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2 STUDY OBJECTIVE 

The aim of this study was to validate the CEMAS analytical method CAM 0097/draft 
'Analytical Method for the Determination of Residues of Methyl lsothiocyanate in Surface 
Water'. This method is identical in methodology to CAM 0084/001, which has already been 
validated for MITC in groundwater. Therefore CAM 0097/draft has been superseded and 
the MITC in surface water validated method is described in CAM 0084, which has been 
reissued as CAM 0084/002 'Analytical Method for the Determination of Residues of Methyl 
lsothiocyanate in Drinking, Surface and Groundwater'. (Appendix 4). 

This method has been developed at CEMAS for the determination of residues of methyl 
isothiocyanate {MITC) in surface water to a limit of quantitation (LOO) of 0.1 µg/L. This 
method is deemed to be also appropriate for the determination of methyl isothiocyanate 
{MITC) in drinking water and groundwater. The validation data in surface water covers also 
the requirements for the determination of MITC in drinking water for the following reasons, 
this method is validated at the required level of 0.1 ug/L and surface water could be 
considered as the most complex water type 1• 

This study was also designed to evaluate the stability of MITC residues in surface water 
specimens stored under freezer storage conditions for up to 33 days. 

3 MATERIALS / TEST SYSTEM 

3.1 SPECIMENS 

Fresh surface water was taken from a river in Belstone (Devon). A unique sample number 
(CCON/037/005) was assigned to the water specimen to track it during receipt, storage 
and analysis. On receipt the specimen was stored at approximately 4°C. 

The water specimen was GLP characterised at CEMAS. 

The pH was determined using CEMAS Standard Operating Procedure CEM-3373 
"Determination of the pH of Water, Soil and Sediment Samples in Water and/or Salt 
Solutions (0.01 M Calcium Chloride, 0.1 M Potassium Chloride, 1.0M Potassium Chloride)". 

Electrical conductivity was determined using CEMAS Standard Operating Procedure 
CEM-3454 "Determination of the Electrical Conductivity and TDS of Water, Soll and 
Sediment". 

'SAIIIC0/825/00 rev 8.1 . section 8. lines 506 and 507. "provided that !he method has been successful,y va lldated for surface water al • the LOO required for the drinking water. nc further vallda110n iri drinking water is required' 
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Silt content was determined using CEMAS Standard Operating Procedure CEM-3385 
"Determination of Particle Size Distribution in Water - Fractionation/Sedimentation 
Method". 

Total Organic Carbon and Dissolved Organic Carbon was determined using CEMAS 
Standard Operating Procedure CEM-3396 "Determination of the Total and Dissolved 
Organic Carbon, Inorganic Carbon and Carbon in Water". The dissolved organic carbon 
was determined as the sample was filtered through a 0.45 µm filter. 

Total hardness was determined using CEMAS Standard Operating Procedure CEM-3060 
"Determination of Total Hardness by EDTA Titration in Water". 

Alkalinity was determined using CEMAS Standard Operating Procedure CEM-3384 
"Determination of Alkalinity of Water - Carbonate, Bicarbonate and Carbonate Hardness". 

Total suspended solids was determined using CEMAS Standard Operating Procedure 
CEM-3448 "Determination of Total Suspended and Volatile Suspended Solids in Waters". 

Results of the GLP characterisation were as follows: 

• 
CEMAS Specimen Reference: Analysis Results 
CCON/037/005 

pH 5.8 

Electrical Conductivity 36.7 µSiem 

Silt Content <1.0 mg/L 

Dissolved Organic Carbon 2.27 mg/L 

Total Hardness (EDTA Titration) as 
CaCO3 

5.0 mg/L 

Total Alkalinity as CaCO3 11.0 mg/L 

Total Suspended Solids 0.1 mg/L 

• 
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3.2 REFERENCE ITEM 

Table 4: Reference Item 

Analvte Methyl isothiocyanate (MITC) 
Batch Number SZB9154XV 
Purity 98.5% 
Exoirv Date 03 Jun 2015 
Storaqe: Coldroom 

• Replicates at Fortification Level (mg/kg) 
Untreated Replicates 

LOQ Higher Level 
-

2 5 at 0.1 µg/L 5 at 1.0 µg/L 

The reference item will be retained until expiry and then disposed of. A copy of the 
Certificate of Analysis is given in Appendix 5. 

