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ABSTRACT 

Given the current understanding of the environmental fate of dioxin tho 
appropriateness of the use of a DCF in the development of a water quality 
criterion for dioxin must be reassessed. A ramification of the regulatory 
methodology not keeping pace with current scientific advances is that many 
sources may currently be in compliance with the dioxin criterion because of the 
low levels of dissolved dioxin in rivers, lakes, estuaries and oceans. 

INTRonucTiriH 

The United States Environmental Protection Agency (EPA), pursuant to the Clean 

Water Act, establishes water quality criteria to protect human health and to 

prevent adverse ecological impacts. standards for protection of human health 

are generally the more restrictive. EPA and most states in the U.S. use a risk 

assessment formula for carcinogens to relate human health risks from consumption 

of contaminated fish and shellfish (as well as drinking water) to a water quality 

criterion; 

WQC = RL/Q* X W 
FC X BCF (1) 

where WQC = ambient water quality criterion (mq/L) 
RL = risk level 
q* = cancer potency factor (mg/kg/day)'' 
W = the weight of a human 
FC = fish consumption 

BCF = bioconcentration factor 

State and federal water quaUty criteria for dioxin have been under close 

scrutiny by industry, regulators and the environmental community, and 

modifications to virtually all the terms in the equation have been proposed. 

There has been considerable debate in the scientific community regarding 

appropriate values for dioxin potency, the fish consumption rate and the 

bioconcentration factor (BCF). In addition, federal and state agencies required 

to make risk management decisions have selected different acceptable risk levels. 
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Q/.:<M.f.ion 1,1 f.hr: y,cY, :-,hould he u:„~,i i„ the devolopm.jnt of a water quality 

crit.î rioii lor dioxin. 

Thu HCK rul.-.tCG aqu.-jtit,- organism cont.imi n.int level.s to conccntr.it i ons of 

dir-.:;ol_vnd :iuljr;t.mci;s. Given the scientific community's current understanding 

of the environmei.t.il late ot dioxin, tho use of a BCF in tho development of a 

criterion tor dioxin or other hydrophobic subf.t.inccs mu'jt ho rca..̂ r.cDsod (i). 

Uincc tho inception of the Clean Water Act, EPA has established water quaUty 

criteria designed to limit concentrations of dissolved pollutants. Hydrophobic 

substances such as dioxin and PCBs require an alternative approach which 

recognizes that these substances are found sorbed to organic material in the 

sediment and water column. 

Inappropriatoness of the Use of a 
llioconcentration Factor for Hydrophobic Substanccs 

A UCF is used to correlate concentrations of a compound dissolved in the water 

to aquatic organism concentrations of that compound. Tho DCF rcters to the 

process of hior;oncant rat ion, in which an aquatic organism takes in a contaminant 

from tho surrounding medium through its gill membraner. (?.) . Only dissolved or 

extremely small constituents may pass through an organism's gill membranes. 

Therefore, by definition, tho BCF and associated ambient water quality criterion 

consider only cLissolj^d. substances, in the aqueous environment (1 and references 

within). The criterion does not consider substances sorbed to organic matter 

in an effluent, water column or acdimcnts. 

For pollutants which remain dissolved in the water column and aro able to 

permeate aquatic organism gill membranes (bioconcentrate), the DCF may be 

successful at predicting tho amount of contaminant uptake by aquatic organisms 

from their surroundings. For those pollutants, the UCF/water quality criterion 

regulatory approach is appropriate. 

Dioxin, however, does not stay dissolved in the water column. Dioxin is 

cxtrDHiGly hydrophobic and strongly sorbs to available organic matter. Tho 

concentrations of both sorbed and dissolved dioxin in an effluent and receiving 

watorbody can be calculated. Such calculations demonstrate that the amount ot 

dioxin associated with organic matter far exceeds that found dissolved in the 

aqueous environment. Therefore, in the water column, dioxin exists almost 

exclusively in the sorbed state, since sorbed dioxin is too large to enter the 

gills of aquatic organisms, an alternative to the BCF and is required in 

determining dioxin WQC. 
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An (.sscnti.Tl function ol Lh'? w.iter quality oritorion equation is to correlate 

i;oni..:irainant concentration:; irom utiluent to fish to humans. The equation is 

used as a predictor of contamin.mt uptake by aquatic organisms from water, and 

by hu.-nans from aquatic organisms. The device used to delineate the first part 

of the chain of uptake is the BCF; in other words, the BCF is used to predict 

aquatic organism contaminant accumulation by bioconcentration. Since 

bioconcentration is not the primary route of uptake of hydrophobic compounds, 

the BCF cannot predict fish tissue contamination levels for hydrophobic 

substances, and the resultant water quaUty criterion does not address the 

primary route by which humans are exposed to these substances. 

