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Summarj 

l i , C Z ^ ? ' " ' " " ' ^ ° ; ' ^ ' ' } ^ ^ ' ' P objectives are the result or tracing the «ceptabl<. burden ot 
lalCCC C T " "'̂  '̂"'̂ '•Ŝ '-ed rescurceo back to the conta.i„ated envlro^ental 

rout« ar= tlotc-rolned by the planned use of a site EoUoHltlg the renedUl activities 
Therefore, he proposed Environn,ontal Cleanup objectives Standard Procedure ^01^^) o ^ 
only be applied on a case by case basis. 2. With PCDs both human cancer " s k a ^ e s s . e ^ 

the"! i n ''4 S^'n'^n'"!'"' "'I'f:'" ' " ^ ' ° ' " ' ' ^ " ^ ""J^^"^- for surface "ter Jn tne low 11 - 4.5) nanograa per liter range. 

1. The EnTiron»ental Cleanup Objectives 3tand«rd Procedure (EC03P) 

Cleanup objectives for oontattinated sites are determined by using the acceptable burden 

for the endangered resources and by taking into account tho efficiency of transfer of 

the contaiinants via the relevant routes of exposure. 

The acceptable burden results fro« the quality and potency of the toxic effects of the 

contaminants present. 'Acceptable' .eans protective; the accepUble burden should no 

longer pose a threat for the concerned resources. Thus the acceptable burden depends on 

the properties of both the objects to be protected such as living organis.s or 

ecosystems as Hell as ot the contaminants exerting the toxic effects. 

A toxic effect depending on a che.ical substance cannot occur without «X(K.Bure tovards 

that substance (fig. 1), The route of exposure consists of various steps of dilution, 

ccu.ulation, tranaforBation, and elimination. In going through these processes the 

concentration of the contaminant changes Hith time and position. These changes of 

concentration are described by mathematical models of environ.ent.l truisport and by 

Pharmacokinetic equations. The simplest approximations of such transport .odels are 

transfer coefficients „h(ch can be calculated as the ratio of the effective 

concentration in the resource to be protected divided by the original concentration in 
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the contaminated medium or compartment. Transfer coefficients only hold for constant 

environmental circumstances such as time, place, species, etc.. 

Thus, a cleanup objective results from tracing the acceptable burden of a contaminant 

back to the contaminated environmental compartment via the exposure pathways. The 

procedure how it is dotermined ("Environmental Cleanup Objectives Standard Procedure" = 

ECOSP) involves connecting chemical properties, criteria tor tho sensitivity of the 

resource, and routes of exposure. These categories can be thought of as the axes of a 

3-dimensional matrix (substances, criteria, exposure; fig. 2). 

The gubst^nc^a »re environmental contaminants that may be released by problem sites or 

accidental spills. Their properties must be known and stored as numerical data starting 

with the most notorious environmental toxicants. 

The trit?rift depend on the resources at risk. Primary resources are human health and 

natural ecosystcma. Consequently, cleanup objectives are established according to 

toxicological and ecotoxicological criteria. Toxicological criteria are mainly derived 

from experiments with laboratory mammals and less frequently from observations of 

accidental or voluntary human exposure (epidemiological studies, case histories). 

Irreversible effects such as chemical carcinogenesis, teratogenesis, or mutagenesis are 

weighted more heavily than purely acute toxicity whoso symptoms disappear aftor 

terminating the exposure. The field of ecotoxlcology is still at a childhood stage. 

Hainly aquatic organisms as well as some terrestrial plant species are used as models 

to probe tor noxious effects of chemicalii on ecosystems. 

The storage of data with regard to exposure routes is most difficult because the 

environmental influences on the fate of chemicals aro manifold. Only in simple cases 

can a transfer coefficient substitute for a mathematical transport model, and even 
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transport equations cin only bo solved for known circumstances. 

Finally, iL is to ho emphasized that the ECOSP described here can only be applied on 

CAse by case basis because the ug^ of a s i t e foliowing cleanup aust be the resul t of 

Cleanup Objectives Matrix 

p o l i t i c a l decision that haa to be nado for each s i t e individually. The use determines 

the relevant c r i t e r i a as well as the exposure pathways which lead to the resources 

chosen to bo protected. The desired use and the actual s i te-specif ic circuastances 

ac t iva te certain eloments of tho cleanup objectives l a t r lx (COM) which are coBpoaed of 

pftroaeter values for the toxic substances and of kinetic equations and f inal ly yield 

the cleanup objectives as s i to-spoclf ic solutions for these equations. 

2 , The PCB Exoaple 

Htiman Health Cr i te r ia 

PCBs are regarded as carcinogens. Based on huaan exposure alone the evidence i s 

inadequate yet suggestive. But various aniaal experincnts under Bore controlled 

conditions yielded sufficient evidence to classify th i s c lass of coapounds as l iver 

*^*i^inogen8 in rata and nice. The application of a low-dose extrapolation procedure to 

the Boat conclusive one of theae experimonta (Morback and Weltaan, 1985) resu l t s in a 
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so-called slope factor of 7.7 per mg/kg/d. Another oxpcrinent leads Lo a slope factor 

of 3.9 per mg/kg/d (Ki.brough ct al., 1975). Those slope factors designate the risk 

lhat is attached to a chronic-dose of one mg/kg/d of a carcinogen and fix the position 

of two straight lines in a bilogarithmic dose-response diagram (fig. 3). Such a line is 

used to extrapolate the measured dose-response curve down to low risks such as 10-6 

which are regarded as acceptable. 

r ig. 3: Dose-Response Curve (Extrapolated) for Arochlor 1260 
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The corresponding low dose can be converted to an environmental concentration under 

certain reasonable exposure assumptions and can thus serve as a cleanup objective. In 

this case an acceptable risk of 10-« corresponds to a chronic dose of 129 PgAg/d or a 

concentration of 4.5 ng PCB/1 drinlting water if this were the only source of human PCB-

intalte (an exposure factor of 35 results from 70 kg body weight divided by 2 1 drinking 

water consumption per day). 

