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INTRODUCTION

At the Ana]yt1ca1 Methods Research Sect1on, CCIW Branch Iniand
Waters D1rectorate a 1ot of effort has been d1rected to the deve]opment

of su1tab1e ana]yt1ca] techn1ques for the quantitative determ1nat1on and

. structura] e]uc1dat1on of orqanoch]or1ne br1doed pest1c1des, their photo-

a]teratlon products, chlorinated biphenyls, 1,4- oxathiins, dithio-
carbamates, orqanophosphates and su]phur conta1n1nq pest1c1des

The 1nstrument ma1n1y respons1b1e for eva]uat1ng such determ1na-
tions 1S‘the gas chromatoqraph (GC). This 1nstrument is used rout1ne1y
for the separat1on of comp]ex m1xtures However,-when used~for trace

analyses, the amount of mater1a1 present often does not allow conf1rmatory

"3‘¢ﬁ~tests to be undertaken to def1n1te1y estab11sh the 1dent1ty of a component

In order to overcome th1s 11m1tat1on and add to the 1nstrument s versat111ty
1n the area of trace analys1s, part1cu1ar1y structura] character1zat1on,
a mass spectrometer (MS) is often used in conJunct1on w1th the GC

1In genera] mass spectrometry is a powerfu] techn1que for the
Aquantitative-ana1ys1s of gases and‘vo]at1]e 11qu1ds and- the eluc1da—
~tion of organic moleCUIar.structures; The.substantiaT gr0wth'tn this
aspect of mass spectrometry ts a direct result of the enormous improveé
mént in'vacuum and e1ectronics.teChn0109y'which ofténfa]loWSﬁinformation to

be-obtatned on a few microqrams of material. Basically an»e1ectron

”?1mpact mass spectrometer 1on1zes vapor1zed molecu]es wh1ch underqo

fragmentat1on and are observed and measured as relat1ve abundances versus

mass to charge ratios. The information, wh1ch is presented by a mass -
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spectrum generally shows the molecular ion and concurrent ion fragments
resulting from losses of an atom, molecule or rearrangement of the

compound. The mass spectrometer is unique in its ability to provide a

'primary‘piece of structural information - the exact mass of a particu1ar

compound.

The fragments produced from the molecular ion indicate the moiety

,hfrom»which the molecule was composed, and their interpretation is used

' 1fto deduce how they re]ate to the or1q1na1 ‘molecular structure

GC and MS share two 1mportant character1st1cs,- in both cases,
samples in the vapor phase and in m1crogram quant1t1es can be used
The GC separates substances in pure form for the MS- detector and a]so
acts aS'an 1n}et system for’ the MS,‘espec1a]]y for small’ samp]es, Thus,
samp1es need not'be isolated or riq0r6u51y purifiéd " For components of
unknown structure or c]ass, information ranging from mo]ecu]ar we1ghts
to tota] structures may frequent]y be realized. But it must be kept in

m1nd that samp]es should be 1nvest1gated in con3unct1on with c]ass1ca]

"methods such as spot tests, melting po1nts, e]ementa] ana]yses and expanded

“with such techn1ques as GC, TLC, 1nfrared NMR or atom1c absorpt1on where

poss1b1e

The AMRS mass spectrometry lab has a powerfu1 tool in computer1zed
GC/MS 'Th1s system 1s capable of sem1-automat1c po]]utant identification,
and can'be extended to quantitative-analysis’through the use of a mu]tiple
peak mon1tor, (M~IdD‘) Using this technique sampies which are'invariabjy

complex mixtures need not be h1qh1y purified as the results are. not

affected by the degree of GC-separat1on‘of the components. Th1svcou1d

save both time and loss of valuable samples in the purification processes.



The detection limit of the MS can be extended conservatively by a factor’
of 100 using the MID system when individual jon peaks in the spectrum

are'monitored and effectively integrated. These individual peaks are

'llse1ected as beinq unique to the compound studied and the detection of

their pneSEnce in the correct abundant ratios with respect to retention
time, provides a means of identifying compounds. The compound under

study and its mass spectrum must, of course, be known and there is a

~mu1t1tude of applications where chem1sts are looking for small quant1t1es

of a known substance 1n comp]ex env1ronmenta1 mixtures.

Mass spectrometry a]one; cannot read11y prov1de the-ahSwé?‘to the

'complete unkown It is vital that samp]e character1st1cs have been

def1ned in order to obta1n effect1ve and benef1c1a1 resu]ts The in-
corporat1on of samp11ng procedures, source 1nformat1on pre11m1nary
ana]ys1s, extract1on and der1v1t1zat1on techn1ques are an 1ntegra1

part of the ana]yt1ca1 process.



Wash Procedure for 400z. Glass Bottle

mow

9.
10.

Rinse with cold tap water.

. Wash with chromic acid, contacting all inner surfaces.

Rinse 6-8 times with hot fap water.

Wash with heavy duty deteraent (Sparkleen will suffice), scrdbbing
yigbrouS]y with brush. |

Rinse at Teast 3 times with hot tap water, making sure'all traces
of'détergént'are.removed.; |

Rinse 3 times with reqular grade acetone, contacting all inner
surfaces. | ‘ .

