyzed by HPLC equipped with DAD detector. The
chromatographic separation was made on Agiltent ZORBAX SB-C18 column (4.6 mm
x 250 mm, 5 pm). The elution procedure of acetonitrile (mobile phase A) and purified
water (mobile phase B) is gradient elution. The flow rate, column temperature, and
injection volume were set as 1.0 mL/min, 30°C, and 10 pL, respectively. The gradient
elution procedure is shown in Table 1.

Table 1. Gradient elution procedure.

Time/min Acetonitrile/% Water/%

0.00 10 90
10.00 35 65
10.05 90 10
20.00 90 10
20.05 10 90
30.00 10 90

3. Results and Discussion
3.1. Detection Wavelength

The spectrograms of five isothiazolinones were determined by full-wavelength scanning.
The absorption spectra of MIT, CMIT, OIT, DCOIT, and BIT showed a maximal at
wavelength about 275 nm, 275 nm, 282 nm, 285 nm, and 318 nm, respectively. The
wavelengths were selected to record spectrograms of five isothiazolinones, which
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combined with the absorption and baseline interference of each substance. The
absorption spectrograms of standard solution were showed in Figure 1.
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Figure 1. Absorption spectrograms of standard solution.
3.2. Optimization of Extraction

In this study, it compared the extraction efficiency of water, acetonitrile, methanol and
ethanol. The results showed that the solubility of the sample in acetonitrile solvent was
poor, and a large number of insoluble substances were precipitated. The MIT
chromatographic peak appeared front phenomenon by ethanol extraction, which could
result in inaccurate peak area quantification. Although the samples can be dissolved
completely in water, the extraction efficiency is poor. As reported, OIT, COIT, and
DCOIT are slightly soluble in water [15]. The sample extracted by methanol solvent had
optimal solubility and extraction efficiency, the chromatographic peak is perfect.
Therefore, methanol had been adopted as the sample extraction solvent. Then, this study
investigated the influence of ultrasonic extraction temperature and extraction time, it
showed that the influence of these two parameters on the sample extraction efficiency
was not significant. Combined with the laboratory conditions and sufficient extraction,
it is determined that liquid detergents were ultrasonic extraction for 20 min at 30°C.

3.3. Optimization of Chromatographic Method

In chromatographic technology, the column stationary phase plays an important role in
separation of analytes. In this study, Agilent ZORBAX ODS (5 pm, 4.6 mm % 250 mm),
Agilent ZORBAX SB-C8 (5 um, 4.6 mm x 250 mm) and Agilent ZORBAX SB-C18 (5
pum, 4.6 mm x 250 mm) chromatographic columns were examined under the identical
mobile phase gradient elution program. The separation effects of different columns on
target substances and sample matrix interference were evaluated to select appropriate
chromatographic columns. It is showed that the separation effect of ZORBAX ODS
column was poor. The compounds can be separated well in ZORBAX SB-C8 column,
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however the chromatographic peak shape is not ideal, and the interference of sample
effect was obvious. Moreover, it is showed that the MIT chromatographic peak appeared
front phenomenon. Isothiazolinone preservatives are a class of polar compounds, which
ZORBAX SB-C18 can be used in wide pH range, and is especially suitable for polar
compounds with difficult to separate. Therefore, Agilent ZORBAX SB-C18 was selected
as the object for further study owing to its better chromatographic performance.

In this study, it investigated the performance of the different mobile phase, flow rate
and elution methods. The mobile phase of methanol-water (0.1% formic acid), and
acetonitrile-water were examined. The results showed that the mobile phase of
acetonitrile-water can separate the target substance completely and effectively. The
optimum mobile phase conditions were using gradient elution with the flow rate of 1.0
mL/min.

The influence of the column temperature on target compounds separation of 25°C,
30°C, 35°C, and 40°C were explored. It indicated that with increase of column
temperature, the retention time of five analytes moved forward. And the compounds can
be separated well at the above of examined column temperatures. The peak area almost
keep unchanged, and the column temperature had little effects on the five isothiazolinone
preservatives. Generally, the column temperature affects the gradient elution ability to
the target analytes by change the density and viscosity of the mobile phase. By reported,
the column temperature is normally controlled lower than 35°C. Therefore, the column
temperature was set at 30°C.

The chromatogram of isothiazolinone preservatives under the optimization of
chromatographic conditions is shown in Figure 2.
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Figure 2. Chromatograms of isothiazolinone preservatives under the optimization of chromatographic
conditions.

