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BLOOD

Determinatior of Perfluorcoctanoic Acid
Gas Chromatogravhic Method

Scove and Applications

This is & method for the determination of verfluorooctancic acig (Ca)
and its salts in bdlood. Approximately 1 g of sample is required for
messurement of concentrations down to 0.0l ug/s.

The method has been evalusted for analysis of human and rat whole
blood, but preliminary experiments indicete that it could rlso be used
for serum. A similar procedure can be used for the enalysis of
equeous solutions (as from eir impingers), and a modified method

useé for other solutions and solid samples.

Princivle (See Fote 1.)

The valer is removed from sample aliquots by freeze~drying (lyophilization)
to permit derivatization. Addition of methenolic HC! to the dried
residue, along with persluorodecencic acid (C1g) internal standerd,
converts the scids, wvhich are not amenable *o GC enalysis, to more
volatile methyl esters. These are extracted from the resction mixture
into hexane soiution for GC analysis. An electron capture detector (ECD)
is used because of its sensitivity and seiectivity, with either a packed
or & cerillary columm.

. 3% BCL
CF15C00M" + CEo0H CqFy5COCCH, + MOE
M = ¥, wet, E

Interferances

As in eny GC aoelysis, compounds with the seme retentior time as the
compcund of interest will not be distinguishes from it. These can inciude
impuritieb presert in the reagents or other comporents in the samles
themselves.

Interfering peesks from solvents, derivatizing reagent, etc., ere not
generally observed in this laboratory with the reagents specifiad below
(See Note 2}, but each mew bateh should e checked end a blank ipcluded
in every anelysis. A smell pesi at the Ca ester vosition s found in
reagent blanks conteining perflucrodecenoic acid internal standsri,
probably from Cp vresent as an impurity in that materiel. This wili
give an intercept slighily greater than zero in the cailbration picgt,
but will be a significant contridutior to the C peak area cnly at the
lowest concaentratiozs (about 1/3 of the %otal for 0.0° ug/g Cg, when
about I pg/g Cig is added).
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A very small peak st that position has also besn found in some "blenk
blood" samples, as shown in the example in Pigure 2e. Whether this
represeats a trace of Cg (about 0.00L - 0.005 ug/g) or some other
component of the blood would be difficult to determine at this low
concentration and with the limited number of samples examined to date.

IV. Semsitivity, Precision, and Accuracy

The method has been used over the concentration range 0.01-150 ug/g Cg.
Above 10-20 ug/g, hovever, interferences with the C;;, intermal standerd
are generally encountered so that some modification must be made for
analyses st higher concentrations (See Note 15). Due to the relatively
narrov linear range of the ECD, the celibration curve must always cover
the region of interest for quantification.

From the data availeble at this time, precision is estimated to be ¥ 10%
relative. Recovery of splkes is guantitstive within this uncertainty

vwhen calculeted relative to the Cyq iaternal standerd, although absolute
recovery is affected by the presence of dried blood solids (See Note 3).

Accuracy will slso be affected by the choice of Cg standerd (particularly
when the packed colum znelysis is used), wnich should correspond to

the Tluorcsurfactant composition of the samples as neerly as possible
(See Note b).

¥. Apvaratus

Instruments and equipment used in this lsborstory are specified here;
equivalent apparatus can be substituted.

1. Gas Chromatogravh end Supplies — For packed column asnelysis.
(See jAppendix 1 for capillery column snalysis.)

Hewlett—Packard 5830 GC with EP 18803 Electron Cegture Detector,
equirped for on~columm injection with gless-packed columns

10 £t x 2 nm id glass colums (H? eomfiguration 5 with ECD
adapter}, pecked with 10% OV-210 on 70/80 mesh Ckromosor> W.AW.DMCS.
and conditioped at 200°C

Herilton TOIN 19 pL syringe
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Labconco Bo. 75352 bench-top freeze dryer (12-port, dry ice cooled)

Laoconco No. 75406 (150 mL) or No. T5408 (300 mL) Fast-Freeze
flasks, with No. TShT6 stainless steel adapters

Vacuum pump with auxiliary cold trap

Mcleod gage or electironic vacuum gage reading in the 5-0.005 torr
range

Thermostated Reaction Block

Pierce N¥o. 18800 Reacti-Therm Heating Module, with Reacti-Block to
hoid 2-dram viels and thermometer (Bleck C, No. 1880k, has 12
holes, but they must be enlarged to about 19 mm to sccommodate

the 2-dvem vials. Block B, No. 18802, cen be used 2s is, but
+i1l hold only 9 vials end provides poorer thermsl contact.)
Leb-Tine Multi-Blok Heaters can be used with the same blocks,

and wiil hold 2-6 in & single wnit.

