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DETERMINATION OF POLYCHLORINATED BIPHENYLS IN PAPER MILL EFFLUENTS:
THE INFLUENCE OF SUSPENDED SOLIDS

Dwight B. Easty and Bette A. Wabers

Polychlorinated biphenyls (PCB's) are organic contaminants found in some
grades of waste paper used as a fiber source by paper mills. As a consequence of
the reported toxicity of PCB's and the resultant proposed or promulgated regulations
pertaining to these compounds, acqurate methods for determining PCB's in mill effluents

are needed.

This report Qescribes the need for and development of improved procedures
for determining PCB's 1in effluents containing suspended solids. PCB's have been found
to sorb onto cellulose fibers but not onto several other components of a typical paper-
making furnish. Determination of PCB's in effluents containing fibers requires alcoholic
KOH reflux of the fibers to remove sorbed PCB's. This step is in addition to the solvent
extraction procedure now recommended by the Environmental Protection Agency. TFailure
to remove the PCB from the fibers has resulted in errors as high as 15% in‘analysis
of samples with high fiber contents. Another consequence of PCB sorption onto fibgrs
was the apparent reduction of volatilization loss of the PCB mixture, Aroclor 1242,

from fiver-containing samples.

These investigations of polychlorinated biphenyls in pulp and paper mills
have been conducted under Institute Project 3295. 1Initial results from the analytical
methodology phase of the project were included in Progress Report One, issued in
September, 1976. Distribution and removal studies were described in Progress Report
Two in July, 1977. The current paper completes the planned investigation of analytical

methods.

This paper is to be presented at the TAPPI Printing and Reprography/Testing

Conference, Atlanta, Georgia, November 14-16, 1977.
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Reéulations designed fo minimize the entry of'PC§'s ipto the environment
via aqu’g‘bds efflﬁents have been or soon will be promulgated by both federal and ‘
state ageﬁéies. Consequently, accurate methods for PCB determinations are needed
for effluent monitoring and for in-plant use in evaluation of control technology.
The method prescribed by the Environmental Protection Agency (EPA) for determining :
PCB's in industrial effluents! involves liquid-liquid extraction, Florisil cleanup,
and electron qaptu;e gas chromatography, as summarized in Table I. In the current
investiéation,'the effectivenéss of this methodology in analysis of paper mill
effluents and prdcéss streams containing suspended solids has been evaluated. Of
princiéal'interest has‘been the retention of PCB'é by suspended cellulose fibers

during separatory funnel extraction.

TABLE I
EPA PROCEDURE FOR PCB'S IN INDUSTRIAL EFFLUENTS

1. Extraction: Three times in separatory funnel with 15% methylene ‘
chloride in hexane

2. Cleanup of extract: Florisil column adéorption chromatography
3. Identification and quantitation: Gas chromatography with

electron capture detector

ISOLATION OF PCB's FROM SAMPLES
CONTAINTNG SUSPENDED SOLIDS

TECHNIQUES REQUIRED BY SAMPLES
CONTAINING CELLULOSE FIBERS

Known aﬁoﬁnts of Aroclor 1242, 100 ug/f., were addgd to O.T—l.Q% suspensipns
of several hardwoéd and softwood pulpé in water. Iﬁcomplete‘recoveries were‘usgglly » M
experienced when théée suspensions were-subjected té triple'seﬁarator& funnel extraq- -
tions wiﬁh hexane,‘as indicated by the data in Table II. Improvements in recovery
did not ‘occur. when 15% methylene chlox;ide in he#ane was used as extréqting solvent. .\

——

Following the separatory funnel extraction, the fibers were filtered from the
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samples, and the residual PCB was removed from the fibers by reflux in 2% alcoholic
KOH, as is normally used for determining PCB's in paperbbardz.f Amounts of PCB
recovered in this manner are also shown in Table II. Removal of all residual PCB
by the alcoholic KOH was demonstrated by dissolving the fibers in 72% H,SOy,

diluting with water, and extracting with hexane.