3.4. Matrix Effects

The matrix effects of liquid detergents are very complex due to the presence of various
of surfactants and additives. The matrix effects may cause interference to the analysis.
Therefore, it is necessary to evaluate the matrix effects of the sample to ensure the



X. He et al. / Determination of Five Isothiazolinone Preservatives in Liquid Detergents 885

accuracy and precision of the quantitative analysis. The blank matrix solution was
prepared according to the sample preparation in Section 2.3. The working curves of
solvent standard solution and matrix standard solution were prepared according to the
method in Section 2.2. And the linear equations of the corresponding standard curves are
established respectively. The matrix effects of the sample were evaluated by the formula
Matrix Effects (ME)= [(matrix standard curve slope/solvent standard curve slope-1)] x
100%. When |ME|<20%, 20%<|ME|<50%, and [ME[>50%, it indicates that the matrix
effects is weak, medium and strong, respectively. At the same time, the medium and
strong matric effects should take measures to eliminate the matric effects [16, 17]. As
showed in Table 2, the matrix effects of MIT, CMIT, OIT, DCOIT, and BIT are 0.079%,
-0.946%, 0.504%, -0.974%, and 1.606%, respectively. It is indicated that the liquid
detergents almost had no matrix effects, and the solvent standard curve can be directly
applied to quantitative analysis. The ME data of liquid detergents are shown in Table 2.

Table 2. Solvent standard curve, Matrix standard curve, and ME.

Compounds Solvent standard curve Matrix standard curve ME/%
MIT y =39.08x-0.521; R? =0.9997  y=39.111x-6.996; R>=0.9997  0.079
CMIT y =24.73x-19.410; R?=0.9992 y =24.496x+4.101; R>=0.9999  -0.946
OoIT y =15.688x-8.364; R=0.9999 y=15.767x+7.912; R*=1.0 0.504
DCOIT y = 15.598x-4.208; R=1.0 y = 15.446x+22.756; R*= 0.9998 -0.974
BIT y =17.997x+1.965; R?=0.9997 y=18.286x-2.289; R*=0.9998  1.606

3.5. Limit of Detection (LOD), Calibration Curves, Accuracy, Precision, and Recovery

In the optimum experimental conditions, the standard curves of analytes were drawn with
the peak area (Y) and the concentration (X) prepared by dilution of the standard working
fluid. Within the linear range, the linearity of MIT, CMIT, OIT, DCOIT, and BIT were
satisfactory. It observed that the correlation coefficients for five isothiazolinone
preservatives were more than 0.999. The limit of detection (LOD) and limit of
quantification (LOQ) are determined by signal-to-noise rate of 3 (S/N=3) and 10
(S/N=10), respectively. The LOD and LOQ of MIT, CMIT, OIT, DCOIT, and BIT were
0.06 pg/g to 0.19 pg/g and 0.21 pg/g to 0.62 pg/g, respectively. The data are shown in
Table 3. It is suggested that the generating method is well suited for quantitative test of
five isothiazolinones preservatives in liquid detergents.

Table 3. Standard Linear equation, correlation coefficients (R?), LOD and LOQ.

Compounds Y ™ ation  couticents O (489 LOQ (g
MIT 5.8-115.5 y =39.08x-0.521 0.9997 0.06 0.21
CMIT 4.1-81.7 y =24.73x-19.410 0.9992 0.08 0.25
oIT 6.1-121.8 y = 15.688x-8.364 0.9999 0.19 0.62
DCOIT 6.1-244.56 y =15.598x-4.208 1.0 0.17 0.56
BIT 5.3-106.8 y =17.997x+1.965 0.9997 0.18 0.59

The validity of the method was demonstrated by measure the recovery with addition
of three-level isothiazolinones. In this study, the average recoveries between 92.73% and
109.92% for the five analytes. The precision of method is normally expressed as the
relative standard deviations (RSD), which obtained from multiple testing of the same
sample under the prescribed conditions [18]. In this study, the precision of method was
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demonstrated by testing each standard spiked sample for repeating 7 times. At each level
of concentration recovery rate was done, the relative standard deviations (RSD) varied

from 0.06%-2.26%, as shown in Table 4.

Table 4. Recovery rate and RSD of each standard spiked concentrations (n=7).