Vizls and Septum Caps

Wheaton No. 22k88% or Pierce No. 13028 2-drem (ebout T mL) screw
cap septum viels (borosilicate glass)

Pievca No. 12713 TEFLON-silicone septa and Fo. 13216 open-top
screw caps

Pipets and Dispensexs

Gilson P200 Pipetman variable volume micropipet for quantitative
delivery of 20-200 uL aliquots

1, 2, and 5 mL volumetric pipets for measuring sample and reagent
sliquots. {Brinkmen Dispensette bottle-top dispensers are a
gresat convenience for repetitive delivery of solvents.)

!
DZzsposable hypodermic syringes, 1-3 ml, if blood samples are to
be taker from closed "Vacutainers".

Volumetric flasks, 10, 25, and 50 mL
Sranson 3-220 uli-esonic cleaner (See Note S5.)
Analyticsl balance

Common igboratory eguitment (inciuding 2 refrigerator Jor storage
o? semrles)

Company Sanilized. Does not contain TSCA CBI
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VI. Reagents

1. Cg Standards: Perfluoro-n-octanoic Acid (PCR Research Chemicals),
FC-143 ammonium perfluercoctancate (3M), or other matexial ip use
in the area to be monitored {See Note k.)

2. Perfluorodecanoic acid (PCR Hesearch Chemicals)

3. l(ethann]). (Pisher HPLC (A-L52) or Fisher Certified ACS (A-412)) (See
Bote 2.

L. Derivatization reegent, 3% HC1 in methanol, prepared from Applied
Science No. 18053 Instant Methanolic HC1 Kit, but substituting
Figher HPLC or ACS methancl for the lipopure methanol provided
(See Note 2). The reagent should be stored in the refrigerstor,
end can be kept for sbout 1 manth.

5. Hexane, Phillips Spectrograde or Applied Science Lipopure (See
Note 2.)

6. Water, distilled or defonized
7. "Blank™ Blood, to spike for stendards. Heperinized "Vecutainer"
blocd collection tubes (B-D No. 6480) heve generally been used
for this, as well as for samples. Vecutainers containing liquid
EDTA anticoagulent cen also be used.
NOTE: All blood sarmples mst be stored under refrigeration.

8. Perfiuorodecanocic scid (Clo) standaxrd solution in methanol (See
Note 6.)

Prepare a stock solution and sequential dilutions as follows:

Solution Preparation {C-gl, vg/ml.  [F] vg/mi
I Weigh (to 0.1 mg) about 2500 1755

25 mg perfluorodecanocic
acid into a vial. Add

] 10 mlL, methenol and shske
to dissolve. (Solvent
volume can ve adjusted
8s peeded to correspond
to the actual sampie wt.)

Iz Dilute 2 mL I to S0 nL 100 70.2
in methanol.

11T Dilute 2 mL IT to 10 ml
in methenol 20.0 1h.0

Tompany Sanitized. Does not contain TSCA CBI
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9. Perfluorcoctanoic acid (Cg) standard solution in water (See Note 6.)

Perfluorooctancic acid is only sparingly soluble in water, and
dissolves vary slowly. At leasi 1-2 hr shaking is required at
this concentration (ebout 2 mg/mL), and it is best to prepare the
stock solution one day in advance of the dilutions. Acid con-
centration can be checked by titration.

Concentrations will vary, but solutions are needed from which at

| least four spiked blood standards can be prepared to cover the
renge of interest. For the example shown in the chromatograms

‘ and ealculations below (0.01-0.9 ug/mL), a stock solution and

! sequentiel dilutions would be prepared as follows:

Solution ) Frevarstion {cgl, vg/mL.  [F], ug/mL
I " Weigh (to 0.1 mg) sbout . 2200 151k
45 mg perfluorooctancic (for bbmg
acid into a vial. Ad4d sample)

20 o, distilled water
and sheke to dissolve.
(Solveat volume nan be
adjusted es needed.)

! I Dilute 3 ml T to 50 mi 132 90.8
in HQU.
iTi Dilute 5 mi II to 26.L 18.2
25 al in E0.
v Dilute 2 mi IT to 5.28 3.63
50 ml in En0.
v Dilute 3 ml IV to 0.63% 0.k36
25 =l in Ex0.