TABLE ITI

RECOVERY OF AROCLOR 1242 FROM SPIKED WOODPULPS
AND FROM SUBMITTED FIBER SUSPENSIONS

Recovery by

Separatory Recovery by
Consis- = Funnel Alcoholic
Sample tency, % Extraction, % KOH Reflux, %
Hardwood A 1.0 84.6 11.6
Hardwood B 0.7 91.0 8.6
Hardwood C 0.7 82.2 11.2
Softwood A 0.8 101.0 0
Softwood B 0.7 83.0 5.8
Softwood C 0.7 8L4.2 T.2
Mill sample 0.4 | 91.5 8.5
Mill sample 0.06 ok .k 5.6
Mill sample - 85.0 15.0

Included also in Table II are extraction data obtained on typical fiber
suspensions submitted by a paper mill for PCB determination. Results in that
table indicate that complete removal of Aroclor 1242 from suspensions éf cellu-
lose fibers fequired a two-step procedure. The steps are (1) triple separatory

funnel extraction, and (2) subsequent alcoholic KOH reflux of the isolated fibers.

Data in Tables IIT and IV resulted from a study designed to determine

whether alecoholic KOH reflux of the fibers subsequent to separatory funnel extraction
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was needed to remove PCB's from fiber-water suspensions with low fiber contents.

The results indicate that fibers, even at low concentrations in the sample, retained ‘
some PCB's, and that alcoholic KOH reflux was needed for complete PCB removal.

However, in analysis of effluents containing less than about 0.05% hardwood or

0.5% softwood fibers, the amount of PCB retained by the fibers was small compared

with other reported sources of error in PCB determinations (e.g., 20% relative ’

standard deviation for chromatogram quantitation3).

TABLE III

RECOVERY OF AROCLOR 1242 FROM HARDWOOD
FIBER SUSPENSIONS

Fiber A Recovery by Recovery Total

Content, Extraction, from Recovery,

% % Fibers, % %

0.005 97.0 ' . 0.9 97.9

0.01 96.4 2.L 98.8 .
0.05 91.8 | 8.k 100.2

0.10 91.8 10.8 102.6

0.16 8k.2 9.0 93.2

0.Lo | 80.2 | 15.8 96.0

0.60 80.0 15.5 95.5

0.80 80.4 15.6 96.0

Thus, it ﬁay be concluded that the EPA liquid-liquid extraction technique
should be adequate for most effluents containing low amounts of suspended solids
and that it.is'inadeéuate for procéss streams containing large amounts of cellu-~- =
lose fiﬁers. Because of their higher fiber contents, the process streams would

require the two-step procedure for complete PCB removal.
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TABLE IV

RECOVERY: OF ' AROCLOR 1242 FROM SOFTWOOD
FIBER SUSPENSIONS

Fibver Recovery by Recovery Total
Content, - - Bxtraction, from Recovery,
% % Fibers, % %
0.005 | 95.3 | 0.5 TR
o.bl | o 9kL.2 | 0.5 | - 9&.7
0.05 | | 93.8 1.1 | | gk.9
010 98.8 1.5 100.3
6.16 85.4 | 2.6 '88.0
0.40 8.k 2.6 87.9'
0.60 81.4 5.6 87.0
0.80 “ 82.2 | 5.9 88.1

EFFECTS OF FIBER PROPERTIES ON PCB DISTRIBUTION

The hardwop@*pulp in Table III apparently retained more Aroclor 12h2
during separatory funnel extraction than‘did the softwood pulp in Table IV.
Perhaps thatzresult was influenced by the higher hydrodynamic specific surface
area of the hardwood (19,880 vs. 15,100 cm?/g). Those findings prompted con-
sideration of the impact of fiber properties on distribution of PCB's between

fibers and water.

