-

-~

. Analytical Chemistr
%f"ﬁ"" Method 69-13 :

(Revised 11-70)

ANALYSIS OF WATER AND SEDIMENT FOR
POLYCHLORINATED BIPHENYLS

SCOPE

This methodology was developed for the determination of the amount and
type of polychlorinated biphenyls (PCB) in water and sediment samples.
Absolute confirmation of PCB structures is not obtained with this
method. Structure proof can be obtained using additional technigues
such as mass spectrometry to further identify the GC fractions.

PRINCIPLE

The PCB(s) in water and sediment samples aré extracted into an organic
solvent. Intéerfering components are then removed from the extracts

by chemical treatment and column adsorption chromatography. The amount
and type of PCB present is determined by electron capture gas chroma-
tography (EC/GC).

REAGENTS

Hexane Nanograde, Mallinckrodt Chemical Works,
Catalog No. 4159, .

Acetonitrile Nanograde, Mallinckrodt Chemical Works,
Catalog No. 2442.

Sodium Sulfate Anhydrous, granular: AR grade,
Mallinckrodt Chemical Works, Catalog No.
B042, Heat at 400°C for one hour prior
to use.

Aluﬁ?na Adsorption (for chromatographic analysis) 80/200
mesh, Fisher Scientific Co., Catalog No.
A540, Heat at 400°C for a minimum
period of 4 hrs. and deactivate with
52 (w/w) distilled water.

Alumina column preparation: F111 a
chromatographic column with hexane up
to the point where the reservoir joins
the column and push a glass wool plug to
the bottom with a glass rod. In a 50 ml
beaker measure 35 ml of deactivated
alumina {~30g), and pour this slowly

* into the column. Tap or vibrate the
column to settle the alumina and top the
alumina with 2-3 c¢m of anhydrous sodium
sulfate. Wash the column with 50-100 ml
of hexane prior to the addition of the
sample.

Distilled Water Extracted with hexane to remove hexane
socluble electron capturing impurities.
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SAMPLING

It is to be assuméd that a rather wide variety of sampling technigues
were employed in collecting the samples submitted for analysis. In

. general the procedures used were probably selected for ease of

adaption to the local situation. For this reason water and sediment
samples were usually treated as follows:

Hater

Where possible the entire water sample, including the container in
which it was collected, was extracted with hexane. With larger
samples, where this was not physically possible, the containers were
simply agitated and a 250 ml portion used for analysis.

Sediment

Any excess water was decanted and the entire sediment transferred to a
glass baking dish to air dry at room temperature. The dried material
was transferred from the dish into a mortar and pestle and ground.

The ground sediment was sieved, remixed, and a 250g portion taken for
analysis.

PROCEDURES

Extraction of Water Samples

1. Extraction of water samples - after agitating, transfer the entire
aqueous samplie or a 250 ml aliquot into a graduated glass cylinder.
Record the volume of the sample and quantitatively transfer it to
a separatory funnel with distilled water.

2. Rinse the graduated cylinder with two 50 ml1 portions of hexane
and add each to the separatory funnel.

3. Stopper the separatory funnel and shake vigorously for at least 1
minute. Allow the layers to separate and transfer the lower
aqueous phase to a second separatory funnel.

4. Extract the water sample a second time with a 50 ml  nortion of
hexane, After the layers have separated, add the first hexane
extract to the second separatory funnel and transfer the aqueous
layer to the original separatory funnel.

5. Repeat the extraction with a third 50 ml portion of hexane.

Discard the agueous layer and combine the hexane extracts.
A

6. Filter the combined extracts through a 4" funnel plugged with
glass wool which is covered with sodium sulfate. Collect the
filtrate in a Kunderna-Danish evaporative concentrator, add a
small boiling chip, put the Snyder column in place, and reduce
the hexane volume to less than 5 ml by heating the apparatus in
a 80-90°C water bath. (CAUTION: SOLVENT VAPORS MUST BE VENTED
T0 A HOO0D.)
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Evaporate the extract just to dryness with a gentle stream of
dry filtered nitrogen and add 25 ml of 2.5% alcoholic potassium
hydroxide,

Add a boiling chip, put a water condenser in place, and allow
the solution to reflux for 45 minutes,

After cooling, transfer the solution to a 250 ml separatory
funnel with the aid of 25 ml of distilled water.

