A Simple Method for the Analysis
of Polychlorinated Biphenyls in

Anbient Air

R. J. Siscanaw® and T. M. Spittler

U.S. Environmental Protection Agency, Region I,

60 Vestview Street, Lexington, Massachusetis 02173



ABSTHACT

The dezslopment and utilization of & method to measure mmbient polychlori-
nated biphenyls (PCBs) at ng/m3 level is presonted. This procedure involves trap-
ping the FCBs on & floriall absorbent at » flow rate of 15-25 L/min, Sampling

tine for the analysis will vary with the ares under study. Trapping efficiency

is greater than 95%. Sanmples are eluted with hexans. Concentration steps involve
a Xuderna-Danich dpparatus, 2 ball micro Snyder column, and a nitr;gan evapora-

tion to & volume not less than 50 ul. Confirmatim ie done with perchlorination

by aniimony pentachloride to decachlorobiphenyl (DCB). This procedure was used
on wn irdoor ares, tn inzinerator that wus hanéiing known PCB mat:erial, two

capacitor manufacturers, and a landfill site. These results along with some

correlation data with the polyurethane foam method are included in this report.

INTRODUCTION

Prior tq‘197l, PCBs were used as plasticlzers, dlelectric fluid in electri-
cal transformers and capacitors, sealents,lubricants, hydrauliec fluids, rubber,
varaishes, inks, adhesives, etc. Today, they ar; ati1l being used in closed slec~
trical upplical{iong. Bacause of their broad extensive use und stable chemical
properties, PCBs have been found at various levels throughout our c‘snvironment.

The blomagnification and toxicity of PCBs is well documented. Some induced effects
ere hopatomas (1,2), changes in hepatic microsomsl enzymes (3,4), reproductive
dysfuaction (5), hepatic porphyria {6), lower gawma glcbulin level (7), and a
possibllity of tymouorigenesis in the 1iver (8). The current OSHA health standerd,
U.S. Code of Fedgral Regulatlens, 197/, for an eight-hour time-veighted average 1is
0.5 ng/m for gblorobiphenyl (54%) and 1.0 ng/m for chlorophenyl (42%).

There are various methods for determining PCés in embient air. Basically,
there are 3 modes of collection: first, impingers, using a liquid absorbent such
28 ethylene glycol (9); second, coated solid materisl such =8 glycerine on a glass
fiber filter (10) or OV-17 on ceramic gaddles (11); third, solid sbsorbents, such
as florisil (12) or polyurethane foam (13). Florisil is inexpensive, accessible,
and can bs baked at elevated temperatures. There is no background prodblem with
florlsil. less glasswere and shorter time of analysis are achieved bscause no
goxhlet apparatus is necessary for cleaning and extraction. Cleaning involves
rinsing the ﬁ.crisil and baking it at 550°C. The PCEs are directly eluted with
haxane. Routine laboratory pumps are used in the collection. Two important pro-
perties of florisil are the high trapping officiencies and loading capacity for E.CBS-
This 4s a simple procedure that doss not tic up its personnel and gives ambient

level detectability.



METHOD
Reagents and Appsrjntus

(A) PCB and ICB standards--U.S. Environmental Protection Agency, Quality Assurance .
Sect.i'ot},"Research Triungle Tark, N.C.

(B) Speci-f—i'é ;hloi-innted biphenyls--Analabs, Ir.fc.

(C) Antimony pentachloride--J.T. Duker Chemical c:;., reagent grade,

(D) Florisfl--FR grade, 60-100 mesh, VU.S. Envirormental Protection Agoncy,
Quelity Assurance Section, Rssearch Triangle Park, N.C.

(E) Solvents—-Burdick & Jackson Laboratory, distilled in glass.

(F) Trap--150 ml, coarse, glass fritted funnel, ASTM 40-60.

(G) Chromaflex column--Kontes, 7 mm, size 22.

(H) Gas chromatograph--Verizn 2100 equippsd with a Ni63 electron captire detector.
Chromatographic conditions for PCBs: 6 £t glass, 1.5% 0V-17/1.95% QF-1 on
100-120 Gas Chrom Q, 190 C,‘ '1.0 ml/mi‘r;. Conditi;ns for DCB analysis: 6 ft
glass, 5% OV-210, 100-120 Gas Chrom Q, 210 C, 40 ul/min.

(I) Gas chroustograph-mass spsctrometer--Fiunsgan 1015 s/1 with a glass jet
separator coupled to a Digital FDP8. Conditions for DCB analysis: Gas
chromatographic conditions, similar to (G) except the helium flow, 30 ml/min;
mass spectrometer, mass scan range of 494-504 r/e, 1ntegration time, 1250 msec.

Procedure
Vash glassware with chromic acid, rinse with tap water, acetone, hexane, and

then bake ow‘r:;:i-night at 550°C. Place 12 grams 91' florisil, that bas been previously

boked overnight at 550°C, in a 150 ml glass fritted funnel. Rinse twice with 50 ml

of 15% wethylene chloride in hexune and twlce with 50 ml of hexane. Dry the traps

with nitrogen. Coutrols and blanks are taken at this point. A eontrol is a N

microliter volume of an aroclor standard in hexane onto the florisil. A black

coasists of 3 rinses of 50 ml of hoxane. Set aside the blanks until the collection

4s comploted. Dry the traps, including the controls, with nitrogen. Wrap the

prepared traps in clean aluminum foil and place them in a dessicator for transport
into the field. Any site suspected of high PCB concentration should have a
back-up trap.

