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PREFACE

-

The analytical grocedures far marine environmental samples desceibed
herein result from eiyht years of methods development and applicaticn by
the National Analytical Facility {NAF) of the National Oceanic and Atmospheric
Administration (NOAA). These procedures are published for use in the
Kational Status and Trenas {S&T) Program of NOAA's National Ocean Service.

Begun in 1984, the S&T Proyram seeks to'document and assess the present
status and future trends of environmental quality throughout the nation's
coasts and estuaries. Basically, the S&T Program asks:

What are the current conditions of the nation's coastal zone?
1
Are these caorditions getting bettar or worse? '

To answer such questions the ST Program will employ a nationally uniform
set of environmental measurenents., To help ensure that uniformity, this
Technical Memorandum docu—ents the analytical procedures for the extractable
toxic organic chemicals., ’

The National Status and Trends Program consists of the following major
components:

The National Benthic Surveillance Project

o

The National "Mussel Watch™ Project

L]

The Water Quality ¥onitoring Project

o

The Synthesis of Historical and New Data

This publication is a ladoratory manu2l for use by analytical chemists
working on the first two components. The National BRenthic Surveillance
Project will be conducted by “DAA's National Marine Fisheries Service (XMFS).
Under this project NMFS chenists will measure toxic chemicals in bottom
sediments and in the fish assdciated with those sediments. Samples will
come from about 150 coastal a~d estuarine stations, predominantly in urban,
industrial arsas, but with rcayrban areas included for reference. In the
National "Mussel Watch® Pro-ect, laboratories uncer contract to NO0AA will
analyze mussels and other tivalves for the same toxic chemicals planned
for the National Benthic Surveillance Project. These molluscs will come
from about 150 coastal and estuarine sites nationwide,

For further informaticn on NOAA's National Status and Trends
Program write: NOAA/National Ocean Service, N/OMA32, Rockville, MD 20852.

Preceding page blank
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INTRODUCTION

Numerous receant Studies demonstrate associations between organic
chemical contamination of the aquatic envircnment and impacts on environmental
health and, potentially, on human hz2alth (cf, Malins et al. 1984). 1If the
results of one study are to be compared with those of another, uniform
analytical methods for the chemicals will be required. To meet this need,
NOAA's National Analytical Facility (NAF) prepared this Technical Memorandum
as a methods manual for extractable organic chemicals in marine sediments
and tissves, It applies specifically to the organic analytes (i.e., chemicals
to be analyzed for) selected for documentation by NOAA's National Status and
Trends (SAT) Program (Table 1).

The analytical procedures for the organic analytes 1isted in Table 1 are, .
for a host of reasons, lenythy ard complex, Hence, it is important that
the laboratories participating in the S&T Program have specific analytical
procedures -= procedures that are described in the detail shown here,

This manual is primarily for use by analytica! chemists of the National
Marine Fisheries Service participating in the Haticnal Benthic Surveillance
Project. However, it may also be used by laboratories under contract

to NOAA for the National "Mussel Watch" Project. Applications to other
analogous purposes are welcome, as are suggestions and comments,

NOAA National Analytical Facility

Since its inception in 1975, NOAA's National Analytical Facility
has been at the forefront in developing and employing advanced methods
to analyze aquatic samples for traces of toxic chemicals, These activities
have focused primarily on methods for determining industry-related organic
compounds Such as aromatic hydrocarbons and chlorinated hydrocarbons in
both sediments and oryanisms. Most of the analytes are listed among the
EPA-NRDC "Priority Pollutants" (Environmental Protection Agency 1979},

Over the years NAF methods have found wide application in envirommental
studies concerning the Strait of Juan de Fuca (MacLeod et al, 1977,
Brown et al, 1979), the New York Bight (Macleod et al. 1981), and Puget
Sound (Malins et al. 1980, 1982), among others. As the methods are
neither simple nor inexpensive, it is most important that the soundest
analytical techniques available be employed and that improvements be
continually sought. Thus, evolution of the methodology s assured, and
this manual will be updated periodically as methods improve,

Quality of Analytical Data

Horwit: and coworkers {1980) observed that the uncertainty in the
analytical results in interlaboratory comparisons increases in a regular
proyression as the conceatrations of the particular analyte descend from
fractions of a percent to parts-per-nillion (ppm) to parts-per-billion
(ppb) . According to their studies, standard deviations (s) for
interlaboratory comparisons of means (x) around 10 ppb should not be



Tabie 1. Extractable orgahic chemicals and internal standards selected
for documentation by NOAA's National Status and Trends Program,

aromatic hydrocarbons (AHS)

naphthalene
Z-methylnaphthaiene
l-methylnaphthalene
biphenyl
2,6-dimethylnaphthalene
acenaphthene

fluorene

phenanthrene
anthracene
1-methylphenanthrene
fluoranthene

pyrene
benz[aJanthracene
chrysene

benzc{ epyrene
benzo[ajpyrene
perylene
dibenz[a,h]anthracene

internal standards (1-Stds}

naphthalene-dg
acenaphthene-djg
perylene-dis
hexametth%enzene {HMB)
tetrachloro-m-xylene (TCMX)
So-androstan-3E-pl

chlorinated compounds

hexachlorobenzene {HCR)
1indane {Y-BHC)
heptachlor

heptachlor epoxide
aldrin

dieldrin

a-chlordane
trans-nonachlor

mirex

DDTs

dichlorobiphenyls PCBs
trichiorobiphenyls

tetrachlorcbiphenyls
pentachloropiphenyls
hexachlorobiphenyls

heptacnlorobiphenyls
octachlorobiphenyls
nonachlorcbiphenyls

Y s et St ' et Saitl gt W’ T Sl st Yt t?

natural preduct (sewage tracer)

coprostanopl
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expected to be better than 357 of the grand mean (X). Our experience

‘(Macleod et al, 1982) has shown this thesis to be realistic, hut {t

often dismays or confounds statisticians, modelers, and administrators.
Nevertheless, the issue must be faced, and tie best possible precision
must be secured for the analytical results. Accordingly, the methods

publishéd here are the best compilation of techniques we could devise,

In implementing these procedures the following quality assurance
(QA) protocols witl be observed. First the procedures will ne validated
statistically in NAF's laboratories, cunsistent with the Horwitz model
above. hen NAF will distribute calibrating solutions and previously analyzed
sample extracts to the participating NMFS laboratories so that they may test
the performance of their measuring equipment, i.e., the gas chromatoyraph(s).
Once consistent and satisfactory results have been obtained, interim
reference matefials {IRMs) will be supplied to the laboratories for
assessiny their proficiencies with the analytical procedures. The goal
is to have the interlaboratory standard deviations conform as closely as
possible to the Horwitz model.

Summary of Analytical Proceaures

Inyeneral, analyses of sediment and oryanisms follow the scheme
shown in Figure 1, as summarized below:

Thaw tne sample (if frozen), remove excess water, and weigh
the sample (ca. 10 g for sediment or 3 g of tissue or fluid) to the
nearest 0.01 g. Add the extraction solvent (CH2Clp) and internal
standards (1-Stds), then mix/grind/extract sample with sodium sulfate
3x under CH?CIZ. Combine the solvent extracts and concentrate them
by evaporation with heating. Chromatoyraph the extract concentrate on
Type 923 silica yel and basic alumina, and collect fractions eluted
with pentane {fraction SAl) and 50% CHyClp in pentane {fraction SA2),
In sediments only, continue to elute with CH3Cly and CH3O0H (fraction SA2).
Concentrate fraction SAZ2 by evaporation with heating, and then chromato-
graph it on precalibrated Sephadex LH-20, Collect the 2nd fraction
from Sephadex chromatography {fraction SA2-12), and concentrate it to
1 nl. if from sediment, or to 0,1 mL if from tissue. Analyza fraction
SA2-L2 from sediment and tissue (except )iver)} for the aromatic hydrocarbons
(AHs) in Table t (pi-e 2) by capillary gas chromatography (GC) with a
flame-fonization detector (FIU). Also analyze fraction SAZ2-L2 from all
samples for the chlorinated hydrocarbons on page 2, using an electrone
capture detector (ECD). If hexachlorobenzene (HCB) is found, also
analyze fraction SAl for HCB as with fraction SA2-L2, Concentrate
fraction SA3 from sediments, and analyze it by GC-FID for coprostanol.

For the convenience of the bench chemists, the procedures summarized
above are presented in detailed sections, each of whizh deals with a
major analytical aperation, The order of the sections appears oa the
Contents paye,
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Figure i. S:mmary of the analytical procedures of the National Anzlytical
‘Facility for trace extractable toxic organic analytes,
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’ sectn l-l

MATERIALS
Disclaimer: Mentior of a product or company name does not imply endorsement

by the Department of Commerce to the exclusion of others that
may be suitable.

4. Solvents

cyclohexane 8rand: s Lot #
hexane Brand: , Lot #
: checked per section 4E, age 35
wash methanol (CH30H) : Brand: , Lot #
checked per Section 4A, page 25
redistilled CH30H Prepared from wash CH30H per Section 28

Note 2, page 17, and checked per
Section 4A, page 25

dichloromethane (CHpCl5) Brand: , Lot &
checked per Section 4C, page 31

pentane Brand: . Lot #
checked per Section 4D, page 33

B. Column Packings

silica ge Davison Type 923, 100-200 mesh {nominal),
accepted lots cnly, per Section §

alumina Baker, bastc, Brockman Activity I

_ stze-exclusion yel Sephadex LH-20 accepted lots only,

' per Section 6 :

sand, acid-washed Ottawa, MCB, kiln-dried, 30-40 mesh
{steeped in conc, HC! overnight, then

C. Reagents : washed with H30 3x and stored at 120°C)
NapS04 Reagent Grade, anhydrous granular
copper Reagent Grade, fine granular

D. Miscellaneous

N

beiling chips -Teflon. Norton Chenplast, Chemware

Preceding page blank




8 Sect. 1.2

£, Yellow Laboratory Lighting

Yellow fluorescent and/or incandescent lights

Yellow transparent acetate sheeting on windows
F. Standards

HMB GC I-Std solutjon, ca. 100 ng/uL of hexamethylbenzene in hexane

Actual corc.: Std ¢# . Ng/ub ; Std # » ng/ul

TCMX GC [-Std solution, ca, 2 ng/uL of tetrachloro-m-xylene in hexane

Actual conc.: Std # » NGg/ul ; Std # , hg/uL

AH [-5td solution, ca. 50 ng/uL of each l-Std in hexane

Actual conc,: Std # Std #
naphthalene-dg ng/ul ng/ul
acenaphthene-d|p - - .~
perylene-d)» — -

PES I-5td solution, ca. 1 ng/ub of in hexane
Actual conc,.: Std # __ _,ng/pL ;s Std ¥ __ , ng/ul

COP 1-Std solution, ca. 50 ng/uL of Sa-androstan-3e-o01 in hexane

Actual conc.: Std # » Ng/uL 1 Std # » ng/ul

COP GC-calibration check solution, ca. 5 ng/ul in hexane of:

Actual conc.: Std # Std #
So-androstan-33-ol ng/plL | ng/ul
coprostanol .« "

COP spike solution, ca. 50 ng/uL of coprostanol in hexane
L Y
Actual conc.: Std # » Ng/ul ; Std # s Mg/l
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F. Standards (continued)

AW GC-calibration check solution, ca. 5 ny/pL n hexane of:

Actual conc.: Std # Std 4
hexamethylbenzene (GC 1-Std) ng/ul ng/ubl
naphthalene " -
Z-methylinaphthaleqe
l-methylnaphthalere

biphenyl
2,6-dimethyinaphthalene
acenaphthene

flucrene

phenanthrene
anthracene
l-methylphenanthrane
fluoranthene

pyrene
benz[alanthracene
chrysene
benzo[e]pyrene
benzo{a]pyrene
pery!ene
dibenz{a,h]anthracene
naphthalene-dg (1-5td)

acenaphthene-d (1-5td)

NERRERERERREEERREREN
RN

perylene-d)» (I-Std)
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10 Sect. 1-4
F. Standards (continued)
PES GC-calibration check solution, ca. o.l- ng/ulL 1ia hexane of:
Actual conc.: Std & _ Std ¢

tetrachloro-m-xylene (GC I-Std) ng/mL ng/ulL
hexachlorobenzene .
11ndane { y-BHC)
heptachlor
heptachlor epoxide
aldrin
u-chlordaﬁe
trans-ncnachlor
dieldrin
mirex
o0,p'-DDE
p.p'-DDE
©.,p'=DDD
£.p'-DDD
0,p'-DOT
p.p'-00T
dichlorobiphenyls
trichlorobiphenyls
tetrachlorobiphenyls
pentachlorobiphenyls
hexachlorobiphenyls
heptachlorobiphenyls
octachlorobiphenyls
nonachlorobiphenyls