Rinse fWice with pesticide qrade acetone, contacting all inner
surfaces. | | |

Rinse thce with pesticide grade petroleum ether,vcontacting all
innek_suf%aces. |

B]pw dry with pre-purified nitfogen

Place in oven at 300°C for a minimum of 6 hours.

1.

Wash Procedure for Aiumiﬁum,bfor Liners for Above

Dip roll of Aluminum Foil (N.B. removed centre cardbbard cylinder)

several times in pesticide gréde acetone using so]vent‘c1eaned forceps.

. Repeat the above using pesticide grade petroleum ether.

Allow to dry or blow dry with pre-purified nitrogen..

Again using the forceps tear off a square (or cut using solvent

cleaned scissors) of approximate1y 2" and place over mouth of bottle,

then cap.
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_SAMPLING

Lake, river and industrial waters are not homogenous. The primary

i objective of most sampling is to obtain samples which trU]y represent

~ the character1st1cs of the stream from which they were taken ~Manual

co]]ect1on of ‘samples is pract1ca] for exploratory and short- term surveys.
The vO]ume of the sample collected is usually one or two liters.

Compounds present in a one-liter sample at a concentration of 5 ug/1

or greater will generally q1ve better quality spectra when processed by

extract1on, preconcentration, and GC/MS techniques. For greater sens1t1vity

larger samples are required.

COLLECTION

"Manual collection of samples, should be taken i accordance with

the methods,specified in the booklet, "Instructions for Taking and

Shipping Water samples for Physical and Chemical Analysis," (1) with the

precautions related to each method of analysis being applied.

Sample Information

Samp]es subm1tted for mass spectrometr1c analysis should be -
accompan1ed by a sheet giving pert1nent data regard1ngthe samp]es back-
ground. This can be summarized as foTIoWs;

1. -Sample location |

2. Sample type: (ie;.water extract, fish extract, acid esterification

extract.etc.)

3. Sample concentrations (if known).
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;’ 4. Environmental effect. (ie. toxic to fish, birds, mammais,
odorous, high concentration in plants etc.)

5. Type (s) of compounds ekpected. (based on preTiminary investiga-

tions).

o B o 6. Samples should be accompanied by an F.I1.D. chromatogram.
i - _ CLEAN-UP

4 _ ‘v»when extracts of water are ana]yzed by GC, the extract usually must
be c]eaned up to remove 1nterferences (i.e., 1arge hydrocarbon background),
in such a manner that the procedures used are d1rect]y re]ated to the sample
1nformat1on requwred. -The techn1ques most w1de1y,used are‘fluor151l or

silica gel-column chromatoaraphy, sometimes in COmbination With‘aCeto-

hitrfTe‘partitionihq. Dry-column chromatography isnalso‘recommended‘as‘a
'c1ean—up techniQuelih connection~with thin-layer chrOmatography.

If pre11m1nary gas chromatograph1c ruris show that c]ean up of the
extract is necessary, the f1rst approach shou]d be to c]ean up the
SR f. concentrated extract on act1vated4f1uor1s11. As another approach after
sO]ubiTity separation of the’crude_extract,,the neutra] fract1on may be
further'separated on a silica gel cotumh. ‘Elution with isdoctane, benzene,
methanol-chToroforn (1:1) separates organiCS into aliphatics, aromatics

and oxygen-containing organics fractions, respectiVeTy (2). FOrtUnateiy,

“the mass spectrum of a compound is much more definitive than its retention

ttme, extracts for GC-MS analysis mdy not need further clean-up when

solubility class separation has been used during sample extraction.

‘ , ' The sampling procedures described have been taken in part from EPA-



Report R2-73-277 (3) and the Analytical Methods Manual, Inland Waters

Directorate, (4) modified to suit mass spectrometric requirements.

ORGANOCHLORINATED PESTICIDE AND PCB's IN WATERS

Collect samp]eS'in all glass containers,'and‘stdfe-at 5°¢C |

Extraction bf'Sahp]és

(b)

1. (a) Add‘abproximate1y 25 ml. of benzene to one liter of water sample, .

in the original sample bottle. Stir the mixture with a magnetic

‘stirrer so that the vortex formed at the surface almost reaches

the bottom of the bottle. After 30 min., transfer the content
qUantitatively to a one-liter separatory funnel. Rinse the
empty water sample bottle with 2 x 30 ml berizene making sure that

the glass surface which is exposed to the water sample is well

‘washed by benzenéﬁ' This ‘can be -achieved by putfing'thé”Bbtt1e

“horizontally or aImosi so on a table and rOtéting-the]bottle

back ahd'forth several tjmes. Trahsfer the benzene rinsings

to the same separatory funnel. NOTE: For PCB-analysis, extract
at least two identical 1-Titer water samples or 6he 2-Titer

water sample. | | |

Shake cohtents in the sepértory funnel vigoroUsiy.and aliow.the
dhganic_iayef tovseparate. If an emuTsioh forms, add a few

drops df one of}the following: saturated sodium sulfate solution,

methanol, isbpropano1‘or 2-octanol. Gently agitating contents

may further help»tq‘break'the emulsion. Caution: Do not add
too muth;aICOhol, otherwise ayTakge solvent peak may result;

5 to 10 drbps should be sufficient.