%
Perforate-:‘t';;' sluminum foll covering the top of-'the trap. This is to prevent the
wind from disturbing the florisil layer. Collect the sample at a rate of 15-25
L/min. Sampling time 18 varinble depending upon the enticipated PCB concentration.
Our normal sampling time is 4-6 hr. Monitor the flow rote hourly. After collec-
tion, wrap the traps agalin in cloan aluminum foil and place in the desslcator to
ba transported tack tc the laboratory.

Extract the camples and coatrols with 3 rinses of 50 ml of hexane. Concen-
trate with a Kudarna-Danish spparatus and & 2 ball micro Snyder column to 1 ml.
Usually, at this point, one goes directly to a micro florisil clean-up. Pack a
chromaflex column with 1.6 gn of florisil (beked at 130 G) follow with 1.6 gn
of sodium sulfate. Wash with 50 ml of hexane and elute the sample with 10 ml of
hexane. Again cpncentrate with a 2 ball miero Snyder column to 1 ml. The sample
is now ready for injection into the gas chromatograph. If needed, further concen-
trating can be dpne by nitrogen evaporation.

Perchlorination is used as s confirmation tool. Our procedure 1s similar to
one recently published by Crist and Moseman.(15). There are some differences in
the tuo methods. In our proé¢edure, the solvent exchange portion is 1-2 ml of
chloroform. ".E'Perchlorinate a final volume of 0.2 ml st 150°C, overnight. Add
1 ml of 6N hydrochloric acid. Extract the DCB with 7 rinses of 5 ml of hexane,
directly out of the hydrolysis tube. This number of rinses is used because some
of the samples would jell in the extructim. 4dd 2 drops of methanol in the cor;;zen-

trating step.
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RESULTS AND DISCUSSION

The degree of rectention of PCBs in the florisil trap was determined by placing
2 pairs of florisil traps in serles. Aroclora 1221 and 1242 were spiked onto the
first traps ysing e microsyringe. No break-through was observed after a 2 hr
operatioiz -?th was repeated for 13 hr using agproximately 600 ng each of
aroclors 1221 and 1222. No definite PCB peuks were observed. However there
was a small amout of background, less than 5% of ithe PCB pzaks.. This may heve
been due to leakage at the junction betwesn the 2 gless traps. ¥odification of
this junction was dons by sealing i1t consecutively with teflon tape, papsr adhe-
sive teps, and coating thls with liquid plastic. As of the present, the largest
quantity trapped in a single rua is 1.6 vg and 0.05 ug of aroclors 1242 and 1254
respectively, collected over & 3.5 br period at a rate of 27 L/min. No break-
through was observed. 7This is i1lustrated in Figure 2. This back-up system is
used routinely at sites of any suspected high conceatrations.

Since one is usually dealing with ng levels of PCBs, any contamination will
interfer with the pattern and chlorinate during perchlorination. There should be
an orgaalc tnap on the nitrogen used for concentreting the sample. Oar laboratory
installed florisil filled pasteur pipgttes on the end of the nulti-concentrator.
Basides conlgmination one should also be concerned with the loss of lower chinri—
nated biphenyls due to volatilization. We concentrated & standard solution of amro-
clor 1221 in hexans to near dryness volumes using soms very narrow tepered tubes.
Total volumey reduced to were approximately 10 ul and 20 ul with the recoveries
of 60% ead 9;;, respactively. As a result, ons should carefully control the
aitrogen flow rate to prevent any splashing on the walls of the vessal, taper
the bottoms of the hydrolysis tubess, and monitor the final volume,

Vith rggarﬂ to perchlorination, & semple blank must be run to substract out
any background DCB (17). We run an extra control to check the perchlorinetion,

With our procedure the average recovery values for thess controls are; aroelor
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1016, 953, 2, 5, 4' trichlorobiphenyl, 90%, and 4, 4' dichlorobiphenyl, 85%, Our
recoveries for biphenyl, aroclor 1221, and 2 monochlorobiphenyl ware low, approxi-
mately 50%, 60%, and BOE, respectively. A biphenyl standarq in chloroform was
parchlorinatgg directly, twice, with the saus low recovery. So it is doubtful
that the;g_:@coverigu are totally dues to volutility. In these biphenyl perchlori-
nation chromatograms, there was only one major BSB peak. No sizable bromonona-
chlorobiphenyl pesk was found (16). The biphenyl may bs involved with another
competing side reaction tesides aniamony bromoteirechloride (17). This could bs
eahanced by our chromic acld wash leaving & chromium oxide residue. Unfortunately,
this was not investigated. Data on the perchlorinaiion method fo; confirmation
of real air samples that were done in duplicate are listed in Table 1. All of
these sawples were aroclors 1016 or 1242. The DIB concentration was converied
juto a PCB concentration in the tuble for comparison. Most of the DCB semples
wvere analyzed on the gas chromatograph. Two downwind semples from an incinerator
had to b analyzed on the gas chromatograph-mass spectrometer. Even with the
micro florisil clean-up, upon perchlorination the background level was too high.
A wicro-scale alkali treatmsnt was attempted with little success (18). A mass
spectrometer was used as a specific detec§or for this determination. Figure 3
is mass spectrum of DCB.
Application