VII. Oversting Conditioms

VIZI. Safaty and Zeelth Preceutions

Human blood should be considered potentially infeetious, and the
Laborstory Guidelines (See Reference 1) for handling, storage, end
- disposal of samples should be followed.

The 3M Company has found in preliminary studies that Cg czused birth
defects when fed 4o rats in a ladoratory experipent. Female ermployees
of childbeering capability shoulé not engage in a=y portiom of ihis
brocedure which offers significent chance for exposurs. Although no
health problems are known for workers exposed to C8, it has been found

). in blooé samples and may be very slowly eliminated frcm the body (See

) Reference 2). Standarl laboratory safety practices for handling toxic,

embryotoxie, ete., materials and for corrosives should be used in
werking with these perfluorinated acids and their solutions.

Tompany Sanltized. Does not contain TSCA CBl
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! VIII. Safety and Health Precautions (Cont'd)

The electron capture detector contains & radiocactive source (63Ni). and
the menufacturer's imstructions for safe operation must be cbserved.

Care should be taken to evoid contact with the low-iemperature beths
used for freeze-drying.

IX. Procedure

A. Preparation of Blood Samples and Spiked Standerds for Analysis
See Note T.

A1l blood samples should be well shaken before taking aliguots to
insure a uniform distribution of ceils and plasma.

1. Spiked standards

For each standerd to be prepared, and for one or more blanks,
pipet & 1 mi aliquot of "blank" blood into e 2-dram viel.
Spike esach with Cg stendard solution to give the range of
cocncentrations required, as shown in the following example:

Soike {cgl, Mg/mL blocd [F], Mg/ml blood

33 pL 26.4 yg/mi Cg in water 0.872 0.600
110 ul $.28 pg/mi Cy in water 0.581 0.400

69 " 0.36L 0.251

k1 " 0.216 0.1k9
110 ML 0.63% pg/mlL Cg in water 0.0697 0.0480

16 - " 0.010 0.007T0
Blank (no spike) 0 0

Mix gently, keeping the solution in the botiom of the vial, and
sonicate for sbout 2 min for additional mixing (See Note 5).
tore in the refrigerator until needed (Se= Note 8).

2. Semples
1< <he sampie vclume is sufficlent, prepare in duplicele.
For each sample, pipet 2 1 ml aliguot into a tared 2-drvam vial
and weigh to 0.1 mg. (Aliguots can also be taken with a

disposable syringe, if it is felt prefersble not to cpen the
containers).
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B. Freeze-Drying -

1. A schematic dimgram of the freeze-drying epparatus is shown
in Pigwe 1. Each of the 12 ports has e separate valve 30 that
flasks cen be attached or removed while the system is under
vacuuu. The epparatus should be pumped down to an acceptable
vacuim (See Note 9) and the caid traps filled before the drying
flasks are attached.

2. Freeze the samples befors Placing them under vecuum to prevent
bumping. To reduce the chance 02 contamipation or sample loss,
cover each vial with e light filter bteforehand; a small piece
of "Kimwipe"” held in place with a rubber band works well,
Freeze the solution in eack (See Note 10) and keep the vials
at dry ice temperature wtil all of thém are ready.

3. -Place up to four vials in each ¢rying flask and ettach to the
drying chember. The pressure should drop below 0.5 torr agein
within 2 few minutes if no lesks are present, and the samples
should remain frozen as sublimetion takss place. Allov them
to éry for about I hr (See Note 11).

C. Derivatization

1. To the dried residue in each vial, add 2 mi methanolic HCL end
50 uL Cjg standard solution (about 20 pg/mi in methanol).
Prepere a reasgsnt blank simiiarly, using an emyty vial. Close
with e septum screw cap and sheke well., Sonicete for about
2 mir (See Note 5) and shake egein.

2. Thermostat for 1 hr et 65°C, then aliow the vials to cool to
room temperature end stand overmight (See Note 12).

3. Ad4d 2 mL each of hexzne and distilled water and shake for
sbout 2 min.

L. After the phases separate, the upper hexane leye» can be
sampled directly for GC analysis (See Note i3). Te solutions
{ ere stable in this form for at leest several deys, elthough
hexane will graduslly evaporate sfte~ the septun hes beex
pierced.

D. GC Anaiysis - Packed Colump. Sae Appendix I for capillary column
analysis.

1. GC Conditions - Tastrument end column 2s shown in V, Apparatus.

Temperetures: Injection por: 200°C
Detectcr 325°C
Colump oven 100°C, isothermsl

Tompany Sanitized. Does not contain TSCA CBI
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Carrier gas: 90% argon/10% methane (or nitrogen if

. recommended for the instrument) flow about
30 mb/min .