Compounds Spiked concentration (ug/mL) Average Recovery (%) RSD (%)

11.55 100.85 0.44
MIT 46.21 92.73 0.06
115.52 101.52 0.25
8.17 109.92 226
CMIT 32.68 100.64 0.06
81.70 100.16 0.41
10.68 101.18 0.53
BIT 42.72 100.89 0.10
106.80 102.61 0.23
12.18 109.87 0.69
OoIT 48.72 103.22 0.21
121.80 101.13 0.25
12.23 109.13 0.76
DCOIT 48.91 97.53 0.21
122.28 98.94 0.31

3.6. Test Results of Liquid Detergents

The optimized analytical procedure was used to inspect the concentration of
isothiazolinone preservatives in 30 commercial liquid detergents, which included 15
hand dishwashing detergents and 15 fabric detergents. The results are shown in Table 5.
The results showed that none of the products contained OIT and DCOIT. Within the 15
hand dishwashing detergents, MIT were detected in 10 products with the concentration
varied from 5.12 pg/g to 86.07 pg/g. CMIT were detected in 8 products with the
concentration varied from 10.14 pg/g to 16.56 pg/g. Within the 15 fabric detergents, MIT
were detected in 11 products with the concentration varied from 4.26pg/g to 102.62 ng/g.
CMIT were detected in 6 products with the concentration varied from 9.07 pg/g to 20.69
pg/g. And BIT was detected in 2 products with the concentration of 62.95 ng/g and 89.16
pg/g. The results showed that usage of isothiazolinone preservatives in hand dishwashing
detergents is significantly lower than fabric detergents, and BIT was found in fabric
detergents. This is mainly due to the Chinese regulation clearly defined that the limits of
MIT and 3:1 CMIT/MIT mixture in the liquid detergents for food-related products shall
not exceed 0.01% and 0.0015%. However, there are not organized by Chinese regulation
to be used for other types of liquid detergents, which cannot be belong to food-related or
cosmetics fields. Combined with current Chinese regulations about liquid detergents,
BIT preservatives may present safety risks. Therefore, it is necessary to realize its
potential health risks, and more researches will be needed to further explore more
accurate and rapid analysis methods.
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Table 5. Analytical results of isothiazolinone preservatives in positive samples (jg/g).

Sample No MIT CMIT OIT DCOIT BIT

1# 86.07 16.37 ND ND ND
2# 48.93 13.02 ND ND ND
3# 44.55 10.43 ND ND ND
4# 12.50 ND ND ND ND
5# 64.81 13.64 ND ND ND
6# 45.92 11.82 ND ND ND
T# 62.12 ND ND ND ND
8# 45.65 10.14 ND ND ND
ot 5.12 16.56 ND ND ND
10# 48.19 12.62 ND ND ND
11# 57.59 ND ND ND 62.95
12# 73.17 ND ND ND ND
13# 4.74 17.78 ND ND ND
14# 64.73 9.07 ND ND 89.16
15# 69.46 9.24 ND ND ND
16# 97.34 ND ND ND ND
17# 102.62 ND ND ND ND
18# 99.53 ND ND ND ND
19# 80.65 10.44 ND ND ND
20# 89.68 20.69 ND ND ND
21# 4.26 17.96 ND ND ND

Note: 1#-10# are hand dishwashing detergents; 11#-21# are fabric detergents.
ND refers to non-detectable.

4. Conclusions

In this study, a method for simultaneous determination of isothiazolinone preservatives
in liquid detergents by HPLC was established. The isothiazolinones were extracted from
liquid detergents by ultrasound with methanol as the solvent and analyzed by HPLC-
DAD. Under the optimized conditions, the compounds were separated completely and
effectively. The matrix effects are at a low level. This method was simple, not time-
consuming, and had a satisfactory linearity, accuracy, and precision. The method was
validated to be an effective and reliable analysis, which was suitable for simultaneously
detection multiple target analytes. The results of liquid detergents indicated that these
studied samples containing a combination of isothiazolinone preservatives (MIT, CMIT,
and BIT), which the maximum concentration of the MIT was 102.62 pg/g. BIT is not a
regulated isothiazolinones preservatives used in liquid detergents and requires further
researches to assess its potential risks to human health.

References

[1] Aerts O, Goossens A, Lambert J, Lepoittevin JP. Contact allergy caused by isothiazolinone derivatives:
an overview of non-cosmetic and unusual cosmetic sources. Eur J Dermatol. 2017 Apr;27(2):115-22.

[2] Silva V, Silva C, Soares P, Garrido EM, Borges F, Garrido. Isothiazolinone biocides: Chemistry,
biological, and toxicity profiles. J. Mol. 2020 Feb;25(4):991-1013.

[3] Si XS, Yang JW, Hang L. Study on stimulated skin and mechanism of isothiazolinone used by



888

(4]
[3]
(6]

(7]

(8]

[9]
[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

X. He et al. / Determination of Five Isothiazolinone Preservatives in Liquid Detergents

commodity of chemistry. Appl. Chem. Ind. 2011 Oct;40(10):1789-91.