(f)

Transfer the aoueous layer back to the empty sample bottle

and dry the orcganic layer under.rapid suction through a filter
funnel containing 50 gn of sodium sulfate into a 300-mi round- _!:
bottom flask. |
Repeat extraction procedure, twice using 25 m1 of benzene and'dj )
stirring for 10 min. rinsing sample bottle once for each

extraction with 20 ml benzene. Dry extracts as described
previOUS1y.

To the combined organic extracts add 1 ml Or'so i§o¥octane

and- concentrate in rotary evaporator to approx1mate1y 3 ml.

Dur1ng evaporat1on the water bath temperature shou]d not
exceed 40°C. When the extract is concentrated to 10 12 ml,
finish the concentratlon step by 1ett1ng the fiask rotate.mn
the airWay from the Water batht, This step 1s.crjtica1.‘ Sevéere
loss of_pestic%de will result if the extract is atToWed to dry,
particularly if the water .bath is too warm. | |

Samp]e extracts from dup11cate co]]ectlon procedures may be

comb1ned for h1gher concentrat1ons

2.

()

F]orisi1:Fractjonation

(a)

1f PCB's are present and/or the extract contains Manyjpesticideé

to make GLC 1nterpretat1on d1ff1cu1t pass the concentrated
extract throuqh a florisil column prepared as follows:

In a 20 cm x 400 cm chromatoqraph1c column w1th coarse s1ntered
d1sk‘near the bottom, filled w1th hexane (3/4 fu]l), add 2 gm
pretreated sodium su]fate, fo]]owed‘by 10 gm of florisil in
portions; Tap the column gently while adding the florisil to

the column; this prevents channelling. Drain some hexane to
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(g)

B¢ L A T B P

settle the florisil layer.. Add 3 gm of pretreeted sodium
su]fate ensuring minimum disturbance of the f]orisi] layer.
Pre-wash the column with 50 ml benzene, followed by 2 successivei
additions of 75 ml hexane. Allow column to drain and discard
eluates. |

Di]ute the concentrated extract (0.5 ml) to about 2 ml with

hexane. Quant1tat1ve1y transfer the hexane extract to the

column. Al]ow the extract to s1nk just to the surface of

the sodium sulfate ]ayer, Wash'the round-bottom f]ask.w1th

3'ml hexane and transfer the wasing solution to the column.

Let the extract run down as before. Repeat twiceIWith 3m1

hexahe;. | | | |

POUr with care 100 ml of hexane into the cOTUmn.‘;ﬁake sure

that the Florisil Tayer is not is'hct disturbed.

Run the eluate into a 200-ml rcuhd-bottom flask ahd concentrate
under vacuum to approximately 3 ml ensur1ng ‘that precaut1ons
during the evaporation are taken. Transfer quant1tat1ve1y the
concentrated eluate to a 15-ml graduated centrifuge tube.

Wash the fiask twice, each time'With 2 ml to 3 ml petroleum -
ether, and transfer to the same tute. Add % il of 1is0- |
octane or toluene as a keeper. Concentrated to 1 ml under nitregen
as descr1bed above. Label fractidn |

E]ute the same column w1th 100 m] of 15% ethyl ether 1n

petrbleum ether or hexane concentrate eluate or‘if Baendo;quéh

is present, elute column with chloroform or 50% ethyl ether in



-10-

pet. ether and concentrate as previously described.

NOTE: The hexane or petroleum ether fraction will elute

«-BHC, heptachlor aldrin p,p'-DDE and PCB's (Aroclor 1248,

1254 and 1260). The 6% ethyl ether in hexane or petroleum
ether fraction will-elute p,p'-DDD, p,p'-DDT, o0,p'-DDT,

lindane cis-and trans-chlordane, methoxychlor and heptachlor
epoxide. The 15% ethyl ether in hexane a petroleum ether wfl]
elute aldrin, a-endosulfan and dieldrin. The last fraction will

elute g-endosulfan.

PHENOXY ACID HERBICIDES IN WATER

Sampling Procedure and Storage

Water Sampleé should be col]ected ih an all-glass system, kept in

. the dark at 5 C and extracted within 12 hours because degradat1on of 2,4-D

is rap1d in an aqueous env1ronment. The samp]e should be ac1d1f1ed to

bH 2 with sulfuric acid immediately after col]ect1on.

Extratt of Samp1e

3. (a)

(b)

(c)

Transfer acidified weter‘samp1e‘quahtitativé1y to a 2000=m1
separatory funnel. _

Add 50 mi of ch]oroform tb the separatory ?uhne]vabd shake

the m1xture thorouqh]y for 1 m1nute OCCasioﬁa11y emulsions
are formed but can usual]y be broken by add1ng small portions
of 2- proprano], acetone or a saturated NaCl so]ut1on

Allow at least 5 m1nutes for comp]ete separat1on of the

layers and‘drew offzthe bottom chloroform 1ayer into a clean

500 m1 separatory funnel.
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Extract the sample twice more and combine the extracts inlthe
500 mil separatory funnel. The ch]oroform extracts are then
washed with 100 m1 of glass-distilled water and the aqueous
1ayer is removed, making sure the glass-distilled water is
s]ightty acidic.