Rinse the extraction flask with 25 m) of hexane and add it to fhe
separatory funnel.

Stopper the separatory funnel and shake vigorously for at least
1 minute. Allow the layers to separate -and transfer the lower
aqueous phase to a second separatory funnel.

Extract the saponification solution with a second 25 ml portion

of hexane. After the layers have separated add the first hexane
extract to the second separatory funnel and transfer the aqueous
alcohol layer to the original separatory funnel.

Repeat the extraction with a third 25 m]l portion of hexane.
Discard the saponification soclution and combine the hexane
extracts.

15, Carefully add 25 ml of the sulfuric acid solution (9:1 concentrated

16.

17.

18.

19.

20.

21.

sulfuric acid/water) to the hexane extracts.

Stopper the separatory funnel and shake vigorously for at least one
minute. Allow the layers to separate and discard the lower

aqueous - acid layer. Repeat this step until the acid layer is
colorless. :

Wash the hexane with 25 ml portion of water. Discard the water
wash.

Filter the hexane extract through a 4" funnel plugged with glass
wool which is covered with a layer of sodium sulfate into a
Kunderna-Danish evaporative concentrator.

Add a small boiling chip, put the Snyder column in place and
reduce the hexane volume to less than 5 ml by heating the
apparatus in a B0-90°C water bath.

After cooling, remove the 5 m)l graduated tube and transfer the
hexane extract to an alumina adsorption column washing it in with
several 5 ml portions of hexane,

Carefully add 100 m] of hexane to the column reservoir and collect

the total! eluent in either a 250 m] volumetric flask or a Kunderna-
Danish evaporative concentrator.
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"The average recovery 2nd deviation achieved substantiated the appli-
cability of the method for the quantitative recovery and analysis
of PCB's from water at the ppb-ppm level.

No PCB recovery experiments from spiked sediment and soil samples

have been performed. Instead, several of the residual solids
representative of some of the types of sediment or soil analyzed were
re-extracted with hexane/acetone (40/60) in a soxhlet extractor to
test for the efficiency of the xetonitrile extraction step. The
hexane, after isolation by diluticmnwith distilled water was then
carried through the purification steps. Recoveries by soxhlet extrac-
tion have indicated that the acetonitrile extraction of PCB's was
essentially quantitative in the cases checked.

Sample Concentration

Concentration of sample extracts is necessary, prior to clean up by
chromatographic or chemical means, to reduce sample size and increase
sensitivity. The preferred method of concentrating allows minimum loss
through volatilization or chemical decomposition and requires a minimum
time. The three methods of solvent volume reduction most commonly used
are evaporation by exposure to a stream of air, evaporation employing

a Kunderna-Danish evaporative concentrator equipped with a Snyder
column, and evaporation under reduced pressure. We have used all

three techniques and have not encountered any significant losses from .
volatilization or chemical alternation. However, the Kunderna-Danish
evaporative concentrator and the stream of air were employed because

of the ease of use.

Column Adsorption Chromatography and Chemical Clean Up

Silica gel, Florisil and Alumina deactivated with 0, 1.0, 1.5, 2.0 and
5% water were investigated as adsorbants for the elimination of inter-
ferences. Alumina (5% water) was found to be more effective and
reproducible than either silica gel or Florisil., The activity of
alumina varies with age and lot, therefore, 5% water was added to the
alumina, after heating for a minimum of 4 hours at 400°C, to insure

a reproducible activity. .

Saponification and subsequent extraction of the sample with sulfuric
acid is an effective way to remove a number of chlorinated hydrocarbon

interferences as well as other matrix interferences. PCB's are not
affected.

Electron Capture Gas Chromatography

Columns: .
Column performance is the ley to effective gas chromatographic analysis
and as such the choice of column materials is particularly important.
Ideally, the support employed should be inert, mechanically strong, and
of high surface area. For these reasons, Chromosorb W, HP, AW-DMCS

was used in all of our work. -
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at higher temperatures prevents maintenance problems due to
contamination from high boiling components. Glass columns should

also be employed.