Injection

Volume: 2 uL

Sensitivity: Attenuation as needed to keep peak hejight
messurable, 29-213 on EP 5830.

Ruz +ime: 11-25 min, depending on sensitivity (See Note 1h.)

After installing the column and establishing the conditions stove,
check the ECD base frequency and poise level according to the
manufacturer's instructions, to insure that they are stable and
within scceptable limits.

2. Run each solution twice (or run duplicates once each)},
bracketing samples with standards of similer concentration in
+the second series of lpjlectioms.

Representative chromatograms are shown in Figure 2 for blanks,
standards end samples. Meesure either peak height or peak
area.

As noted above, the celibration curve must cover the concentra-
tion renge of the samples. If some samples are found to fall
above the range of prepared standards, the hexene solution can
be diluted with that from a blank (e.g., 100 uL + 400 uL for
SX dilution) ta reduce the Cg concentration without changing
that of the intermal standard. This type of dilution can

also be used if peaks interfering with the intermael standa~é
are observad at high Cg concentrations in either sample or
standard preparations (See Note 15).

X. Calculations (See Note 16.)

1.

Normalized Cg Peak Values

A Yabulation of peak heights for analysis of a series of standaris
(prepared as above) and samples as shown in Figure 3a.

To cor>ect for emy variations in injection volume, reagemt volumes,
etc., the raw Cg peak neights (or areas) are first mormalized
relative to the internal standard average:

C,p (average)
Cg {corrected) = Cg X
10

Calcuiation of the Cjg averasge also provides a measure cf the
precision irn sample preparation and GC analysis.

Company
m Sanitized. Does not contaln TSCA cBI
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Calibration Flot

A calibretion curve obtained by plotting corrected Cg peak height
vs concentration of the spiked standerds is shown in Figure 3b.

In this case, straight lines can be fitted to sets of points at
higher (0.61-0.15 pg/mL) end lower (0.15-0 yg/mi) concentrations,
and the slopes and intercepts calculated by linear least squares

enalysis.

In some plots no reelly linear region may be found, and s smooth
curve should be drawn through the dsta points.

Calculation of Sample Concentrations

Ugsing the corrected Cg peak heights {or arees) for the samples,
corresponding values of ng F/sample can be calculated from the
LIS equations (22 ia Figure 3) or car be read directly from the
celibration curve.

Divide each value by the sample weizht (in grams) to obtain g F/g
blood, and everage the results for Guplica.z runs sr duplicate
preperations. Report as Ug F/g blood (See Note 6).

XI. Calibration (See Under X, Calculations.)

XII. THotes

1.

Initiel method development was besed on a precedure for determinetion
of perfiuorcoctanoic acid in serum or piasme recently published by

3M (See Reference 3). In that method, Cg is extracted from acidified
serum into hexane/ether, the solution concentrated by evsporziion,
and d&iazomethare added for derivatization. Witk the lyophilizeiion
procedure described here, sample handling, time, and material required
ere reduced, and the use of diazomethene is elfminated. PRowever, ’
concentration of Cg from e large volume of sample as in an
extraction, is not possible. A sample preparetion procedure
similar o that in the 3M method has been used Zor agqueaus solutions
inlthis laborastory and can be followed by the same methenolic ECL
derivetfizatior and GC anelysis as lyophilizetion. The exiraciion
has nct been tested with whole tlood in either method, however.

GC enalysis was initlally done with 2 packed column (as in the 3M
method but with a different stationery phase). A capillary column
has 2lsc been used recently for better resolution of the braached Cg
isome>s, end modifications for that analysis are given ia Apverdix I.

Tompany Sanltized. Doss not contain TSCA CBI
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2. The solvents specified in Section VI were found preferable to several
! tried for this anelysis, but others may also be satisfastory. Even
with the same reagents, the appearance of the blank mey depend on
the cordition of the detector. With the ECD used here, contaminetion
results in a significant decrease iz selectivity ané increased
reagent interference.

3. Recovery was determined by spiking blood, water, aand methanol
solutions at equivalent comcentrations, cbiaining the response
factor for Cg relative to c%o in GC analysis of the watexr and
methanol spikes, and using this factor to calculate the Cg
concentration in the blood spikes, Average recovery (Cg
found/added) was 100 t 5% for 18 samples of human blood spiked

th 0.01Lk-b§ pg F/mi (FC-1%3 or perflucro-n-octanocic ecid) ead
for T samples of rat blood spiked with 0.007-67 Vg F/mL. Absolute
Cg and Cy, pesk heights were sbout 15-20% lower in the presence
of dried s0lids from 1 g blood, however, so that e corresponding
error would result from externel standard calibration against aquecus
solutions.

