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My name is Gilman D. Yeithh I am a research chemist at the Environmental 

Protection’Agency National Vater Quality Laborptoty in Duluth ^Minnesota. My

duties involve the; development:of analytical methodology for isolating and -..... , :

identifying persistent organic chemicals in natural waters and aquatic organisms, 

and research concerning the bioconcentration of organic chemicals in^aquatic 

organisms. 1"have been employed by the National Water. Quality Laboratory since

1972. : ;-vi;;■'i' ■ / ; vX' vV . . - ’ .

I received a 3.S. cum laude in chemistry from Aiigus^ana College in

Sioux Falls, South Dakota, in 1966 and spent the following academic year in 

graduate studies in chemistry at Cornell University as a Woodrow Wilson Fellow,

1 completed iho H. S. requirements in IJatcr Chemistry at the University of

Wisconsin at Kadison'in 1968 and received a Ph.L. in Water Chemistry from the 

University of Wisconsin - Madison in 1970. i .;;.v ■ v ^ : . .

From 1570 to 1972, I was an Assistant Professor in Water Chemistry at 

the University of Wisconsin. - Madison. My teaching duties included graduate

courses in water chemistry, water analysis and advanced techniques in water 

analysis.; The research I have been engaged in during the past six years has

centered largely around the occurrence of chlorebiphcnyls CPCBs) in the 

environment. In. particular, I ’have', completed studies of the sources of PCBs

in elected Wisconsin rivers.in the Lake Michigan watershed nd the identitle

and measurement of PCBs in fish from Lake Michigan and Lake Superior.

My testimony will be taken from, completed and ongoing research, as well 

as pertinent results of related studies in the literature. My testime-ny'will
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discuss the^analytical' limitations ^associated with PCB measurements and show that 

PCBs are bioconcentrated in fish by factors greater than 10 , that the residues • 

resulting by bioconcentration from less than 0.01 ug/1 in water have decreased 

the yalue of the food resources in Lake Michigan,'and that recent evidence -r; 

confirms t^e presence of ^olychlorihated dibenzofurans iriT'CBs inixtures'' ' '' 

manufactured in the United States. ■.: : .... f

t ';
) : 
i :■

ANALYSIS OF CHLOROBIPHENYLS - --- -- .

The identification and measurement of PCBs in environmental samples is

inherently-dif-f icult- because «ult4^conp&nent-mixtttres-~are--in,colyed>-- The. PCBs 

include mixtures of hydrophobic chemicals which vary considerably in chlorine 

content, chemical reactivity, biocdncentration potential, and biological 

activity. The analytical problems associated with developing methodology for 

the measurement of complex mixtures are not unique to PCBs but are encountered 

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

PCBs in large numbers of fish from a bioassay or the Great Lakes where biological 

variation:is subtracted dictates that the methodology permit the necessary . 

numbers of samples to be.analyzed, and the interpretation of the residue data 

is based oh more detailed analyses of a small number of representative samples.

A. Isolation of PCBs ,

* ’ The PCBs are generally extracted from water, tissue, or sediment with 

organic solvents such as hexane, acetonitrile, and -acetone. Although the '

PCB mixtures contain chlorobiphenyls with varying, water solubilities 

(Exhibit i summarizes estimates of vapor pressures and solubilities for 

PCBs and indicates the Solubility is a function of composition and varies
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by more than 100, the, extraction of PCBs in water with immiscible solvents . _

can be designed to assure the extraction is essentially quantitative. '

_ The extraction of large quantities of wa'ter {i.e. more than 10 liters) 

to measure small concentrations of PCBs may require the use of large quantities 

of solvents which increase the possibility of sample contamination unless : 

high purity reagents are used. To minimize reagent blanks, reverse liquid-liquid 

partitioning using supports coated with hydrocarbons (Exhibit 2) and adsorption ' 

on polymeric foams (Exhibit 3) have been used to extract up to 200 liters 

of water. . i1’. ;;;" V.-:s

The isblationPof the PCBs~from"’the bulk—of The“co-extf actable “mater laTs 

has been based largely on group separations using adsorption differences on 

florisil, partitioning differences with acetonitrile water systems, and chemical 

stability to oxidising acids (Exhibit 4). Although the PCBs are separable 

from the co-extracted lipids and related materials, the PCBs are more difficult 

to isolate from interfering chlorinated' pesticides* and additional isolation 

steps are necessary. A frequently encountered‘interference in PCB measurements 

is the presence of DDT and its analogs in the sample. One.of the more commonly 

used methods for isolating the PCBs from DDT.is silicic acid column chromatography 

