
1 
 

LC-MS/MS based volatile organic compound biomarkers analysis for 

early detection of lung cancer 

Shuaibu Nazifi Sania, Wei Zhoub, Balarabe B. Ismailc, Yongkui Zhangd, Zhijun Chend, 

Binjie Zhangd, Changqian Baoe, Houde Zhangf*, Xiaozhi Wanga* 

aCollege of Information Science & Electronic Engineering, Zhejiang University, 

Hangzhou 310027, Zhejiang Province, China. 

bBiochemical Analysis Lab.oratory, Breath (Hangzhou) Technology Co.,Ltd, Hangzhou 

310000, Zhejiang Province, China. 

cCollege of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 

310058, China. 

dZhejiang Zhoushan Hospital, Zhou Shan 316021, Zhejiang Province, China. 

eDepartment of Hematology, The Second Affiliated Hospital, College of Medicine 

ZhejiangUniversity,88# Jiefang Road Hangzhou 310009 Zhejiang Province, China. 

fDepartment Gastroenterology, Nanshan Hapital, Guandong Medical University 

Shenzhen 518052, Guangdong province, China. 

* Department of Information Science & Electronic Engineering, Zhejiang 

University,Hangzhou 310027, Zhejiang Province, China. 

Corresponding author: Xiaozhi Wang (xw224@zju.edu.cn) and Houde Zhang 

(szkjk@126.com). 

 

 

 



2 
 

Supplementary Material 

Introduction 

Table S1. Potential biomarkers for lung cancer 

Marker CAS Name References 

TG-1 78-93-3 2-Butanone [1–5] 

TG-2 123-72-8 Butyraldehyde，Butanal [6] 

TG-4 513-86-0 3-Hydroxy-2-butanone [3,7–10] 

TG-7 141-46-8 Glycolaldehyde [3,10] 

TG-8 107-87-9 2-Pentanone [5,11] 

TG-9 110-62-3 Valeraldehyde [12–16] 

TG-10 75-07-0 Acetaldehyde [17–20] 

TG-11 107-02-8 Acrolein [21] 

TG-12 98-001-01 2-Furaldehyde [22,23] 

TG-13 123-38-6 Propionaldehyde [24] 

TG-14 67-64-1 Acetone [25] 

TG-15 50-00-0 Formaldehyde [19,26] 

TG-16 66-25-1 Hexaldehyde [4,15,27,28] 

TG-17 111-71-7 Enanthaldehyde [13,15,27,28] 

TG-18 124-13-0 Octylaldehyde [15,20,29] 

TG-19 124-19-6 Nonaldehyde [15,29,30] 

TG-20 112-31-2 Decanal [15,30] 

TG-21 100-52-7 Benzaldehyde [31–33] 

TG-22 4170-30-3 Crotonaldehyde [34] 

TG-24 108-94-1 Cyclohexanone [34] 

TG-25 123-19-3 4-Heptanone [35,36] 
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Material and Methods  

The DNPH-coated silica gel solid-phase extraction column's preparation process 

The DNPH reagent was dissolved in acetonitrile for three times of crystallization 

purification, and then prepared to 1000 mg/L with acetonitrile solution and 0.1% 

hydrochloric acid. The silica gel powder was washed with methanol 3 times before use, 

then dried in an oven at 80 °C overnight, and cooled for later use. 200 mg silica gel 

powder were added to a blank solid-phase extraction column for compaction, and 1000 

mg/L DNPH solution was introduced under negative pressure to smear until saturation. 

Finally, the prepared solid-phase extraction column was dried under negative pressure, 

then sealed and refrigerated. 

 Factors influencing breath analysis 

Environmental factors: during the breath collection process, the ambient air at the 

sampling site was collected for 6 months simultaneously.  

Dietary factors (Table S5): breath samples were collected in a subgroup of 8 healthy 

non-smoker volunteers, and a dietary breath test was conducted as required to monitor 

the changes of VOC content in expiratory on an empty stomach and after different diets. 

