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ABSTRACT

Numerous instancesof human exposure to polychlorinateddibenzo-p.dioxinsfPCDI_) and
polychlorinateddibenzo._ (PCDFs)havebeendo_amaented.Followingthedevelopmentof sufficiently
specificandsensitivemalyticalmethodsduringthepastfew years,manyreportshaveappearedonPCDD
andPCDF levelsin humanbloodandadiposetissues. StudieshaveexaminedthePCDDandPCDFlevels
remakingfromaccidentalandoccupationalexposuresof variousgroups,includingchemicalplantworkers,
forestry and tanneryworkem,and Viet Nam veteranswho had handled Agent Orange. The general
backgroundlevels in the U.S.,FederalRepublicof Germany,Japan, andSwedenwere ",tl._,odetermined.
Theresultsof thesestudiesflJdicatethat abackgroundlevelof PCDI>sandPCDFsispresentin theoverall
population.In somecases,individualsexposedto specificPCDDsor PCDFsexhibithigher levels than
thegeneralpopulation. Isomerdistributionpanemsarerelativelyconsistentandindicativeofsourcesand
metabolism. This paper reviewsthe availabledata on humanPCDD and PCDFlevels in exposedatxi
generalpopulatiom.
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LNTRODUCTION

Humans are exposed to polycklorinated dibenzo-p.dioxins (PCDDs) and polychlorinated

al|benzofurans(PCDFs)from a varietyof sources. ThesePCDDsand PCDFsare absorbedvia the skLn,

lungs,or gastrointestinaltractand aredeposited,becauseof their non-polar,lipophtlicproperties,in the

: fanytissves. PCDDs and PCDFstendto have ahalt-lifeof several yearsin the human body. Because

of theirhigh toxicity,in animals,measurementof humanbody con.centrafior_.sand correlationof these

mea_narementstoexposureare importanL

: Occupation,generalbackground,and a numberof specialcircumstanceshave ali led to human

• PCDD andPCDF exposure. Peopleworkingin plantsthat manufacturechlorinamdoa an|cs, such as

aromatics,phenolics,'herbicides,and disttffectantshavebeen exposed. Herbicide applicatorssuch as

foresu'yworkers and the Air FomeAgent Orangesprayersknown as Ranch Handsl,have also been

° exposed. Several specialPCDDand PCDFexposureshaveoccurred,namelythe Yusho incident;2 the
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Seveso, Italy, industrial accident;3 various PCB fires,4 and the waste oil from a hexachlorophene plant in

Verona, MO, which was spread over horse arenas and roads throughout Missouri, most prominently in

Times Beach:

The general population is exposed to background concentrations of PCDDs and PCDFs that arise

from effluents from the normal use of products containing trace levels of PCDDs and PCDFs as well as

the industrialprocesses cited. Moreover, a variet_ of combustionprocesses makePCDDs and.PCDFs that

are released into the environment and then enter the human body either di.rectIyvia ambient air or

indirectl_ via the food chain. These combustion sources are thought to include incinerationof chlorinated

organics in industrial processes and in municipal solid waste incinerators. In addition, the "trace

chemistries of fire" theory6 proposes that most sources of carbon and chlorine can, under the right

conditions, generate trace quantities of PCDDs and PCDFs. This expands the potential sources of PCDDs

and PCDFs to essentially all combustion sources, including fossil-fuel power plants, and automobiles.7

Throughoutthis paper, individualswith specificknown sources of occupationalor special exposure

are termed "exposed,"while those whose only known source of PCDDs or PCDFs would be flora general

background sources are termed "nonexposed."

Measurement of PCDD or PCDF concentrations in human tissues can be used to indicate and

study exposure. Monitoring these concentrations over time yields information about their residence time

in the human body. F'mally, it is important to remember that PCDDs and PCDFs are complex families

of 75 and 135 compounds, respectively. The relative concentrations of the individual congeners yield

important informationabout the source of the compoundsand also the selectivityof the human uptake and

• retention of these compounds wttich can be extremely important in toxicological studies. Un_bmmately,

much of the published information, especially in the U.S. and with earlier work when methods were less

developed, addressesonly2,3,7,8-tetrachlorodibenzo-p-dioxin(2,3,7,8-TCDD;commonlycalled "dioxin").

Tiffs emphasis on measurementof 2,3,7,8-TCDDhas occurred because it is the most toxic member of the

family.

This paper reviews the httman levels of PCDDs andPCDFs and discussessome of the implications

of the cu'n'entknowledge. Although levelsof PCDDs andPCDFs had been reportedin milk and a number

of internal organs, e.g., the liver and pancreas, this paper focuses on levels in blood and adipose tissue,

for which substantially more data are available.