The German "Schadstoff-Hoohstmengenverordnung" (SHmV) sots the upper limit tor PCBs 

(138 and 153) in fresh water fish at 0.3 «g/kg and in salt water fish at 0.1 mg/kg. 

Assuming an average consumption of 10 g of fish per day by a 70 kg person (BLAK QZ, 

1989) and lOOX gastro-tntestinal absorption one obtains an exposure factor from fish to 

man of 0.000 143/d and arrives at a daily dose of 43 ngAg/d from fresh water fish and 

14.3 ng/kg/d from salt water fish. This translates into a risk of 3 or 1 x 10-< from 

fresh or salt water flah respectively, each containing tha maximum allowable aaount ot 

PCBs. 
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The extrapolated dose-response curve thus serves to visualize quality objectives that 

were derived from different exposure situations and to compare them with each other in 

terms of quantitative risk. This procedure can be carried further: 

A surface water quality that leads to the above limit values in fish can be estimated 

by dividing these values by the approximate BCF of 50 000. The resulting cleanup 

objectives of 6 and 2 ng/1 for fresh and salt water, respectively, are in the same 

; order of magnitude as the drinking water standard of 4.5 ng/1. But since the surface 

I water cleanup objectives are associated with a much higher risk, one can see that the 

, human exposure via the food chain is more critical than via drinking water. A reduction 

j of the Umit values for fish that would be necessary in order to reduce the risk to an 

I acceptable level (10-«) does not seem feasible at this time. 

Other Toxicological Criteria 

; The relatively high risk due to the consumption of fish that aro contaminated with PCBa 

; up to the maximum allowed concentration is exceeded still by the actual dally intake in 

, the FHG of 500 ng/kg/d via all foodstuffs and all exposure routes taken together (risk 

= 4 X 10-5). Pro, t),g jgjg response curve it is further obvious that the ADI values 

L recommended by the Commission for the Assessment of Residues in Food of the DFG of 1 

I : ug/kg/d and by both the US-FDA and the lAEC of 2.5 ugAg/d with an associated life time 

f cancer risk of 8 x 10"' and 2 x 10-2, respectively, do not offer sufficient protection. 

The ADI concept of dividing the NOEL by a safety factor is not applicable in the case 

1 "f ^ ^ ^ "hich are proven animal carcinogens. For reasons ot comparison the NOEls 

[ obtained with monkeys and rats and the respective risks are displayed in figure 3 (mky: 

^ 16 ug/kg/d with a 1.2 X 10-1 ri5i(. ^at: 100 ug/kg/d with a 7.7 x 10-> risk). A PCB dose 

p of 7 mg/kg that elicits toxic symptoms in humans would be associated with an 

: exceedingly high projected cancer morbidity ot 55 times per person. 

: Ecotoxicological Criteria 

; Several plankton organisms, invertebrates, and juvenile fishes display an effect 

I threshold for PCBs of 100 ng/1 surrounding water. Juvenile fish which have been exposed 

|- '° ^ ^ ' ' ^ ^P""" suffer teratogenic effects and reduced survival. The range of the 

[' "ff*^*- threshold for spawn is from 0.5 to 3 mg/kg wet weight. Division of 0.5 mg/kg by 

r. "'̂  '̂̂ ^ °f '" ""O l/kg leads to an ecotoxicological cleanup objective ot 10 ng/1. 

j. Marine mammals being at the top of the food chain accumulate PCBs 10- to 100-fold (on a 

[ fat basis). Fish bioconcentrate up to lO'-fold from the surrounding water. The 

';." resulting overall BCF tor marine mammals is 10^. Consequently, a water level ot 1 ng 

r PCBs/1 leads to concentrations of 10 mg PCBs in the body tat of these mammals. These 
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fat concentrations are very problematic Ln view of laboratory results wUl, monkeys .< 

mean fat concentration of 16.4 mg .Arochlor 1248/kg in the milk of Rhesus monkeys was 

lethal tor some of the young who died after a tew months with typical symptoms ot PCB 

intcxication (Loren. and Neumeier, 1983). These authors therefore propose a surface 

water quality objective of I „g/l based on ecotoxicological considerations. Such a 

standard does not include a safety factor. Since a standard ot , ng/l is not achievable 

technically at th is time, the authors plead for a termination of the release of PCBs 

Into the environment. Because ot the extraordinarily high BCF encountered with marine 

mammals these animals require the lowest figure of 1 ng/1 for an ecotoxicological 

cleanup objective. 

Conclusion 

There are two main poss ib i l i t i e s for translating this ecotoxicological cleanup 
objective into a hypothetical human cancer risk tor comparison with other cleanup 
objectives. The f i r s t is via the food chain. Because ot i t s high exposure factor this 
route leads to an intake of 14.3 ng/kg/d and a corresponding risk of 1 x 10-*. The 
other possibi l i ty is via drinking water which enta i l s a dally Intake of 28.5 pg/kg/d 
and a 2.2 x 10"' r isk. 

Interestingly, th i s l a t t e r value compares very well with the human health based 

Virtually safe dose of 130 pg/kg/d at a 10-« r isk. This result give* strong support for 

a surface water cleanup objective in the low ng/1 range, preferably at 1 ng /1 , 

such a value i s required by both, human health and ecotoxicological c r i t e r i a . 
since 
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