The combined chloroform extracts are dried over acidified
anhydr0us sodium su1fate for about ten minutes. Caution:

The extract should not remain in contact with the sodium sulfate

- for any period exceeding one-half hour.

The res1dues are concentrated on a rotary evaporator to about
5 m}; 10 m] of methano1 is added and evaporated aqa1n to
5mi. Continue this procedure unt11'a11 traces of chloroform
are removed and transfer the methano1 soiution'to a graduated
centrifuge tube (15 mi) and cohcentrate to 1 ml under a -gentle

stream of nitroqen.

Esterification and. C]ean up

4. (a)

(b)

(¢)

To the graduated centr1fuqe tube add 0.5 ml of the BF3-methano1
complex, cap tube and heat in a water bath atZSO.Cvfor-30 ‘minutes.
The reaction mixture is then a]]dwed to 60o1.to'room temperature.
About 5 ml of 5% aqueous sodium sulfate solution is added to the
tube and extraction of the methyl esters is'earried.OUt thh

two 2-ml1 portions of hexane‘ The hexane extratt is concen-
trated to 1 ml under a stream of dry n1trogen

The hexane phase conta1n1nq the methy] esters of the phenoxy
acid herbjc1des is passed through a sma]] column, prepared by
plugging a disposable pipette with glass woo1(and.packing with
2 cm of neutral anhydrous sodium sulfate over 2 cm of |

florisil. The herbicide esters are eluted with 10 ml of

benzene.
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NOTE:

Strict attention is required of the analyst to obtain reproducible
and satisfactory recovery. In the steps where solvents afe evaporated,
extreme care muist be exercised, especially when working with the mefhy]
esters..‘The extracts should never be taken to dryness as the esters are
extremely vq]ati]e..

Care must be taken to ensure that the tubes are tightly capped and
remain so after introduction of.the BF3—methan01 Yeagent. The temperatUre
should be about 50°C for good yields. The methy]ation is a very crucial
Steb in the proceduke.

‘Extracts should be labelled and ana1yzed as soon as possible.

~ ORGANOCHLORINATED PESTICIDES AND PCB'S IN FISH AND_SEDIMENTS

Samp11ng Procedure ’

| Fish and sed1ment samp]es should be collected and frozen 1mmed1ate1y '

.in‘an.a11~glass‘system on_meta] container. Clean a]um1num foil may be
 used to wrap frozen fisn.for stofage. | _
lv Grind the entire froien fish sample in a 1arge.e1ectric food'gffnder

such as the Hobart Grinder Model 1812. If fhe'fish is too large, it

may be cut into several pieces before grinding. The ground fiShlis mi xed

thorougnly and a-subéample-(hombgenate) taken for analysis. The unused
.portion should be stored immediately in‘a giass_jar or an aluminum can

below: OOC '

Line the cap of the sample bottle w1th ¢leaned a]um1num fo11 to

| prevent sample from contacting the g]ue lining of the sample top. If an

all-aluminum can is used, this procedure is not necessary.
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‘ Never use plastic utensils during analysis for storage or transferring.
Extraction
(a) Transfer 10 grams of the homogenate into a glass jar of a

(c)

(d)

Waring Blender with a Bakelite top. (Do not use a rubber or :
a.p1astic top). Add 120 ml of acetonitriie and blend at
medihm-high speed for fifteen minutes. Allow solid parf1c1es'”
té settte somewhat. Pour the acetonitrile extract, which may
contain some suspened particles, into an AB]ihh filter tube
containing préwashed celite cdvering the sintered glass.

To the residue in the blender, add another 120 ml of
acetonitrile and 40 ml of distilled water and blend for 10
minites. Filter as before. |

NOTE: If the residue in the ANlihn ff]ter tUbejbeCOmes
excessive, it should be scraped out with a spoon-type
spatula and combined with that in the blender, before the
setond blending discussed above.

bbu}560 mlldf acetonitrile }htb the blender and biend the

homogenate for 10 min. Transfer all the residue, if

‘necessary with 2 x 20 ml acetonitrile, into the Al1ihn tube

and.filtEr.__App1y strong suction so that the residue in the
tube contains little sb]vent.‘

Transfer,lWith petroleum ethér rinsihg, the combined
aéefonitriie extracts into a i-fitre funne] and dilute with
disfiT]éd water to adjust_the aqdeous content to 20%. Extratt
the resulting mixture with 150 ml and then twice with 75 ml
pétro)eum ether.

Wash,the combined petroleum ether extracts:wifh approximately

200 ml distilled water. Discard water washing and pass the
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organic extract under suction or with air pressure, through
an anhydrous sodium sulfate (10-15 gm) column using a 500 ml

round-bottom flask as a receiver.

(f) In a rotary evaporator, evaporate the contents in the 500 ml
" flask to 2 or 3 mi. (Do not let contents get dry) and do not -
use a water bath temperature over 40°C for evaporation;

otherwise, there will be possible loss of pesticides and PCB's.