Nakashima H, Matsunaga I, Miyano N, Kitagawa M. Determination of antimicrobial agents in nontable-
formalin adhesives for wallpaper. J. Health Sci. 2000 Aug;46(6):447-54.

Ju J, Jiao XM, Tong XB, Pang YJ, Li Y. Simultaneous determination of 15 kinds of preservative in
cosmetic by gas chromatography. China Surfactant Deterg. Cosmet. 2012 Apr;42(2):146-9.

Zhou X, Li XL, Chen ZY, Ye CW, Zhou Y, Meng DL. Determination of three isothiazolinone biocides
in water-borne adhesives by high performance liquid chromatography. Chin. J. Chromatogr. 2015;
33(01):75-9.

Ji HW, Dong R, Liu J, Zhang L, Wang F, Huang XJ, Peng QR. UHPLC Determination of 3
Isothiazolinone Bactercidesin Water-Based Adhesive for Cigarettes. PTCA (PART B: Chem. Anal.)
2017 Apr;53(04):432-6.

Abad-Gil L, Lucas-Sanchez S, Gismera MJ, Sevilla MT, Procopio JR. Determination of paraben-,
isothiazolinone- and alcohol-type preservatives in personal care products by HPLC with dual (diode-
array and fluorescence) detection. Microchem. J. 2021 Jan;160(5):105613.

Irena B, Iwona W, Natalia S, Ewa K. Determination of Preservatives in cosmetics, cleaning agents and
pharmaceuticals using fast liquid chromatography. J. Chromatogr. Sci. 2013 Jan;52:88-94.

Jiang XD, Zhang YB, Gao ZL, Cao XN. Determination of thiazolinone and isothiazolinone in sea water
by high performance liquid chromatography. Chem. Reagents. 2015 Mar;37(3):235-8.

Wang XJ, Guo W, Chen YX, Zheng J, Wang C, Yu MY, Li YQ. Simultaneous determination of 10 kinds
of preservatives in children’s cosmetics by QUEChERS-high performance liquid chromatography mass
spectrometry. J. Food Saf. Food Qual. 2021 Oct;12(19):7667-74.

Lu DP, Chen S, Cheng JX, Determination of 2 Preservatives in 3 Common Rinse-Off Cosmetic by
UHPLC-MS/MS. PTCA (PART B: CHEM. ANAL.) 2021 Nov;57(11):961-9.

Wang CY, Feng JL, Bai S, Sun XY, Li YT, Li Y, Yang ZJ. Simultaneous determination of seven kinds
restricted isothiazolinoneantibacterial agents in leather and leather products by gas chromatography/
mass spectrometry. Leather Chem. 2021 Nov;38(2):10-5.

Ji HW, Zhang L, Zhao XH, Wang F, Liu J, Yang JG. Determination of five isothiazolinone in water-
based cigarette adhesive by ultrasonic extraction-gas chromatograph-mass spectrometry. Acta Tab. Sin.
2016 June; 22(03):10-6.

Wang L, Wu SF, Gu XB. Advances in research and application of isothiazolinone biocides. J. Ind.
Microbiol. 2015 Oct;45(5):60-4.

Gonzalez O, Blanco ME, Iriarte G. Bartolomé L, Maguregui MI, Alonso RM. Bioanalytical
chromatographic method validation according to current regulations, with a special focus on the non-
well defined parameters limit of quantification, robustness and matrix effect. J. Chromatogr. A. 2014;
1353:10-27.

Rong JF, Xu MZ, Zhang ZY, Zou Q, Xu GM, Zhong JH, Zhang SY, Le YD, She ZW. Determination of
dazomet and its metabolite methy isothiocyanate residues in plant-derived foods by gas chromatography-
triple quadrupole mass spectrometry. Chin. J. Chromatogr. 2022 May.
http://kns.cnki.net/kcms/detail/21.1185.06.20220523.0915.002.html

Arinbruster DA, Tillman MD, Hubbs LM. Limit of detection (LOD)/limit of quantitation (LOQ):
comparison of the empirical and the statistical methods exemplified with GC-MS assays of abused drugs.
Clin. Chem.1994;40(7):1233-38.


https://xueshu.baidu.com/s?wd=author:(David%20A.%20Arinbruster)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
https://xueshu.baidu.com/s?wd=author:(MD%20Tillman)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
https://xueshu.baidu.com/s?wd=author:(LM%20Hubbs)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person