The volunteers were asked to refrain from overeating and alcohol consumption two 

days before the test. After fasting for one night, the volunteers were given some 

common foods, including sugar-containing foods (bananas/bun/nuts), lipids (vegetable 

fat/tallow), proteins（egg white/milk), and others. Exhalation was collected on an 

empty stomach and at 5, 30, 60, 90, and 120 min after eating. After the common food 

experiment, it was found that sugar might have some influence on the exhaled air, so 
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the sugar drinking experiment was carried out (25 g glucose /25 g sucrose /10 g lactose 

/10 g xylose /10 mL lactulose), exhalation was also collected on an empty stomach and 

at 5, 30, 60, 90, and 120 min after drinking. Short-term protein and lipid diets do not 

affect exhaled breath, so long-term lipid and protein diet experiments (i.e., ketogenic 

diet) were carried out. 3 meals/day (meat: protein: carbohydrate = 7.5:2:0.5), the 

ketogenic diet lasts for 4 days, the normal diet is restored on the 5th and 6th day, and 

the exhaled breath is collected before each meal. Volunteers were required to rinse their 

mouths with water before each meal, and sample preparation was completed according 

to the same sample treatment scheme at the end of exhalation. 

Exhalation method:8 healthy volunteers, after gargling with pure water and blowing in 

2 Tadlar bags parallel to each other via the mouth and nasal cavity, respectively. Later, 

the subjects were given 5% glucose solution and asked to immediately exhale into 

Tedlar bags via the mouth and nasal cavity, respectively. Sample preparation was 

completed according to the same sample treatment scheme at the end of the exhalation 

collection. 

Exhalation changes for the 30s with sugar in the mouth 

The participants rinsed with pure water and then blew into two sampling bags in parallel 

as a control, then rinsed the mouth with 5% glucose solution for the 30s and then spat 

out. The exhalation was collected at 0, 3, 6, 9, 12, 15, 20, 25, 30, 40, 50, and 60 min, 

and the bags were prepared according to the same sample treatment scheme. 
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Table S2 MS conditions 

 
VOCs 

derivatives 
of DNPH 

Q1 Mass
（Da） 

Q3 Mass
（Da） 

Retention  
Time

（min） 

DP 
（volts） 

EP 
（volts） 

CE 
（volts） 

CXP 
（volts） 

MRM 
(Negative ion 

mode) 

TG-1-DNPH 

251.05 152.05 11.02 -45 -15 -15 -15 

251.05 122 11.02 -45 -15 -15 -15 

TG-2-DNPH 

250.9 152.05 11.28 -45 -15 -15 -15 

250.9 122 11.28 -45 -15 -15 -15 

TG-4-DNPH 

267 152 6.14 -45 -15 -15 -15 

267 122 6.14 -45 -15 -15 -15 

TG-7-DNPH 

239 122 3.86 -45 -15 -15 -15 

239 163 3.85 -45 -15 -15 -15 
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TG-8-DNPH 

265.3 152 12.42 -45 -15 -15 -15 

265.3 122 12.42 -45 -15 -15 -15 

TG-9-DNPH 

265.05 152.05 12.61 -45 -15 -15 -15 

265.05 122 12.61 -45 -15 -15 -15 

TG-10-
DNPH 

223.05 163.05 7.96 -60 -15 -15 -15 

223.05 122 7.96 -60 -15 -15 -15 

TG-11-
DNPH 

234.95 158 9.24 -45 -15 -15 -15 

234.95 163.05 9.24 -45 -15 -15 -15 

TG-12-
DNPH 

275.05 228.1 9.39 -45 -15 -15 -15 

275.05 181.1 9.39 -45 -15 -15 -15 
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TG-13-
DNPH 

237.05 163.1 9.69 -45 -15 -15 -15 

237.05 121.95 9.69 -45 -15 -15 -15 

TG-15-
DNPH 

209 163.05 6.7 -45 -15 -15 -15 

209 151 6.7 -45 -15 -15 -15 

TG-16-
DNPH 

279.1 152.05 13.77 -45 -15 -15 -15 

279.1 122 13.77 -45 -15 -15 -15 

TG-17-
DNPH 

293 152.05 14.85 -45 -15 -15 -15 

293 122 14.85 -45 -15 -15 -15 

TG-18-
DNPH 

307.15 152.05 15.79 -45 -15 -15 -15 

307.15 122 15.79 -45 -15 -15 -15 
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TG-19-
DNPH 

321.15 152.05 16.85 -45 -15 -15 -15 

321.15 122 16.85 -45 -15 -15 -15 

TG-20-
DNPH 

335.15 152.05 17.87 -45 -15 -15 -15 

335.15 122 17.87 -45 -15 -15 -15 

TG-21-
DNPH 

285 163.1 12 -45 -15 -15 -15 

285 121 12 -45 -15 -15 -15 

TG-22-
DNPH 

248.95 172 10.6 -45 -15 -15 -15 

248.95 181.05 10.6 -45 -15 -15 -15 

TG-24-
DNPH 

277 152 12.46 -45 -15 -15 -15 

277 122 12.47 -45 -15 -15 -15 
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TG-25-
DNPH 