(Exhibit 5) in which the PCBs are eluted with a non-polar solvent and DDT 

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

PCBs and DDT analogs may not be restricted to two distinct groups, and incomplete

iosolation is observed. Exhibit 6 discusses some of the commonly observed.......

-problems in using this group: separation technique and specifically points out 

that DDE is often found in the PCB fraction whereas some lesser chlorinated 

PCBs are eluted in the polar solvent..' Thus, the isolation procedure may
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alter the composition of the PCB residue, &nd detailed studies of 'the' " ...r.;. \

separation must be .included in the discussion of results. ...... *

* ' In addition to the possibility that the PCB residue may be altered, 

other chemicals or mixtures of chemicals may not be separated from PCBs under

conventional methodology. "Exhibit 7 Illustrates that polychlorinated "........ ' ^ ' ~ ’ '

naphthalenes behave similar to the PCBs on silicic aci.d. Although analyses 

using gas chromatography/mass spectrometry (GC/MS) may provide the best • 

estimate of the significance of interferences, other chromatographic techniques 

such as reverse-phase thin-layer chromatography have been used , to complement 

GLC analyses when GC/MS facilities are not available (Exhibit 8). V

; 35. Identification and Measurement of PCBs.. .... . •... _ . ................... . ; ; ; ;

Gas chromatography has served as the basis for PCB measurements due to - 

the capability of separating mixtures ahd providing quantitative and some 

qualitative information about the mixtures (Exhibit 9). When the gas ; -

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

resolved and identified with respect to chlorine content and carbon chelation 

skeleton^'" . ' ' ■

The extent to which, the PCB mixtures are resolved in GC/MS analyses is

controlled by the GLC conditions. For example. Exhibit 10 illustrates that 

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

into at least 69 components. Structures for the components have been proposed; 

however, since these analyses are prohibited on a routine basis due, in part, 

to the time required, the chromatograms of the PCB found in residues are 

often related to those of commercially available PCB mixtures under lower .......

resolution GLC conditions. Under these conditions, the mixtures are resolved
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into a series of muiti^component peaks which provide characteristic chromate?- • 

grams for most of the commercial mixtures. The composition of these components 

have been studied (Exhibit 11) and approximately 75 percent of the PCBs in . 

Aroclor 1254 is represented by the six observed peaks having retention times 

of 70, 84, 98, 104, 125, and 146 relative to DDE*100. The PCS peak at RRT *=70 

is comprised of tetrachlorobiphenyls (25 percent) and pentachlorobipnenyls 

(75 percent). The identification of the components in a residue can be ,

unambiguously identified as the respective PCB components by GC/MS using 

isotbpic abundance ratios as outlined in Exhibit 12. " ■ ‘ 1

The quantitation of the PCBs requires numerous analytical considerations.

The total PCB content is difficult to measure by integrating total area in ,

the mixture chromatograms because of possible interferences and because the 

electron capture (EC) response of the EC-GLC analysis varies widely with 

degree of chlorination and substitution (Exhibits 13 and 14). Webb and 

McCall (Exhibit 11) have discussed the rationale for the selection of methodology 

for PCBs. When studying a bioassay system in which a single commercial PCB . 

mixture is added or an effluent which contains principally one PCB mixture, 

reliable estimates can be made by selecting several interference-free component 

peaks and comparing sample chromatograms to standard curves prepared from the 

PCB mixture present. ‘ ’' '"V 7

The same technique has been applied to samples from major watersheds'

and the oceans where the PCB residues resemble one of the commercially ...

available PCB mixutes. For example. Exhibit 15 summarizes the concentration 

of PCB mixtures resembling Aroclor 1254 in Lake Michigan fish. It was 

observed that DDT and DDD interferences could be removed from the PCBs using 

the silicic acid technique; however, DDE could not be reproducibly removed.
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• ’ ; Thearef ore, the quantitation of the major components of PCBs were estimated

by summing the peak heights of the peaks at 70, 84, 125, 146 and 274 while 

omitting the doublet at 98 and 104 (relative to DDE = 100) because of the DDE 

interference. These estimates give a conservative estimate of total PCBs 

- •. ; unless attempts to. account for other" possible mixtures of PCBs present are •'.............