4 VALIDATION OF MITC IN SURFACE WATER 

4.1 E XPERIMENTAL PROCEDURES 

4.1.1 FORTIFICATION OF SPECIMENS 

Control specimens were fortified with MITC as detailed below: 

4.1.2 METHODS OF A NALYSIS 

Specimens were analysed using CAM 097/draft "Analytical Method for the Determination 
of Methyl lsothiocyanate in Surface Water". This method is identical in methodology to 
CAM 0084/001, which has already been validated for MITC in groundwater. Therefore 
CAM 0097/draft has been superseded and the MITC in surface water validated method is 
described in CAM 0084, which has been reissued as CAM 0084/002 'Analytical Method for 
the Determination of Residues of Methyl lsothiocyanate in Drinking, Surface and 
Groundwater' (Appendix 4). 

Residues are extracted from surface water samples by sweeping the headspace from a 
septum capped vial into a gas chromatograph-mass spectrometer (GC-MS) 

During method validation, acceptable recoveries were generated for samples fortified at 
LOQ (0.1 µg/L) and at a higher level (1.0 µg/L). Results from the GC-MS method validation 
are summarised in Tables 1 and 2. 
For a detailed description of the method see Appendix 4. Quantitation was performed by 
external standardisat ion with linearity. 

• The limit of quantitation (LOQ) for this method is 0.1 µg/L . 
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APPENDIX 4: CE MAS ANALYTICAL METHOD CAM 0084/002 

$ CEMAS 
METHOD No. CAM-0084/ 002 CEMAS 

CE MAS ANALYTICAL M ETHOD 

METHOD No. CAM-0084/002 

TITLE ANALYTICAL METHOD FOR THE DETERMINATION OF 
RESIDUES OF METHYL ISOTHIOCYANATE IN DRINKING, 

• 

Marla GarcAlll, 
Au1hor 

~ ~~~· 
S3ndr'\ Bernardo 
QA Ro,Hew 

~~ LisaJuu~ 
Technical Review 

SURFACE ANO GROUNDWATER 

/ 3 ~ ..!('){'f, 
Effective Date 

1 '.?, 11...,...,.__ ,)<>I 't 
Date 

18 IV'c::,n:h 2C>I U. 
Date 

DATA REQUIREMENTS 
ENV/JM/MONO(2007)17 

SANCO/825/00 rev 8 . 1(2010) 
SANCO/3029/99 rev 4 (2000) 

OPPTS 850.6100 (2012) 

REVISIONS TO PREVIOUS VERSIONS 

V ersion ReDson for Re-issue 
CEM-3564/001 To move the method from the SOP system 10 the CAM system 

(Original author: M Garcia-Allx) 
CAM-0084/001 To incorporate the surface water v a lidation data 

-

- ·----
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INTRODUCTION 

This SOP ,1escribes the procedve for the determinatio:1 of me(hy1 isothiocyanate (MITC) 
1n d,inkin,; water. surface water and groundwater samples by sweeping the headsoace 
frorr a sep,urT' cappea v,al into a gas chromatograph-mass spectrometer (GC-i'v1S). 
During validation, this method gave ty•pical linearity correlation coefficients of >rJ.995 and 
mean recoveries of betwee" 70 a-'ld 1 20% The ii nit of quantificatio'l (LOO) has been 
established as 0. 1 pg;L 

2 GLP Compliance 

This analytical method is applicable for determination cf MITC :n diffemnt water ,ypes 
(grounchvater, sL:rface water and drin.~ing water). 

The method validation dala for the determ:nation of 1\/l!TC in gr'..lcndwater are included in 
the CEMAS GLP Study CE:VlS-5667 

The method validation ::!ata for the determination of MITC rn s,:rface water are included in 
the CEMAS GLP Strady CEMS-6314. The validation data in surface wa(er covers also I.he 
reqc:iren1ents for the detwm'nation cf ,vl!TC in drin~ing water for the follow;ng reasons, 
tr:is ~ethod is va:,d,ited a, '.i1e requirec level of 0. 1 ug/L and surface water co•~ld be 
considered as the most complex water type 1. 

