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Since the number and volume of chemical substances that we use have been increasing rapidly, it is insufficient to examine only regulated chemicals for evaluating the safety of foods and environment. In order to cope with this challenge, non-target analysis and screening analysis of as many substances as possible are very useful. Although several GC-MS database systems1, 2) for non-target analysis have been developed, these can be utilized only by specific instruments; there is no database system for non-target analysis that can be used by multiple instruments. The objective of the study is to develop a novel GC-MS database (NTDB) for non-target analysis that can be applied used with any instrument. 
Methods and Instruments
	GC-MS: GC-Quadrupole MS

Column: J&W DB-5 ms (5% phenyl-95% methylsilicone) fused silica capillary column, 30 m X 0.25 mm i.d., 0.25 m film 
Temperature


Column: temperature programmed: 2 min at 40 C, 8 C/min to 310 C, 5 min at 310 C


Injector: 250 C


Transfer line: 300 C
Injection method: splitless, 1 min for purge-off time

Carrier gas: He

Linear velocity: 40 cm/s, constant flow mode

Ionization method: EI
Tuning method: target tuning for US EPA method 625

Scan range: m/z 45 to m/z 600
Scan rate: 0.3 s/scan


1. Construction of NTDB: We constructed NTDB in AMDIS3) as a private library. The NTDB was comprised of data for 1000 substances; compound names, CAS-RN, programmed temperature retention index (PTRI) using n-alkanes and mass spectra that were measured under designated conditions  with a Shimadzu GCMS QP-2010 (Table 1). The registered chemicals (Table 2) are known to adversely affect human health, the environment, or both; the chemicals were selected from lists of compounds regulated by environmental protection laws in Japan or the United States, and from lists of chemicals detected in environmental surveys by the Japanese Ministry of the Environment. 
2. GC-MS instruments and conditions: Three GC-MS instruments, Shimadzu QP-2010 Plus, Agilent 5975C MSD and Thermo Scientific TSQ Quantum GC were used in this study to examine applicability of NTDB. 
	Compound
	Number

	Compounds consisting of CH
	194

	Compounds consisting of CHO
	150

	Compounds consisting of CHN (O)
	113

	Compounds consisting of CHS (NO)
	12

	Compounds consisting of CHP (NOS)
	8

	PPCPs
	14

	Pesticides
	451

	Total
	942


3. Measurement of chemicals in samples using the database system: Before sample analysis, a GC-MS instrument was set the designated conditions, and then target tuning to meet the criteria for EPA Method 625 was performed. Then a n-alkane standard (C9 to C33, 1 g/mL each) and samples were measured. After measurements, data files were converted to netCDF files to be handled by AMDIS. The parameters of AMDIS (initial values are shown in Table 3) were changed, if necessary, to identify all the n-alkanes. The mass spectra and updated retention times were used for identifying all 1000 substances by AMDIS.    
Results and Discussion
	Group
	Item
	Setting

	Identif.
	Minimum match factor
	40

	
	Only reverse search
	ON

	
	Type of analysis
	Use RI Calibr Data + Internal Std

	
	RI window
	5 + 0 X 0.01 RI

	
	Level
	Infinite

	
	Maximum penalty
	100

	
	No RI in library
	10

	Deconv.
	Compound width
	8

	
	Adjacent peak subtraction
	Two

	
	Resolution
	High

	
	Sensitivity
	High

	
	Shape requirements
	Low


1. Accuracy of retention times: Retention times are one of the key pieces information needed for identifying substances. Since retention times always change with GC conditions, various methods are used for predicting retention times. In our system, because PTRI obtained at the designated GC conditions is used to predict retention times, differences between predicted and actual retention times were less than 3 s even when using different instruments as long as the same general conditions were used.
2. Correctness of qualitative identification: Because many chemicals are registered in the database and high-quality mass spectra are rarely obtained in actual environment and foods samples because of very low concentrations, false negatives and false positive are difficult to avoid. The chances of false positive and false negative are inversely correlated. Namely, if parameters of AMDIS are set to reduce the number of false negative, the number of false positive increases. In the present study, we set the AMDIS parameters (Table 3) to reduce false negatives as much as possible, which increases false positive. As a result, AMDIS with the NTDB can detect all the substances with small number of false positive in relatively clean samples such as standard solutions and river water. However, in the case of dirty samples, such as soil and food samples, the number of false positive cannot be ignored, resulting in the need for manual identification when identifying substances in dirty samples.
	Items
	QP-2010 Plus
	Agilent 5975C MSD
	TSQ Quantum GC

	Detected number
	60
	60
	59

	False positive
	20
	7
	5

	False negative
	0
	0
	1


3. Applicability for other instruments: The aim of the present study was the development of NTBD that can be applied to any instrument. We examined the performance of NTBD using three instruments of different makers. A synthetic sample that contained 60 compounds was measured with the three instruments, and then measurement data was treated according to the procedures mentioned above and was identified using NTBD. There were no difference between the instruments even though Quantum GC made one false negative (Table 4). The cause of the false negative was miss-identification of trans-nonachlor; m/z of the molecular ions including isotope ions were one amu lower than correct mass spectrum due to mass defect of chlorine, which indicated that the cause of false negative was the performance of GC-MS not due to NTDB. From this result, it was confirmed that we can perform non-target analysis by the combination of AMDIS and NTDB using any instrument. 
4. Application to actual environmental samples: We applied the NTBD to ground water and soils in a wildlife area in Kitakyushu City that was used as an ammunition storage area more than 60 years ago. We found TNT and its metabolites in ground water (Fig. 1) and found TNT in soil samples, indicating that this area is still contaminated by TNT. These results indicate that the NTDB is a powerful tool for identification of unexpected substances.

Fig. 1 Example of detection of unexpected substances

TNT and its metabolites were found in groundwater in a wildlife area.
	Item
	GC-MS 1
	GC-MS 2
	GC-MS 3

	Min
	1
	0.28
	0.13

	Max
	1
	2.8
	2.3

	Mean
	1
	0.58
	0.41


5. Reliability of quantification: Every analyst desires not only identification but also quantification of a large number of substances. As mentioned above, although our NTDB system can identify a large number of substances even when using different instruments, the NTDB cannot perform quantification because calibration curves cannot be registered in AMDIS. In addition, AMDIS output only peak areas of TIC that are not suitable for quantification due to lack of selectivity. However, we examined feasibility of quantification using measurement data obtained with the different instruments. We used an existing database system (Compound composer of Shimadzu) instead of the NTDB for quantifying substances. After measurement of the same samples using the three instruments, the obtained data were converted to netPDF files and then quantified using Shimadzu software (Table 5). Quantification values of three instruments are relatively close each other, which indicates that semi-quantification can be done even when using different instruments if peak areas of specific m/z of substances registered in the NTDB are obtained. 
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Table 1 GC-MS conditions





Table 2 Number of registered substances





Table 3 Initial parameters of AMDIS





Table 4　Effects of instruments on identification
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One ng each of 40 compounds was injected. Figures in the table are relative values.





Table 5　Comparison quantification results between different instruments
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