' and research conce"nlng the b‘oconcentxatlon of organic che_icals din. aqLat**“

;torganismsﬂf I-hé?e Eeen employe$ by'the'N tional Water Quality Laboratory s<qce

gr_duate stuules in’ c1emis:rv at Corre’l bn1V.r51ty as a- Wbodrow Wllson Fellov

i campleteﬁ’thé»ﬁ;:S;eTequfreme1ts'in Lu::x'ﬁﬁf*4=trv at tha'Uq versity of

}fﬁiscéﬁéih'ét”ﬁﬁd son ‘in 1968 and recexved a Ph D in Watef Chemlstry from Lhe

Uﬂlvcr31t" of ! sconaln - Hadﬂsun in. 1970.5

“rcm 1°70 to 1972 I was a“ hSSlStanu Pro‘esscr *n ha*er Ciemistry at

‘the Uni?eréity.of,Eiscoqsin_4‘HadiSQng ,-y teachlng durles 1nf1uded gradua*e

cours.s 1n water cnemlstry. water ana lys¢a cnd as ""nccd techn;quea in water

'vears has

analvs;s.. Tae researc1 I have been engagcd in darlnw the past ei

cen;ered largely arounu the occarrence cf calorcblphupyls (PCBS) in.tne

en"1ronment.; Lq'p“rtlcular I hdve completeu Qtudles or the sou*ces of PC¥

in ~echteﬂ LﬂSCﬂnaxn rlvels in Lhe.L'“e Mi

nd maasuremeut 0: PCns Ln fidetrom’LaLc Hichigan.and Lake Superior.

- hy testimon* w1;1 be La&Lh chm,cbmﬁl::éﬁ'and onou*ng rese1fLH ‘as well
; SR e e ~ S
as tertw vﬂt rLSUlLS of re¢atbd';tﬁdiés in che litcrature. My Lebt1WLn} i1l
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r,manufactured in'thenbnlted'States

' 'ANALYSIS OF CHLOROBIPHENYLS

.inberently~é;§§1ee1t beeausewnultincomponent—mixtures—are_innolved-_IhepPCBs

The identificatlon and measurement of PCBs in enVironmental samples is

hydrophobic chemicals which'vary considerably in chlorine

"»lcontent, chemical reactivity, biocbn entration potential and>biolog1ca1

"_ﬂfactivity The analytlcal problems associated with developlngamethodo]ogy for

i'the measurement of complex mixture"'u

*PCBs in large numbers of fish from a bloassay or the Great Lakes where biOIOOical'

vt w A e

in numerous otner analyses such as chlordane and toxaphene.j The need to measure

¢

<variatign is Subtracted dlctates that the methodology'permlt the necessary

nambers of samples to be analyzed and the interpretation of the resrdue data

1s'based on more det31led analyses of a small number of repreSentatlve samples

DSW 315461
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'”f-fdfcan be designed to assure the extraction is essentialIYIQuantitatives ;;'A;ﬁ”'h

“f;to measure small concentrations of PCBs may regurre the ur

b'Fﬁfhof solvents which 1ncrease the'possibility of sample contamination nnleSs

The extraction of large quantities of water (i e.‘more”than 10 liters)

large quantities o

o high purity reagents are used. To minimize reagent blanks, reverse liquid—l1quid

“:f partitioning usin° supports coated.with hydrocarbons (Exhibit 2) and adsorptlon f,,,

.5?6 on polymeric foams (Exhibit 3) have'been used to extract up to 200 1iters P

' of water..-‘-

_ bas been based largely on,group separations using adsorption differences on

T,;florisil, partitloning dlfferences with.acetonitrlle water systems and chenlcal

: stability to ox:z.d:.vinq acids (Exhlblt 40 Although the PCBs are separable

”Jfrom the co-extracted lipids and related materials, the PCBs are more dlfficult

' .to isolate from interfering chlqrinated pesticldes, and additlonal 1solation

steps are necessary.l A frequently encountered interference inoPCB measurencnts

v.is the presence of DDT and 1ts analogs in the sample. One of the more commonly

_used metnods for 1solating the PCBs from DDT is silic1c acid column chromatographv