(1-Std)

PRttt e
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F. Standards (continued)

AH spike solution, ca. 50 ng/ul in hexane of:

Actual conc.: Std ¢ Std #
naphthal ene ng/ul ng/ul
2-methylnaphthalene .- .
1-methylnaphthalene

biphenyl
2,6-dimethylnaphthalene
acenaphthene
flugrene
phenanthrene
anthracene
1-methylphenanthrene
fluoranthene

pyrene

benz[ alanthracene
chrysene
benzo[e]pyrene
benzo[ aJpyrene

perylene

EERE RN R

y———
——————
r———
————
—————
m————
———
m———
———
——
b————t
——
———
———r
—————
—————

dibenz[a, h]anthracene
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F. Standards (cotninued)

PES spike solution, ca. 1 ng/uL in hexane of:

Actual conc,: Std #

hexachlorcbenzene (HCB) ng/ul
1indane {y-BHC) "

heptachlor
heptachlor epoxide
aldrin
a-chlordane
trans-nonachler
dietdrin
mirex
0,p'-DDE
p.p'-DOE
0,p'-00D
p.p'-0D0D
o,p'-DOT
P.p'-D0T _
~Jdichlorobiphenyls
trichlorobibhenyls
ietrachlorobiphenyls
pentachlorobiphenyls
hexachlorobiphenylis
hept>chlor Siphenyls
oc.achlorobiphenyls

nonachlorabiptenyls

EEEE RN

R R

Sect. 1-6

Std #

ng/ul

BN

Vo mem—
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_ SECTION 2
6:4 CYCLOHEXANE :METHANOL
AZEQOTROPE PREPARATION

[P
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6:4 CYCLOHEXANE :METHANOL AZEOTROPE PREPARATION

A. Equipment List - Note: CHaCla-wast all g':ssware anc materials contacting
the solvents,

Glassware

22-L round bottom boiling flask with a 24/40-STJ port, a
71/60«8TJ port, and a thermometer well ({lled with corn oil

22-L round bottom receiver flask with a 45/50-STJ port

5-L round bottom receiver flask with a 24/40-3TJ port

2-L TC graduated cylinder

200-mm 0D, long-stem funnel

adapter, 45/50-STJ to 24/40-STJ

other distillation apparatus (24/40-STJ}: fractionation column
(5 an x 50 om, packed with 7-mm lengths of 6-mm glass
tubing), stilthead with 10/30-STJ thermometer port, condenser
(Corning 2400 or Kimble 18140), 3-way receiver valve
(8-mm bore Teflon stopcock), misc. fittings

Solvents
10 L cyclohexane

8 L washing methano!

Other Materials aﬁd Apparatus
heating mantle for 22-L flask
variac transformer
2 ea automatic temperature controlters (YS] Models 63RC and 73}
timing clock
Hof fman clamp
bofling chips
2 ea Lab Jax
500-mL Teflon wash-bottle {CHpClp-filled)

Preceding page blank
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B. Procedure

l.

2.

3.

7.

16 Sect. 2-2

Wash all glassware, including the distfllation apparatus,

. twice with CHyClp before each run,

Attach the 22.L receiver flask to the front receiver=valve
port. Attach the 5-1. flask to the rear receiver-valve port,
and set the receiver valve to collect the distillate in it,
Put the 22-L bolling flask in the heating mantle, Place the
stillhead intc the top of the fractionation cclumn, and fit
the column into the 24/40-STJ port of the boiling flask,
Align the stillhead outlet and the condenser inlet fittings,
then secure the ba'l and socket joint with the Hoffman clamp.

Wash the glass sensor probe of the Model 74 temperature

-controller twice with CHyClz, and set it fimly-into the

10/30~STJ port at the top of the stillhead. Also, check
that the taermometer well of the boiling flask is filied to
a depth of 2 c¢m with corn 011, then insert thé metal probe -
ﬁf the Model 63RC temperature controller,

Place a large funnel in the 71/60-STJ port, then fill the
boiling flask with 10 L of cyclohexane and 8 L of CH30H
{i.e., a small excess of CH30H). Add 40-50 boiling chips,
and stopper the flask.

Turn on the condenser cooling water, Set the Variac at 60,
the Model 74 tenperature controller at 55.5°C, and the Mode!
63RC temperature controller at 68°C. Start the distillation
by switching on the timer,

Collect 3 L of 6:4 azeotrope forerun (during & hr) in the 5-L

receiver flask (see Note B.1, page 17). Then switch the receiver

e ——

-Nlhan.
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17 Sect. 2-3

8. Procedure (continued)
valve to coltect most of the distillate in the 22-L receiver
during 24 he, As the solvent temperature in the boiling flask
rises toward 65°C, distillation slows, Only a small amount
{ca. l L’. mostly CH30H, remains undistilled, so switch the
timer off to stop the distillation,

8. Allow the distillation apparatus to cool, then disassemble it.
Discard the boiling chips, and set the undistilled solvent aside
for recycling (Note 1}. Wash the apparatus and flasks twice
with Chpll. Reassemble as before, pouring only the 6:4

{ azeotropic dfstillate (a 2-phase mixture) from the large receiver
back into the boiling flask. Add 40-50 boiling chips.

9. Make sure that the ccoling water is flowing, then swit&h timer on,
and distill 1 L of forerun into the 5-L flask (see Note B.l).
Switch the receiver valve to as to collect most of the distillate
in the 22-L receiver. Distill until the solvent level (ca. 1 L)'
reaches the bottom of the thermometer well, Switch off the timer,

10. Allow the apparatus to ~ool, Remove the large receiver, Discard
the boiling chips and set the undistilled solvent aside for
recycling (Note 1), ‘

11. Proceed to Section 3 (page 19) with the 6:4 azeotrope.

Notes

1. These boiling flask residues and foreruns may be saved and
recycled into step S of a subsequent distillation. However,
they should not be recycled more than twice.

2. Redistilled CH30H is prepared from the 6:4 azeotrope by (a)

adding 1/16th volume of carbon-filtered, distilied Ho0 to the




18 Sect, 2-4

B. Procedure (continued)
azeotrope from step 7, (b) allowing the phases to separate in a
separatory funnel, {c) draining the lower phase into ; distilling
flask, and (d) distilling pure CH30H through a fractionition
column, Check the purity per Section 4A, page 25. The upper
;hase remaining in the separatory funnel, mostly cyclohexane, can
be recycled through the 6:4 Azeotrope Preparation in step B.S,

page 16,
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SECTION 3
PREPARATION OF 6:4:3 SOLVENT



1

PREPARATION OF 6:4:3 SOLVENT

A. Equipment List - Note: CHpClo-wash all of the glassware and materials
contacting the distilled solvent,

Glassware
2-L TC graduated cylinder
200-mm (00, long-stem funne!l
20+L carboy
50-mL volumetric pipet
1-0 24/40-ST) Erlenmeyer flask with stopper

4.t standard solvent bottles

Solvents

6:4 cyclohexane:methanol azeotrope {fram Section 2, step 8,10,
page 17)

CHzC‘ 2

Other Materials and Apparatus
pipet‘filler. J-valve, rubber { for volumetric pipet)
Teflon-lined stopper for carboy
500-mL Teflon wash-bottle (CHaCiz-filled)

B. Procedure

[

1. Prepare a sample of 6:4:3 solvent for purity testing by pipetting
200 mi each of the upper and lower layers of the 6:4 azeotrope
(fros Section 2, step 8,10, page 17) into the flask,

2. Add 120 mi. of CHaClp to the flask and mix well, Check the purity of

the solvent by proceeding with this sample to Section 48, page 29,

Preceding page blank
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B. Procedure {continued)

3.

4,

8,

If the purity of the sample frua step 2 is acceptable according

to Section 48 (page 29), proceed to step 4, Otherwise, return the
remaining 6:4 azeotrope to the boiling flask in Section 2, stes 8,5
{page 16) for redistillation.

Transfer the renainiﬁg 6:4 azeotrope into the carboy in

2000-mL increments.

Note the total volume of the 6:4 azeotrope, and multiply it

by 0.30. This is the volume of CHpCly to be added to the

6:4 azeotrope to make the 6:4:3 solvent,

Add the amount of CHzClp calculated in step 5 to the carboy.
Stopper the carpoy, and mix the 6:4:3 solvent until it is
completely homogeneous.

Transfer the 6:4:3 solvent into 4-L solvent bottles for storage

until use in Sect:cn 6 (page 45) or fn Section 11 (page 77).
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SECTION 4
TESTING SOLVENTS FOR PURITY*

A. Redistilled CH30H, page 25
B. 6:4:3 Solvent, .age 29

C. CHzCl2, page 31

D. Pentane, page 33

E. Hexane, page 35

* Criteria: When a solvent sample is analyzed by GC {Section 12, Page 8%),
no GC peaks should occur within 0.1 min of an analyte peak
and no peaks occurring after the retention time of o..xylene
or hexachlorobenzene should give a chart deflection > 5 %,
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25 Sect. 4A-1
A. REDISTILLED CH30H PURITY

1. Equipment List - Note: CHzCly-wash all glassware and materials
contacting the CH30H sample,

Glassware
100-mL TC oraduvated cylinder
3 ea 500-mL separatory funnels
6 ea 500-mL 24/40-STJ) Erlenmeyer flasks with stoppers
3 ea 25-mL 19/22-STJ Kontes concentrator tubes with stoppers
3 ea 3-baill 24/40-STJ Snyder columns
transfer pipets {Pasteur style) with rubber bulbs

3 ea 2-mL GC vials

Solvent:
200 mL redistilled CH30H fram Section 2, Note B.2, page 17
135 mL CHpCly (not inciuding washes)
1500 mL carbon-filtered, distitled Ho0

GC Standard Solution (per sample)

50 uL HMB GC 1-Std solution

Other Materials and Apparatus
water bath
boiling chips

modified Kontes tube heater (block contains: Al inserts fit
to the 0.7 mL line of the tube

100-uL syringe . tip, and an Al-foil shroud, with
: TLC plate window, 5 cm taller
Vortex Genie than tubes in block) :

500-mL Teflon wash-bottle (CHaClp-filled)

Preceding page blank
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26 Sect. 4A-2

2. Procedure for CH:0H - Note: Perform in duplicate.

‘8. Extraction
(1) Add 100 mL of redistilled CH30H {Section 2, Note B.2,
page 17) and 25 mL of CHaCl, to a separatory funnel.
Swirl the funnel for a few secoras to mix well,
(2) Add 250 mL of carbon-filtered, distilied Hy0 to the separatory
funnel, and shake it vigorously for 2 min, Allow the phases
to separate well, |

(3) Drain the Yower phase into a flask, leaving behind any

emulsion layer. Save the contents of the flask.

(4) Add 10 mL of CHaCl, to the separatory funnel,-and shake it
vigorously for 2 min, Allow the phases to separate well.

(5) Drain the lower phase into the flask from step 3, including
any emulsion layer, '

(6) Discard the contents of the separatory funnel,. ;

(f) Pour the extract frcm the flask back into the separatory-funne].

(8) H{sh the flask with 3-4 mbL of CHpCY2, and add the washings to
the separatory fuﬁnel. -

(9) Repeat step (8) once. This flask is no longer needed.

(10) Repeat steps (2)-{6}, EXCEPT use a fresh flask in step (3),

and do not include the emulsion layer in step (5).

b. Concentration
(1} Add 3-4 boiling chips to the flask from step 2.a(10), and
attach a Snyder column,
(2) Concentrate the extract in a 60°C water bath to 10-15 mL,
(3) Transfer the extract to a labeled concentrator tube

(no CHxCl washesl!).
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27 Sect, 4A-3

b. Concentration {continued)
(4) Add a boiling chip to the tube and, using the tube heater,
concentrate the sample to > 0.9 mL, < 1,0 mL. |
(5) Add 50 uL of HMB GC I-Std solution to the extract, and mix
‘on the Vortex Genie for 2 sec at setting 8-10.
(6) Transfer the extract to a labeled GC vial, and cap the vial,
(7} Proceed to GC Analysis (Section 12, page 85).