RaJLSina_U)e_Dip_xin_BCF 

Recent scientific evidence suggests that the value of the bioconcentration 

factor (BCF = 5,000) currently used by EPA and most states in the U.S. should 

bo raised to significantly higher levels. Since virtually all of the dioxin 

present in the aquatic environment exists sorbed to solids, a higher BCF and 

associated criterion will still not address more than 99% of the dioxin in the 

aquatic environment. Given the current level of understanding of the 

environmental fate of dioxin, it is clear that the use of a factor that describes 

dissaljied dioxin uptake (BCF) to predict fish tissue contaminant levels is 

inappropriate. 

Ingestion Uptake Route 

Sorbed dioxin enters aquatic organisms primarily via the ingestion route. 

However, in evaluating the effects of dioxin on aquatic Ufe or human health, 

the different routes of exposure for aquatic organisms are not considered in 

Equation 1. Differentiating between uptake routes is not merely an academic 

exercise. Depending on the route of uptake, the degree of accumulation of a 

contaminant in an organism will be vastly different. For example, aquatic 

organisms can bioconcentrate dissolved dioxin by 5,000-100,000 or more times the 

dissolved dioxin concentration. However, laboratory research has shown that 

aquatic organisms accumulate sorbed dioxin (through ingestion) on the order of 

0.1-5 times the sorbed dioxin concentration (Figure 1 and references within). 

The ingestion route could be effectively regulated by setting risk-based limits 

for contaminated solids in an effluent. To do this, a factor other than the BCF 

must be incorporated into the risk assessment equation. The BCF should be 

replaced by a factor which more realistically describes the transfer of dioxin 
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(i.om tho water column (i.'.'., dioxin :;orb(.-d t.o organic material) to u(iuatic 

Drganisms. One such factor, the Hioavai 1 abil i ty Index (Bl) (C) , is the ratio 

-Jl dioxin in fish lipid to dioxin in sediment organic carbon. UIs ior 2,3,7,8-

rCDD have been determined and aro shown in Figure 1. The replacement of a DCF 

Jith a ni would have a dramatic effect on the value of the final criterion, 

raising it by 3-4 orders of magnitude. 

It is interesting to note that while existing dioxin water quality criteria 

appear to be extremely conservative and protective (e.g., 0.013 ppq), the 

criteria apply to the extremely low levels of dissolved dioxin and many sources 

nay, therefore, be in compliance. This is clearly not tho intent of federal and 

state regulators, but is a situation that has resulted frora not incorporating 

new scientific evidence into the regulatory decision-making process. 

Conclus i on 

EPA and other environmental regulatory agencies should explore alternative 

eguations which would more accurately predict fish contaminant uptake, 

attempting to develop new methods for regulating pollutants poses great 

difficulties. By convention or tradition, regulating through tho standard 

permitting process has not involved separating solids and dissolved fractions. 

However, convention should not dictate the continued use ot a methodology that 

is scientifically indefensible. 

To summarize, the use of a BCF in the equation used to calculate a water 

quality criteria for dioxin effectively ignores virtually all of the dioxin that 

enters aquatic organisms and ultimately, man (1). A regulatory approach should 

oe developed which considers the ingestion route by utilizing an alternative 

factor, such as a BI. A new term should be coined for tho related criterion; 

rfe suggest "environmental quality criterion". 
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Figure 1: Dar graph i l l u s t r a t i n g s ign i f ican t d i f f e rences between 
factors describing aquat ic organism uptake of dissolved 
(BCF) v s . sorbed (BI) dioxin. (The numbers along the 
bottom ax i s refer to references a t end of t e x t . ) 
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