• 3 ?RINCIPLE 

Water sar,ples (10 ml) are p;pettad intn a 20 riL headspace v;al. Sufficiem sodium 
chloride is added tc satwate the solutiori. The vial is irnniediatel; se::;tum capped The 
'.arget ,iralyte is encoL,raged ir!o tne headspace (vapour prase) by warn,inq and 
agitating the via' in a headspace oven. The r-eadspace rn :he v'al is then swept into a 
san--::;le lc;op connec,ed to the GC inlet. T~e analyte is cetected using capillary gas 
chromatography witr mass-select ve '.:!erection, Quantitation is perfcrG1ed by the externa 
s'.andard method using ca:ibration solutiors prepared concurrent1y with the samoles. 

4 REAGENTS AND SOLUTIONS 

1 1 Reagecits 

',1et'1anol 

Deionised water 
Sodium Cnforide 

1.2 Calibrati0i1 Reference Item Solutions 

4.2.1 We'gh accuratel:v, using an ana'ytical baiance, C.OSO g (weigi-.t adjusted for purity) 

of re:erence ma·eriai intc a glass volumetric flask ! 25 mU. Disso 1ve ir' rnet:ianc' 
ar:d make up ,o tile marl<. The sro::k so:ution contains 2000 µgtmL of analyte. 
Trar!sfe( the solutions irto ar-iber 40 ml vials wit/-1 PTFE caps. The reference i!em 

soiL.\ions should aiways be stored ,n 3 refiige:·ator to prevent de-:0~1poslt on 
and.101' concer.tration of the ana1~/te. 

1 
'SA:-..CG 82510•:l re·, 6. ! sec:iion fi, ;•w:s :506 an(1 j()', ':;i;cv:decl '.1-iat lhe 1r1ei.1ad has beer· s,1c:::essf•.iU•1 v.il r1atP.ct fryt 5Llrfacr:- water 
at the LOO ffi(J:J!red :or t!---e •.!"r'-',''9 •.vfller 'W f·,rthe, 11al,datror1 fn 'l'i;•king water 1s '€:qi.med' · 
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T,e preparation of these standard solutions may be achieved by the use of 
alternative dilutions if necessary and alternative concentrations may be used as 
appropriate to the analysis. 

1.2.2 Prepare the following standards In methanol In volumetric flasks: 

-
Parent cone 

µg/ml 
2000 

Volume taken 
ml 

Final Volume 
ml . 

Standard cone. 
µg/ml 

20 ·- 0.1 10 
2000 0 05 10 10 

20 2 10 4 

20 1 10 2 
20 0.5 10 1 
20 0.2 10 0.4 
20 0.1 10 0.2 
2 0.5 10 0.1 
2 0.3 10 0.06 

1.3 Procedural Recovery Reference Item Solutions 

• 4.1.1 Weigh accurateiy, using an analytical balance, 0.050 g (weight adjusted for purity) 
of the reference material into a glass volumetric flasks (25 ml). Dissolve in 
methanol up to the mark. The stock solution contains 2000 µg/ml of analyte. 
Transfer the solutions Into amber 40 ml vials with PTFE caps. The reference Item 
solution should always be stored in a refrigerator to prevent decomposition and/or 
concentration of the enalyte. 

4.1.2 Prepare the following fortification standards in methanol: 

Standard cone. • 1 

I 
I 

Parent cone. 
i---~µ~,g~l_m_L ___ 

2000 

Volume taken 
r----,-m_L ___ -+

0.1 

Final Volume 
___ - m_L ____ 

10 
______ .c:.saua:..:.,/m:..cl::__--1 

1 
20 : 

20 1.0 10 2 
20 0.1 10 0.2 

5 SAMPLE PREPARATION 

No sample preparation Is required for water samples. Samples should be stored frozen 
until required for analysis. II Is recommended to analyse the samples the same day of the 
extraction. 

5 1 Include at least one control sample and two procedural recovery samples with 
each analytical batch ~sing :he relevant type of control water known not to contain 
methyl isothiocyanate. The procedural recoveries should be prepared AFTER the 
samples (see Section 6). 

5. 2 Add 5 ;i of sodium chloride to a headspace vial 
5.3 Remove samples from the refrigerated storage immediately before analysis. Do 

not allow them to warm up. 