The questicn of whether recovery of spikes provides en accurate
meesure of recovery of the same msterial from samples should also
be considered, particularly with a complicated substrate such as
blood. Agreement between the results of this anelysis and those
of Wickbold Torch snalysis for organic fluorine in a series of
test samples seems to indicate that the spikes are a ressgrahle

{ model for samples.

k. The FC-1L:3 samplies examined to date ell appear to be a mixture of
ebout TO-T5% siraight-chaln meterizl with seversl branched isomers
vresent at about 1-10% (deiermined by F-19 NMR, cepillary GC, and
GC/MS). In contrast, commercisl perfluoro-n-octancic acid (PCR)
contains sbout 95% straight chain Cg with about L% (cr'3)2c1-*(c1-‘2)hcooa
and treces of the other isomers. As shown in the chrcmatograms in
Figures 2c and 2d, in the packed column GC enalysis, only one of .
these is really separated from the mein pesk (small peak et 3.7 min)
vhile others are visible as a shoulder following it. Chromatograms
of sarpies and standards obtaizned using the cepillary colum
analysis are shovn in Figure : (Appendix I); under those conditions,
at least partial resolution of four isomers Jrom the mein peak cen
be J‘ntained.

Since ECD response eppears to be higher for the isomers then for the
straight-ckain ester (by a factor of 2 or more)}, the totel area/
concentrasion ratioc alsc becomes higher as their perceatege increases.
In the packed colum enalysis, the response factor calculated for (3
reletive to Cyp is about 30-L0% higher for FC-1L3 steadards then for
rerfluoro-n~actenoic ecid stendards, so that it veccmes very importeant
to use *he one most similar to the samples o be analyzed. Although
small ve-iations in iscmer distributior cen be seer ir humar blood
samples, all of those examined to date resambie perfluoro-n-octanoic
2cid muck more than FC-1L3, and %t hes been zn epoprcuriate standard

Company Sanltized. Does not contain TSCA CBl
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XIT. RNotes (Cont'd)
k, (Cont'a)

for quantification within the uncertainty cf the method. In &
series of rai blood samples, however, considersble variation in
distribution was observed. As seen from the chromatograms in
Figure L, neither standard would have been a Zood approximetion
to some sawples, and analyses were done with the capillery cclum.

5. Gentle sonicaiior (with the vials immersed about half-way in the
water bath of & scnic cleaner) has been used to aid in mixing
of spikes and in promoting contact of derivatizing reagent with
the dried blood solids. Additional experiments are pleanned to
determine whether this step is necessary or can be eliminated.

€. Since results that are to be compared with morspecifie analyses for
total organic fluorine must be expressed as fluorine rather than
es Cg, both concentrations are given for the standerd solutions.
Velues for percert fluorine used in the conversion are: perfluoro-
octanoic acld, 68.82%, ammonium perfluorcoctencate, 66.10%,
perfluorudecencic acid, 70.22%.

7. An eliquot volume of 1 mlL is generzlly used for both sauples and -
standards, but it car bé reduced to 0.5 mi when concentrations are

expected to be relatively high.

Coagulation is gensrally a problexm with rzt blood sampies kepit for
more thar a week or two before aneliysis. Whez it is no longer &
homogeneous liquid, the entire sarpie must be 1yophilized, mixed
well, and portions of the dried powder weighed out for enzlysis.
The exact ratio of dry to liquid weight must be determined for
each sample, but is about 9.2, so thet 0.2 g powder will be
comparable to 1 uL liquid. This procesdure greatly increeses the
time vequired for semple handling and the probebility for error
in the weight, and it should be asveided if possible.

8. Spikes prapersd for methoé development have beea ellowed to stand
at lsast overnight before sneiysis, but a period of a few hours
eppears Lo give squivalent resuits.

0. For this freeze-érying application, pressurss 2ess tnaz 0.5 torr
seem tao be satisfactory, although 0.025-0.05 torr may be achieved.
Readings will also depend on the type of gage used, since the
McLeod gage does not read the pressure off water vapor as electronic
gages do.

Tompany Sanitized. Does not contain TSCA CSI
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107 A small dry ice/acetone bath or the center cold well of the

11.

13.