• . made. ;. . ■ ' .. ,V,.

, For samples which contain mixtures of various PCB mixtures, only estimates

I of the various mixture fractions of the total PCBs present may be possible.

* ■The approach to these analytical problems is to use standard curves prepared .

from mixed PCB mixtures. Exhibit1 I'l demonstrates the feasibility of dividing .

j complex chromatograms into three major regions corresponding to three PCB

mixtures as standards—using selected peaks as the basis of comparison.; Exhibits 

16 and 17 discuss other methods of using mixed standards and mixtures of 

isolated components. The majority of monitoring studies 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 biological activities 

are conducted with the commercial mixtures rather than pure isomers.

The perchlorination of all PCB components to decachlorobiphenyl has 

been used successfully to estimate total PCB concentrations as well as confirm 

the presence of PCBs. The technique (Exhibits.18 and 19 using SbCl,. or 

SCl^AlCl^ to convert all components of the mixutres to one component greatly 

enhances the analytical detection limit and, if the average percentage of : ----­

chlorine of the original mixture can be estimated, the amount of decachloro- 

biphenyl can be used to calculate the original PCB concentration. _.... .....
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■ Despite all of the possible errors in'the extraction of PCBs and the 

lack of standard techniques for quantitation, Holden (Exhibit 20) has reported 

that collaboratove studies among 17 laboratories indicated the coefficient of 

variation for six pesticides and PCBS requiring full processing ranged from 

+ 10 to + 18 percent/ ;. -r-~-y=-.......................... .

BI0C0NCEMTRATI0H OF CHLOROBIPHENYLS . . : r

An understanding of the bioconcentration of chemicals in organisms 

is essential to Understand the dynamics of the chemicals in the environment.

Considerable, confusion, exists regarding .the...relative, significance of .various___ _

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

systems studied. Much of the early literature assumed that bioconcentration 

in the aquatic environment was based on the trophic level or food chain concepts, 

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

demonstrated that fish can bioconcentrate the chemicals directly from the 

water. Upttake can be approximated as a first order rate process and that 

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

.the lipids in -the tissue. This has led to proposals such as that in Exhibit 21 

where the food chain bioconcentration model is rejected in favor of the 

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

multiple pathways are often observed and the relative significance of the 

various rate expressions is dependent on the conditions imposed. Therefore, 

the selection of either the food chain or the partitioning model for the 

aquatic environment requires that the conditions of the ecosystem being 

considered are defined. ,,
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. The bioconcentration of PCBs under laboratory conditions in which the 

mixtures are addedonlyto thewaterhasbeen studied.for a number of aquatic . 

organisms and the observed bioconcentration factor for PCBs in the aquatic 

environment may differ in different organisms and conditions. For example. 

Exhibit 21 illustrated that bioconcentration is^inversely related to the 

water solubility (assuming.relatively constant lipid.solubility). -Exhibits....'. 

21 and 22 demonstrate that not only does bioconcentration increase with 

Increasing chlorine content, but also that the lipid variations between male 

and female fish may produce substantial sex-related differences if only the 

wet weight concentrations of PCBs are considered. .

----------Exhibits’22~and“23~show“that 'the_'b'iocbncentrafien~iactbf—oi~ArbcIor :

1254 in fathead minnows ranged from 1.1 x 10^ to 2.4 x 10^ and that the 

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

is generally less than 10 percent lip.id) at 25° C ranges from about 0>3 x 

105 to 2.5 x 105 with the more highly chlorinated PCBs accumulating to a 

greater extent. Exhibit 24 shows that Aroclor 1254 is accumulated in pin-
4 - ■ ■ ..:■■■■ • ■

fish approximately 2 x 10 times that in the water after 35 days of exposure

at a salinity of 14 - 34%. Exhibit 25 suggests that increasing salinity 

decreases the rate of uptake or lipid-soluble chemicals. : ,7 .