.'-CExhibit 5) in nhich the PCBs are eluted w1th a non—polar solvent and DDT

- is eluted with.a more polar solvent. However, the adsorption of the many

h,PCBs and DDT analogS‘may not be restricted to two distinct groups, and 1ncomp1ete

',iiasolatlon is obsarved Ekhlblt 6 dlscusses some of the commonly observed o

-protlems 1n u51ng thls group separation technique and specifically polnts out

“that, IDE 16 often found fa the 2C ._

: fCBs are;eluted in the polar solvent. Thus, the isolation procedure may

.. llr;ly" | pSW
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4"]f;i_h_3 Identification and Measurement of PCBsA'

_:conventional methodolog » f

o ch analyses when GC/MS fac:L ities are ndt available (Emhibit 8).

'1nto at least 69 components( Structures for the components have been proposed,

resolution GLC conditi'ns'

In addition to”the possibility'that the PCBHresidue-may be altered

other chemicals or mixtures_of chemicals may not’be separatednfrom PCBs under o

_'_naphthalenes behave similar to the'PCBs on szlicic acid., Although analyses o

‘j’using gas chromatography/mass.spectrometry (GC/MS)imay provide the best

' ;estimate of the_signlfycance of in erferences, other chromatOgraphi_ techniques‘

';such as reverse—phase thin-layer chromatography have been used to complement

'“illustra_es that polychlorinated T f?j*r

.‘» L

. Gas chromatography has served as the ba51s for PCB measurements due to

7I*qualitat1ve 1nformation'about the mixtures (Exhibit 9). When the gas

- 'chromatograph is interfaced with a mass spectrometer. the mixtures can be

'”:tesolved and identified with respectfto chlorine content and carbon chelation li

skeleton.

The extent to which*the PCB mixtures are resolved in GC/MS analyses 18 '

icontrolled by‘the GLC conditions.‘ For example, Eihibit 10 illustrates that

'the PCB mixture, Aroclor 1254 containing 54 percent chlorine can be tesolved

'3'to the time requlredifthe chromatoﬂrams of the PCB foundfin residues are

i:;often related to thcse of commercially available PCBrmixtures under 1owervlur

DSW 315463

the capahility of separating mixtures ahd providing quantitative and some RN

_fhowever, since these analyses are prohibited on a routine basis due, in part,i -
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have been stndied (Exhlbit 11) and approximately 75 percent of the PCBs in

R

- Aroclor 1254 is represented by the.six observeﬁ peaks having retention times

'»"’t'f_-»_'., of 70, 84, 98, 104, 125, and 146 Tela
is comprised of tetrachlorobiphenyls (25 percent) and pentachlorobipnenyls fj‘-
(75 percent). The 1dent1fication of the components in a residue can be S

unambignously 1dentif1ed as the respective PCB components by GC/MS using

. isotopic abundance ratios as outllned 1n Exhlbit 12. |

grams for most of the Commercial mixtures.~ The comp031tio> o‘ these components ;73'

ive to nms=1oo. The rcx ‘peak B m =70

The quantitation of the PCBs requires nnmerous analytical cansiderations. S

| The total PCB content is difficult to measure by integrating total area in
the mixture chromatOgrams because of p0351b1e imterferences and because the -

-‘electron capture (FC) response of the EC-GLC analysis varies W1de1v with
degree of chlorination and substitution (Exhibits 13 and 14). Webb and T

9

McCall (Exhiblt ll) have discussed the rationale for the selection of methodologv"
for PCBs, When studying a bioassay system in which a single commercial PCB .
mixture is added or an’ effluent which contalns prlnc1pally one PCB mlxture,:l'

reliable estlmstes ‘can be made by selecting several interference—free component

peaLs and comparing Sample chromatograms to standard curves prepared from the

PCB mlxture oresent.a;fi;;f
' - The same technldne has.;een applled to samples from major watersneds
and the oceans‘where the PCB residues resemble one of tbe commercially
' g-_ available PCB mixutes. For examplc, Exhibit 15 summarizes the concentration
‘ of PCB mixtures rescmbl ng Aroclor 1254 in Lake Michigan fish It was -
.observed that DDT and DDD 1nterferences could be removed from the pCBs usinv

" the silicic acid technique; homevcr, DDL could not bc reproducxbly renoved.