For initial studies of PCB distribution, a bleached.softwood pulp was
beaten and classified.. Using the constant rate filtratidn techﬁique, the hydro-
dynamic specifié surface of the on-10 mesh fibefs and the'through—65 ﬁesh fines
was found to be 9,580 and 120,000 cmz/g, respectively. Identical alcohol-benzene
extractives, 0.2%,were measured on each of the two fractions. Suspensions, 0.78%

consistency for the long fibers and 0.425% for the fines, were spiked with 100




—6-

ug/%. Aroclor 1242 and stirred for three minutes. The samples were filtered, and
the PCB was removed from the filtrate by separatory funnel extraction with petroleum

ether and. from the fibers by alcoholic KOH reflux.

Data on these samples in Table V indicate that the fines sorbed more PCB
than did the long fibers. If the fines consistency had been as high as that of
the fibers, that trend would quite likely have been even more emphatic. The
PCB sorbed by the long fibers and fines was computéd to be 1,580 and 13,700
ng/g o.d. fiber, respectively. Thus, the ratio of the amounts of PCB sorbed by
the two fractiops was roughly pfoportional to thevratio of their hydrodynamic
specific surfaces (about 1:10). Subsequent to this investigation, sorption of
Aroclor 1242 by cellulose fibers was found to continue for several hours®. If
these suspensions had been stirred longer before filtration, amounts of PCB on

the fibers and fines would probably have been greater.

TABLE V

DISTRIBUTION OF AROCLOR 12hk2 ON FIBERS AND FINES
BEFORE AND AFTER SEPARATORY FUNNEL EXTRACTION

Through
On 10 Mesh 65 Mesh
Filtration before extraction
Recovery from filtrate, % . : . 78.2 -12.3
Recovery from fibers, % 21.8 87.7
Filtration after extraction
Recovery by exfraction, % A 100 - 81.8

Recovery from fibers, % : 0 18,2

‘e
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Portions of these same suspensions were filtered after separatory funnel
extractiog‘with'petroleum ether, yielding results alsq shown in Table Y. ‘Method—
ology for these analyses was, therefore, idgntical‘with that used to obtain déta
in Tables II-IV. These data show that the separatory funnel extraction removed
all of the sorbed PCB from the long fibers and most, but nét all, of the PCB
frquthe fines. The PCB not extracted from the fines was in some manner resis-
tant_or inaccessible to the extracting solvent. It might be speculated that a
portion of the porous structure of the fines was not penetrated by droplets of
petroleum ether during separatory funnel extraction of the aqueous slurry. It
is because of this resistant or inaccessible PCB that the two-step extraction
procedure must be used in order to remove all of the PCB from suspensions con-

taining cellulose fibers and fines.

Additional insight into ease of extraction of PCB's from wood pulps was
obtained from studies involving unbleached and bleached hardwood and softwood-
pulps made in the_same mill. Alcohol-benzene extractive contents of the un-
bleached pulps were both 0.36%; they were 0.45% and 0.23% for the bleached
hardwood and softwood, respectively. The pulps had generally similar hydro-
dynamic specific surface areas, ranging from 10,000 to 13,600,cm2/g. Aqueous
suspensions of 0.1% consistency were prepared from each of the pulps as received
and following removal of alcohol-benzene extractives. Aroclor 1242 amounting
to 10 Ug/R. was dispersed in each sample, and the suspensions were allowed to
stand for 1/2 hour. PCB's were then isolated from the samples using the two
procedures employed previously: (1) Filtration before extraction, with the
filtrate extracted in a separatory funnel, and the fibers refluxed in alcoholic
KOH. (2) Filtration after the suspension had been extracted in the separatory
funnel, with subsequent reflux of the fibers in alcoholic KOH (the two-step

extraction procedure).
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Data are shown in Tables VI and VII. These data confirm earlier results

indicating that separatory funnel extraction of fiber suspensions removed most
but not all of ithe PCB sorbed onto the fibers. With the ‘exception of the un-
bleached softwood pulp, removal of alcohol-benzene extractives reduced the
apparenfvfendéhcy of Aroclor 1242 to sorb onto fibers (Table VI) and to be
retained by fibers during separatory'funnél extraction of the suspension (Table
VII). Thus, resin content of the pulp usually affected PCB sOrpﬁion and reten-
tion. Because PCB's have low polarity, their sorption was probably facilitated

by the low polarity resins.