Clean-up
(a) Transfer the concentrated petroleum ether extractVWith a clean
dispoSabie pipette onto a 30 gn F]orisi]rco1omnFWith 1" of an-
hydrous sodium sulfate on the top of the florisil. Use a 300-
ml round- bottom f]ask as a receiver. (See phocedUres for water
. Co "ana‘lys1s for the precautlon and d1scu551on of F]omsﬂ co1umn).
(h) Allow the extract to swnk down Just to the sod1um su]fate 1ayer
R1nse the round bottom f]ask with 2 or 3 m] of petroleum ether
and transfer the r1ns1ng with the same d1sposab1e-p1pette |
onto'the oolumn Let the r1ns1ng solvent again s1nk down Jjust
to the sodium su]fate layer. Rinse the round-bottom fFlask
again with 2 or 3 ml of petro]eum ether and transfer the
hinsing onto the column.

(c) Again rinse the round'bottom flask. This time with 20-§Onm1
fffﬁi. | petroleum'ether Carefully pour the petro]eum ether onto the
column SO that the sodium su]fate layer is not d1sturbed E]ute ?
the ‘column with a total of 200 mi (1nc1ud1nq the above r1ns1ngs)

of petro]eum ether.




-15-

(d) Concentrate eluate with a rotary evaporator to 1 or 2 ml
and transfer, with bénzene rinsings, to a 10 ml volumetric
flask. Make up to 10 ml with benzene.

(e) Change receiver and elute colunin with 200 ml of 6% diethyl
ether containing 27 ethanol. Concentrate eluate on rotary
evaporator and make up to 10 m]\wfth benzene as previously
described.

-(f) Nith a third 300-ml round—bottom flask as a receiver, elute
the column with 200 ml of 15% ether in petroleum ether.
‘Concenfrate to 10 to 20 ml with a rotary eVaborator.. Add
50-60 ml of benzene and concentrate to 1-2 ml. Make up ‘to
10 ml with benzene in a cleaned glass vial.

(g) Use 200 ml of ch]ofoforﬁ or 50% diethy] éther in petkoieum
ether to elute B—endbsu]fan from:the cofUmn. Cdncentrafe
eluate to 2 or 3 ml. Add 50-60 ml benhzene and cohcenfrate
tb 2 or 3 ml. Repeate the last step 6npé more‘béfdre making
up tb 10 ml in a c]eaned Q]ass vfa]. Ship-extracts by air
freight in a frozen state. R

NOTE : The befroléium gthEr fractidn cdhfainst FCB'S,.heptacﬁlor,
aldriri, p,p'-DDE and a-BHC.
The 6% diethjl‘ether in.bétro1euh'éthér fraction contains:
lindane, heptachlor epoxide, ﬁ,p';DbT,‘pgp'-DDD, metﬁquchTOr,
o,h'-DDT,'cis;and tranS—ch]brdénés. | -
~ The 15% diEthy1,éther in PetfoTeum ether fraction contains:
dieldrin, a-endosulfan and endrin.

The last fraction contains: g-endosulfan.
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EXTRACTION OF INDUSTRIAL ORGANIC CHEMICALS

IN EFFLUENTS AND STREAMS

vTh1s procedure has been used for the extract1on of a wide varfety
‘of orqanic chemicals 1nc1ud1nq hydrocarbons, aromat1cs, orqanoch]or1nes,
orqanophosphates, sulfur compounds, amines, ureas, a]coho]s,‘ketones,
aldehydes, ethers, isothiocyanates, pheno]s, and carboxylic acids. The
extraction efficiéncy'ot the method will vary w1th the different chemical
ciasses;_ therefore any concentrat1on va1ue should be cons1dered a
mintmum value unless the extraction eff1c1ency of the compound quant1tated
has been determ1ned The solvent system spec1f1ed 1n th1s procedure is
for a genera1 orqan1c scan and is des1qned to prov1de as much separat1on
as poss1b1e of neutra] organics from weak and stronq ac1ds wh11e_st111_
prov1d1ng acceptab]e extraction efficiency (60- 100%) for’the‘broad'range
.of organics.' Therefore, it may be necessary to se]ect an ent1re1y
different sOlVent or solvent m1xture if you desire to extract a spec1fic
organ1c compound with 80- 100% efficiency.

~ A gas chromatoqraph equ1pped with a flame jonization detector’is
used for pre11m1nary analysis of the prepared extracts. . If organo-
ch]or1ne, organophosphate or orqanosu]fur compounds are suspected,
spec1f1c detectors such as e]ectron capture e]ectro]yt1c conduct1v1ty,
m1crocou10metr1c f]ame photometric, or therm10n1c detectors may ‘bée used
in add1t1on to the flame 1on1zat1on detector

If the samp]e extract is too comp]ex for accurate qua11tat1ve and
quant1tat1ve ana]ys1s the extract should be s1mp11f1ed by co]umn
chromatography, a solubility separation technique or possibly by h1gh

speed liquid chromatography.
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PROCEDURE FOR EXTRACTION NON-COMPOSITED SAMPLES

Equipment should be set up to extract each sample in dup]icate (one

for esterification).

(a)

(b)

(a)

(b)

Dgtermine and record fhe sample pH.