1k,

drying chember cex be used for rapid freezing of the solutions
in the boitom of the vials. As noved in Section VIII, cere must
be teken to svcid contact with ths cold beaih.

A b-hr drying tize has been adopted for preparation of blood
sampies by comparison with 1 ml water samples, where &rying can
be monitored by éisappearance of the ice. Experiments with
spiked bloed samples indficate that longer drying times (8-15 nx)
can also be used without loss of Ca-

Derivatization mixtures from aqueous samples can be paxrtitioned with
hexane/water {mmediately after cooling. Ir the presence of dried
blood solids, however, sdditiopal tims for equilibration of the

C8 end Cjp esters seems to be necessary. After standing overnight,
Peek areas for both Cg and Cig are lower than in reaction mixtures
prepared fram aqueous or methanolic standards, but the relative
respouse factors ere equivalent (See Note 3). Preliminary experi-
ments indicata that it might be possible to eliminate the overnight
equilibration by spiking with aqueocus Clo before lyophilization,
rather than with methanolic Cjg after.

1though a clear hexzne lsyer is obtained after standing for about
1/4=1/2 h~, the soiutior has e relatively dark »ust color and
uwndovbtedly cortains nonvolatile or high-boiling impurities. In
the packed columm anslysis, these ere injecied onto the column
head; and at the end of the day, the oven should be progremmed

to 180°C and heid for several hours to reduce build-up. No
deterioratior of performance was observed in s columm useé for
several weeks of analyses, but It may orove dreferable to ajopt
flesh vaporizatior witk a gless injection port liner which can
be cherged deily, es in the capillary colum enalysis.

As seer in the chromatograms in Figure 2, some small, broad pesks
cea appear late in the run. These appear to come from the Cig
standard and might be eliminated in purified materisl; others
seem to be characteristic of older blood samples, At the high
sensitivity used for low Cg concentrations, these can interfere
with the following run and must be allowed to elute befors the
ne{t injection.

Severzl minor componenis are present in boih the perfluoro-p-octescic
acid end ¥C-ik3 standerds which elute near the C,, intermal
standard under these GC conditions and carc interfere with
quantificetion. ESimllar peeks ere also often observed in sarmples
at higher conceantrations. With the Cjg concertration genereily
addec¢ (sbout 1 ug/g), this seems to occur above about 20 pom Cg

in the 22pilliary columm 2palysis ead about 10 ug/g with the

vecked zolurr. Iz some cases, an obvious shaouider cer be cbserved
on the (19 pesk, verying Ia size with the Cg concentration. In
others, 2n uaresolved pesk may be indicated by an uausuel change
in Cyp peak size, but Is only seen i a sample is prepared without
added interna® standard. Dependinz an the $ype of analysis 4o be
done, various techniques can be used for guantification under these
conditions.

Ebnypa‘ny Sanhized, Does not contain TSCA CBI
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(a) Standards caz be prepered only up to sbout 10 pg/g, and
¥ any samples Tound to be sbove this range d@iiutéd and run
again, es described in IX, Procedure, Part D.

(b) I2 only relatively high conceatrations sre of interest, the
Cy0 concentration can be increased and/or the sample size
decreased so that the interference becomes negligible,

(e) With the increased resolution of the capillary column,
components of the perfluworo-n—octancic scid stendard can be
resolved from the C1g and the problem eliminated for stenderds.
Samples must still be examined for interference, however.

(d) The calibretion curve cen be used for an externmel standard
calculation, with uncorrected Cg peak areas or heights.
While good reproducibility is possible with care in measuring
the injJection and resgent volumes, it is obviously mor=s
critical here then in ar internal standerd celculation end
must be checked regularly at each point.

16. F:-om the calibration plot in Figure 3, it can be seen that the ECD
esponse is not linear with ccneeniration over the entire range.

.‘ineu- plots may be obtained in some cases, but they still have
concentration-dependent response factors. The celeulations described
fere thus make use of a calibration curve, ir which the internal
standard is used to normelize raw pesk velues before plotiing.
For en ECD which shows a more linear response sné constent relative
response facltors, celculations could be done by a genexral internal
stendard procsdure instead. (A caiibration plot of this sort has
besn observed with e Verian 3700 GC under similas» conditions).
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(a) Blank bBlood, no Cg spike or C
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FIGURE 2 - CHROMATOGRAMS FOR Ca DETERMINATTION, PACKED COLUMN ANALYSIS

GC conditions as on p. 8. Attepustion as noted for 0-§ min, 2T after 6 minutes.