TABLE VI

DISTRIBUTION OF AROCLOR 1242 BETWEEN WATER AND
FIBERS, FILTERED BEFORE ANALYSIS

Recovery from Recovery from
Filtrate, % Fibers, %
As received
' Bleached softwood ©52.0 37.5
Bleached hardwood L 37.0 57.5
Unbleached softwood A 24.0 62.5
Unbleached hardwood " 31.0 ' 52.0
Preextracted
Bleached softwood ' '70.4 18.8
Bleached hardwood ’ T1. b 12.6
Unbleachéd softwood 33.0 o 59.6

Unbleached hardwood  56.0 ' " 29.0
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TABLE VII

RECOVERY OF AROCLOR 1242 USING TWO-STEP
EXTRACTION PROCEDURE .

- As received
Bleached softwood
Bleached thardwood
Unbleached softwood
Unbleachéd hardwood
‘Preextracted
‘Bleached softwood

Bleached hardwood

' Unbleached softwood

Unbleached hardwood

In Table VII it is shown that significant amounts of Aroclor 1242 were
retained on the fibers during separéféry funnel extfact
materials were removed from the pulps by preextiactién. .
pulp structure or chémiégl'makeup, in addition to resin content, affected PCB
inaccessibility or resistaﬁce to extraction. The greater amounts of PCB re-
tained by the unbleached,'pre—extracted pulps suggest a possible effect of
lignin. With the unbleaéﬁed softwood pulp,tfeatures other than resiﬁ'éontenf

appeared to be predominant in PCB distributfon and retention; wpreextractioh

Reéoﬁe?y}Byoﬂ'

Extraction, b ‘,_Fibe?s,_% )
«©.9. . . . 9.1
89.4 7 13.4
92.7 k.6
87.3 S 11.0
'89.8 ' 2.
96.0 ‘ 2.2
ok k4 " bk
88.6 ' : 4.8

-

of this pulp had little effect in either Table VI or VII.

Recovery from

jon even after resinous

This suggests that
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EFFECT OF SURFACTANTS

A survey of several sﬁrfaétanté revealed that the nonionic surfactant,
Triton X-100 (Rohm & Haas Co.) shifted the distribution of Aroclor 1242 so that
more PCB was in the aqueous phase and less on the cellulose fibers. Therefore,
it was hoped that addition of this surfactant to fiber suspensions would permit
all of the PCB to be removed during separatory funnel exfraction and would obviate

the second step of the two-step extraction.

Suspensions of three bleached pulps at 0.7% cénsistency were spiked with
80 pg/L. Aroclor 1242 and were extracted using the two-step procedure. Samples
of each pulp were prepared with and without 0.02% Triton X-100, based on the
total suspension. Data in Table VIII indicate that surfactant addition reduced
the amount of PCB retained by the fibers. However, the alcoholic KOH reflux of

the fibers was still needed for complete PCB removal.

TABLE VIII

EFFECT OF SURFACTANT IN EXTRACTION OF
"AROCLOR 1242 FROM FIBER SUSPENSIONS

Recovery by
Separatory Recovery by

Fannel ° = "Alcoholic KOH
| | Extraction, % - Reflux, %
Softwood B . , 4 83.0 _ 5.8
Softwood B + surfactant | 89.4 3.4
Softwood C * , , 81;.2_ o ‘ 7.2
Softwood C + surfactant . 81.8 3.0
Hardwood C 82.2 11.2

Hardwood C + surfactant 86.6 7.0
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‘ OTHER SUSPENDED SOLIDS .

The effectiveness of separatory funnel extracfibn for remoQéI of PCB;s
from noncellulosic sgspended sqlids in,papqr mill.efflgegts‘and'p?ocess streams
was also evaluated. Materials étudieé‘and ﬁercéntagés:of the 10 ug/2. Aroclor
1242 spike recovered in each step of the two-step extfaétiﬁn proééduié'are noted °

in Table IX. Although no cellulose fibers were present in these ‘samples, the
amounts of the materials added were what might be found in a furnish containing -

5 gff. cellulose.