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

by an approximate first order process to bioconccntration factors of 3 x :
3 . ■ ■ ' ' . ■ ' ■

10 . Exhibit 27 presents evidence that the bioconceritration factor of Aroclor
. . : ■ . . 4 ■

1254 in the scud, Gammarus pseudolimnaeus, (was approximately 2.2 x 10-),.
■ 4 ' ’ ; ■ " " 4 ' . ■
4.5 x.10 after 48 hours in Daphnia magna,- and 1.3~x TO inipios.quitov-larvae. . 

Culex tarsalis after only 24 hours. After 60 days of exposure to Aroclor 1242 

and Aroclor 1248, the maximum bioconcentration factor in Gammarus was found to
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be approximately 3 x 10 and 5 x 10 respectively (Exhibit 28). Exhibit 27
- ~ 4 4

-also reports bio concentration 'factors, ranging .frost 2 x. 10.,. to 6. x 10 , for .

bluegilis and catfish exposed to Aroclor 1248 and 1254. 1 ' ‘

. Some evidence exists that the bioconcentration factors measured in the

laboratory are essentially-the same as that found' in the river environment.

For example. Exhibit 22 shows that the. laboratory derived bioconcentration 

factor for Aroclor 1248 in fathead minnows (-10 percent.lipid) ranged from

.lx 105 to 2.4 x 105. Exhibit 29 and 30 report that goldfish in the lower

- ■■ -■-1:: V: V ''.“Y.:-'-, . ? 5 ■. vv' 5
. Milwaukee Kiver accumulated Aroclor: 1248 approximately 0.7 x 10 to 2 x 10

times (depending on the lipid content) the‘estimated PCB concentration in the

...river wa£er'.~”Ex£.fB it 31"pf esents~ ■evidence' that' ^e^^^SSS^^'^enfrat^n ^of""

f Aroclor 1254 in Saginaw Fiver shed was 165 ug/gm whereas typical water concen­

trations averaged 1.1 ug/1 to a maximum of 2.9 ug/1. This is equivalent to a 

bioconcentration factor o£ 0.6 x 10? .to l.S x Iff5; in good agreement with 

other measurements. - ' - - - - - . . ^

f ‘ In summary, for river systems arid in laboratory studies many of the aquatic 

organisms studied appear to bioconcentrate PCB mixtures containing 3, 4, 5, and 

6 chlorine atoms per molecule approximately 3 x 1Q^ to 2 x Id5,times the concen­

tration-in the water they are exposed to. ", •' -

Occurrence of PCBs in bake Michigan ; 1 ’ '

, The concentration of PCBs in Lake Michigan fish has been studied near . 

Milwaukee in 1969 (Exhibit 9) and throughout the lake in 1971 (Exhibit 5).

The data from 1969 indicated that trout and salmon caught hear the Wisconsin 

ashore contained;from, 6 to 25 ug/gm PCBs resembling Aroclor. 1254. The more,detail. 

Study presented in Exhibit 15 shows that the PCBs^resembling Aroclor 1254 were 

found at mean concentrations ranging from 2.7 ug/gra in smelt to 15.5 ug/gm

in lake trout.. The predominant'PCB components present in the fish v:ere the 

tri-, tetra-, penta-, hexa-, and heptachlorobiphenyls by GC/MS studies of- com­
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posite samples.
r • 

1
Eschibit 30 reported concentrations of PCBs similar to Aroclor 1242 -in

the Milwaukee River,' a major trihatary to Lake Michigan, op to 2.8 ug/1. ;

Exhibit 32 shows that Aroclor 1242 was found in Illinois tributaries at 0.14 to 

1.8 ug/1 in 1971 and from 0.01 ug/1 to 0.7 ug/l^in 1972. Aroclor 1254 was found 

in the same, tributaries at concentrations up to 0.8 ug/1. In an extensive study 

of PCBs in municipal wastewater effluents in Michigan, the overall mean PCB 

concentration is all eight-hour composite samples collected was 2.6 ug/i. 