. Detection and Measurement

Quantitative determinations employing the electron capture detector
are non-stoichiometric measurements made by comparing peak heights
or areas for known concentrations with those for unknown composi-
tions. Four variations of the peak height or area quantification

procedures have been employed.

Case I EC gas chromatogram of PCB unknown unchanged with
respect to standard PCB with no evidence of

interferences.

Case II EC gas chromatogram of PCB unknown altered with
. respect to standard PCB with no evidence of inter-

ferences.,

Case II1I EC gas chromatogram of PCB unknown unchanged with
respect to standard PCB with evidence of interference.

Case 1V EC gas chromatogram of PCB unknown altered with

respect to standard PCB with evidence of interference. -

The PCB level in a Case ! sample can be determined by comparison
of the height of the major peak in the unknown with a calibration
curve prepared by plotting the height of the major peak in the
electron capture chromatogram of the corresponding standard vs the

number of ng of the standard injected. With a Case Il sample because

of the alteration, the maximum PCB level {is estimated by comparison

of the total area of the electron capture envelope of

the unknown to

a calibration curve prepared by plotting the total area of the
electron capture envelope of the most similar standard vs the number
of ng of the standard injected. Case III and IV samples are
initially subjected to the chemical clean up procedure followed by
chromatography as outlined on alumina. If the interferences are
removed by this treatment the PCB levels are calculated for Case ]II
and IV 1n the same manner as Case I and II, respectively. If
dominant interference(s) 1s (are) still present, then the height of
a different analytical peak, free from obvious interference, is

With Case IV
samples, the maximum PCB level {is estimate as in Case II after
correcting the total area for that of the interfering peak{s).

employed to calculate the PCB level {in Case III.

In 211 cases, the response of the electron capture must be linear

for quantitative analysis.

ADM
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COLUMN PERFORMANCE INDICATORS

COMPONENT
PEAK

INJECT-
START

et X

Calculating Column Efficiency
1. Theoretical FPlates, N

N = 16(x/y)?

COMPONENT PEAK

INJECTION

~ }1/20 PEAK
T | HEIGHT

Calculating the Tailing Factor

2. Tailing, T

T = a/2b

ADM

005759

v



&

e RIIOTRL oy THy IOHISES TR

- — —

--9 “ 3] - 6
* . -
*

[ - S . . -y

. = ewavem mim e s me mis e E s e . — « - . —

-

B T J m - _ -

,-
-
=TT T I L I
. _ - P
. Sl
e ——— A TYep

- - e, U - - -
] N
—_ JE G - . 1 - -
.
- - : . ¢ e -, = - : -
|
N e L - —— v — ——fn . . . - - . - —

VLI AIITTIIITUTIT TIDITITe . o L L . Lw

- -y . cardmre s e o e, an e m——— ¢ e - [ - et e . ommn
— —tn - -
B 3y U pu
- e ——— D Sttt SRR [SE B R _ e e
- -2 —_— —— e ol m——g—— ma———l . e b mmsa e et n e cemems s _—
-— I*v-l.lu.ll# —— i S et PR —-—.-- - eem
R ————d U R A e
e Lvuer-lll — — e s s mmeem mAim o m h s m e
—_—— - e .- B B PR E O —
=1 b v ' 1 .

amy —— -— ————— e wermm i = e {4 ——

——

4. + F S L R R—— _ e .. . —

. 4
S U, Supia U [P ST S S Nt S U S
S S I . T :

. |.i.*| —— e — - i — - — —emmie e —

ADM 00570l |



A ¢ ————— . . — o S —

Pagé. &P Xy IPILSETL TTTS

<

e
————

- r—— SR —— — — - — - - — - ——

— e —— e -

- e Em RS am s R e A e—— A W S cem w —

_
|
..
|
_
|

’ e
s

} 44

C e et mEm v ———— —

——

-—wm e e e —— e

o« ——-

——— — - - —— =
‘

- -

—— — ——

- s s wee
.

- i
L S

fom e o

-
.

——— 4
.