3. Procedure for CH20H Blank

a, Proceed as in Subsection 2 above, except omit the 100 mL of

CH30H in step 2.a{1), and perform only a single analysis,
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8. 6:4:3 SOLVENT PURETY

1. Equiprent List - Note: CHpClp-wash all glassware and materials contacting
the solvent sample.

Glassware
100-mL. graduated cylinder
2 ea 500-mL 24/40-5T7J0 Erlenmeyer flasks with stoppers
2 ea 3-ball 24/40.57J Snyder columns
3 ea 25-mL 19/22-STJ Kontes concentrator tubes with stoppers
transfer pipets {Pasteur style) with rubber bulbs

3 ea 2-mL GC vials

Solvents
200 mL 6:4:3 solvent from Section 3, step B.2, page 21
3 m redistilled CHy0H

21 mL hexane

GC Standard Solution (per sample)
50 uL HWMB GC I-Std solution

Other Materials and Apparatus
water bath
boiling chips
modjfied Kontes tube heater (Section 4A, page 25)
100-uL syringe
Yortex Genie

500-mL Teflon wash-bottle {CHaC)p=filled)

Preceding page blank




Procedure for 6:4:3 solvent - Note: Perform this analy<is in duplicate.

3.

b.
c.
d.

e.

9.

ho

i'.

Transfer 100 mL of tne 6:4:3 solvent from Section 3, step B.2, page 21,
to a flask, -

Add 3-4 boiling chips, and attach a Snyder column to the flask,
Concentrate the sample in a 75°C water bath to 10-15 mt.

Transfer the samplte to a concentrator tube (no CHaClj washest).

Add a boiling chip and 1 mL of redistilled CH30H to the tube, .
and using the tube heater, concentrate the sample to> 0.9 mL,
<1l.0m. ‘

Add 7 mL of hexane to the tube, ind concentrate the sample to
209m, <1.0m,

Add S0 ul of H¥YB GC 1-5td solution to tne sample, and mix on the
Vortex Genie for 2 sec at setting B8-10.

Transfer the sample to a GC vial, cap the vial, and label it,

Proceed to GC Analysis (Section 12, page 85).

Procedure for a Blank

a.

b,

c.

Prepare & blank by adding 1 mL of redistilled CH30H and 7 mL of
hexane to a tube,
Concentrate the solvents to > 0.9 mL, < 1.0 mL.

Proceed as in steps 2.9-2.i above.
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1. Equipment List - Note: CHaClo-wash all glassware and matecials contacting
the CHaClp sample,

Glassware
2 e2 500-mL TC graduated cylinders
3 ea S500-mL 24/40-STJ Erlenmeyer flasks with stoppars
3 ea 3-ball 24/40-STJ Snyder columns
3 ea 25-mL 19/22-STJ Kontes concentrator tubes with stoppers
transfer pipets (Pasteur style) with rubber bulbs
3 ea Z-mL GC vials

Solvents
700 mL CHaClo from lot to be tested

350 mL CHxC1p from lot currently in use

GC Standard Solution {per sample)
50 ul HMB GC 1-Std solution

Other Materials and Apparatus
water bath
botling chips
modified Kontes tube heater (Section 4A, page 25)
100-uL syringe
Vortex Genie

500-mL Teflon wash-bottle (CHpClp-filled)
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2. Procedure for CHoCl, - Note: Perform a duplicate analysis for the lot to

c.
d.

be tested, and perform a single analysis
with a CH2C12 lot currently 1n use,

Add 350 mL of CHpClp to a flask.

Add 3-4 boiling chips, and attach a Snyder -:olumn to the flask,
Concentrate the sample in a 60°C water bath to 10-15 mi,
Transfer the sample to a concentrator tube (no CHClz washes!).
Add a boiling chip to the tube, and using the tube heater,
concentrate the sample to > 0.9 ml, < 1.0 mL.

Add 50 uL of HMB GC 1-Std solution to the sample, andrmix on the
Vortex éenie for 2 sec at settirg 8-10.

Transfer the sample to a labeled GC_ vial, and cap the viat,

Proceed to GC Analysis {Section 12, page 85).
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33 Sect. &D-i
D. PENTANE PURITY

1. Equipment List - Note: CHaCly.wash all glassware and mater1a1s contacting
the pentane sample,

Glassware
2 ea 100-mL TC graduated cylinders
3 ea 500-ml. 24/40-5TJ Erlenmeyer flasks with stoppers
3 ea 3-ball 24/40-5TJ Snyder columns
3 ea 25-mL 19/22-STJ Kontes concentrator tubes with stoppers
transfer pipets {Pasteur style) with rubber bulbs
3 ea 2-mL GC vials

Solvents
200 mL pentane from lot to be tested

100 mL pentane from lot currently in use

'GC Standard Solution {per sample)
50 uL HMB GC [-Std solution

Other Materials and Apparatus
poifing chips
water bath _
modified Kontes tube heater {Section 4A, page 25)
100-pL syrinye
Vortex Genie

500-mL Teflon wash-bottle (CHyC1-filled)

S o T — = P
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2. Procedure for Pentane - Note: Perform duplicate analyses for the Jot
: to be tested, and a single anatysis

with a pentane lot currently in use,

a, Add 100 mL of pentane to a flask.

b, Add 3-4 boiling chips, and attach a Snyder column to the fiask,

¢. Concentrate the sample in a 55°C water bath to 10-15 =L,

d. Transfer the sample to a concentrator tube (no CHyClp washes!).

e, Add a boiling chip to the tube, and using the tube heater, concentrate
the sample to > 0.9 m_, < 1.0 mL,

f. Add 50 pL of HMB GC 1-Std solution to the sample, and mix on a
Yortex Genie for 2 sec at setting 8-10.

g. Transfer the sample to a labeled GC vial, and cap the vial,

h. Proceed to GC Analysis {Section 12, page 85),
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E. HEXANE PURITY

1. Equipment List - Note: CHpClp-wash all glassware and materfals contacting
the hexane sample.

Glassware
3 ea 25-mL 19/22-STJ Kontes concentrator tubes with stoppers
transfer pipets (Pasteur style) with rubber bulbs
3 ea 2-mlL GC vials

Solvents
S0 mL hexang from lot to be tested

25 mL hexane from lot currently in use

GC Standard Solution (per sample)
50 uL HMB GC [-Std solution

Other Materials and Apparatus
water bath
boiling chips _
modified Kontes tube heater (Section 4A, page 25)
100-uL syringe
Yortex Genie

500-mL Teflon wash-bottle (CHpCl-filled)
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Procedure for Hexane - Note: Perform duplicate analyses for lot to

a.

e.

be tested, and a single analysis with
2 hexane lot currently in use.

Add 25 el of hexane to 2 concentrator tude,

Add a boiling chip to the tube, and using the tube heater, concentrate
the sample to > 0.9 ml, < 1.0 ml,

Add 50 pL of HMB GC I1-Std solution to the sample, and mix on the
Vortex Genie for 2 sec at setting B8-10,

Transfer the sample to a labeled GC vial, and cap the vial,

Proceed to GC Analysis (Section 12, page 85),
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Lar TESTINQICALIBRATION OF siLica GEL/ALUMINA
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LOT TESTING/CALIBRATION OF SILICA GEL/ALUMINA

A. Equipment List - Note: CHpClp~wash all of glassware and materials
contacting the silica gel.

Glassware (per column calibrated)
19-mm ID x 30-cm chromatography column with reservoir
2 ea 250-mL beakers
50-mL TC graduated cylinder
3 e2 500-mL 24/40-STJ Erlenmeyer flasks with stoppers
3 ea 3-ball 24/3048TJ Snyder columns
22 ea 25-mL 19/22-STJ Kontes concentrator tutes with stoppers
22 ea 2-mL GC vials

transfer pipets (Pasteur style) with rubber bulbs,

Reagents and Solvents {per column calibrated)

20 g silica gel (heated to 701°C far 18 hr, stored at 170°C, and
' cooled to room temp, in a desiccator Just before use)

10 g alunina {activated at 170°C for 18 hr, then couled to ruom
temp, in a desiccetor just Lefire use)

7.5 cc activatad copper (< 1 hr before use, activate copper by
covering it with conc, HCl and stirring
with a glass rod, then allowing it to
stand for 5 min, fallowed by washing
twice with CH30H and then Jx with C¥.Cly)

ca, 1 cc sand

100 ml pentane

200 mL 1:1 CMpClp:pentane (v:y)

210 mL CH3Cl3 {not including washes)

25 mL 10% redistilled CH30H in CHpCly (viv)

25 mL 20% redistilled CH30H in CHyCls (v:v)

Preceding page blank
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A, Equipment List {continued)

Standards and Calibrating Solutions

50 pt HMB GC 1-5td solution {per SA fraction)
50 uL TCMX GC 1-Std solution {per SA fraction)

silica-gel calibrating solution: Extract 10 samples each of
control (relatively clean) sediment and of control mussel, per
Sections 7 and 8, respectively. Combine the 20 extracts (2 mL
each), and add: (a) 10 mt of AH spike solution, (b) 1 mL of PES
spike solution, and (c) coprostanol to give a final concentration
of ca, 2 ug/mL’ (final volume ca. 55 mL).

Other Materials and Apparatus

desiccator

curved-stem funnel {curve glassblown)

powcer funnel

2500-ul and 100-ul syringes

glass wool and glass rod

botling chips

modified Kontes tube heater {Section 4A, page 25)
water bath

Vortex Genie

500-mL Teflon wash-bottle (CHyClp-filled)

B. Column Preparation

1.

2.

Prepare the columns just prior to use. On hot days elute more stowly
to maintain the column integrity,

Fit a 19-mm ID column with a stopcock, add 100 mL of CHaCly and a
5-15.mm glass-wocl plug. Tamp the plug well to remove any bubbles.
Add the alumina to a beaker, and slowly add 20 mi of CHaCls.

Gently swirl the beaker for 30 sec, and let it stand for 5 min

{to remove all air bubbies) until used in-step 6.

ey
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B. Column Preparation (continued)

4,

19,

HR

Add the silica gel to a 2nd beaker, Slowly add 40 mL of CHZCIZ to
the beaker, Gently swirl the beaker for 30 sec, and let it stand
for 5 min (to remove all air bubbles) until used in step 7.

Place a curved-stem furnel into the column reservoir so that

the funnel tip hangs well off-center,

Swirl the beaker to resuspend the aluwina from step 3, and pour

the slurry into the column,

Wash the beaker with ca. 5'mL of CHCly, and add the washings ta the

cotumn, Repeat the wash twice,

" After the particles settle, open the stopcock for 30 sec to

allow the alumina to pack more tightly, then close the stopcock.
Add the silica gel from step & to the column, as in steps 6-7
for the alumina,

Place the beaker under the column tip, and after the silica gel
has settled, open the stopcock. wWhile the solvent is still
draining; add the sand and then the copper through the powder
funnel, Drain to the packing top, then close the stopcock,

Add S0 mi of pentane to the column., Drain to the patking top,

then close the stopcock, Discard the elyates collected thus far,

€. Calinrating the Column

1.

Using the 2500 ul syringg, place 2 mL of the silica gel calibration
solution on top of the packing,

Place a cylinder, labeled "SAl.1", beneath the column,

vpen the stopcock, and drain to the packing top, then close

the stopcock.
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Calibrating the Column {continued)

10.

11.

12. -

13.

14.

15,

. &, From the remaining 50 mL of pentane, add (.5 mL of pentane to

the packiny, Open the stopcock. Drain to the packing top, then

close the stopcock.

Repeat step 4 once, .

Add the rest of the pentane to the column, and elute at

ca, 2 mL./min until 35 mL has been collected in the cylinder.

Close the stopcock.

Pour the eluate in the cylinder labeled “SAl.1" iuto a similarly

tabel- " flask,

Wash the cylinder with 3-4 mL of CHpCl), and add the washings to

the flask,

Repeat step 8 oncc.

Replace the cylinder with a concentrator tube labeled "SAl1,.2%,

and collect 2.0 mL.. Close the stopcock,

USing'tubes labeled successively “SA1.3"-"SA],11", repeat step 10

9 times, adding 200 mL of 1:1 {v:v) CHpCl,..:1tane to the colurn

when the pentane in the column drains to the nacking top.

Replace the last tube from step 1l wiih a tube labeled "SAZ.1%,

and collect 20 mL of eluafé. Close the stapcock,

Using tubes labeled successizaly "SA2.2"-"SA2,1.1",

repeat the process in step 12 9 times, adding 50 L of CH,Cl when

the CHpCl;:pentane in the colunn drains to the packing top.