However, only one of the 50 effluents- averaged' over 10 ag/I and 44* of the 50 ; 

effluents averaged less than 1 ug/1 PCB. Exhibit 33 reports similar results for 

_ eleven municipal effluents in southeastern Wisconsin in that only one of the __

eleven effluents contained an average PCB concentration greater than 1 ug/1.

Exhibit 31 provides evidence that the concentrations of PCBs in the intake 

water of municipalities along the Michigan shore are, with one exception, all : 

below 10 ng/1 (ppt). This Indicates the minimum bioconcentxation factor for 

smelt in the lake (mean concentration of 2*7 ug/gm) is approximately 2 x 10^ 

and that the minimum bioconcentration factor for the large trout is approximate!}

The PCB residues present in the lake. Michigan biota have adversely affected 

the value of the biological resources of the lake.; *as a food supply for animal 

feeds. Exhibit 34 is an early indication that Great Lakes fish were suspected 

of interfering with normal reproduction of mink feeding an fish. Exhibit 35 

showed that the effect on mink could hot be correlated to the degree of oxidativ 

rancidity or mercury concentration in the fish. Exhibit 36 presents evidence 

that 5 ug/gm of Aroclor 1254 ini the coho salmon diet of mink significantly re­

duced reproduction and that 1 ug/gm of Aroclor 1254 in the diet caused a slight 

decrease in reproduction. Exhibit 37 presents similar evidence for mink feed

diets enriched with Aroclor 1254. The data indicate that 0.64 ug/gm of the
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PCB in the rations resulted in only one of 12 mink producing three kits, all 

ofwhich dies on the first day. ; Exhibit 15 has shown that the mean concentration ' 

of PCBs in coho salmon in Lake Michigan was 11.5 ug/gm in 1971, well above 

the PDA tolerance level.. . , ' •:,"*&

Occurrence of PCBs in Lake Superior ^ ‘ \^ .v ;v' * ■'■■■■

Exhibit 38 presents data, concerning the mean concentrations of PCBs '_v .

measured in Lake Superior fish captured in 1972 and 197$ from western Lake 

Superior. The data indicate that mean PCB concentrations in the smaller, low- 

lipid content fish contain up to approximately 1.5 ug/gm (on a wet tissue basis) 

whereas the larter trout contained up to 5*6 ug/gm. Exhibit 39 presents corrO-' 

borating data for the-PCB concentrations- itt-Lake- Superior trout obtained -by -the • 

Michigan Department of Agriculture. .. • - : ^

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

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

tank of the National Water Quality Laboratory in Duluth. The estimates were 

made using the foam plug extract to extract 20 liters of water in triplicate, 

perchlorinating the extracts with SbCl,., and measuring the decachlorobiphenyl 

formed. The data indicate that approximately 1-2 ng/1 PCBs (ppt as Aroclor .

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

The mean concentration of PCBs in the smaller fish is approximately 

0.9 ug/gm. This indicates the overall bioconcentration factor in western Lake 

Superior fish is approximately 9 x 10~*. '' ’ - •;: ■ ' :

In summary, the data from the Great Lakes demonstrate that PCBs are present 

in the waters at concentrations below 10 ng/1 (ppt)that the concentration 

of PCBs in the' fish are more than 10^ times that measured in the water, and

that the PCB residues which bioconcentrate in fish from water concentrations 

below 10 ng/l have affected the use of the Lake Michigan resources as a food

resource.
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Chlorodibenzofurans In Aroclor PCB Mixtures ... ^ , ..... _ .

Exhibit 41 presents confirmations tetra—, penta- and hexachlorodibenzofurans 

In the Aroclor; brand of PCBs prepared in the United States. The chlorinated 

dibenzofuran concentrations decrease with increasing chlorine content of the 

PCB mixture. Aroclor 1254 contained eleven chlorodibenzofurans comprised of ... 

two tetra, four penta and five hexachlorodibenzofurans.

osnN
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