Four examéles are presented to 11lustrate the various PCB patierns that may
be found. In most cases, the pattern appears to shift toward the more volatile,
less chlorigzied, components. Also, the difference bstwsen 1016 and 1242 is that .
1016 has e smaller amount of pentachlorobiphenyls and hexachlorobiphenyls than
12/2, see Figures 2 and 4. At low levels thess were repsried out as 1016/12,2.

The first example is a sample that was done insids our laboratory during t;e

ronth of November 1976, end in January 1977. Both snalysis were éone in duplicat

These samples were taken from the same room. WMajor differences are the locations .



Table 1. Confirmation by Perchlorination (ng/hi)

Direct Injection Perchlorination
38 28
58 55
150 208
240 2‘02

20 20

40 20
110 83
226 95
442 4937
529 650

1=
o
N

100

M/E

Fq
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the roon and the laboratory's heating during the nonth of January. November
results were 235 and 284 ng/n3 and Junuary values were 441 and 529 ng/w3. In
all the ICB patterns there was a shift toward the more volatile components.
This is 111u:tretad in Figure 4.

Tvo electrical manufacturers that are knox_.rf; to be using PCBs were investi-
gated in‘g;;t;e'mber 1978. The results are listed in Table 2 and the patterns are
shown in Figure 5. Here the pattern 1s a close match to aroclor 1242.

A landfill that has received a large emount of PCB wasle was {ested in January
1978, and latsr in September 1978. These samples are interesting becauss of the
chanées in the patterns. The early Fall seuple shows a shift toward the heavier,
more chlorinated componsnts as compared to tho"Jnnun.ry nample. This would imply
a relative depletion of the low chlorinated biphenyls et the landfill site along
with the temperature inllusnce on the pattern. These.results are 1listed in Table
3 and the patterns are in Figure 6. The t_a.nc,k-up at the landfill site for the
September sampling shows no break through.

An incinerator handling known PCB waste vas analyzed in the Winter of 1977.
The paitern shows a s8light shift toward the more volatile components. The values
are listed in Teble 4 and the patterns are shoun in Figure 7.

There was some correlatlon work done with an independent laboratory using
a polyurethane foam methot? of collection as described by Bidleman and Olney (19).
The major prohblem here is the different sampling times. The polyurethane foam
method uses the hi vol air sampler. Its sempling time is only a fraction of the
tins needed l:c?r the florisil method. For the data presented, the sampling times
for the polyurethane and florisil methods are 15 min and 3-4 hr respectively.
This data 1s glven in Table 5. The result of 5 ng/m3 on the polyurethanc foam
nethod was a downwindg sample and the corresponding upwind sample was 19 ng/m3.
¥o floris$1 semple vas taken at the upwind location. This could have been due

to tha short sampling time.



Table 2.

Capacitor Manufacturer

PCB CONCENTRATION (ng/m3)

Sanples

Flant A
Upwind
Downwind
Back-up*

Plant B
Upwind

Downwind

1242

41
301%. 259

ND

18
%3, 824

1254

24, 38

ND--not detected
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Table 3. Landfill Results

PCB CONCENTRATION (ng/m3)

Samples 1016/1342 125/, \

Junuary

On Site 28, 24 ND, KD b

Downwind 18, 12 XD, ¥D A A U \
September

Upwind 27 ND

On Site 334, 703 33, 23

Downwind 18, 21 ND, ND

L
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Table 4.

Incinerator

Sanples

Day Oae
Upwind
Dovawvlud

Day Two
Upwind
Dowvawind

PCB Concentration (ng/m3)

38, 58
150, 240

20, 20

110, 95
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Teble 5. Comperison of

Florisil and Polyurethane Foam Vathods (ng/m3)

Florisil Polyurathene Foanm
28, 24 3
18, 12 -13
703, T4 490

30, 32 5

Figure

Figure
Figure
Figure

Figure

Figure

Figure

1.

7.

(FIGURE CAPTIONS)

Florisil trap. (A) prepared trap with perfersted aluminum foil
(P) ball and socket joint (C) rotomater (D) pump with exhaust

...bose., . . .

Trapping efficlency. (A) top trap {B) aroclor 1242 (C) bottom trap.
Mass spectrum of decachlorobiphenyl.

Indoor study. (A) lsboratory room (B) aroclor 1016.

Capacitor menufacturer. (A) upward (B) dowmwind (diluted 7 x 4,C)
(C) blank. )

Lendfill site. (A) January test (B) Septenber test (diluted 7 x A,C)
(&) back-up to B.

Incinerator, (A) downwind (diluted 2 x B) (B) upwind.
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