Replace the last tube in step 13 with a “waste" flask, and

drain the remaining solvent to the packing top.

Add 25 mL of 10% CH30H in CHzClip to the column, and draia to

the packing top,

Discard the contents of the waste flask.

R
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C. Calibrating the Column (continued)

16.
17.

Label a flask "SA3", and replace the waste flask with it,
Add 25 mL of 20% CM30H in CHpClp to the column, and elute
all of it into the SA3-labeled flask,

0. Concentration of Fractions

1.

10.

Add 3-4 boiling chips, and attach a Snyder column to each flask
from steps C.9 and C,17.

Concentrate each fraction in a 55°-60°C water bath to 10-15 ni.
Transfer each fraction from step 2 to a Yabeled tube,

Wash each flask with 3-4 mL of CHpClp, and add the washings to
the corresponding tube,

Repeat step 4 once.

Add a boiling chip to each tube from steps C.10-D.5, and using
the tube heater, concentrate each fraction to > 0.9 mL, < 1,0 mL,
Add 2 mL of hexane to each tube, and concentrate each fraction
to > 0.9 m, <1.0mL.

Add 50 uwL of KMB GC I-Std solution and 50 ul of TCML GC I-Std
soiution to each fraction, and mix each on the Vortex Genie for
2 sec at setting 8-10.

Transfer each fraction to a labeled GC vial, cap the vial, and
analyze by GC-FID and GC-ECD (Section 12, page 85).

Fran the analyses, determine where the fraction cuts should

_be made.




45

SECTION 6
SEPHADEX LH-20 COLUMN PREPARATION AND CALIBRATION

Preceding page blank
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47 Sect, K-l
SEPHADEX LH~20 COLUMN PREPARATION AND CAL IBRATION

A. Equipment List - Note: CHpClz-wash all glassware and materials contacting
the sample.

Glassware {per column calibrated with azulene/perylene)
19-mm 1D x 30-c¢cm chromatography column with reservoir

100-mL TC yraduated cylinder

Additional Glassware (per column calibrated with "calibration extract")
2 ea 50-mL TC graduated cylinders
_ 2 ea 500-mL 24/40-STJ Erltenmeyer flasks with stoppers
2¢ ea 25-ml 19/22-STJ Kontes concentrator tubes with stoppers
22 ea 2-mL GC vié]s

transfer pipets (Pasteur style) with rubber buibs

Reagents and Solvents (per column calibrated with azviene/perylene)
80 cc wet Sephadex LH-20 (swelled overnight in 6:4:3 solvent),
plus 50 mL additional 6:4:3 solvent
2.5 cc sand )
350 mL 6:4:3 solvent
Additional Reagents and Solvents {per column calibrated with
“calibration extract")

200 mL 6:4:3 solvent

hexane and redistilled CHq0H {as needed)

Standards and Calibrating Solutions
50 ul HM3 GC 1-Std solution (per fracfion)
50 uL TCMX GC I-Std solution {per fraction)
Azulene/perylene calibrating solution: Add enough azulene (ca.
10 mg/mL} and peryiene (ca, 1 my/mL) to the 6:4:3 solvent to

produce a deeply colored solution, Make sure that the azulene
and perylene are completely dissolved,

Preceding page blank
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A. Equipment List (continued)

Standards and Calibrating Solutions (Continued)

Sediment/tissue-extract calibrating solution (“calibration extract"):
Extract 10 samples each of control sediment and of control

mussel tissue, per Sections 7 and 8, respectively. Chromatograph
these samples on silica gel/ilumina, per Section 10. Combine

the 20 SA2 fractions (2 mL each) from Section 10, step E.2,

page 75, and add: (a) 1 mL of PES spike solution, and (b) 10 mL

of mlL of AH spike solution to the combined fractions., Concentrate
this to 10 mL, and add sufficient CH30H and CHpClp to make

3 6:4:3 hexane:CH30H:CH2Cl2 solution,

Other Materials and Apparatus
curved-stem funnel (curve glassblown)
glass woo!

Uv tight (U¥S+11 Mineraiight)

2500-puL and 100-ul syringes

boiling chips

modified Kontes tube heater (Section 4A, page 25)
waterbath

Vortex Genie

7%-¢m x 6-mm glass rod

aluminum foil

500-mL Teflon wash-bottle (CH2C1p-filled)

B. Column Preparation

1. Fit a 19-mm ID column with a stopcock, add 10 mL of 6:4:3 solvant,
» and a 5-10-am glass-wool plug, Tamp the plug to remove any air bubbles.
2. Add ca, 1 cc of sand to the column, and tap the column gently so
that it forms a smooth layer on top of the glass wool.
3. Pour the swelled Sephadex gel through a curved-stem funnel into the

column until the gel fills the column and about 1/4 of the reservoir,
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B, Column Preparation {continued)

4. Allow 10 min for the Sephadex to settle. Open the stopcock, and
collect 80 mL to ensure firm packing. Add more solvent as needed,
Leave 30 mL of solvent in the column reservoir. Cover the'top
with aluminum foil, and allow the packing to settle overnight.

5. Open the stopcock, and elute 10 mL of solvent, then close the stopcock,
Remove the excess Sephadex packing from the top with a transfer
pipet until the height of the Sephadex is 26.5 cm,

' 6. Gently add ca. 1 cc of sand onto the packing so that it foms an
even layer on the top. (The column may be iapped or tilted
slightly to get an even layer of sand.)

7. Examine the packing for air bubbles. 1If bubbles are evident,
elute ca, 250 mL of warm (ca. 35°C) solvert through the column,

If the bubbles persist, recycle the packing.

C. Column Calibration with Azulene/Perylene (A1) Columns)

1. Ptace a 100-mL cylinder beneath the coluan,

2. Using a transfer pipet, carefully remove any excass 6:4:3 solvent
from the top of the packing.

3. Using care not to disturb the packing, ptace 2 mL of the azulene/
perylene calibrating solution on top of the packing,

4, Open the stopcock, drain to the packing top, and close the stopcock.

5. Add ca. 0.5 mL of solvent to the top of the column, Drain to
the packing top, and close the stopcock,

6. Repeat step 5 once.

7. Add 100 mL of solvent, and open the stopcock.

Il
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C. Column Calibration with Azulene/Perylene (All Columns) {continued)

8. Elute the solvent until all of the perylene has emerged, using
the UV 1ight to monitor the perylene, Record the volumes at
which the azulene and perylene start and finish eluting.
9, If the azulene emerges in the 50-65 mL range, and the perylene
emerges in the 60-80 mL range without distinct tailing on the
packing, proceed to step 10. Otherwise, discard the packing, ]
10. Discard the eluate, Add 50 mL of solvent ta the column, and flush the
packing by eluting 50 mL into the cylinder., Aqain, discard the eluate,
11. The column is now ready for the next sample.
NOTE: If the column is to be stored, maintain 30-50 mL of
solvent in the column reservoir, and cover the top
with aluminum foil, Remove the solvent if it separates

into .2 phases, add 80 mL fresh solvent, and elute 50 mL,

0. Column Calibration with Calibration Extract

1. Set aside one representative column for every 10 columns made,
remove any excess 6:4:3 solvent with a transfer pipet.

2.. Wash the column tip with CHzClz, and place a 50-mL cylinder’
Tabeled "L1.9" under the column,

3. Place 2 mL of ca}iﬁration extract on top of the packing, Drain to
the packing top, and close the stopcock.

4, Add ca, 0.5 mb of solvent to the colunn, QOrain to the packing

‘ top, and close the stopcock.

5. Repeat step 4 once,

6. Add 200 mL of salvent to the column, and collect 30 mL of eluate
in the cylinder. (Close the stopcock, and transfer the eluate to
2 flask Yabeled "11.9",

7. Wash down the cylinder with 3-4 mL of CHyCly, and add the washings

te the flask, Repeat once, and set the flask aside for step E.l.

o
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D. Column Calibration with Calibration Extract {continued)

8., Place a concentrator tube labeled "L1.1® under the column,
and collect 1.0 mL of eluate,
9. Repeat step 8 14 times, laveling the successive fracfions
“L1.2" throuyh “L1.15", respectively.
10. Replace the Yast tube with a S0-mL cylinder labeled “L2.0,
and collect 50 mL of eluate. (Close the stopcock, and transfer
the eluate to a flask labeled “L2.0".
11. Wash down the cylinder with 3-4 mL of CHpClp, and add the washings
to the flask, Repeat once, and set the flask aside for step E.1,
12. Place a concentrator tube labeled “L2.1" under the column,
and collect 10 mL of eluate,
13. Repeat step 12 4 times, labeling the successive fractions
"L2.2" through “12.5", respectively.
14. Replace tube “L2.5" with the 100-mL “waste®™ cylinder (from
step C,10), and flush the packing by eluting 50 mL of solvent,

Discard this eluate.

E. Concentration of Fractions

1. Add 3-4 boiling chips to the flasks from steps D.7 and D.1],

" attach Snyder columns, and conééntrate the fractions in a

75°C water bath to 10-15 mlL, Ll

2. Transfer the fractions L1.0 and L2.0 to correspondingly-labeled
concentrator tubes with 2 washes of 3-4 mL of CHyCly each,

3, Add 1 mL of CHy0H and a boiling chip to each tube (steps D.B-£.2),
and concentrate each fraction to > 0.9, < 1.0 mL on the tube heater,

4., Add 7 mL of hexane to each tube, and concentrate to > 0.9, <1.0m.,
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€. Concentration of Fractions (continued)

5. Add 50 pL of HMB GC [-Std solution and 50 ul of TCMX GC [-Std
solution t§ each fraction,

6. Mix each fraction on the Vortex Genie for 2 sec at setting 3-10.

7 Transfer each fraction to a GC vial for analysis-ﬁy GC-FID and
GC-ECD (Section 12, page 85).

8. After verification of column peformance by GC analysis (1.e.,
separation of analytes from 1ipid materfal), the correct elution
volumes can be assigned by choosing those valumes which leave

all analytes of interest in the L2 fraction,
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SEDIMENT EXTRACTION
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55 Sect, 7-1
SEDIMENT EXTRACTION

A. Eauipment List - Note: CHCla-wash all glassware and materials
contacting the sample or extract,

Glassware (per sample)

250-mL tumbler/centrifuge bottle (amber, Boston round) with
Teflon cap (Savillex, 24-mm)

500-mL 24/40-STJ Eriermeyer flask with stopper
25-mL 19/22-STJ Kontes concentrator tube with stopper
3-bal) 24/40-STJ Snyder column
powder furnel (use more if needed)
Solvents/Reagents {per sample)
300 mL CHpCly (not including washes)

50 g NapS04 (CHpClp-washed, dried, stored at 120°C, and cooled
tv room tenp,in a desiccator just before use)

hexane (as needed)

Standards Solutions
AH [-Std, PES 1-Std, COP 1-Std. AA spike, PES spike, and COP
spike salutions
Other Materfials and Apparatus
- 1 spatula per sample

modified rock tumbler (Model NF-1, Lortone [nc,, 2856 NW Market St.,
Seattle, WA 98107; belt gquard is removed)

centrifyge {to accommodate the tumbler/centrifuge bottles)
drying oven (120°C)

masking tape

desiccator

botling chips

1009-pl and 100-pL syringes

Preceding page blank
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56 Sect, 7-2

A. Equipment List {continued)

4 ea 2-mL GC vials

modified Xontes tube heater (Sectfon 4A, page 25)
water bath

500-mL Teflon wash-bottle {CHyCly-filled).
freezer (< 20°C)

B. Sample Extraction

1. Decant the excess water from the top of the sediment, Stir the
sedinent to hamogenize, and discard al) pebbles, seaweed, wind,
crabs, etc. |

2. Using a spatula and powder funnel, weigh 10 + 0.5 g of sediment
to the nearest 0.01 g into a tared bottle., Record the -weight
in the log book.

3. et aside ca, 10 g of the homogenjzed sediment for the Dry Weight
Determination (Section 9, page 65). Store the remaining sample in
the freezer. '

4, Centrifuge each sample bottle at < 1500 rpm for 5 min,

Decant and discard the W0,

5. To each sediment sample 4dd: {a) 100 mL of CHaCYy, (b) 100 wt
of AH [-Std solution, (c) 100 ul of PES [-5td solution, and (d)
100 uL of COP 1-Sta solution, Make certain that the solutions
are placed into the CH?_CIZ.