293.3 152 14.61 -45 -15 -15 -15 

 293.3 122 14.6 -45 -15 -15 -15 

Sectional 
scanning time MRM detection window 60 s 

Cycling time Target Cycle Time（across sMRexpts） 1.2 s 

Ion source 
parameter 

Curtain Gas（CUR) 35 

Collision Gas（CAD） 6 

Ion Spray Voltage（IS） -4500 

Temperature（TEM） 500 

Ion Source Gas 1（GS1） 50 

Ion Source Gas 2（GS2） 50 
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Table S3 Linear range, linear equation, correlation coefficient, LOD, LOQ and RSD of 21 VOCs 

Compound Linear 
range/(μg/L) Linear equation R LOD/(μg/L) LOQ/(μg/L) RSD(n=6)/% 

TG-1 0.75-30 Y=40493.9X-1423.5 0.999 0.25 0.75 0.59-1.56 

TG-2 0.75-30 Y=46310.2X-1312.4 0.999 0.25 0.75 0.59-4.02 

TG-4 0.8175-32.7 Y=31157.1X-1288.7 0.999 0.27  0.82  0.97-2.49 

TG-7 0.25-10 Y=31432.6X+563.7 0.999 0.08  0.25  1.23-3.54 

TG-8 0.74-29.6 Y=46739.0X-282.6 0.999 0.25  0.74  1.10-4.11 

TG-9 0.75-30 Y=60027.6X-1706 0.999 0.25  0.75  0.96-1.52 

TG-10 1-40 Y=41898.3X-1754 0.999 0.33  1.00  0.60-1.28 

TG-11 0.75-30 Y=49316.1X+123.4 0.999 0.25  0.75  0.60-2.07 

TG-12 0.75-30 Y=20596.7X-1700 0.999 0.25  0.75  1.30-4.21 

TG-13 7.5-300 Y=69110.0X+56673.2 0.999 2.50  7.50  0.41-1.40 

TG-14 50-5000 Y=9125310.0X+237633 0.999 16.67  50.00  1.00-5.00 

TG-15 7.5-300 Y=34908.7X+76576.4 0.998 2.50  7.50  1.43-4.46 

TG-16 0.75-30 Y=66208.4X-1237.6 0.999 0.25  0.75  0.54-1.70 

TG-17 0.75-30 Y=61668.1X-480.5 0.999 0.25  0.75  1.04-1.99 
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TG-18 0.75-30 Y=50573.7X-319.2 0.999 0.25  0.75  0.58-1.83 

TG-19 1.5-60 Y=43149.9X+1880.6 0.999 0.50  1.50  0.71-1.86 

TG-20 1.5-60 Y=22323.0X+4916.6 0.999 0.50  1.50  0.73-4.85 

TG-21 0.75-30 Y=42739.5X+830.9 0.999 0.25  0.75  1.11-2.96 

TG-22 0.75-30 Y=46149.5X-1839.5 0.999 0.25  0.75  0.50-1.81 

TG-24 0.1-3 Y=6083.4X+115.3 0.999 0.03  0.10  2.31-4.72 

TG-25 0.194-7.76 Y=66642.7X+2675.9 0.999 0.06  0.19  0.52-3.85 
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Results and Discussion 

Table S4. The AUC for the ROC curves to discriminate AIS/MIA/IAC of early lung cancer and 

control group 

AUC Healthy controls 
Early lung cancer 

AIS MIA IAC 

TG-4 0.766 / / 0.796 

TG-7 0.611 0.637 0.606 0.627 

TG-8 0.636 / / / 

TG-11 0.682 0.645 0.703 0.727 

TG-13 / / 0.658 0.690 

TG-19 0.604 0.624 / 0.655 

TG-20 0.611 0.533 0.617 0.680 

TG-22 0.625 0.658 0.641 0.637 

 

 

 

 

 

 

 

 

 

 

 

  



13 
 

Table S5. Different foods and intake quantity  

Classification Name Intake 

Common 
foods 

Sugar-containing 
foods 

Nuts 100 g 

Bun 100 g 

Bananas 100 g 

Proteins 

Milk 500 mL 

Egg white 50 g 

Lipids 

Vegetable fat 20 mL 

Tallow 20 g 

Other Alcohol 50 mL 

Sugar 

Glucose 25 g 

Sucrose 25 g 

Nuts 10 g 

Bun 10 g 

Bananas 10 mL 

 

Table S6. The level of TG-4 after the intake of different sugars. 