2 Fepek

- amms - .
- m— a=mt ot 4 .

st fobcpdvtut T e

et

S

- e ma—-

r—

-4 _-—:.—

6 ——

L - o+ —-B --

L,
"-u
|
m__
1
b
i
L |
be
!
B
_n.
|
1

——
PR

- ——— =

C o —— - v .

.i_.-__._-

¥
e ——— - ————

——
————r=r

ay

%

-4.-—-
r~

i
MR
i
m.”-“,ﬁj__“. 1:_.
|
T ;
: L
i He R

-y ———

1=

e —
-_:a-__j_.

RS

. - -
- e e § :
. — e —— — —
T

-
- e

i

- -

ik

— -

- ol or— it i

e T .

B L T Ty P

— oo

005763

ADM

-~ -~

~ -



... ¢ersco WOV

— et L T T — - - —— — — “\ ——
t = b - - * ot - pme - - s gme.
- - ‘_." — e Ill.'!ll* — — .-
rep——l- e — - b e

—— — - - PO

..... el R il et SR .
' N - S SICHUEpI S -
- - v —— - - - — Aﬁl'll-l"ll. — -
Y ir - b caame ' —— D W O S—— -

e . 4Qllnl.l+| - i e = i* —— -..* a

. - ..1||-IW. - . ——tmm o et m— a e

' 1

. B HI-I.. - m-l.l -—tbom ' -
- - Ve . - - — . ——— a cwd mery -
e ee— llJ"llTnl..l.T..ul.lT — v wmm—

9 8 o 6 - S -—-—g- ——F--- D

e ar emmmiame s e rimemm smewmre—aed = s ¢ -
- Cae - U B S ..
. S 1 R
s S A N
e e mmmeccmacm— - e . e mem e —— s - —— -
re. - -

¥

—— -
- -

-—-- = . e = n -

- — i — - —— e —————— e D T G G — —— . s W W e m S = W —

- we b "

e I —— =

— e - e . - - m e s amm e — S b e a we  mmme——- g - = —— n———— . ==

s m s e e - evemme = - C:M.I - .- - . — o . —- . SN E— - W Ee 4 s
v

-Ilul - -, - -— - - -
- - - - - —— — —
s -
- —— e . im e e mn e < e - - e e
- -
T — e ——— — - . aa A - S AL e S S W e S S —— 8 B § S S— - - A - - - --




VRLFRTS PP POy

Y
ADM 005767



-— - " — b — 4 ——

- WCY A S cein -
2.7 491600 SR LI E L.

T N - .

_ .. — e = . —p - . .~ -
S — —— = - ——
. . - - ) R . . e e p— -4 - b e e me -
- P cmmeme e m— - - — . -
1 : *
, :
. . . S .
— - - ————-— - - —————
e ims nme ——. .
- -
cle e
!
e e e - .. -
— et m —————
- e e e
. - e w sae N *
. . . . s
13 5] 4 € s 4 3 @
e L f R e e s ——— - c————— T
e - .
'
- - - - - ‘-
——— e ——— .- —ceme . - c———
. . - .
e et mmme m e m mimmm e ememe o mmmmesm e ——— o —— - — e mas a s ereem——
. -
ST .
e e e cm s s s wmres ——— ——— - - - ———
- . e mm—— e e e s e e meemmimana . ————— .- - h e m e e
fm tt s e e e e mmmrm———— . o - e —— ._____.3__ - .
.- - e e e mimr e = e e ——— e e o —— ——
fmemsmim teiem e e ees s . t————e e = .- - ——— v a3 e i i =4 - S e
. . —_ . et tm e e r e m et e e —— ————— ot = o =

- - - - -" - - 4 eemmm - - LY - - e '
e . e e -
- . — - -
e et m -

- ' St NlanRosiz— - - — - T



TS IT 2L

FIEWQ T

N
N S

. — —— i S v > o . S

m—— - —

o
_ _

A PR e —————— - ma =

ADM 005771

3
¢



b * BpsEy e

: . i EmM \&_ “

j sx. bmm' ?nﬂ U bavf .