6. Prepare a spiked blank (“reagent sgike”) by adding to an empty
bottle: (a) 100 mL of CHaClz, (b) 100 Ll of AH [-Std snlutien,
{c) 100 uL of PES 1-Std solution, (d) 100 wlL of COP [-Std
solution, (e) 100 wb of PES spike solution, (f) 100 ul of AW

spike solutton, and (g) 100 wL of COP spike solution,

o et rm st ==
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57 Sect. 7-3

Sample Extraction {continued)

1.

8.

10.
11.

12.

13,

14,

15,
16,

Prepare a blank (“reagent blank™) by adding to an empty

bottle: (a) 00 mL of CHyClp, (b) 100 uL of AH I-Std'so\ution,_
(c) 100 uL of PES I-Std solution, and (d) 100 uL of COP

1-Std solution,

Prepare 2 AH/PES calibrafion-mixtures {for Section 11, step F .4,

page 83) by adding to each of 2 vials: {a) 100 ul of AH

spike solution, (b) 100 mL of AH I-Std solution, {c) 100 ulL of
PES [-Std solution, (d) 100 uL of PES spike soluiion, and (e)
600 uL hexane,

Prepare 2 COP calibration-mixtures (for Section 10, step 6.3,

paje 76) by adding to each of 2 vials: (a) 800 uwl of hexane,
(b) 100 ut of COP [-Std solution, and {c) 100 aL of COP spike
solution.

Add 50 g of NapS0Oy to each bottle in steps45-7.

Screw each bottle cap on just tight enough to prevent leakage.

CAUTION: Do not overtighten sc as to deform
the cap and cause leakage.

Tape the cap to the bottle (crosswise over the top with 2
strips of l-inch-wide masking tape),.

Manually shake each bottle until the contents are lcose and
free-flowing, then roll for 16 hr (i,e., overnight) on the
tu:bleé at '100-250 rpm,

Renove the tapc from each bottle, and centrifuge each bottle at
< 1500 rpn for 5 min,

Jecant each extract into a labeled flask.

Ad 100 mL of CHpClp to each sample, and repeat steps 11-14,

except rall each bottle for 6 hr (i.e., during the day),
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8. Sample £xtraction (continued)

17.
18.

19.

Decant the 2nd extract into the flask used in step 15.

Repeat step 16. except roll the bottle for 16 hr {1.e.,

overnight),

Add the 3rd extract from step 18 to the flask in step 17.

C. Concentration of Extract

1.

Add 3-4 boiling chips to the flask containing the CHaCla
extract from step B.18, and attach a Snyder column,

Concentrate the extract in a 60°C water bath to 10-15 mL, and

transfer it to a labeled concentrator tube.

Wash the flask with 3-4 mL of CHpCl;, and add the washings
to the tube,

Repeat step 3 once.

Add a boiling chip to the tube, and using the tube heater,

concentrate the extract to > 0.9 mL, < 1.0 mL,

Add 3 mL of hexane to the tube, 3nd concentrate the extract

to 2 mL on the tube heater,

Proceed to Silica Gel/Alumina Chromatography (Section 10, page 69).

 — v~ ——
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SECTION 8
TISSUE EXTRACTION
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TISSUE EXTRACTION

: A. Equipment List - Note: CHpClo-wash all glassware and materials contacting
the sampie or extract.

Glassware (per sample)

100-mL centrifuge tube with Teflon-lined cap

[ .

500-mL 24/40-STJ Erlenmeyer flask with stopper
25-ml 19/22-5TJ Xontes concentrator tube with stopper

3-ball 22/40-STJ Snyder column

Solvents {per sample)

60 mL CHaClpz (not including washes)

Same e mmmpam il e o T AT

20 g NazS0s3 {CHpClp-washed, dried, stored at 120°C, and cooled
to room temp.in a desiccator just before use)

hexane {as needed)

Standards Solutions

AH 1-Std, PES 1.5td, AH spike, and PES spike splutions

- vwr e

Other Materials and Apparatus
1 spatula per sample
Tekmar Tissumizer
drying oven (120°C)
desiccator
centrifuge (to accommodate the 100-mL centrifuge tubes)
boiting chips
500-mL Teflon wash-bottle (CHyClp-filled)
1000-uL and 100-ulL syringes
2 ea 2-mL GC vials

Preceding page blank
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62 Sect, 8-2

A. Equipment List (continued)

water bath

modified Kontes tube reater (Section 4A, page 25)
Yortex Genie.

freezer (< -20°C)

Teflon sheeting to line centrifuge bottle caps

B. Sample Extraction

1.

6.

Using a spatula.-and being careful to place the sample on the bottom
and not the sides, weigh 3 + 0.5 g of sample to the nearest 0.0} g into
the centrifuge tube, and set aside ca. } g for bry Weight Détenniﬁat1on
{Section 9, page 65). Record the weight in the log book,

Store the remaining sanple in the freezer. )

To each tissue sample in a centrifuge tube add: (a) 25 mL of CHaCLp,
(b) 20 uL of AH 1-Std solution, and {(c) 20 uL of PES [-Std solution,
Make certain that the solutions are placed into the CHpClj.

Prepare a spiked blank (“reagent spike“) by adding to a centrifuge

tube containing 25 mL of CHpClp: (a) 20 uL of AH [-5td solution,

(b) 20 ulL of PES 1-Std solution, (c} 20 uL of AH spike solution,

and (d)} 20 ul of PES spike solution,

Prepare & blank ("reagent blank“) by adding to a centrifuge tube
containing 25 mL of CHpCly: (8) 20 wL of AH I-Std solution, and

{b) 20 mL of PES I-Std solution.

Prepare 2 calibration-mixtures (for Section 11, step G.5, page 83)

by adding to each of 2 vials: (a) 1000 uL of hexane, (b) 20 wt of
AH 1-Std solution, (c) 20 uL of PES 1-Std solution, (d) 20 uL. of

AH spike solution, and (e) 20 uL of PES spike solution,
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C.

Sample Extraction {continued)

7.
8.

10.
1.
12,
13.

14,

Add 20 g of NazS0; to each tube in steps 3-S.

Macerate/extract the sample in the tube for 1 min with the Tissumizer
at serting 100, Then continue at setting 80 for 2 min. Avoid
spattering the tissue,

Centrifuge the sample for S min at < 2000 rpm.

Decant the extract 1nto.a labeled flask.

Add 25 mL of CHypClp to the tube.

Repeat steps B-10 once,

wash the Naz504/sample mass by adding 10 mL of CHpC); to the tube,
and mixing on the Vortex Genie for 5-10 seconds at setting 5-6,

Repeat steps 9-10 once,

€oncentration of Extract

1.

6.

Add 3-8 boiling chips, and attach a Snyder column to the flask
containing tne CHaClp exiract from step B.l4.

Concgntrate the extraci in a 60°C water bath to 10-15 nL, and transfer
it to a concentrator tube.

Wash the flask with 3-4 mL of CHaCly, and add the washings to the
tube. . '

Repeat step 3 once,

Add a boiling chip to the tube, and using the tube heater, concentrate
the extract te > 0.9 mi, < 1.0 mL,

Add 5 mL of hexane to the tube, and concentrate the extract to 2 mL

on the tube heater.

Proceed to Silica Gel/Alumina Chromatography {Section 10, page 69).
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SECTION 9
ORY WEIGHT DETERMINATION
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DRY WEIGHYT DETERMINATION

A. Equipment List

analytical balances (requiremenis in steps B.4 and C.,3)
spatula{s) |

Aluminum weighing pan(s)

aluminum foil, 12-fnch width

drying oven (120°C)

desiccator

forceps

B. Sediment Procedure

1.
2.

Etch the sample number on the tab of the weighing pan.

Place up to 3 aluminum pans on 1/2 of a 3-inch strip of aluminum
foil, Fold aluminum foil over the weighing pan{s) to form an
envelope, Close the envelope, but do not seal it, then place it
fn the drying oven overnight,

Cool the envelope containing the pan in a desiccator for 30 min,
Remove the pan from the envelope, and weigh the pan to the nearest
0.01 g. Record the pan weight as the Tare Weight in the log book,
Stir the sediment with a spatula to homogenize it, and discard
pebbles, wood, roots, etc.

Add 10 ¢+ 0.5 g of the sediment to the pan,

ﬁecord the weight to the nearest 0,01 g in the log book as the
Net Weight.

Return the weighing pan to the foil envelope, and clase the envelope,

but do not seal it.

Preceding page biank

T W e e e AL T Sy Vin AT e —— ——— % e ——

WA W - oo, o,

. s el

o ——— - E—— —




68 Sect, 9-2

B. Sediment Procedure (continued)

9. Ory the sample in the drying oven for 24 hr.
_ 10. Rerove the sample from the oven and cool ft in the desiccator
for 30 min,
11. Reweigh the sample, and record the dry weight to the nearest 0.01 g

in the log book as the Dry Weight.

€. Tissue Procedure

1. Proceed as in steps B.1-B.4.
2. With a spatula spread ca. 0.5 g of tissue onto the pan,
3. Record the weight to the nearest 0.1 mg in the log bdok
as the Wet Weight.
4, Proceed as in steps B.8-B.11, but record the weight to the

nearest 0.1 mg.

D. Dry Weight Calculation

1. Calculate Dry Wt % as follows:

Dry Weight - Tare Weight
Dry Wt % = ’ x 100.

Wet Weight - Tare Weight
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SECTION 10
SILICA GEL/ALUMINA CHROMATOGRAPHY
OF SOLVENT EXTRACTS
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1 Sect. 10-}
; : SILICA GEL/ALUMINA CHROMATOGRAPHY OF SOLVENT EXTRACTS

A. Equipment List - Note: CHpClp-wash all glassware and materials contacting
the extract or fractions, , ) ]

Glassware {per sample)
19-mn ID chromatography column with reservoir
2 ea 250-mL beakers
50-mi TC graduated cy!inder
2 ea* 500-mL 24/40-STJ Erlermmeyer flasks with Stoppers
2 ea* 25-mL 19/22-STJ Kontes concentrator tubes with stoppers
2 ea* transfer pipets (Pasteur style} with rubber bylbs
2 ea* 3-ball 24/40-STJ) Snyder columns
2-mL GC vial®

Reagents and Solvents (per sample)

20 g silica gel {heated to 709°C for 18 hr, staored at 170°C, and
cooled to room temp, in a desiccator just before use)

10 g alumina {activated at 170°C for 18 hr, then cooled to room
temp, in @ desiccator just before use)

160/210 mL CHsClp for tissue/sediment, resp, {(not including washes)
25 mL 10% redistilled CH40H in CHaClp (v:v), for sediment only
3¢ mL 207 redistilled CH3OH in CHpCla (v:iv), for sediment only

50 mL pentane + the amount calibrated in Section 5 to elute the
SAl fraction

— ML of 1:1 (v:v) CHyClp:pentane (the amount calibrated in Section
to elute the SA2 fraction)

hexane, CHaCly and redistilled CHyOH, as needed
ca. 1 cc sand

For sediment: 7.5 ¢t copper (activated by covering 1t with conc,
HC1 and stirring with a glass rod,
then allowing it to stand for S min,
followed by washing twice with CH30M
and then 3x with CHy(Cl,)

* Add 1 ea for sediment samples

Preceding page blank
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72 Sect. 10-2

A. Equipment List (continyed)

8.

Standards Solutions

S0 uL HMB GC 1-Std selution per SA) fraction
10 ul TCMX GC !-Std solution per SAl fraction

Other Materials and Apparatus

desfccator

powder funnel

curved-stem funne! {curve glassblown)

glass rod

glass wool

500-mL Teflon wash-bottle (CH2Clp-filled)
boiling chips

modified Kantes tube heater {Section 4A, page 25)
water bath

Yortex Genie

100-ul and 10-ul syringes

Column Preparation

1.

Prepare the columns jusﬁ prior to use. Oﬁ hot days elute more slowly
to maintatn the column integrity.