Sugar Glycemic index (GI) TG-4 concentration at 5 min（μg/L） Intake 

Glucose 100 81.97 25 g 

Sucrose 65 33.55 25 g 

Lactose 46 6.5 10 g 

Xylose 17.2 4.34 10 g 

Lactulose 5 2.5 10 mL 

Pearson correlation (r = 0.975) 
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Figure S1. Differences in the concentration of VOCs in the environment and human breath. A-D. 

Among the 21 VOCs, there are 10 VOCs in the environment that were higher than the human 

exhaled breath, the concentration of the remaining 11 VOCs in the environment is similar to or 

lower than that of human exhaled breath. Values and error bars represent mean ± SE. *, P < 0.05. 
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Figure S2. VOCs concentrations at different locations and at different times. A. Ambient air was 

collected multiple times at the same location in different hospitals. Compared with the laboratory 

environment, TG-1, TG-24, and TG-25 showed different concentrations. B. The ambient air was 

collected at the same location in the laboratory at 9:00 and 15:00, and different VOCs in the 

ambient air also showed different concentrations. Values and error bars represent mean ± SE. * 

means compared with laboratory, P<0.05.  
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Figure S3. The preliminary experiment comparing the concentration of VOCs in the exhaled 

breath between the control group and the lung cancer group. 1, fasting;2, 1h after the meal;3, 2 h 

after the meal; Among the 11 carbonyls VOCs, only TG-4 and TG-8 are different. Compared with 

the control group, TG-4 in the exhaled breath of lung cancer patients is higher at 1 hour after a 

meal, and TG-8 is higher at 3-time points. *, P < 0.05. 
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Figure S4. Changes in the concentration of TG-4 in exhaled breath after sugar in the mouth for 

the 30 s, the color indicates TG-4 concentration pattern of 8 healthy volunteers. A. Changes in the 

concentration of TG-4 in the oral exhaled breath of 8 healthy volunteers after sugar in the mouth 

for the 30 s. B. The concentration of TG-4 in the exhaled breath of 8 healthy volunteers reached 

the highest value within 20 minutes after sugar in the mouth for the 30 s. 
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Table S7. VOCs Statistical data for control, Lung cancer before the operation, Lung cancer three 
to seven days after surgery , and Lung cancer four to six weeks after surgery 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VOCs Groups 
Statistical data 

Mean SD 

TG-4 

Control  6.08 6.10 
Lung cancer before surgery 19.48 24.63 
Lung cancer 3-7 days after surgery 12.16 17.66 
Lung cancer 4-6 weeks after surgery 11.12 13.52 

TG-7 

Control  1.70 0.91 
Lung cancer before surgery 1.24 0.46 
Lung cancer 3-7 days after surgery 1.12 0.32 
Lung cancer 4-6 weeks after surgery 1.10 0.36 

TG-8 

Control  3.30 1.55 
Lung cancer before surgery 4.38 2.12 
Lung cancer 3-7 days after surgery 2.81 1.16 
Lung cancer 4-6 weeks after surgery 3.52 1.04 

TG-11 

Control  0.39 0.20 
Lung cancer before surgery 0.25 0.17 
Lung cancer 3-7 days after surgery 0.28 0.13 
Lung cancer 4-6 weeks after surgery 0.33 0.26 

TG-19 

Control  15.46 5.93 
Lung cancer before surgery 14.27 4.89 
Lung cancer 3-7 days after surgery 11.43 5.27 
Lung cancer 4-6 weeks after surgery 8.27 3.29 

TG-20 

Control  4.81 2.09 
Lung cancer before surgery 4.86 1.86 
Lung cancer 3-7 days after surgery 3.89 1.43 
Lung cancer 4-6 weeks after surgery 3.17 1.24 

TG-22 

Control  0.38 0.18 
Lung cancer before surgery 0.42 0.10 
Lung cancer 3-7 days after surgery 0.32 0.15 
Lung cancer 4-6 weeks after surgery 0.23 0.09 
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