Page 3 ol 37 
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Note: It is critical that the samples are extracted immediately after thawing, 
while stilt chilled. 

5.4 Accurately transfer 10 ml or sample into the headspace vial. Procedural 
recoveries should be fortrned at this stage (see Section 6). 

5.5 Immediately cap the vial tightly with a sep:um crimp cap. 
5 6 Transfer the vial to the headspace carousel for analysi$. 

6 CALIBRATION STANDARDS & PROCEDURAL RECOVERY PREPARATION 

Calibration standards should be prepared after the samples have been transferred to 
headspace vials and capped to avoid any possibility of cross-contamination. 

The magnitude of the rratrix effects were between 10-20% in the waters tested. Although. 
the matrix effect Is not very significant, matrix-matched slandards may be used to 
compensate for any matrix effects, at the discretion of the Study Director. If matrix
matched standards are used 'or ihe calibration. relevant control water samples are 
fortified with standard prepared in methanol, to give a range from 0.03 ng/mL to 
10 ngtml, If matrix-matched standards are not Jsed, calibration standards are prepared 
with ultrapure ,vater. 

• 
6.1 Allow the fortification and calibration solutions In methanol to warm to room 

temperature. 
6.2 Add 5 g of sodium chloride to a headspace vial. 
6.3 Accurately pipette 10 ml or ultrapure water or relevant control water sample that 

has been cooled to 4•c into the headspace vial for calibration standards. 
6.4 Accurately pipette 10 ml of relevant control water sample that has been cooled to 

4"C ;nto the headspace vial for the procedural recovery samples. 
6.5 Fortify t'le water with 5 µl of the appropdate calibration solution (4.2.2). 
6.6 Fortify tne water with 5 µl or the appropriate fortification solution (4.3.2). 
6.7 Immediately cap the vial tightly with a septum crimp cap. 
6.8 Transfer the vial to the headspace carousel for analysis. 

7 INSTRUMENTATION AND OPERATING CONDITIONS 

7 7 GC Instrument: Agilent 6890 series gas chromatograph 

o GC Column: 

DB 624 30 m x 0.25 mm x 1.40 ~m film (Quantitatior) 
RTX-35 Amine 30 m x 0.25 mm x 1.0 µm film {Confirmation) 

o Oven 
Initial temperature: so·c 

• Initial time: 5.00 min 
Ramp: 15°C/min :o 100°C then 35°C/mln to 

2oo•c and hold for 1 min 
o Injection system and pneumatics 

• Carrier gas: Helium 
liner type: Straight-through liner 

• Inlet mode: S;>lit 
lnjectiol'l per: temperature: 220°c 

• Pressure: 21 psi (approximately) 
• Slit ratio: 2:1 

Page 4 of 37 

• 



• CEMR-6314 Version 2 
Page 52 of 88 

CEMAS 
METHOD No. CAM-0084/002 

Silt flow: 5.0mL/min 
Total 'low: 9. 7 mL/minute (approximately) 

Column mode: Constant flow. 

Column flow 2.5mUr-iin 

• Average velocity: 58cm/sec (approximacely} 

o MSD interface: 260'C 
o MS Quad temperatue: 150"C 

o MS Source: 230'C 
o EM Volts: Rel +400 
o SIM windows and Ion assignment as shown in the tables below: 

_Anal.Ll~ec._ _________ J--__ T:...:a:..:r=e:...t ·1:.::oc..:nc.---+--=C:.::o:.;n;.;firrn;.;.:..:.a::.t:.::oc:..L.c.::io'-"n'---I 
meth 1 isothiocyanale 73 72 

7 .8 Instrument: Agilent 7694 series Headspace sample introduction system 

o Oven temperature: 80'C 
o Sample loop tempe"3ture: 1os·c 

• 
o Transfer hne temperature: 12o·c 
o GC Cycle time: 20 minutes (approximately) 

o Vial equilibrium time: 10 minutes 
o Pressurisation time: 0.2 minutes 

o loop fill lime: 0.05 minutes 
o Loop equilibrium time: 0.2 minutes 

o Inject time (3 ml loop): 3 minutes 
o Carrier gas transfer line flow: 20 mUmin• see procedure below 

o Vial pressure: 13.5 psi (approximately) 

·Toe carrier gas transfer tine flow should be set after all other headspace and GC
MS conditions as follows; 
Connect a flow meter to the back injector split flow vent 
Shut off the carrier gas flow en the transfer line using the knob on the top of the 
headspace instrument 
Change the split ratio on the inlet to 50: 1 using Chemstation and note the flow rate 

on the flow meter 
Turn on the flow from the transfer line. 
Continue increasing the transfer line flow and measuring !he flow rate from the split 
vent until the flow has increased by 20 mUmin. 
Return the spilt ratio to the original setting. 