Chart speed 1 em/min.

standard added 10

(97k/80)

Retention time (minutes) indicated by each peak.

(v) Standard, blood spiked witk
0.01 ug/mL perflucro-n-octancic
acid {0.00T ug F/mL)

(9/L/80)

1l

5

veak at C8 position, attn 2

4

Iq
(c) Standerd, blood spiked with 0.9 pg/mL (d) Semple F2251k-28-1
perflucro-n-octanoic acid (0.6 yg F/ml) (e/10/80)
{o/10/80)
3N 3
\ :
? ' . !
. CB ester, attn 27 : atin 27
; : ! .
; f | . C.. estar
:'/-Clo sster i iC _
;
‘f
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APPENDIX T

#m_—

Modificatiops for Capillary GC Analysis

As discussed in the method, & cepillary column can be substituted for the
original packed column in anelyses where separation of the Cg isomers is
necessary for quantification, or vhers determination of the isomer disitribution
is of interest. Chromatograms obtained with the columr and conditions currently
in use are shown in Figure L. A wide-bore WCOT is used to permit large injec-
tions (1-3 plL, es with the packed column) Zor detection of low concentrations
although the efficiency is probably less than that of a lower capacity column.
The major isomer peaks are generally resolved well enough for quantification,
however, or at least to indicate whether a significent peek is present (as in
Figures lc and d). Comparison of these chromatograms with those in Figure 2
shows that the analysis time is presently longer than with the packed column;
this may be reduced by further colwm modificatioms.

Preparation of semples and stendards is the same for both analyses. Modifications
needed in apparastus, GC conditions, end calculetions for the cepillary analysis
are as follows:

1. Apperetus (V)
HP5830 GC with HP18603 Electron Capture Detector, equipped for spiitless

! injection with glass capillary colums. A flame ionfzation detector should
elso be available on this or another capillery instrument.

Gless injection port liners (inserts) for use with +tae capillary system
in splitless mode.

Silarized glass wool for pecking injection port linmers.

Glass WCOT cclumn, 50 m x 0.5 mm, OV-210 (hizh load). (The colum ecuwrrently
in use is e custom-coated columm from Alltech Associates. It can also be
specially ordered from Quadrex or Chrompack, but is not presently availsbie
as a stock column.)

2. GC Anelysis (X, Procedure, Part D)

Instrument and column as above; streighten the column ends, recozt them
ith FFA? in ChaCls, and instell the column according ¢ the manufactuvrer's

ipstructions.

Before inserting the giass injection port liner, peck it loosely with

apcut 1 cz silanized gless wool. This should be positioned just below the

point ef injection, to prevent norvciatile sampie components from reaching

the cclumn.

Company Sanitized. Does not contain TSCA CBI
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GC Conditions:
Temperatures: Injection port 200°C
: Detector 325°C .
Colum oven programs (a) 15 min 55°C, 8°/min +o 130°c,
5 min 130°C

(b) 10 min 60°C, 2°/min to T6°C then
6°/min to 120°C, 6 min 120°C

Carrier ané make-up gas: 90% argon/10% methene
colwm pressure 3 psig, about 2.7 mi/min flow
at 100°¢C
make-up ebout 26 ml/min (total flow sbout 30 mi/min)
splitter about 100 mL/min

Injection volume: 2 uL, splitless injection with 60 sec hold before
©  copening splitter vent

Sensitivity: Attenustion es needed to keep pesk height measureble
25213 on HPS5830

Run time: About 30 min (depending on program) plus cool-dowz.

Temperature program snd colurm flow rate will vary with the condition of the
TN columm, instrument configuration, ecarrisr gas, etc., and mist be chosen and
') modified es needed to maintain adeguate resolution. Colwmm oven progranm (a)
was used for the chromatogrexs in Figure I; program (b) end similar omes have
2lso been used.

After ipstalling the column and establishing the conditions ebove, chaeck
the ECD btase freguency end noise level eccording to the menufacturer's
instruetions to insure that they are stable and within ecceptable limits.
Base frequency should 21so be checked before each day's operation.

Meintenance of a clean system is especially important for temperature—
programmed ECD analyses at high sensitivity. A clean injectior port liner
and nevw septum (low-bleed) should be instelled at the end of each day, aad
the colum overn femperature raised to 130°C (or the meximm progran
Semperature) overnight and when the instrumenpt is not iz use.

3. Celculations {X]
The calculations sre dope in two parts, first determiring the concentration
of the main comporent, tizen adding & percentage correction for the secondary

isomers.

