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GOAL Table 1. Instrument conditions for Trace 1310 GC system and TSQ 9000 mass spectrometer. Determination of IDL Calculated LOQ in Sample 17— .
. " o . TRACE 1310 GC System Parameters The enhanced sensitivity of the new AEI source is demonstrated for NDMA in Figure 4. Here a 0.01 pg/pL (0.02 pg oc) The LOQ was determined as the lowest concentration of nitrosamines with the following: 16 !
The aim of the study was to assess the quantitative performance of the new Thermo Scientific™ TSQ™ 9000 triple Injection Volume: 2.0 pL solvent standard shows excellent signal precision with peak area repeatability <10 % RSD at low ppt levels (equivalent to o . . ) 15 !
quadrupole system with the Thermo Scientific™ Advanced Electron lonization (AEI) source for the analysis of Liner: Restek® CarboFrit® liner (P/N 20294) low ppq [0.01 ng/L] in sample extracts). To practically assess the instrument detection limit (IDL), 15 consecutive * lon ratios within =30% of the expected values calculated as an average across a calibration curve ranging from 0.05 to 14 H
nitrosamines in drinking water at low concentrations. Inlet: 240 °C injections were performed using a 0.01 and 0.1 pg/uL calibration standard. The instrumental detection limit for each 100 pg/uL (corresponding to 0.05-100 ng/L in drinking water) 13 —— ,
Carrier Gas: He, 1.3 mL/min. individual cgmpound was then calculated by taking in}o account the injected amount, % RSD, and t-score of 2.624, = Measured ion ratio % RSD < 15% 12 “
INTRODUCTION Imioctor Imection Mode: Sl e 76 brossure 25 psi for 1.01 min.. spiit flow 80 mL/min. after 1 corresponding to 14 degrees of freedom at 99% confidence (Table 2).
jector Injecti e m;])ﬂw )ess with surge (surge pressure 25 psi for 1.01 min., split flow in. after + lon co-elution within == 0.01 minutes 11— '
y . . y . . . - 3 10 ¥
Nitrosamines are semi-volatile compounds that are an emerging class of drinking water contaminants. N- Column: TraceGOLD TG-1701MS (30 m x 0.25 mm, 0.5 ym P/N 26090-2230) 1.3e4 NDMA 0.01 ng/L (ppt) (0.02 pg oc) = Peak area repeatability of < 15% RSD 2 9 ,
nitrosodimethylamine (NDMA) is the main nitrosamine of concern and is classified as a potent carcinogen by the U.S. Oven Temperature Program: RT Rate Target Hold Time n = 15 injections, 8.5% RSD - o . . 2
Environmental Protection Agency (EPA) due to its tumor inducing properties through ingestion or inhalation.’ Ramp (min) °C/min) Temperature (°C) (min) 1 To de}monstrate 1he method LOQs, wa(er_was fortified wmj nitrosamines prior to extraction at 0.1 and 0.5 pg/uL. These o 8 e—— 1
Nitrosamines are used in various industries to manufacture cosmetics, pesticides, or rubber products. In water, Initial 0 — 35 1.0 were injected 10 times, and based on satisfaction of criteria above, the LOQs for compounds ranged from 0.1 to 0.5 ng/L E. 7 ”
nitrosamines are formed as by-products during industrial processes such as chloramination of wastewater and drinking 1 4.8 25.0 130 0.0 T 1.0e4 (Table 3). 8 6 — .
water.2 Due to their potency as carcinogens, nitrosamines are considered as priority pollutants and various countries ;‘”a'T_ gg 200 250 2.0 § 5 Y
. . ) N un Time X — — — E— ]
arour;d}he world have already introduced maximum acceptable concentrations of 9 ng/L and notification levels at 10 % Table 3. Method LOQ values derived for nitrosamines in drinking water from injecting n=10 times 0.1 ng/L and 0.5 g — ,
ngiL> § ng/L fortified water extracts. The criteria used to assess individual nitrosamine LOQ values were ion ratio % 3
e \ o N " : : — "
GC-MS is the analytical technique of choice for nitrosamine determination and, in particular the use of triple quadrupole TSQ 9000 Mass Spectrometer Parameters b from A ion ratio % RSD, peak area % RSD and ion co-elution.