DSW 315464
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1interference.‘ These estimates give a conservative estimate of total PCBs

«;made.f-;m_”ij

j.the presence of PCBs. The technique (Eihibits 18 and 19 u51ng SbCl

-\ﬁ‘i:iby‘summing the peak heights of the peaks at. 70, 84, 125,““

.H_omitting the doublet at 98 and 104 (relative to DDE 100) because of the DDE

Y

funless attempts to, account for other‘possible mixtures of PCBs present are A

For samples which contain mixtures ofvvarious PCB mixtures, only estimates

of the various mizture fractions of the total PCBs present may be p0351ble. .

- The: approach to these analytical problems is to use standard curves prepared

from miied PCB mixtures.; Exhibit 11 demonstrates the feasibility of dividing

'complex chromatoorams into three ma;or regions corresponding to three PCB

mixtures as standards—-uszng selected peaks as. the bas1s of comparison. Exhlblts

16 and 17 discuss other methods of usinO mixed sfandards and mixtures of

isolated components. Ihe majority of monitoring studles reported to date
appear to prefer ‘the use of commercially available PCB mixtures as standards

due, in part, to the fact that much of the studies of biolo°1cal activities

are condﬁcted'with the commerCial miitures rather than pure isomers.

The perchlorination of all PCB campOnents to decachlorobiphen)l has

been used successfully to estimate total PCB conCent*atiOns as well as confirm

SOI'

'SCL AlCl to convert all components of the niiutres to one conponent greatly

K IR
enhances the analvtical detection 1imit and if the average perccntage of S el

*.chlorine of the original mixture can be estimated, the amount of dccachloro-.’

: biphenyl can be used to calculate the original PCB concentration.

DSW 315465
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-7;variation for six pesticides and PCBS requiring full processing ranged from

:w+ 10 to 4-18 pcrcent.,i

BIOCONCENTRATIOV OF CFLOROBIPHENYLS

An understanding of ‘the. bioconcentration of chemicals in organisms

is essential to understand the dynamics of the chemicals in the environment. :

Considerable confu51on_ex1sts regarding_thewrelativeiSLgnificance.of various

uptake mechanisms due, in part, to the absence of detailed definition of the

systems studied Much of the early 11terature assumed that bioconcentratlon'

'lack of standard techniques for quantitation, Holden (Exhibit 20) has reported__'ih‘“

| that eollaboratove studies among 17 laboratories indicated the coefficient of

in the aquatic env1ronment was based on the trophic level or food chaln concepts. ;v

However, exposures of fish to water containing many hydrophobic chemicals i

demonstrated that fLSh can bioconcentrate the chemicals directly from the f

By 2

’ water. Uptake can be approx1mated as a flISt order rate process and that

= 3-‘

| the process appeared to be that of chemical partitioning from the water and

the lipids in the tissue. This has led to oroposals such as that in Exhiblt 21

where the food chain hioconcentration model is re;ected in favor'of the

chemical partitioning model. As with many kinetic models of dynamic systems,

o multiple pathways are often observed and the relative 51gn1ficance of. the

various rate eipre551ons is dependent on the c0nd1t10ns imposed. Therefore,

the selection of either the food chain or the partitloning modcl for the

aquatic environment requires that the conditions of the ecosystem being

consxdered are defined.i»
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5'organisms and the observed bioconcentration factor for PCBs in the aquatic B
“1 environment'may dlffer in different organiSms and conditions._ For example,

”Exhibit 21 1llustrated that bioconcentration is‘inversaly related to the o

'i‘z vater SOlubllity (assuming relatively constant 1ipid solubility) Exhibits_,,;;f