Fit a 19-mm 1D column with a stopcock, add 100 mL of CHpCl; and a
S-is-mm glass-wool plug, Tamp the plug well to remove any bubbles,
Add the alumina to 2 beaker, and slowly add 20 mL of CHyClp. Gently
swirl the beaas.r for 30 sec, and let it stand for 5 min {to remove
all air bubbles) until used in step 6,

Add the silica gel to a Znd beaker. Slowly add 40 miL of CHpClp to
the beaker., Gently swirl the beaker for 30 sec, and let ft stari

for 5 min {to remoée a1l air bubbles) until uﬁed in step 7.
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B. Column Preparation (continued)

5. Place 2 curved-stem funnel into the column reservoir so that the
funnel tip hangs well off-center,
6. Swirl the beaker to resuspend the alumina from step 3, and pour the
slurry into the column,
7, Wash the beaker with ca. 5 mL of CHpClp, and 2dd the washings
to the column, Repeat the wash twice. |
8. After the particles settle, open the stapcock for 30 sec to
altow the alunina to pack more tightly, them close the stopcock,
9. Add the silica gel fram step 4 to the column, as in steps 6.7
for the alumina,

10. Piace the beaker under the column tip, and open the stopcock.

- ————

While the solvent still drains, add the sand throuygh the powder
funnel ({for sediments: then add the copper). 9rain to the packing
top, then close the stopeock.,

11. Add 50 mL of pentane to the column. Orain to the packing top, then
close the stopcock. Discard the eluates collected thus far,

£. Chromatography of Extract

1. Wash the column tip with CHyCly, remove the waste beaker from beneath
the column, and replace it with a cylinder labeled “SAl",

2. With a transfer pipet, carefully transfer the extract (in 2 mL
of hexane) from Section S, step .6 {page 58) or Section 8, s.te.p C.6
(page 63) to the top of the packing., Drain to the packing top,
then close the stopcock. |

3. From the remaining pentane, wash down the tube that contained the
extract from Section 7 or 8 with 0.5 mL, and add the washings to
the top of the packing, Drain to the packing top, then close

the stopcock.,

4. Repeat step 3 once,




c.

Chromatography of Extract {continued)

74 Sect. 10-1

*

5.

6.

7.

8.

9.

10,

11,
12,

13.

14,

15,

16.

17,

Wash down the tube with ca. 0.5 ml of 1:1 CHpCly:pentane, and

hold the washings in the tube for step 13,

From the remainder of the pentane, 2dd ca. 2 mL to wash down the
column wall, Drain to the packing top, then close the stopcock.
Repeat step 6 once.

Add the rest of the pentane, and continue eluting.

Collect _ mL of eluate {the amount caligrated in Section § for fraction
SA1), then close the stopcock, and transfer the eluate to a flask
labeled “SALl™.

Wash down the cy!inder.with 3-4 mlL of CHyCl,, and add

the washings to the flask,

Repeat step 10 once, and set the flgsk aside for step E.1, page 75,
Replace the cylinder with 3 flask labeled “SA2", Drain to the
packing top, then close the stopcock,

Add the washinys from the tube (set aside fn step 5) to the top

of the packing. Drain to the packing top, then close the stopcock.
Wasn down the tube with 0.5 mL of 1:1 CHaClz:pentane, and add

the washings to the top of the packing. Drain to the packing

top, then close the stopcock,

Add the remaining amount of 1:1 CH;Clz:pentane to the column,
Partially open the stopcock, drain to :he packing top -t ca. 2
al/min, and close the stopcock.

Set aside the SA2-labeled flask for step F.l, page 76.
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15 Sect. 10-5

D. For Sediment Only

1.

3.

Place a "waste” flask under the column, and add 50 mL of CHpClp
to the column, OQrain to the packing top at ca, 2 mL/min, and
close the stopcock,

Add 25 mL of 10% CH3OH in CHaClz to the column. Drain to

the packing top at ca. 2 mL/min, and close the stopcock.
Discard the contents of the waste flask, and replace the flask
with one labeled "SA3". |

Add 30 mL of 20% CH3CH in CHpClz to the column, Elute all of
the solvent into the SA3-labeled flask, and set it aside for

step G.1, page 76,

Concentration of Fraction SAL

1.

Add 3-4 boiling chips to the SAl-labeled flask from step C.l1,

and attach a Snyder column,

Concentrate fraction SAl in a 55°C water bath to 10-15 mL, and

transfer §t to a concentrator ture,

Wash down the flask with 3-4 mL of CHyCl,, and add the washings
to the tube, Repeat this step once,

Add a boiling chip, and using the tube heater, concentrate the

fraction to > 0.9 mL, < 1.0 nL.

Add 2 mL of hexane to the tube, and concentrate the fraction to
>0.9, <1.0m,

Add 10 uL of TCMX GC 1-Std solution to the tudbe, and mix for 2

sec on the Vortex Genie at setting 8-10.

Transfer the concentrate into a G£ vial, label it as “"SAl®,

cap the vial, and store it in the freezer until needed.

EY)
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f. Concentration of Fraction SA2

1. Concentrate the fraction in the SA2-labeled flask from step C.17
the same as for SAl (steps E.1-E.6), except use a 60°C bath.
2. Add appropriate amounts of CH30H and CHpCl2 to ﬁake.1 2.3 mL of
a “6:4:3" solution (6 parts hexane, 4 parts CH30H, 3 parts CHzClp).
3. Proceed tb Sephadex LH-20 Chromatography (Section 11, page 7).

G. Concentration of Fraction SA3 (Sediment Only)

1. Concentrate the fraction in the SA3-labeled flask from step 0.4
the same as for SA1 {steps E.1-E.7), except use a 75 C bath, add
7 mL of hexane, and add 50 uL>of HMB GC [-5td solution instead
of the TCMX GC [-Std solution,
) 2. Transfer the concentrate into a GC vial, label it as “SA3", and

cap the vial,

3. Add 50 pL of HMB GC 1-Std solution to the COP calibration-mixture

vials from Section 7, step B.9 (page 57).

4. Proceed to GC Analysis (Section 12, page 85), and analyze for - .

!
i
!
!

coprostanol,
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SECTION 11
6:4:3 SEPHADEX LKH-20 CHROMATOGRAPHY

AHs and Chlorinated HCs from Fraction SA?

s,




79 Sect. 11.1

6:4:3 SEPHADEX LH-20 CHROMATOGRAFHY

A. Equipment List - Note: CHaClp-wash all glassware and materials contacting
extract or fractions.

Glassware (per sample)
S0-mL TC graduvated cylinder
100-mL TC graduated Cyiinder
2 ea 500-mL 24/40-STJ Erlermeyer flasks with stoppers
2 ea 3-ball 24/40-STJ Snyder columns
2 ea 25-mL 19/22-STJ Kontes cancentrator tudes with stoppers
transfer pipet; {Pasteur style} with rubber bulbs

3 ea 2-mL GC vials (sudbstitute 1 conical vial for tissue extract)

Solvents [per sample}

200 mL 6:4:3 cyclohexane:CH30H:CHpCly solution
2 mL redistilled CHaOH

GC Calibration Standards {per SAZ2-L2? fractior)
HMB GC I-Std solution: 50 plL (sec¢iment); 10 umL (tissue)

TCMX GC I-Sta solution: 50 ul (sediment); 10 xl (tissue)

Other Materials and Apparatus
aluminum foil
activated copper (Section 10A, pace 71)
vortex Genie
calibrated 3ephadex LH-20 columas {Section &, page 45)
boiling chips

water bath

Preceding page biank
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A. Equipment List {continued)

modified Kontes tube heater (Section &4A, page 25)
500-mL Teflon wash-bottle (CHpCly-filled)
freezer (< -20°C)

2 ea syringes: 100-ul {sediment); 10-ul (tissue)

B. Special Notes

1.

The 6:4:3 solvent must be tested before using to assure freedom
from interfering contaminants (Section 4B, page 29).

The extract must be dissolved in the solvent (ﬂg layers),

with the total volume < 2.3 mL,

The fraction volumes are dependent on the column calibration,
Qccasionally check the coluﬁn calibration with the
“calibration-extract™ (Section 6§, Part A, page 48). .
Extreme care must be used when removing or adding solvent

or sample to the column to avoid disturbing the column paéking.
Quring column starage, if the solvent in the reservoir separates
into 2 phases, remove it and replace it with > 80 mL of fresﬁ'

6:4:3 solvent, then elute 50 mL.

C. Chromatography

1.

Remove the excess snlvent from the top of the column using a
transfer pipet.

Add 10 mL of the 6:4:3 solvent to the column, Drain to the
packing top, and close the stopcock. Discard the eluate,
Wash the column tip with CHaClp, and place the 50-mL cylinder
Yabeled “SA2-L1", under the column,

Using a transfer pipet, carefully apply the 2-mL extract from

Section 10, step F,2 (page 76) to the column. Lse a circﬁlar mot ion
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Chromatography (continued)

10'

11.

12.

13,
14,

15,

to dispense the sample immediately above the packing, dripping it

_ slowly down the column wall so as not to disturb the packing,

Drain to the packing top, and close the stopcock,

Wash down the tube with 0.5 mL of the solvent, and apply the washings

to the column, Drain to the packing top, and close the stoptock.
Repeat step 6 once, |

Wash down the column wall with ca, 3 mL of the solvént. applied
above fhe base of the'reservoir. Dratn to the packing top, and
close the stopcock,

Repeat step 8 once,

Carefully add 150 mL of the solvent to the column {add

more as needed) without disturbing the packing.

Collect __mL of eluate (the amount calibrated in Section 6 for
fraction SA2-L1) in the 50-mL cylinder labeled "SA2-L1". Close
the stopcock, and transfer the eluate to a flask labeled “SA2-L1".,
Wash down the cylinder with 3-4 mL of CHzClp, and add the
washings to the flask,

Repeat step 12 once, and set the flask aside for step D.1.

Replace the 50-mL cylinder with the 100-mL cylinder labeled “SA2-L2."

Open the stopcock, and collect _ mL of eluate {the amount calibrated

in Section 6 for fraction SA2-12), Close the stopcock, and
transfer the eluate to a flaék labeled “SAZ-L2". Repeat steps
12 and 13, except set the flask aside for step E.l.

Reptace the 100-mL cylinder with a “waste® cylinder, and

elute 50 mL of solvent to flush the cotumn, Discard this eluate.
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C. Chromatography (continued)
16. The column is now ready for the next sample,

Note: If the column is to be stored for awhile, maintain
30«50 mL of the solvent in the column reservoir, and cover
the top with aluminumn foil to minimize evaporation, -
Remove the solvent if it separates into 2 phaics, add
> 80 mL fresh 6:4:3 solvent, and elute 50 mL,

0. Concentration of Fraction SA2-L1

1. Add 3-4 boiling chips to the flask from step C.13, and attach
& Snyder column,
E 2. Concentrate the fraction in a 75°C water dath to 10-15 mL, and
| transfer it to a concentrator tube,
3. Wash the flask with 3-4 mL of CHpCl,, and add the washings to
the tube. Repeat this once,
4, Add 1 mL of CH30H and a boiling chip to the tube, and using
the tube heater, concentrate the fraction to > 0.9 m., < 1.0 mL,
5. Add 7 mbL of hexare to the tube, and concentrate the fraction
to > 0.9 m, < 1.0 mL.
6. Transfer the fraction to a GC vial, cap the vial, label it,

and store it in the freezer until needed,

E. Concentration of Fraction SA2-L2

1. Concentrate fraction SAZ-L? from step C.14 in the same manner
as in steps 0.1-D.5 above,

2. Proceed to step F.1 for sediment or step G.1 for tissue.

F. Fraction $SA2-L2 from Sediment

1. Add 59 uL of HMB GC [-Std solution and 50 ulL of TCMX G 1-Std
solution to the tube, using the 100-plL syringes. Mix on the

Vortex Genie far 2 sec at setting 8-10,
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F. Fraction SA2-L2 from Sediment (continued)

e ———

2. Add a few grains of activated copper (Subsection 4A, page 25)

: . untit no Further discoloring cccurs,

: 3. Transfer equal amounts of the fraction to 2 GC vials, cap the
vials, and tabel them,

. 4. Add 50 ulL of HMB GC [-Std solution to the AH/PES calibration-

mixture vials from Section 7, step B.8 (page 57), using the 100-pL

syringes, Simitarly, add 50 ubL of TCMX GC I-Std solution to

these vials,
5. Add “R" to the label of one of the vials from step 3 and from
step 4, and store them in the freezer as reserves, Proceed with

the other vials from steps 3 and 4 to GC analysis (Section 12,

page 85),

6. Fraction SA2-L2 from Tissue

1. Add 10 uL of HMB GC 1-Std solution and 10 wml of TCMX GC [-Std
solution to the tube (from step E.Z, page 82), using the 10 ulL
syringes;

2. Mix on the Yortex Genie for 2 sec at setting 8-10,

3. Transfer eqgoal amounts of the fraction to 2 GC vials, cap the
vials, and label them,

4, Add “R" to the label of one vial, and store it in the freezer as
a reserve GC sample. Set aside the other vial for step 7.