GC-MS/MS instrumentation has recently become popular for this application due to its high selectivity and sensitivity Transfer Line: 250 °C 5 5063 - - 2 — .
provided through selective reaction monitoring (SRM). High selectivity and sensitivity are required to (i) reduce Source Used: Thermo Scientific™ Advanced Electron lonization (AEI) -2 Concentration Measured lon lon Ratio Pass Peak Pass Loa 1 H B NDMA = NDEA = NDBA
interferences from matrix and background chemical ions that can result in false positive detection and erroneous lonization Type, eV, Emission Current: Electron lonization (EI), 50, 100 pA 3 Component Injected Ratio % RSD Abundance Criteria Area Criteria (nglL,
= " o o iati o g/L)
quantification of nitrosamines (ii) detect ultra-trace levels of these toxic compounds. Jon Source: 300 °C (pg OC*) % Deviation % RSD 0.0 1.0 2.0 Amountng/L 3.0 4.0 5.0
i Acquisition Mode: Timed SRM NOMA . 0.2 6.6 6.9 . +30% 15 =15% 91
In this work, the analytical performance of the new TSQ 9000 triple quadrupole GC-MS/MS system using the advanced e N . N N .
electron ionization (AEI) source was tested for the ultra-trace analysis of nitrosamines in drinking water from 17 drinking Tune Type: AEI SmartTune NMEA 0.2 9.5 8.1 +30% 3.1 <15% 0.1 Figure 6. Total quantified nitrosamine content (ng/L) from 17 drinking water samples sourced from separate
water testing facilities across Europe Collision Gas and Pressure: Argon at 70 psi 21e2- NOEAL gy e e water testing facilities across Europe. Triplicate injections per sample and standard deviation was added to the
) Poak Width: - 0.7 Da at FWHM (both Q1 and Q3) 4519 4,600 4800 4.836 & % ‘ £30% i & % stacked bar chart. NDMA d-6 and NDEA d-10 surrogate standards were spiked to 1 L of water pre-extraction at

RT (minutes) NDPA 1.0 4.8 5.5 +30% 4.0 <15% 0.5 25 ng/L to correct recoveries for NDMA and NDEA. Deuterated NDBA was not available for the analysis so the
MATERIALS AND METHODS Figure 4. Overlaid quantification SRM transitions (74 — 44 m/z) from 15 tive injections of a 0.01 pg/uL SRR e B D e e B8 RO e O velues sre not comectedt
igure 4. Overlaid quantification ransitions (74 — 44 m/z) from 15 consecutive injections of a 0.01 pg/ul
Calibration Standard and Sample Preparation RESU LTS NDMA solvent standard corresponding to 0.01 ng/L in sample. This shows excellent instrument precision and NPIP 0.2 10.6 9.7 § *30% 4.9 <15% 0.1
sensitivity at 0.02 pg on column. No data smoothing was used and data was acquired in timed-SRM mode. NDBA 0.2 1.7 15 o e30% 1:6 <15% 0.1 CONCLUSIONS

17 drinking water samples were obtained from water treatment stations across Europe. To test the limit of detection (LOD) Carryover Assessment

and to assess the linearity of the method individual nitrosamine standards including NDMA d-6 surrogate (LGC Ltd, UK) Carryover can be a problem for this application, in order to assess the performance of this effect a dichloromethane The results of the experiments described here demonstrate:

were used to prepare nine calibration levels: 0.0, 0.10, 0.20, 0.50, 1.0, 2.0, 5.0, 10, 20, 50, 100 pg/uL in DCM* (DCM) blank was inj . N " - Table 2. C: instrument ion limit (IDLs) and absolute peak area repeatability (as % RSD) for
N PR . ! . . jected immediately after the highest concentration standard. In Figure 2 (below) an example extracted N N N A E Ento gt .
(corresponding to 0.05-100 ng/L in drinking water after concentrating x1000 with SPE). NDPA-d14 was also spiked in as ion chromatogram of the highest concentration injected standard for NDMA 200 pg on column (oc) (left chromatogram) e Y from "'150 ) of either a 0.01 pg/uL or 0.1 pg/uL solvent standards where the Method Accuracy = Excellent sensitivity with unrivaled instrument detection limits for nitrosamines in solvent standards down to low ppt
an internal standard at 25 pg/uL (corresponding to 25 ng/L in drinking water). and the consecutive DCM blank (right chromatogram) demonstrates that there is no carryover. peak area % RSD was lower than 15%. The method performance was assessed by evaluating the compound recoveries determined from three separate levels 0.003 pg oc translating to 0.003 ng/L (low ppq w/v) in sample.