TABLE IX

EXTRACTION OF AROCLOR 1242 FROM SUSPENSIONS
OF NONCELLULOSIC MATERTALS

Recovery by Recovery by
Concen- Separatory Alcoholic
: i tration, Funnel KOH
i ‘ ", . - Sample : g/f. Extraction, % Reflux, %
" Starch : 0.15 9k.6 : 0
Kaolin clay 1.25 93.8 Interference
TiO» 0.25 96.4 uve)
Talc 1.25 N 94,2 Interference

Gas chromatograms of materials isolated from the solids by alcohol;c KOH
reflux did not indicate PCB's, although the non-PCE}inteffereﬁcés from the cléy‘
and talc might have obscured small amounts of Aroclor 1242. Recoveries of less
than 100% by separatoéy funnel extraction probably reflect manipulative and
volatilization losses, to be discussed below. The apparent low retention of:
PCB's by the pigments is consistent with the comparatively low affinity of PCB's
for Kaolin clay and other inorganics®. These data, of course, do not preclude

‘ a small amount of irreversible sorption of the PCB onto the sdlids.  They do :

indicate, however, that the cellulose fibers, rather than the noncéllulosic
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materials, are the components of paper mill effluents and process streams which

require the two-step extraction.

EFFECT OF CELLULOSE FIBERS ON SAMPLE STABILITY
DURING STORAGE AND ANALYSIS

SAMPLE STABILITY DURING STORAGE

. Aqueous solutions and 1% softwood suspensions in river water were spiked .
with 86 pg/%. Aroclor 1242. Samples were stored in daylight at ambient temperature.
Half of the samples contained formaldehyde at 15 ml/%. In a separate,investigation,
no stability differences had been observed between Aroclor 1242 solutions stored

for 10 days in daylight vs. in the dark.

Results in Fig. 1 indicate that Arocior 1242 was more stable during storage
in fiber-water suspénéions than in aqﬁeous solution. The need for special extrac-
tion procedures fd remove PCB's from cellulose fibers suggests that the PCB's
were sorbed onto the fibers. This quite likely contributed to the suspensions'

stability during storage.

This study did not confirm the finding of Bellar and Lichtenberg that form-

aldehyde was an effective preservative for PCB's®.

MINIMIZING PCB LOSSES DURING ANALYSIS

Low recoveries (60-80%) of known amounts of Aroclor 1242 added to aqueous
samples were experienced in the summer. .Volatilization of PCB's from aqueous -solu-
tion, as described by Mackay and Wolkoff’ and Paris, Eﬁ.él:ez during analysis
of the samples seemed to be a possible explanation for the low values. The system
shown in Fig. 2 was designed to test that possibility. A stream of nitrogen entered
through a stopper in the top of a suction flask, impinged upon (but did not bubble

through) the sample, -and exited via the side arm of the flask .into a trap containing
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deactivated Florisil®. Trapping of the Aroclor 1242 from the gas phase, as shown
by the data in Table X, demonstrated that volatilization could occur from fiber-

water suspensions as well ‘as from' aqueous solutions.
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STORAGE TIME, days

. Figure 1. Stabiiity During Storage of Water and Fiber
Suspensions Containing Aroclor 1242

A study was conducted to gain a better understanding of the apparent
volatilization losses and to provide a basis for minimizing their impact on the
analysis. Losses of Aroclor 12h2 from‘fiberTWater suspensions in stirred

beakers under simulated summer and winter laboratory conditions are shown in




Stopper wrapped with Al. Foil

) Shrinkable Teflon Deactivated ’
Connector . Flor.isi| .
_ . I - .
— WW, —

Anhydrous Cotton
Na, S0,

125 ml Erienmeyer Flask

Sample

Figure 2. System for Testing VolatiliZatiqn and Trapping
of Aroclor 12h2 from Aqueous Samples