5. Add 10 ul of HMB GC [-Std solution and 10 ul of TUMX GC 1-Std

solution to the calibration-mixture vials from Section 8,

step B.6 {page 62), using the 10-ul syringes, Mix on the

Vortex Genie for 2 sec at setting 8-10, and recap the vials,

. it Pl o = e e W
p—
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G. Fraction SA2-L2 from Tissue (continued)

6.

Add "R" to the label of one vial from step 5, and store it in the
freezer as a reserve GC sample, Proceed with the other vial to GC
Analysis (Section 12, page 85),

Using a pipet, transfer a portion of tissue fraction SA2-12

from step 4 to a conical GC vial. Place this vial under a

yentle stream of nitrogen gas (piped through only CHaClz-washed
Tefloﬁ. stainless-steel, or glass tubing), and slowly evaporate
part of the solvent,

Repeat ste§ 7 until the entire contents of the larger GC vial

has been transferred to the conicat GC vial, The volume of the
concentrated fraction should be ca. 0.1 mL,

Cap the vial, label it, and proceed to GC Analysis (Section 12,

page 85).

R
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GC ANALYSIS

Equipment List -~ Note: Wash the Autosampler syringe thoroughly

with CHpClp before using,
Gas Chromatogragh (GC), Hewlett-Packard mode) 5880A, including:
capillary colun inlet system, in the No. 2 position
automatic sample injector
cartridge tape unit
flame-ionization detector (FID), in the No. 1 position
electron-capture detector {ECD), in the No., 2 position
modifications: Two Q-rings are placed around the injector insert
instead of |, An O-ring is installed beneath the septum. A.
slot is cut in 2 ea 1 x 1-inch, 1/32-inch-thick aluminum plates
50 that they mey be inserted from opposite sides around the
injection port, just above the gas lines, and between the septum
retatiner assemply and the inseft retainer assembly. A 1/16-inch
tube is installed to blow compressed air gently onto the cooling fins,
Standards Solutions
AH GC-calibration check solution
PE5 GC-calibration check solution
COP GC~calibration check sciution
Gas Cylinders
air, Ohio breathing air, CGA Grade E (or equivalent)
argon/methane, 95/5 {v/v}
helium, grade 4.5 {purified, > 99.995%)
hydrogen, grade 5 {ultra pure, > 99.999%)
nitrogen, grade 4.5 (purified, > 99,9951}

molecular sieve traps (1 for each gas cylinder) - Hydro-Purge
- model ASC-1, Coast Engineering Laboratory, Gardera, CA

regulators {1 for each gas ctylinder), 2-stage
Solvents

CHaC1, and washing CH30H, as needed

Preceding page blank

I s — el
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A. Equipment List {con.inued)

Other Materials and Apparatus
GC cotumn, J & W Scientific Inc., fused silica, DB-S, 30-.m
diamond-tip etcher '

2 ea ferrules, J & W Scientific lnc., Q.4-mm graphite, part no.
500~2004

Jjeweler's loupe, 10x

Wite-Out, typewriter correction fluid, Wite-Out Products Inc.
Beltsvilie, MD

leak detector, Snoop, Nupro Co,

septum, Alltech Associates, 3/8-inch, blue, stock no. 6514
J ea 0-rings, Viton 0.208-inch 1D, Parker Seal Co.
brush for cleaning fused-silica 1iner

glass-wool {as necessary)

10-uL syrinye, Hamiiton model 1701

2-mL GC vials, Varian, part no, 96-000099-00
100-LL conical GC vials, Wheaton, part no, 936221
flowneter(s) suitable for all gases used

s0ap

1/8-inch QD copper tubing

Swagelok adapters {(as necessary)

1/8-inch Swagelok tee

1/8-inch Swagelok connectors {as necessary)

8. Column Installation for FID Qperation

1. Place a new zolumn on the rack holder in the GL oven,
2. Unwind the ends so that one faces the injector inlet and the other
faces the detector outlet,

3. Slide the column nut over the inlet end of the column,
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B. Column Installation for FID Operation (continued)

10,

Using the diamond-tip etcher, score the column lightly about } com
from the cclumn end.

Snap of f the column tip at the etched point.

Slide the ferrule over the inlet end of the column,

Etch the ¢olumn again ca, 2 mm below the previously cut end,

Snap off the 2 mm above the etched paint,

Examine the end with the jowelers loupe; if it is not smooth
(clean cut) and perpendicular to the column sides, repeat steps

7 through 9,

Stide the colunn nut up the column until only 35 mm of column

extends beyond the base of the ferrule.

1.

12.

13,

14,

15.

16.

17.
18,

19,

With Wite-Out, place a wnite mark on the column even with the
base of the colunn nyt,

Slide the column up into the injecter, and tighten the nut by hand
until the column is hela lightly 1n-p!ace.

Adjust the column so that the white mark is again even with the
base of the nut, then tighten the nut sust sufficiently that |
no gas escapes when tested with a leac 2etector,

Tighten nut an additional 1/4 torn.

Repeat steps 3 through 9 on the detectar end of the column,
Slide the colun nut up the column until 57 mm of the column
extends beyond the ferrule,

Repeat step 11,

Slide the column up into the FID, and tishten the nut by hand

until the column is held 1ightly in place.

Repeat steps 13 and 14 only,

T e et AL B - RS g8 VYIRS
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Column [nstallation for FCD Opcratfor.

1,
2.

3.

Repeat steps B,1-8.19,
Slide the column nut up the column until only 47 mm of the column
extends beyond the ferrule,

Repeat steps B.17-E.19, excepl use the ECD,

Injector Maintenance

1.

5.

6.

8.

9.

10.
1,

12.

Cool the injector anG the ove: to near roon temp, then 10osen the
cotumn nut at the injector block,

Disconnect the air from the Juto-sampler, and remove the sampie tray.
Mare sure iha! the auto-sampler d0ar 15 clased ar the carrier gas
pressure s released, then tiit the auto-sampler back,

If the yases are not already installed, proceed to Part E first,
Otherwise, turn off the cooling a%r and the carrier gas {"carrier

C/D" valve),

Remove the septum retaining nut, Oiscard the séptum if it 1s

worn, Check the 0-ring, and reslace 1t if it §s worn or cracked.
Unscrew the lower injector rfopser, and withdras the fused-siifﬁa Viner,
Remove the (O-rings, and set tree asyde for step 12,

Using & smail stiff brush, wash ‘nside and outside of the liner

with soap and water,

Flush the liner thoroughly with waler,

Hold the liner with a clamp, a7v1 wash it with. CH30H and then CHyCl,,
After the liner has dried, use a patr of wmall forceps and a <mall glass
rod to place a S-mm, lightly-sacers, glass-woul plug into the liner,
and push it 35 mm below the s- t.um end of tne liner,

fheck the O-rings that fit on <re frjector insert, and replace

any that are worn or cracked,




D. Injector Maintenance {continued)”

13. Silide the D-rings onto the injector liner, and place the Yiner back
into the injector, being careful to slide the column into the liﬁer.
14, Reattach the injector cover.
15. Replace the 0-ring on top of the injector cover,
16. Replace the septum on top of the O-ring in step 15,
17. Screw on the septum retaining nut, and adjust the cooling fins,
18. Turn on the cooling air, and retighten the column nut at the injector block.
19. Adjust the carrier gas pressure to 20 psi.
20. Return the injector temperature to 300°C and the oven temperature
to 180°C.

E. [Installation of Gases for FID

1. Attach a 2-staye regulator to a full nitrogen cylinder,
2. Connect a molecular-sieve trap to the nitrogen regulator,
3. Connect the trap to the “Aux 2" (make-up gas connector) gas port
in the back of the GC, using 1/8-inch OD copper tubing and Swagelok
connectors,
4. Open the nitrogen-cylinger valve, and adjvst the cutput pressure
of the regulator attached to the nitrogen cylinder to read 50 psi.
5. Check all connections of the nitrogen delivery system with
leak detector, and tighten or replaie any that leak,
6. Adjust the Aux 2 pressure to read 30 psi on the gauge on the front
panel of the GC.
7. Attach a 2-stage regulator to a full hydrogen cylinder,
8. Connect a molecylar-sieve trap to the hydrogen regulator,
9. (onnect the trap to the hydrogen gas port 4n the back of the GC, using

1/8-inch 0D copper tubing and Swagelck connactors,

- - o
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Installation of Gases for FID {continued)

10. Open thekgas cylinder valve, and adjust the output pressure of
the regulater attached to the hydrogen cylinder to read 55 psi.

11. Repeat step 5 with the hydrogen delivery system,

12. Adjust the hydragen pressure to 30 psi on the gauge on the front
panel of the GC,

13. Attach a 2-stage requiator to a full helium cylinder.

14. Connect a molecular-sieve trap to the helium reguliator.

15; Connect the trap to the "carrier C/D" gas port in the back of the
G6C, using 1/8-inch (D copper tubing and Swagelok cornectors.

16. Open the heljum-cylinder valve, and adjust the output pressure of
the regulator attached to the helium cylinder to read 40 psi,

17. Repeat step 5 with the helium delivery system,

18. Adjust the carrier gas pressure to read 20 psi on the “carrier
C/D" gauge on the front panel of the GC. ‘

19, Attach a 2.stage requlator to a full breathing-air cylinder,

20, Connect a molecular-sieve trap to the air regulator,

21, Connect a 1/8-inch Swagelok tee to the outlet of the trap,
Connect cne end to the auto-sampler and the other end to the
*air" gas port in the back of the GC, using 1/B-inch OD copper
tubing and Swagelok connectors.

22. Open the air-cylinder valve, and adjust the output pressure
of the regulator attached to the air cylinder to 75 psi,

23, Repeat step 5 with the air delivery system,

24, Adjust the air pressure to read 30 psi on the gauge on the
front panel of the GC. '

25, Attach the hignh-flow line from the gas flowneter to the split vent,

26. Adjust the injector split vent flow using the C flow valve to 40 mL/min,

ok v



93 . Sect. 12-.7

E. Installation of Gases for FID {continued)

27. Attach the low-flow line from the gas flowmeter to the septum

purge vent,

v ———

28. Adjust the septum purge flow using the septum purge valve to
ca, 10 mL/min,
29, Make sure that the injector split vent flow is still 40 mi/min,

30. Detach both flowmeter lines.

Installation of Gases for ECD

1. Attach a 2-stage regulator to a full argon/methane cylinder,

2. Connect a molecular-sieve trap to the argon/methane regulator.

e A Rt % e e ——— o Y
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3. Connect the trap to the "Aux 2" (make-up gas) gas port in the dack

of the GC, using 1/8-inch 0D copper tubing and Swagelok connectors,

4, Open the argon/CHs-gas cylinder valve, and adjust the output

; pressure of the regulator attached to the cylinder to 60 psi.

! §. Adjust the "Aux 2% pressure to read 30 psi on the gauge on the

; ~ front parel of the GC.