Solid phase extraction (SPE) was performed using activated charcoal SPE based on modified EPA 521 methodology. The c t Concentration Peak Area IDL (pg OC*) Equivalent extractions of a 50 ng/L. nitrosamine fortified water sample. The results show that the average recovery values ranged = Outstanding linearity used for the quantification of nitrosamines in 17 drinking water samples analyzed was
summary of the SPE method can be seen in Figure 1. In addition to this the limit of quantitation (LOQ) was assessed by 2240 653 omponen Injected (pg OC*) % RSD to ng/L in Sample between 80.7% and 111.1% (Table 4). This was well within the 70-130% criteria set for this method, demonstrating that demonstrated over a range of 0.05 to 20 pg/uL(corresponding to 0.05-20 ng/L (ppt w/v) in drinking water). All
fortifying ultra-pure water with nitrosamines at 0.1 and 0.5 ng/L (step 2). Similarly, recovery was assessed by fortifying 2087 :m,;ﬂﬂ; PO, ﬁ NOMA 0.02 55 0005 the extraction procedure had outstanding recovery for nitrosamines in drinking water. compounds showed excellent linear responses with coefficient of determinations R2 > 0.999 and average response
water at 50 ng/L (step 2). Bl fage = Qual, T4 44, mz | | factor % RSDs < 5%.
I NMEA 0.02 5.2 0.003
| | NDEA 002 79 0004 Table 4. % Recovery determined from three nitr ine fortified water i at 50 ng/L. NDMA d-6 = The method detection limit for nitrosamines was calculated to be between 0.008 and 0.045 ng/L (ppt w/v).
|ﬂ NDMA100 ng/L (ppt) e Blank DCM e e and NDEA d-10 surrogate standards were spiked into 1 L of water at 25 ng/L to correct recoveries for NDMA and ; . o )
. . g‘ 0e7 H i\ (200 pg 0c*) /\ NDPA 0.20 7.7 0.040 NDEA. = The LOQ for the method was set at between 0.1 and 0.5 ng/L (ppt w/v) for nitrosamines in drinking water with data
caﬁ‘::;g;'%m SPG";et ;‘E"Mg‘},j" ER msm’:mm lc""::_cz""‘:fz‘;:‘: e Il I‘l‘ ‘\/\JF\’\_/‘I \/\/\fr\/\/\//’\\/_w NBYR 500 105 D060 from Dn:W 0 injeclionns of LOQ sl'indard, having ion ratio % deviation from the average of the calibration standards within
DCM, MeOH into 1000 mL of with 15 mL of with 7 g of of NDPA d-14 \‘l l e e " +15%, peak area % RSD < 15%, and ion co-elution within 0.01 minutes.
P e e DCM P s i 2083 NPIP 0.02 12.0 0.006 Compound RT Concentration Calculated 9% Recovery Pass/ Fail Limits Recovery %
(3 mL of each) extract sulphate GC-MS \‘,‘ ‘IK W\/\_/m/\/\m[\/\ NDBA 002 99 0005 (min) (ng/L) (ng/L) = Compound recoveries were found to be between 80.7% and 111.1%, well within the set method performance limits of
/ et R R S RS e S R R R Gl R R R R S R SRR S e e R T e ha T R e T 70-130%.
// L *oc = on column, t-score = 3.787 and n=14 degrees of freedom M LML ’
) o o L 1766 52814, - — NMEA 5.3 41.5 83.0 PASS = Seventeen drinking water samples from separate water testing facilities across Europe were quantified and total
Figure 1. SPE method used for drinking water DCM = 46 48 50 46 48 50 Linearity NDEA: 5a 555 1A PASS nitrosamine content ranged between 0.9 and 4.5 ng/L.
! R miutzs) Linearit dotermined dich 0 et standards at ations of NDPA 7.0 500 404 80.7 PASS 70130 Taken together these results demonstrate that the TSQ 9000 GC-MS/MS system configured with the AEI source provides
Data Analysis Figure 2. NDMA overlaid ification ion and ification ions for the highest standard in DCM 100 pg/pL inearity was determined using dichloromethane solvent standards at concentrations of - . W m unparalleled levels of quantitative performance making it an ideal analytical tool for routine laboratories.