TABLE X

VOLATILIZATION AND TRAPPING OF AROCLOR 12h2

Start, Remaining, Trapped,
Sample 874 Hg Hg
Aqueous solution 10 4.0 3.9 -
Softwood suspension 10 5.8 2.9

Conditions: One hundred ml solution or 0.5% fiber-water
" suspension in 125-ml suction flask. Nz flow: 600 ml/min
across surface for 2 hr at 23°C. Trap: .0.3 g deactivated
" Florisil in 5 mm glass tube. : ’ <
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Table XI. A comparison of total recoveries from the open, cool (Condition B)

and open, warm (Condition D) samples suggests that Aroclor 1242 was lost by
volatilization during 5 minutes stirring under summer conditions but not under
winter. conditions. It may be speculated that PCB loss from the closed, warm
beaker (Condition C) occurred because the aluminum foil cover formed an imperfect
seal or that some PCB escaped into the air spacé between the foil and the solu-

tion.

TABLE XI

EFFECT OF TEMPERATURE AND EXPOSURE ON
PCB SPIKE RECOVERY

Recovery by Recovery Total
a Extraction, from Recovery,
Conditions % Fivers, % %
Closed, cool (A) 88.4 11.0 99.4
Open, cool (B) 87.0 13.4 100.4
Closed, warm (C) 76.9 15.2 92.1
Open, warm (D) © T3.4 12.2 85.6

%0ne percent hardwood suspension, 57.1 ug/%. Aroclor 1242,
5 minutes stirring with magnetic stirrer. Warm = 30-32°C.
Cool = 22-23°C,

Results of this investigation have indicated that the low Aroclor 1242 - i .
spike recoveries were caused by volatilization losses occurring in a warm labora-
tory. ©Subsequent routine conduct of PCB determinations in a cool environment
has confirmed the importance of temperature in obtaining near-quantitative
recoveries, Volatilization losses are also reducéd by keeping aqueous samples
covered with a layer of hexane whenever they are open to the air during anaiysis}

The hexane seals the air-water interface from which volatilization can occur.
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PCB losses can also occur during the second step of the two-step extrac-
tion. Over half of the Aroclor 1242 has been lost from fibers when they were per-
mitted to air dry before being placed in the alcoholic KOH. This problem is avoided

by placing the wet fibers in the alcoholic KOH immediately following filtration.

RECOMMENDED ANALYTICAL PROCEDURES

Procedures recommended for isolating PCB's from paper mill effluents -
and process streams containing suspended solids consist essentially of the EPA-
prescribed liquid-liquid extraction technique1 followed by alcoholic KOH reflux
of the suspended solids. The alcoholic KOH treatﬁent has been recommended by
the Food and Drug Administration for determining PCB's in paperboardz. In this
report these comﬁined methods have been termed the "two-step extraction procedure."
Omission of the second step of the procedure may be considered, depending upon
the amount and type of suspended solids in the sample and the degree of accuracy
required in the analysis. It is recommended that the analyst evaluate the need
for the second extraction step on the types of samples which he routinely analyzes.
Other features of the procedure summarized in Table XII are points of technique

which should minimize volatilization or other losses of Aroclor 1242,

TABLE XIT
STEPS IN RECOMMENDED ANALYTICAL PROCEDURE
1. Minimize air space in sample container.
2. Keep glassware, extracting éolvent, and sampie'bélow 23°C.

3. Pour exﬁfacting‘éolvent into separatory funnel before introducing sample.
Maintain layer of solvent on top of aqueous phase.

k. Perform triple extraction with hexane, petroleum ether, or 15% CHpCly in.
hexane as prescribed in EPA method. '

5. Break emulsions by centrifugation or anhydrous Na,SO;. Retain any unbroken
emulsion for subsequent reextraction.
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TABLE XII (Continued)

STEPS IN RECOMMENDED ANALYTICAL PROCEDURE

Filter fibers promptly following separatory funnel extraction. Avoid pulling

air through fibers during filtration.

Cook fibers in alcoholic KOH promptly.

Clean up extracts on Florisil. Analyze by electron capture gas chromatography.
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