Blend the samb]e with a blender to get a unifOrﬁ suspension of
any particular hatter present and immediately transfer to a
araduated cylinder. Record fhe volume. Divide the sample into
dﬂpiicate portions making sure the particu]éte matter is'equaT]y
divided. Transfer to a 2 1 erlenmeyer f1ask if the pH is 5-14
or tb a2l separatbry‘fUnhel 1f tﬁe pH is 1->5. Divide the
rinse solyéntvfntb-twO equal portions and add one portion to

each sample. duplicate.

‘Add the appropriate solvent (hexane or methylene chloride) to

each sample dup]iéateitd bring the total volume of solvent to

60 m1 per Titer of sample.

" EXTRACTION PROCEDURE FOR COMPOSITED SAMPLES

Detérﬁine the total volume of composited sample needed to extract
in duplicate and then the volume needed from eéch sample to be
composited. (If sample size permitss the total Vo1ume should
be at least 2000 ml so that 1000 ml duplicates can be extracted).
NOTE: It is again very important to have particulate matter in
uﬁifofm SUSpension prior to measurihg out.fhe dUp]icates and to
fraﬁsfér all partfcujar matter to the extraction COntafhérs.
Blend thesample to get a uniform suspension of any particular

matter and immediate1y transfer to a clean dry container being



(c)
(d)

(e)

(£)
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sure all particulate matter is transferred. Measure, record

and discard the volume remaining in the original sample
container. Repeat the above on the samples remaining to be
composited. |

Shake the composited sample and determine and record the pH.
Split the composited sample into duplicate portions and transfer
to a 2 1 erlenmeyer flask if the pH is 5-14 or to a 2 1 separa-
tory funnel if the pH is 1->5. |

Rinse the original sample container with 25 ml of hexane if

the pH is 5-14 or with 25 ml of methylene chloride if the pH

is 1->5. Split the rihse soTvent in tﬁe same propOktions as the
sample was spTit. Discard the rinse portion that represents the
pdrfidn,of'the samples that were compdsiféd. Divide the rinse
composites into two edua1 portions and add one'poktioh to each
sample duplicate.

Add the appropriate solvent (hexané or methylene chloride) to
gach sample duplicate to bring the tdt31 leume of solvent to

60 mi per Titer of sample.

For Samp]es w1th pH 1 >5

(a)

~(b)

Adjust the pH of the water to stfongly acid (pH>2)‘with-bhos-
phoric acid.

Add 100 il of d1ethy1 ether and shake the sample for 2 m1nutes
Allow the layers to separate and dra1n the upper. (d1ethy1 ether)
layer into a fi]ter,tube c0ntaining aC1d washed glass wool pre-
Wet with 50 ml diethyl ether. Collect the dried extract in a
400 ml beaker-. |
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Extract the water sample twice more with 60 ml portions of
methylene chloride. Shake the samplé each time for two
minutes. Pass the extract through glass wool and cd]]ect in
the beaker with the ether extract. If the sample is suspected
to contain basic compounds retain the water for extraction

as outlined in 6. | |

Transfer the acid extract to a rotary evaporator and coricentrate

on a hot water bath to 1-2 ml in a concentrator tube. Disconnect

the calibrated concentrator tube and place in a 150 m1 beaker

containing water maintained at 30-35°C. Reduce the extract

volume to 1.0 ml using a gentle stream of clean, dry nitrogen.
Transfer 0.5 ml of sample extract to a calibrated tube, add
about 1 ml of carbon tetrachloride and reduce the vo]mme back

to 1.0 ml. Transfer to a vial and label "ac1d" extract

For Samp]es w1th pH 5-14

5.

(a)

(b)

Add 5 gm of sod1um ch10r1de and a magnet1c st1r1ng pellet to

the flask, place on a maqnet1c stirrer and adJust the st1rr1ng
raté so that the sw1r11ng pellet d1sperses the so]vent vortex

as bubb]ets 1nto the water. St1r in this manner for 15 minutes.
Remove f]ask from st1rrer and pour contents into a 2000 m]
separatory funnel. A110w 1ayers to separate for severa1'm1nutes,
dra1n Tower (water) layer back 1nto flask and dra1n the solvent
extract 1nto a filter tube packed with a qlass woo] pad that

has been pre-wet first with 50 m1 of methy]ene ch10r1de then

50 m1 of hexane. Collect the extract in a 400 m1 beaker or a

pint bottle.



-20-

ot

NOTE: If an emulsion is present it can be broken by forcing it

‘through the g]ass»wooTiusing.some air pressure. This will probably

necessitate passing the sample extract through a clean glass wool

pad to remove any drop]ets of water that were forced through the first

filter bad,'

(c)

Extract the water tnice more wdth additional 60 m1 portions
of hexane per liter of samb]é as outlined in Steps (a) and (b).
Retain the water for acid'extraction in the 2 1 separatory
funne] and ‘proceed . as descr1bed in step 4 |

Transfer the extract to a rotary evaporator and concentrate

' on a steam bath until the hexane ceases to actively d1st111.