. . . corresponding to 200 pg OC* (left chr am) and a ive DCM blank (right chromatogram). No data 0.05-20 pg/uL (corresponding to 0.05-20 ng/L in water extracts). The calibration of each nitrosamine was performed : 5 :
Data were acquired using timed-SIM, processed and reported using Thermo Scientific™ Chromeleon™ Chromatography N B 4 ) i i ibrati ion i iniecti See o i
> > o ) " smoothing was used and data was acquired in SRM mode. *OC = On column amount pg calibrated using average calibration factor (AvCF) function in Chromeleon CDS and three injections were made at each NPIP 76 45.0 90.0 PASS
Data System (CDS) Software, which allows instrument control, method development, quantitative/qualitative analysis and ) . concentration. All compounds showed excellent linear response with coefficient of determination R2 > 0.999, and average e e REFERENCES
f:ustoml;able rep_)orllng all WI(|‘III'.I one pI_atform. Data review is highly customizable, allpwmg th_e user to dlsplay_ the Chromatoaranh response factor values (RF, % RSD) across this calibration range were all below 5% (Figure 5). NDBA 8.4 42 4.3 B 3 :
|nforr1jaljronblre(1ulred on screen in real time and the software is 21 CFR part 11 compliant. All instrument conditions can be graphy 1. Mitch, W. A.; Sharp, J. O. et al. N-nitrosodimethylamine (NDMA) as a drinking water contaminant: A review. Environ.
seenin fable 1. All compounds were separated in <9 minutes which is 3x faster than what is suggested in certain methodology such as Eng. Sci. 2003, 20 (5), 389-404.
EPA 521. This will allow for high sample throughput and reduced cost per analysis. Using the TG-1701 MS column good 125] NDMA ds 40| NDMA 25| NMEA NDEA Quantification of Nitrosamines in Drinking Water . . i . .
chromatographic peak shape was obtained for all compounds, even for NDMA which is particularly challenging for this 100 _ - _ . ‘ ‘ 2. Sedlak, D. L.; Deeb, R. A. et al. Sources and fate of nitrosamines and its precursors in municipal waste water
analysis due to its polarity (Figure 3). e b Seventeen drinking water samples were obtained from water testing facilities across Europe and the total nitrosamine treatment plants. Water Environmental Research 2005, 77 (1), 32-39.
4 £ content was quantified as total nitrosamines in ng/L, taking into account any nitrosamine present above the LOQ (as o ) . o
555 s 7 - defined in Table 3). All drinking water samples contained nitrosamines with values ranging between 0.9 and 4.5 ng/L 3. California Water Boards, NDMA and Other Nitrosamines - Drinking Water Issues.
cos Mixed nitrosamine standard, concentration = 1 pg/iL, (2 pg OC) < 400 (Figure 6). Out of the nitrosamines present in drinking water, NDMA, NDBA and NDEA were the most prevalent with https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/NDMA.html (accessed 4/12/2018).
o d g 2 0 50 . ¥ '
o 40 calculated NDMA amounts ranging from 0.2 to 3.5 ng/L. For all of the samples, the amount of nitrosamines was below the 4. 0O i : : . Drinki
z . N . ntario Ministry of the Environment and Energy, Regulation Made Under the Ontario Water Resources Act: Drinking
é r} | 25 R?=1.0000 22 R?=0.9997 2 R2=0.9999 20 RZ=0.9992 lhreshpld value of 19 "_g/L'a_‘A This f’e’“?"s‘f_a‘e,s that the TSQ 9000 GC-MS/MS system W'"_‘ the AElv source Is ?af’ab'e of Water Protection Larger Water Works April 24, 2003. https://www.ontario.ca/laws/regulation/r03175 (accessed
S 40es z =] % RSD=1.8 % RSD=3.8 % RSD=1.6 % RSD=3.9 detg;tmg and q\,!annfymg mtrosa_mmes in drinking water easily down to sub ppt levels, and if regulation arises, is ideally 4/12/2018).
] 2|’ om0 7o 0 T Es % T % CmE positioned for this type of analysis. - . ) - )
8 %) 5. Timed SRM: Improved Capabilities for Multi-target Compound Analysis; Thermo Scientific Technical Note 51797,
B 30e5 < o R NDPA NPYR 750] NPIP NDBA 2009. https://tools.thermofisher.com/content/sfs/ brochures/AN51797-TimedSRM-Multitarget-Compound-Analysis.pdf
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Figure 3. Cl ing the itation SRM tr ition ions for nitr i in a1 pg/uL solvent Figure 5. Linearity of targ p using a solvent-based calil ion curve ranging from ermo Is er
standard (equi to 1 ng/L in with hr phic peak shapes for all compounds. 0.05 to 20 pg/pL(corresponding to 5-20 ng/L in drinking water). NDPA d-14 ISTD, AvCF calibration, triplicate S C I E N T I F I C
(NDMA-d6 was not displayed to show peak shape for NDMA). injections per level.