(a) Conceatration of verfluoro-n-octenoate

Calculation of normalized C peak values, preparation cf the celibration
curve, and use of it and the sample weights to calcuiate ug/g For esch

Eompany Sanitized. Does not contain TSCA CBI
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{ sample ere éone as in the origimal method. Since only the area of the
meir peak is used,-however, the concentrations of the standards must
Sirst be corrected to correspond to it rather than to the toital Cg
concentration. For the perfluoro-n-octanocic acid standard used iz
this laborstory, the concentration of straight-chain acid is taken to
be 95% of the total (See Note L above).

For some semples, such es the one shown in Figure Ld, the isomer peak
Just ahead o2 the main peak may not be large enough to be resolved but
stil]l mekes a significant contribution to the total. Peak height
rather than erea can be used to mirimize the error in quantification
of the main pesk,

(b) Correction for secondary comoonents

(1) Relative response factors

As discussed in Note L above, ECD response for the brenched isomers
is higher than that for the straight-chein ester, so that reletive
response factors must be determined in order to calculate their
concentrztions. Since FID response appears to be more nearly equal
for all of the isomers, the factors can be estimsted by comparing
peak area percent values for stenderds analyzed on the same column
by the two different detectors.

Differences in carrier ges, reegent interference, and relztive peak
sizes meke it Gifficuvlt to reproduce the chromatography exzctly, out
conditions should be chosen to meake the enslyses as similer as possible.
Calculate everage are=a percent values by both detectors for the groups
of five C, isomer peeks, then use the ratios 3o determine ECD respcnse
factors relative to the mein peak, es in the following example for an
FC-143 standerd:

Peak Fumber, 14.95-17.22 min ir Figure Wb -

#f #2 #3 (main peak) #u #5

£CD area pe::.!ent 7.38  11.9k 5i.76 10.02 18.91
(average of several runs) :

FID erea perceci 3.55 4.38 T2.88 8.k5 10.73
{average of severel rums)

(—ai’> 2.93  3.84 1.00 1.67 2.18
FID

"m* A
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For perfluoro-n-octanoic acid standards (Figure Le) the only
measurable isomer pesk is #5. The factor celeulated for it
generally differs somewhat from that for FC-143 standards, as
might be expected fxoam the incomplete resolutior and &ifferent
contributions from neighboring peeks. For samples ranging in
type between the two standards, the average factor is usuelly
taken.

(2) Percent corrsction for total concentration

For each sample run, use the peek areas and respanse factors to
calculate the concentration of isomer peaks reletive to the mein
peek as in the following example (peak numbering as in the factor
calculation above): :

Figure lbe; Sample 80-68609, Run #21, 12/30/80
Main Component Concentration 7.63 ng/g F

Pesk F; Peek Aree % of main peek {f&_l?)’(%ﬁ)
No. (integrator wmits) _ i

. 293 83 560 .80 Total % correction
2 3.8k T0 k60 3.09% ol 1

’ (mai::"ggak) 79 kooo (100) T.63 x 1.2k1 =

L 1.67 32 k30 3.7 9.5 vom F total

5 2.73 20 9300 12.91

*Pegle #2 is frequently visible 25 a shoulder, but not resolved sufficiently
for quantitative measuremant. Depending on the size, the correction may be -
considered insigrificant or can be estimated by comparison with the other
isomers,

*¥mmis value ijs probably too high, by comperison with peeks #1 ané #3 in the
chromatogram in Figure he. Since the corrsction is oniy a few percent,
hovever, the effeact on the total concentretion wiil not be appreciabie.

These calculations ciearly involve many approximations, especially Zor
semples imlike either of the standards in isomer distribution. Determination
of the isomer concentretions is difficult in those cases, sirce the “response
factors” for a g-oup of poorly resolved pesks will be irnfluenced by the
relative sizes and contributions from each other as weil as by detector
response. For peaks §2 and #b in particuiar, the individusl values must be
cornsidered estimates only. Since the contribution cf each iscmer to the
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i total concentration is usually small, however, the overall uncertainty will
probably still be less than if the composite peak were used and no
correction is made for differences in composition. In most of the blood
samples exatined to date, the compositior has appeered similar to that of
perfluoro-n-octancic scid (See Note L), so that the iscmer correctiom is
small and calculated for the well-resolved peaks 1 and L, For those
samples, the pecked colwm analysis should give equivalent results (within
the uncertainty of the method), bub the cznillary snalysis has the advantage

of verifying that & significant error has not been introdnced by undetected
isomer peaks.
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