Disconnect the calibrated concentrator tube, add about 2 m]

of iso- octane and p]ace in a 150-ml beaker conta1n1ng water

ma1nta1ned at 30-35°C.  Reduce the extract vo]ume_to 1.0m

\_us1ng a qent]e stream of ‘clean, dry, nitrogen. Transfer to

a v1a1 and label “neutral" extract

Samp]es Suspected of Conta1n1nq Basic 0rgan1c Compounds

6. (a)
(b)

(c)

Adjust the sample. PpH to >11 w1th the KOH so]ut1on

Extract the sample three times with 60 m] port1ons of ‘
methy]ene ch]or1de by - shak1ng it for 2 m1nutes Pass the
methylene ch]or1de extract through pre- -rinsed Pyrex q1ass
wool to dry the samp]e and combine the dried extracts in a
400'm1 beaker

Transfer the dr1ed extract to a rotary evaporator Add‘a
small bo111nq stone and reduce the vo]ume to 1-2 ml us1ng a

hot water bath. Disconnect the concentrator tube, add 1-2 ml
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of carbon tetrachloride and reduce the volume to 1.0 ml as

outlined in 5 (d). Transfer to a vial and label "basic".

bbestekﬁijation

Diazomethahe and dimethyl sulfate are used routinely to prepare
the methyT esters of carboxylic acids and the methyl esters of phenols

and give the highest yie]d. Both methods are outlined.

D1azomethane Methylation

7. " (a) Evaporate the methylene ch10r1de in the other 0.5 ml portion
(step 4) just to-dryness using n1trogen and p]ac1nq the tube in
a beaker of warm water. Immed1ate1y red1sso]ve the res1due in

approx1mate1y 3 ml of 10% methano] in diethy] ether Mix on a

Vortex Genie to dissolve any residue'adhering to the walls of
the tube. Stopper until ready to estefify. A sma11 amount of
methyTene'ChTOride hay be reatined, but the presence of
eh]orofOkh may‘produce artifacts. |

(b) Set up apbaratus as shown in Fiqure 1.

(c) Add about 5 m1 of d1st111ed in-glass ether to the first tube
of the apparatus to saturate the n1trogen carr1er gas with
ether. Add 0. 7 ml of ether, 0.7 ml of carb1to1 2 (2 ethoxy-

ethoxy) ethanol, 1.0 m] of 37% agueous KOH (not pver 2 days

o]d), and 0.1-0.2 g of N- methyl -N- n1trouso -p- to1uenesu1fonam1de
("D1aza1d" ‘Aldrich Chemical CO») to the second tube The base
1mmed1ate1y beg1ns to re]ease d1azomethane from the su]fonam1de.
. o (d) Imed'lately position the second test tube and adJust the

nitrogen f]ow to about 10 m1 per minute. CAUTION! Diazomethane

is an extremely toxic and explosive gas. A good fume hood
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and safety qlasses are mandatory. No chipped glassware
should be used, as rough glass surfaces catalyze decomposition

of Diazomethane.

Position the third tube ( a safety trap to prevent reagent

" carry-over) and the samp]e tube (4) to bUbb]e the nitrogen

(f)

_(a)

(b)

(c)

and d1azomethane gas mixture through the samp1e Continue

the reaction unt11 the slight yellow color of diazomethane
persists in the samp]e soTution‘(fromja few seconds to 30
m1nutes, depend1nq upon the sample concentration). In the
case. of dark co1ored extracts in wh1ch the d1azomethane is not
v1s1b1e a react1on time of 30 m1nutes is recommended.

A]]ow the esterified samp]e to stand unstoppered in the hood
for 15 to 30 m1nutes to a]]ow excess d1azomethane to escaDe
from the ether so]ut1on D1scard all waste from the react1on
w1th care and r1nse the apparatus w1th acetone Add 1 2 m]

of carbon tetrach]oride to the sample tube mix on a Vortex
Genie and concentrate to 1. 0 ml using N2 as prev1ously out11ned

Transfer to a vial and lable "acid ester1f1ed" extract

DIMETHYL SULFATE METHYLATION
Set up apparatus as shown in F1gure 2. | v
Bring 300 m] of the or1q1na] samp]e to pH 11 and extract with
ch]oroform»to remove neutra] and bas1c compounds.
A 500 ml 3-neck (standard taper 24/40) roundhbottom~f1ask
equipped w1th a fourth neck for a thermometer, 15 f1tted with
two pressure- equa11z1ng addition funne]s, the probe of a s1ng]e-

probe pH meter, and a magnet1c stirrer.
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Nitrogen fs introduced into the top of the first addition'
funnel and exits from the top ef the second One. Place

forty ml of Eaefman reagent grade dimethyl sulfate into the
first addition funnel and a 50% solution of sodium hydroxide
(80 ml) into the second.

Pour the sample into the flask and flush the system with
nitrogen.

After raising the tempekature to 85°C begin dropwise addition

of both the d1methy1su1fate and the sodium hydrox1de so]ut1on

‘Ma1nta1n temperature between 80 90° (Caut1on--exotherm1c

reaction. Have ice ava11ab1e to add to water bath) and the

pH]petween 10.5-11. S1nce d1methylsu]fate is notvreadi1y

soluble in water vigorous stirring must be used. The

addition time is about 1 hour.

After all the dimethylsulfate is added, mainfain the reaction
Qessei at.85—90O for an additional 15-2- minutes and then cool
to room temperature.