: \o\ox‘hbb ow: &\30 Mesw |
Chan)Soed W, W Be- Ss.\n...ﬂ
L /95 . i _

9\ /60 : “QS\ HE
&F Foo M T ape. \D!_.h.u &m\w

. m— —

—— -

O

4‘06:;’

PwITE (SO .
oo _
X . |
| ' i
! v
w R i
| _ B I R
_ 3 ) A
& SR
S Lo _
1. L
; o
T ] ..
(V] ‘
3 S
$

PIEPH Oxy CHLOR

)
X
!
|
H
i
U ST
- e
.
. , .
1 .
| I3
L]
i

)
1 '
H
'
' «
"
=t
1
.
. i
o
vl '
vt
L .
n.o—
:
vy
f
I -
Pt
.
Lt
.
!
|

505773

ADM



G i PSR T

EVC

[ el

‘:-—'_-—1;'—}:‘ . uaic-
A ¢
— bi&“l
e P .
— t»‘gnm‘

o

—— e -’ 742

= Lo Sucrav (EHC)

EvpoS e w ran/ - )
r . — e -
- =1 . . e e e e e - = -.
J | e
\
1 _ , . ) .-
—p—— T _ - e

ADM Q05775

R



S e Wav

. ) |
L T - riems B - 4
- . -
.
. .- .
e ————— - -
L]
——— . e ——_—— e — b — - -
- - en
- - 3 - -
e et e e a— e s e - - - N N
- -
- -
——— e & o= = it = mie S b m— t ———— o —— . - . — ——— S
. .- — e . - imet em———— e e s e we m —_— . e mmbi—-
- - “ -
. § z «} .2
_—— - - —— - e mrmm m——— i - - mwn Sem— e a
- - -
- - ——— - - - et e —-— — -
- . - - -
- - I et ————

Sl Hevewe 1257



— — -
——a -—
- -
- cmee  ewe

ADM 005779



S R—
N

2

St DU ENE e aTED

I D S—— — R —— — . S———— —e—

. - —— — i ——v— ——
- o
e A e —-- —— o re——
- -

- -

005781

ADM



F

_ T T _
. -, _— _ — H
! m }
; : i :
]
_ _ |
i [ _ :
_ .
! | _ ' _
A : ! :
I . |
i | | i !
+ ' .. H
1 : i
' ;
.o | i
| ' .
] ]
“ ] .
- bt “
.“” . '
i DRTIN B I
Tﬁa : |
1 .
[ ' _
- +4“_ B § "
-m— m .m
SR i by
SH N |
g ol m— i \ :
L A IR B ' " i
i .mw_. “" |
.m..h . . - “ “
-t i i
@I ISP
" | :
" !
_ Ny “ T
N > ; H . H
! S A
i : : :
! o
H oy _ .. . ¢
. i ; n u _
_ . i , ” ;
_ ! . ' : {
- ' ! ! : ' !
P y ' : ! .
; ‘ ._ : _ , i
H _ ] § ' 1 ]
! _ | ; i !
. i . |
50 | : _ . !

LY

005783

ADM



40®’

Leoccecm 1292

£y SoSeo- &
EXGm SoLal HBes dolesi s

FUXE-BO ow Clesmspes by 47
A - 2vrios

~4 <o00%c A pucSe 750
&¢e /ASo0°cC .
oS Jooc % e 40%._

'Ebﬁﬂﬁ- 4’%4239;at1 ‘e d
o Px /0

Tl (/:w =/0" "M}
DDE (6.8')

B} Wn)u/lvl‘ |
7 ._1_._3_1_._.._7.._ -,_.!.... .- -_| -
. L A M =k Y :
. ‘L '1; -r\:i-;' i lL..... -* L -
il sy w8 Rugl B VY NI I a
JPP 1 . i. J [ - . .
AN e NG

-~

ADM 0D578S O



<
. ' .
~
2 ¢
[
n
' ' S
{ 1 o
. ]
) " “
] - —
. .T...m.nu d. - “ i m — " -— ‘ M
. o ; : \ : ! <
H i ] - . *
; ]

ﬁn.t M - .
Aaocecon, /2EY
' Caandi ot Hme

Put (107 5 00°F wigfpny )

g (G8') B o .
. it . T o . S

U

€

i [ 1 | 4

r—

8 w0 2 B

%\LQ\\H

&F