Page 5 of 37 
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8 ANALYSIS ANO CALCULATIONS 

Using a calibration slandard inject aliquots of an appropnale concentration to obtain 
a reproducible response before proceed,ng. 
Bracket samples with calibration standards (0.03 ngtmL to 10 ng/ml). The 
calibration shou1d have a minimum of 5 points and all samples should be w·tnon the 
calibration range. 

Prepare an appropriate calibra tion curve by plotting peak area versus conoent•at,on 
expressed n nglML. Using appropriate regression analysis. determ ne the equation of the 
line and the coefficient of determination (r). 

For example: 

If JSing lktear regression, generate the following equation: 

y= mx 
y = peak area 
x = conCt!ntralicn In ng/ml 

Calculate the residue in the extract 

• 
Residue (ng/mL) = peak ftrea 

m 

Calculate the residue in the sample: 

Residue (µgtL) = Residue in extract (ng/L) • Sample cone. (mU'TlL) 

The extraction efficiency of pr0Ct1dural recovery specimens shoulc be deterr1inec as 
follows: 

% Recovery = Residue in sample /µgill • Residue In contr~ " 1 oo 
Fortificalion level (µg/L) 

9 VALIDATION 

The method validation data for the determination of MITC in groundwater are included In 
the CEMAS GLP Study CEMS-5667. 
The method vahdation data for the de1erminat1on or MITC in surface water are included in 
the CEMAS GLP Study CEMS-6314. 
The validation data in surface water covers also the requirements for the determir.ation of 
MITC ,n drinking waler for the following reasons, this method 1s validated at the required 
level of 0.1 ug/L and surface water could be considered as the most complex water type' 

'SANC0/625/00 ro, 8. I. aoclio,, 8. llne3 508 and 507, •proeldod that th~ rnel/lo-1 hes ceen suCGeululy •al-d•:od ror surlau woier 
al l~e LOO 1eQuorod 'or I~• drio'\Jtlg wale,, nc rurlhe• ea'4abon In dml<k,g wa~r ,s reqult..r 
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APPENDIX 1: APPARATUS 

Recommended Supp11ers 

General Ger.era! glassware www.thermoflsher.co'l1lgloba1/en/home.asp 
olassware 
40 ml Glass Vials General olassware www.thermofisher.com/global/en/home.asp 
Gilson omettes Various sizes www.thermoflsher.com/globallenlhome.asp 
2ml General labware www.waters.com 
autosamoler vials 
GC-MS syst~m Agilent 6890 se·ies gas WWN.agilent.com 

ciironatoQraph -Headspace Agilent 7694 series www .agilcnt.com 
system Headspace sample 

introcuclion svstem 
GCcolumn DB 624. 30 m x 0.25 mm x www.agilent.com 

1.40 µm film 

GC column RTX-35 Amine 30 m x 0.25 www.restek.com 
mm x 1.0 um Mm 

20 ml headspace General glassware www.ag,lent.com 
vials and caos 

Note. Equivalent eQuipmert may be substituted where approp·Ia:e . 

• 
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APPENDIX 2: REAGENTS ANO SOLUTIONS 

Recommended Suppliers 

-~- - -·-- "i:iescrictlon Sunnller .Beaa'!.~! 
Methanol HPLC orade www.1herm.o'!sher.com191obal/en/hof"le.ase ·-Water HPLC arade www.thermofisher.com/alooaUen/hone aso 
§'l!!!!!..'!!.Chlorlde Technical v-.,ww thermofisher comlolobal/en/home.aso 

Note· Reagents or equal purity may be substituted where appropriate . 

• 
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