Adi_se Concentrations

Figure 1 presents the concentrations of 2,3,7,8-TCDD in adipose tissue fl_3mexposed and

nonexposed individuals from several studies as summarizedby Patterson.s It can be seen fromFig. 1 that

there are genera_y, but not exclusively, higher levels of 2,3,7,8-TCDD in exposed individuals re]!ativeto

nonexposed individuals, both in the controlled studies and across studies. For nonexposed individuals

: normal ba__mund leve]._z_r m r_ _rn,,nHin ,.,,t :_,_,_o,.,,. ,._rl:....__ ........... _,. M-,,._.o k,,.._ _v,_ 1,



The ranges of reported levels of several key 2,3,7,8-substituted PCDDs and PCDFs in congeners

in nonexposed individuals are presented in Fig. 2.s These ranges illustrate a general upward trend in

concentration with number of chlorines for the PCDDs; i.e., OCDD levels are typically about two orders

of magnitude higher than 2,3,7,8-TCDD levels. The trend is not as pronounced with the PCDFs,

especially considering that the upper end of the OCDF range is based on five very high values from an

early study by Stanley.9 These values have not been reproduced and may have been reported in error.1°

PCDDs madPCDFs were shown to be absent (detection limits of 0.3-5 ppt) from muscle tissue

taken from nine 2800-year old Chilean mummies.11 In life, the mummies were heavily exposed to wood

smoke. These data indicate that PCDDs and PCDFs are products of the modem chlo6.nated organic

production/use/disposal cycle, not generic combustion ("trace chemistries of fire").

Blood Concentrations

Figxtre 3 presents concentrations of 2,3,7,8-TCDD in blood from exposed and non-exposed

individuals from five studies, as summarized by Patterson) For nonexposed individuals, based on the

limited data available, normal background levels appear to be around 5 ppt.

Figure 4 gives preliminary data from some blood samples collected within months of the 1976

explosion of a chemical plant producing 2,4,5-trichlorophenoldispersed 2,3,7,8-TCDD in Seveso, Italy.5

These samples, oNy recently made available for analysis, illustrate the difference between exposed and

nonexposed populationson a limitedbasis. The observed overlapof 2,3,7,8-TCDDconcentrationbetween

individuals with and without chloracaaeis not explained. Further work on samples from this incident is

in progress.1:_

Correlation of Adipose Blood Concentration

Comparisons by Patterson13and Kahn14have shown fairly good correlationof PCDD and PCDF

concentrations in blood and adipose tissue. In both studies, the blood concentration was expressed on

a lipid-weight, or blood-fat, basis rather than whole-blood basis. Because of the ease and acceptability

of obtaining blood samples relative to adipose biopsy, it is desirable ta statistically estaN.ish this

relationship so that blood levels can be used as indicators of body burden.

Isomer Distribution

The 2,3,7,8-substituted congeners, notably those listed in Fig. 2, are preferentially retained by

humans. Chromatogr_ns published by Miyata et al.)5 from a Yusho victim's tissue, as compared to

chromatograms of Yusho oil, are.particularly illustmtive of this _retention.This phenomenon is especially

important, since the 2,3,7,8-substitutionpattern correspondsto the toxici_ of the PCDDs and PCDFs. The

significance of this retention with respectta the action of the dioxin receptorsites in the body is unknown.

Retention in the Bod_

The length of retention in the body is generally expressed in terms of half-life, the time required
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(ranch hands) and 5.8 years (se_f_ngestionof radio-labeled compound by H. Poiger) have been reported

and reviewed.3

The hal.f-livesof other PCDDs and PCDFs are not known, lt may be conjectured that the non-

2,3,7,8-substituted congeners would have relatively short half-lives. Among the 2,3,7,8-substituted

congeners, it is reasonable to speculatethat, based on solubility properties, hi_er homologs would have

longer half-lives than those with fewer chlorines.

SUMMARY

PCDDs and PCDFs appear to be widespread and possibly ubiquitous, environmental pollutants

: that arefound at the part per triLUonlevel in all modem humans studied. 2,3,7,8-TCDD appears to have

a normal background concentration of about I0 ppt ha adipose and about 5 ppt in blood ]Lipids.Other

2,3,7,8-substituted PCDDs and PCDFs are also generally present in humans, many at much higher

concentrations than the 2,3,7,8-TCDD. In exposed individ_ds, 2,3,7,8-TCDDconcentrations are above

background level, occasionally into the thousands of parts per trillion.
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FIGURE CAPTIONS

Fig. 1: 2,3,7,8 - TCDD AdiposeLevels in Exposed and Nonexposed k_.dividuals.For each study,
a one-word popttlation description and the lead author are given; see Ref. 8 for full
references. The number of individual spec.hnens (N=x)is given above lhe bar
representing the range. The mean is given between the upper and lower range values.
NI) = "not detected". For the NHATS swdy, data from the analysis of composite
specimens represenling 900 individuals were reported. Source: Ref. 8.

Fig. 2: Ranges for Non-TCDD Congeners in Nonexposed Adipose Tissue. Highest aid lowest
reported values from 10 studies are presented. ND = "not detected". Source: Ref. 8.

Fig. 3: 2,3,7,8 - TCDD Serum Levels in Exposed and Nonexposed individuals.See Fig. 1 for
explanation. Source: Ref. 8.

Fig. 4: Serum TCDD Levels in Individuals from Seveso, Italy. Zone S = control individuals.
Zone A = individuals in area of highest expostu_. Source: Ref. 5. Reproduced with
permission of U.S. Depa'anent of Health and Human Services/Public Health Service.
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