Add 5 ml concentrated ehmoniUmAhydrbxfde te destroy.exceés
dimethy15u1fate and ré-extract the reaction mixture with
chloroform to refove the methyl eéfers of acids and the

methyl ethers of phenols.

(i) Dry the chloroform extract and evaporate to 1 ml.
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DERIVIATIVE FORMATION BY SILYLATION
Many compounds are not volatile enough to be transformed to the

gas phase without decompostion. Such polar compounds as amino acids,

sulfonic acids, nucleic ac1ds and- carbohydrates are not directly gas

v‘chromatographable. Some ster01ds, carboxylic acids, and pheno]s can be

~directly chromatographed in their free form, but require spec1a1 columns.

Pheno]s fail on most GC columns.

Der1vat1zat1on reagents are now ava1]ab1e for a11 these classes
.of'compounds To be usefu1 for GC/MS analysis, a derivative shoutd
fu1f11 the fo]]ow1no criteria:

(a) be formed quant1tat1ve1y from the free precursor by a rap1d

" reaction w1th a readily obta1nab1e reagent,

(b) be volatile enough for vaporization in the GC inlet;

(c) be therma]ly stable in the GC/MS system

Tr1methyls11yl (TMS) and d1methy1s11y1 ether (DMS) are w1de1y used

for der1vat1zat1on react1ons, requ1r1ng 11tt1e time and effort The

'se]ect1on of a der1vat1z1ng aqent and the methods emp1oyed are numerous

and unfeas1b1e to present here. For proper se]ect1on, reference shou]d be

made to the booklet offered by Pierce (5 ). A short sdmmary of soine of
the more common reagents is listed.

(a) BSA, N10 bis (tr1methy1s11y1) acetan1de

reacts far more rap1d1y than the hexamethy1d1s11azane (HMDS)--.
tr1methy1ch10ro s11ane (TMCS) m1xture and does. not y1e1d HC1 and
NH4C1 as a by- product

~ (b). SyTon ‘BT |
This is a m1xture of BSA and TMCS (S'D It will convert

unh1ndered hydroxyl groups and moderate]y h1ndered ‘ones.
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The silylation is accomplished with the reagent at 100°C for two

hours without removing the excess.

(d) Sylon BTZ |
This is one of the most potent sy]y]atfng aqents and will apparently
'deriVa;ize all hydroxyl groups in any position. It consists of
BSA, TMCS and trimethylsilylimidazole.
Reagents
(a) ‘A11~so1vents mdsf be of pesficide qua]ity or hahogréde and must be

checked befbre use.

(B) Potassium hydroxide,Q 60 gm dissolved in 100 mi of'Héo. f
(c) Phosphoric acid. | ‘: B ) |
(d) : 10% (V/V)'ﬁethanoi in diethyl ether - prepare just prior to use
(e) o 2;( S-Ethpxyethoxy)_ethéno] (CarbitO]), Eastman P2848 6r the
| equivalent. - | R
() | N-méthyl-N-nitro$o-p-to]Uene-su1fonamide (Diaza]d)'501utidn.

Eastman 7066 or the equivaient; Disédlve 1500 mg in 5 ml of
diethyI'Ether. Prepare just prior to use. ~. o
(g) Sodium chloride, reagent grade. Heat at SOOOC.for.tﬁo hqurs.
(kY Florisil, 60-100 mesh, calcined at 650°C (factory treatéd) and kept af
130°¢ until use. Before the use and standardization of Florisil, check
'any cohtaminatiohs 6r,1ntereferences by passing 100 ml of 15% éfhy]
ether in hexahe throuah 10gm* of florisil cO]umnIand analyze the
'concentrated eluate (1 ml or 4ml)** by GLC. The amount and type of
soiVéHt used fbr this test should bégthe same aS'uSed in the analysis.
In cases where mbke than one kind of solvent in column c]éanQup is used,

always use the more polar solvent for this test. Thus,_if hexane, 6%
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ethyl ether in hexane, and 15% ethyl ether in hexane are used as
eluants in the analysis, as in Reynold's extension of Mill's procedure,

use the 1ast ment1oned so]vent mixture for this test.

‘ g*The exact amount can be determ1ned by standard1z1nq the f]or1s1l by
'elut1on»w1th standard m1xture.

**The concentration factor does not have to exceed that used in practice.

Neutral alumina, Woelm, Activity Grade I deactivated with 5% water.

~ 14% Boron trif]UOrideemethanoi complex, esterification reagent, available

from Analabs.

Sod1um Sulfate- ACS qrade or better anhydrous The heat treated

mater1a1 is d1v1ded and one part is 1abe11ed "neutra] sodium sulfate"

“and stdred at 130 C The other part is s]urrled w1th enough ether to

cover the crysta]s and ac1d1f1ed to pH 4 by add1ng a few drops of
sulfuric ac1d

To determine the pH a small quahtity of slurry is rémoved, the ether

evaporated water is added to cover the crysta]s, and the pH 1s measured

on a pH meter The ether is removed by vacuum from the ac1d1f1ed sodium
sulfate. This fract1on is labelled "ac1d1f1ed sodium su]fate" and stored

at 130°C.
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