' 6. Check all connections with leak detector, and tighten or replacé'ény
that leak. ) ‘

7. Repeat steps E.13-E,23 and £,25-£.30 {pages 92 and 93), making

- certain that the air valve on the front of the GC remains turned off,

G. Entering and Storing Program “ROUTINE" - The GC Program (explanatory

notes on right margin in
parentheses)

1. Press the CLEAR ENTRY button on terminal 1.
2. Press the ENTER button on terminal 1.
3. Type the following lines {letters will appear capitalized in the

GC printout), and press the RETURN button after each line:

i g ® e




o E g e me - T WSS Tes g et em % wr geeny

94 Sect, 12.8

G. Entering and Storing Program “ROUTINE" (continued)

10 option base 1
20 rem overnight sample ruas
25 gosub 1300 (set up Autosampler fnformation)

30 dim s{25)

40 for i=1 to 25
50 s(1)=0

s i =

60 next i

70 input “total mumber of samples to run",n (enter how many GC vials
are to be analyzed)

80 If n<26 then 110

90 print “maximum of 25 sanples allowed"

100 goto 70

110 input "enter starting tottle number" ,b.

i 120 for iz]1 to n {store vial nos, for
; : each sample)
‘ 130 s{i)=b
% 135 b=b+2
(]
e 140 print "enter sample name for bottle #";s(i) (enter-sampigrname)

145 if i>14 then 151
150 on i goto 160,180,200,225,240,260,280,300,320,340,360,380,400,420
151 on 1-14 goto 440,4560,480,500,520,540,560,580,600,620,64Q
; 152 print "on goto error - line 150-151"
153 goto 2000
160 input a$
170 goto 660
180 input b$
190 goto 660
200 input c$

s A a i, ol
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G. Entering and Storing Program "ROUTINE"

95

210 goto 660
220 input d$
230 goto 660
240 fnput e$
250 goto 660
260 input f§
270 goto 660
280 input g%
290 goto 660

300 input h$ -

310 goto 560
320 input %
330 goto 660
340 input j$
350 goto 660
360 input k$§
370 goto 660
380 input 1§
390 goto 660
400 input m$
410 goto 660
420 input n$
430 goto 660
440 input o$
450 goto 660
460 input p$

Dt 4

(continued)

s

Sect, 12-9
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G. Entering and Storing Program "ROUTINE® (continued)

470 goto 660
480 input g$
490 goto 660
500 input r¢
510 goto 660
520 input s$
530 goto 660
540 input t$
550 goto 650
560 input u$
570 goto 660
580 input v§
590 goto 660
600 input w$
610 goto 660
620 input x$
630 goto 660
640 input y$

‘660 next 1

670 input "which analysis file to use” ,z% {set GC conditions

’ fram Analysis File

680 execute x, “get analysis "*"8£2$""" devices 6" on tape)

685 1f x>0 then 2000

590 For i=] to n (print sample name
on chart)

695 wait

696 1ist

700 print using 710; "sample:*®

. e iman o
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G. Entering and Storing Program “ROUTINE® (continued)

710 image #,10/,5x,8a
720 image x,50a,2/
725 1f 514 then 731
730 on 1 goto 740, 7160,780,800,820 »840,860,880,900 +920,940 960 980,1000
731 on i-i4 goto 1020, 1040,1060, 1080,1100,1120,1140 »1160,1180,1200
732 print “on goto error in 14ne 730"
733 goto 2000
740 print using 720;a$
750 goto 1230
760 print using 720;bs
770 goto 1230
780 print using 720;c$
790 goto 1230
800 print using 720;d$
810 goto 1230
820 print using 720;e$
830 goto 1230
840 print using 720;f$
850 goto 1230
860 print using 720;9%
870 goto 1230
880 print using 720;:h$
890 yoto 1230
909 print using 720;1$
910 goto 1230

920 print using 720;j%
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G. Entering and Storing Program “"ROUTINE" (continued)

930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
‘1130
1140
1150
1160
1170
1180

goto 1230
print using
goto 1230
print using
goto 1230
print ysing
goto 1230
print using
goto 1230
print using
goto 1230
print using
goto 1230
print using
goto 1230 .
print using
goto 1230
print using
goto 1230
print using
goto 1230
print using
goto 1230
print using
goto 1230

print using

750;k$
720;18
iZO;mS
720;n$
720;0%
720;p%
720;q8
720;r8
720;s$
720;t$
720;u$
720;v$

720:w$
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G. Entering and Storing Program “ROUTINE™ (continued)

1190 goto 1230

1200 print usfng 720;x$

iZID goto 1230 .

1220 print using 720;y$

1230 rem

1240 valve 6 on {close fnlet-purge valve;
inject next GC sample)

1250 execute x, "edit auto seq 8, "&vals(s(1)+1)

1260 1f x<>0 then 2000

1270 start auto seq s(1),s{1)

1280 next i

1290 oven temp inftial valye 180

1300 execute x, "eqit auto seq },2%

1310 if x<>0 then 2000

1320 execute x, “edit duto seq 2,0"

1330 1f x<>0 then 2009

1340 execute x “eqit auto seq 3,5

1350 if x<>0 then 2000

1360 execute x, "edit auto seq 4,1

1370 if x<>0 then 2000

1380 execute x, “edit duto seq 5,]1“

1390 if x<>0 then 2000

1400 execute x, “edit auto seq 9,10

1410 #f x<>0 then 2000

1429 return

2000 end

save pr~gm "routine* devices 6,




100 Sect. 12-14

H. Entering/S$toring Analysis File HEXANE [or HEXANE EC] (or HEXANE CON-1]

Note: The options for GC analysis files are:
HEXANE {for 1 mL GC/FID samples);
HEXAKE CON-1 (for D.1 mL GC/FID samples), follow brackets [ 1:
HEXANE EC (for l-mL G /ECD samples), follow parentheses { ).

v n v — sy S iy 8-y P
'

1. Press the CLEAR ENTRY burton on terminal 1.

2. Press the ENTER button on terminal 1.

et —

3. Type the following lines (letter will appear capitalized in the
GC printout), and press the RETURN button after each iine,
oven teap limit 320

oven temp 50

o o} o e e v 8

oven temp on

[ —

det 1 temp limit 325 (det 2 temp limit 325]
det 1 temp 320 {det 2 temp 320]
“det 1 temp on (det 2 temp on]

inj 2 temp 1imit 320

[N TN

inj 2 temp 300

inj 2 tenp on

detector b on [detector c on]
delete run tbl

run tbl on

run tbl annotation on

run time 0.50 valve 6 off

run»timé 80.00 stop

signal B devices 12 [signal ¢ devices 12)
signal on devices )2

stop plot devices 12

chart speed 0.70 devices 12
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H. Entering/Storing Analysis File HEXANE [or HEXANE EC] {or HEXANE

CON-1]) (continued) ' a
attn 2+2 devicep 12 {attn 2+8 device #12) (attn 24-1 device #12)
%offset 10 devicer 12

S e —— e ——

zero on devicet 12

inty signal B [intg signal c]
; sync off

run time annotation on

oven temp eguib time 1.00

delete oven temp

' oven temp initial time 3.00

: oven temp 1 prgm rate 4.00

oven tamp 1 final value 300

oven temp 1 final time 10.00

oven temp annotation on

valve § off

peak width 0,04

thresiold -3 ‘ {threshold 6]
repert on devicet 0

report on

report annotation on

delete report thl

report time Q.00 reject je+if

report time 1.00 bl mode 0

report time 5.00 reject 0.1 ([report time $.00 reject 100)

areal

delete calib
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H. Entering and Storing Analysis File HEXANE [or HEXANE EC] (or HEXANE

CON-1} (continued)
‘edit calid 0,1

edit catib -1,5
edit calib -2,5
edit calib -3,0
edit calip -3, ""
edit calib -5,0
save analysis “hexane" dévice# 6 [save znalysis "hexane ec" devicet 6]

(save analysis “hexane con-1" cevices 6)

I. Verification of Stable GC Performance - Note: The optiaons for analysés files:
HEXANE (foe GC/FID crecel;
HEXANE EC ( for GC/ECD check',

1. Place 6 vials containing the desired GC-calibration check solution
in the first 6 odd-numbered slots of the autosampler,
2. Place hexane-filled wash-viaTs in the even-numbered slots followirg

each GC-calibration check solution vial,

R s S

3, Press the GET and PRGM buttons, then-type-“rnutine” {including tre
quotation marks; letters will appear capitalized),

4., Press the following buttoﬁs: DEVICEF 6 and RETURN, After typing tne
correct response to each question that is asked, press the RETURY
button, For inalysis file option, see Note above.

5., Use the 6th GC 1njection to calculate the analyte peaks in the

e s o P e TR LR

previbus calibration runs as if they were unknowns flart K, page 134),
6. The 6C is operating properly {f the deviatisn between calibrations
is < 5% for any analyte standard peak in calibrations #3-4#6, 1If

this criterion is not met, troubleshrot/adjust/repair the GC

instrument, and repeat steps 1-5 until the crice~iuvn 15 ~2¢,
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J. Analyses of Sample Extract. Fraction Concentrates {GC Samples)

et

1. 1f there are n GC samples to be analyzed, let c be the next
larger integer than (n/4 + 3],

2. Take 1 of the 2 calft-ation-mixture vials prepared with the

set and split it into c subsamples in confcal GC vials. Cap’

these calibration-mixture conical (CMC) vials and use them as

the calibration standards in the analyses,
! 3. Load the sample vials into the auto-sampler tray, putting a CMC
vial in the 1st 3 odd-numbered slots and the GC sample vials
: ' ' in the remaining odd-numbered slots, maki.g certain that every
Sth odd slot holds a CMC vial and that the last slot is taken
by a GC-calivration check solution,
4., Place hexane-filled wash-vials in the even numbered slots foilowing

each sample vial or CMC vial,

; Note: It is very important that the GC vial contents be analyzed in a

’ consistent manner, For example, the reproducibility of replicate
GC analysts data depends yreatly on the duration of the 50° C
resting period tetween analytical runs. To test the reproducibility,
perform 3 calibrations at the beginning of the GC sample set, )
followad by another calibration every Sth GC injection., Repeatability:
can be checked by calculating the GC-calibration check solution as
if it were 8 GC unknown, 7Tne 3rd or 4th calibration is commonly
used to calculate the percent recoveries of the other calibrations,
A difference > 5% between calib-ations indicates a problen with the
GC system (e.g., a leaking septum, a loose ferruie, a worn out or

- dirty column, etc,), Such problems shoiid he rectified before

proceeding with analyses of sample extracts, To check the integrity
of the calibration solutjon in the CMC vial, analyze the last CMC
vial as an unknown with the GC-calibration check solution used as
the calipration standard. Again, & difference » 51 between the
CMC vial and the GL-calibration check solution indicates a problem
with the calibration solution in the CM. vial. The latter must
then be checked agjainst the alternate calibraticn-mixture vial

t2 det¢rmine prec:sely what the problem 15,
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J. Analyses of Sample Extract Fraction Concentrates (GC Samples) [continued)

§. Press the GET and PRGM buttons, then type “routine” (including the

b me =

quotation marks; letters will appear capitalized).

6. Press the following buttons: DEVICES 6 and RETURN, After typing !
the correct response to each guestion that 1s asked, press the i

RETURN button, For analysis file aption, see Note 1n-bart H.

K. Analyvte and [-Std Calculations

ldentify the analyte peaks in the chromatograms of the sample
extracts by comparing them with the analyte retention times obtained
from the chromatograms of the calibration stancards. Samples analyzed
on the ECD that have peaks ¥n addition to those peaks in the standarcs,
f.e., aroclor (¥CY) mixtures, need to be analyzed by GC-MS to identify
the component chemicals and to verify the analytes previously identif%eﬁ
by retention time comparisons, The GC-MS chri- asograms are then used
to label the pedrs in the GC/ECD ch-omatogram,

The 1-5td{s) added tp the sample at the beginning of the
extraction (e.g., naphthalene-dg, acenaphthene-dig, and perylene-giziz
are used to adjust for analyte Yosses during sampie workup.

Equation 12-1 (page 105) s usedlfor calculating the analyte
concentration in the sample on & dry weight basis.

Equation 12-2 (page 106) is used for calculating the percent
recovery of the l-Std(s). and it involves the use of a GC I-Std
which {s added to the fractionated, concentrated extract in the GC
vial {e.g., WMB and/or TCMX). If the I-Std recovery ts < 503,

reanalysis of the unused portion of the sample {or tne reserve

vial) §s ind‘cdted,
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K. Analyte and I-Std Calculations {continved)

Equation 12-1, calculation of the concentration of an analyte in a
marine sediment or tissue sample, dry weight basis:

ng of analyte Ry x Ry ng [-$td added to sample 100

= X b ¢ .
g sample, dry wt R3 sample wt % dry wt
vhere

analyte peak area in GC analysis

l1-Std pezk area in GC analysis

analyte concentration in calibrating solution (ng/ulL}
RZ = . and

I-5td concentration in calibrating solution (ngful) .

analyte peak area in GC calibration

1-Std peak area in GC calibration
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J. Analyte and 1-Std Calculations {continued)

Equation 12-2, calculation of percent (%) recovery of internal
standard {1-Std}:

Ry x R2 ng GC [-5td added to GC vial
% recovery of I-Std . x x 100 ,

R3 ng [-Std added to marine sample

where

[-5td peak area in GC analysis

GC 1-Std peak area in GC aralysis

[-Std concentration in calibrating solution (ng/uL)
R2 = , and

GC I-Std concentration in calibrating solution (ng/wl)

I-Std peak area in GC calibration

GC 1-5td peak area in GC calibration
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