' 21 and 22 demonstrate that not only does bioconcentration 1ncrease with

: increasing chlorine content, but also that the 1ip1d variations between male

and female fish may produce substant1al sex—related differences if only the
Vet weight concentratlons of PCBs are considered..;,:

e Exhibits 22 and*?S‘show*that the‘bioconcentrat‘hn*factor of“ArocIor

1254 in fathead minnows ranged from 1 1 x 105 to 2.4 x 10 _and that the .

bioconcentratlon factor for the PCBs to the fathead minnow (where the tissue

“is generally less than 10 percent 11p1d) at 25° C ranges from abOut 0 3 x
5 5

- 10 to 2 5 x 10 with the more highly chlorinated'PCBs accumulating to a

' greater extent. Exhibit 24 shows that Aroclor 1254 is accumulated in pin-

fish approx1mate1y 2 X 104 times that in the water after 35 days cf exposure

at a salinity of 14 - 344 Exh1b1t 25 suggests that increasing sallnity

’ decreases the rate of uptake or 11p1d-soluble chemlcals. :

Exhibit 26 shows that the nymph E.. danlca accumulated Clophen A 50

by an approximate first order process to bioconccntration factors of 3
3 . . .

10, Exhibit 27 presents evidence that the bioconcentration factor of Aroclor

1254 in-the scud Gammarus pseudollmnaeus, (was approximately 2.2 X 10—),

4. 5 X 104 after 48 hours in Daphnia mag, na, and 1 3 X 104 in_mosquito 1arvae..

Culex tarsalis after only 24 hours. After 60 days of exposure to Aroc]or 1242 -

‘and Aroclor_1248, the;maximum bloconcentration factor in’ Gammarus was found to

B R e
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m’j ftrat1ons ave;aged 1 1 ugfl to a maximum of 2 g ugfl _Thi$fi$ équivaleﬁt ib_é>

o in lake trout.'VThe predo inant PCB componcnts prnsent in the fi%h vorn thn_

ICri—,>tetraf;-pegtgf, hexaf,wand heptachlorobiphenyls by'GC/MS studles of com- .‘:

DSW 315468
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. je ﬁeasured 1n Lake Superior fish:captured 1n_1972 and 1973 from western Lake f.;!; t

: Superior.. The data 1nd1cate that mean PCB concentrations 1n the smaller, low—'w“

llpld content:fish contaiu up“to approximarely'l 5 ug/gm (on a wet tissue basis)

hereas the larter trout contalned up to 5 6 ug/gm. 'Exhzbit 39 presents corrO--

borating data for—thewFCB concentrationSWin*Lake~Superior tront obtainedébyﬂthe

' There have been some estimates of PCBs in.western Lake Superior water. -

Ehhiblt 40 presents estimates of PCBs in.the water intake.and a bioassay control

tank of the Jational Water Quality Laboratory in Duluth The estimates were 57f:

. made u31ng tne foam plug extract to extract 20 Iiters of water in triplicate,

| Superior flSh ls approx ately 9 x 105

resou’;ﬁéf

perchlorinatlng the extracts w1th SbClS,

formed The data 1nd1cate that approximately 1-2 ng/l PCBs (ppt as Aroclor

and measuring the decachlorothhenyl :

1254) are present in western Lake Superior nearshore water. l

The mean concentratien of PCBs in the smaller fish is approx1mate1y

B 9 ug/gm This 1ndicates the over

of PCBs in the fisb are more than 105 times.that measured in the water, and

that the PCB residues which hioconcentrate in fish from‘water concentrations

DSW 315470
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- Chlorodibenzofurans in Aroclor PCB Mixtures

.:".-_»-

Exhibit 41 presents confirmations tetra-, penta- and' hexachlorodibenzofurans

B in the Aroclor brand of PCBs prepared in L’he Unlted States. The chlorinated
'_dibenzofuran concentrations decrease with increasing chlorine content of the

_ YPCB mixtm:e‘ Aroclor 1254 contained eleven chlorodibenzofurans comprised of .

two tetra, four penta and f:Lve hexachlorodibenzofurans. _'7-?{7 ‘-'-

- ‘v‘:i e - - e s e -
»\r i o
4
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