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Abstract

The accumulation of PCDD/F in a the air-soil/feed-cattle-beef/milk agricultural food chain is
described. A simple model describing the food chain accumulation is presented. The model is
employed to predict the concentrations of PCDD/F in milk in southern Bavaria and found to be in
very good agreement with measured milk concentrations from a monitoring study.

Introduction

Cattle represent through beef and dairy products the most important source of human exposure to
polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/F) in the general population,
accounting for around 50% of dietary uptake!-?). Developing an understanding for the processes
that determine the accumulation of PCDD/F in cattle is hence a particularly important aspect of the
environmental chemistry of these compounds. This paper summarizes the work that has been
conducted in this area at the University of Bayreuth over the last years, moving step by step
backwards through the food chain. At the end a simple model for predicting the concentrations of
PCDD/F in milk is presented.

Uptake in Cattle

It has been demonstrated that feed is the primary vector of PCDD/F to cattle. Water and inhalation
make negligible contributions to the total PCDD/F exposure3).

Given that exposure occurs primarily through ingestion, it is then important to establish what
fraction of the ingested compound is absorbed. This question was addressed in a mass balance
study of a lactating cow eating unmodified feed with low "natural” levels of PCDD/F?*4). The
absorption rates from this study are listed in Table 1 (Note that these values differ somewhat from
those in ref. 3 due to an error in the earlier paper). These results were found to be consistent with
the limited information in the literature about absorption from feeding studies.

Table 1: Absorption of 2,3,7,8-substituted PCDD/F congeners in a cow (from ref 4)

PCDDs PCDFs
2,3,7,8-C1,DD 0.36 2,3,7,8-Cl,DF 0.07
1,2,3.7,8-ClsDD 0.32 1,2,3,7,8-CIsDF 0.05
2.3,4,7,8-CI;DF 0.33
1,2,3,4,7,8-CiDD  0.16 1,2,3,4,7,8-Cl4DF 0.15
1,2,3,6,7.8-CleDD  0.15 1,2,3.6,7,8-Cl¢gDF 0.15
1,2,3,7.8,9-CIDD  0.15 2,3.4,6,7.8-Cl,DF 0.14
1,2,3,4,6,7,8-Cl,DD  0.03 1,2,3.4,6,7,8-CltDF  0.03
1,2,3.47.89-ChDF  0.08
ClgDD 0.04 ClgD 0.02
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Using these and further results for other compounds®), a model of hydrophobic organic contaminant
absorption in cows was assembled®). It was found that the absorption remained relatively constant
around 80% until the log K, of the compound exceeded 6.5. Increasing K, was then
accompanied by a rapidly decreasing absorption, an effect which was attributed to the restricted
transport of very hydrophobic compounds through an aqueous film in the diffusive absorption
process at the intestinal wall. While this model offers a predictive capability, it is felt that the large
uncertainties associated with the K, values of the PCDD/F makes the use of the values in Table 1
preferable at this time.

Once absorbed in the cow, the next process of potential importance is metabolism. In the mass
balance study it was established that many of the 2,3,7,8 substituted PCDD/F congeners are for
practical purposes virtually fully persistent in the cow. However, several 2,3,7,8 substituted
congeners, most notably 2,3,7,8-C1,DF and 1,2,3,7,8-CIsDF, were found in very low levels in
milk, an observation that was attributed to metabolism of these compounds?),

For those molecules which are absorbed in cattle but not metabolized, there are two main
alternatives: either storage in the tissues of the animal or excretion in milk. PCDD/F are stored
primarily in fat within cattle. Due to the very high rate of fat excretion in the milk dairy cattle are
generally very close to a steady state in which the PCDD/F uptake is equal to the PCDD/F
excretion through milk and feces, the amount stored in tissue not changing very much with time.
Beef cattle on the other hand store the PCDD/F that they absorb, as they are not able to excrete
PCDD/F through milk fat. However, the growth rate of beef cattle 1s so large that there is
extensive growth dilution of PCDD/F stored in the animal. As a result, the PCDD/F
concentrations measured in commercial beef fat are generally not much higher than the
concentrations measured in milk fat®),

The role of soil ingestion as a source of PCDD/F contamination in beef and dairy products is the
subject of some controversy. Three parameters determine the relative influence of soil on the
PCDD/F exposure of cattle: the concentration in the soil relative to the concentration in feed; the
amount of soil ingested compared to the amount of feed; and the absorption of PCDD/F from soil
compared to the absorption from feed. When the concentrations in soil are much higher than in
feed then soil ingestion can be expected to be an important parameter. However, in background
areas in Germany the concentrations of the toxicologically important Cl,-ClgDD/F tend to be only 2
to S times higher in soil than in feed on a dry weight basis?. Cattle ingest 8 to 20 kg of dry feed
per day, whereas the soil ingestion is estimated to be in the order of several hundred grams, almost
two orders of magnitude less®. However, under certain conditions soil ingestion can exceed 1 kg
per day. While a reduced absorption of PCDD/F from some soils has been reported for laboratory
anjmals®19), it is as yet unclear as to whether the absorption from soil is different from the
absorption from feed in cattle. Assuming that the absorption from soil is as effective as that from
feed, soil ingestion will still play a secondary role at levels of background contamination (the
typical case), even if the soil ingestion is quite high, since the higher rate of feed ingestion
compared to soil more than compensates the somewhat higher PCDD/F levels in soil. However, in
those special cases where the PCDD/F levels in the soil are elevated, soil ingestion may be an
important factor. In this regard it is also important to note that feed is also often contaminated with
soil and that this vector may also be important,

Accumulation in Feed

Of the different feed components, grass has been shown to contribute the majority of the PCDD/F
uptake in cattle. For this reason we initially focused our work on a typical pasture grass - Lolium
multiflorum or Welsh ray grass.

The first experiment was designed to establish the dominant pathway of PCDD/F to this species.
The grass was exposed under near natural conditions in modified greenhouses that were supplied
with either unfiltered air, particle free air or particle free air with a reduced gas phase
concentration. Soil related pathways were also investigated by employing soil of different
concentrations, It was found that dry gaseous deposition was the dominant pathway of the Cl,-
Cl¢DD/F to the grass culture. No firm conclusions could be drawn for the Cl,-ClyDD/F1D,
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Laboratory experiments were then conducted to examine the dry gaseous deposition phenomenon.
A solid phase fugacity meter developed in our group was used to measure the grass/air partitioning
coefficients, and information on the uptake kinetics was obtained from contaminant chamber
experiments. Using PCBs as model compounds, a linear relationship between the grass/air partition
coefficient and the octanol/air partition coefficient was obtained. This information was used to
assemble a model of the dry gaseous deposition processi?.

This model was then validated using the air and grass data from the greenhouse experiment. The
model indicated that the PCDD/F in the grass had not achieved equilibrium with the gas phase!).
The grass/air partition coefficients for the PCDD/F are so large (107 - 10!° on a volume/volume
basis) that during its growth the grass simpl}y did not "see” the amount of air needed for it to reach
equilibrium (i.e. 107 -~ 1019 m3 of air per m? of grass). The consequence of this behavior is that the
transfer of PCDD/F to Welsh ray grass is independent of the physical-chemical properties of the
PCDD/F. The transfer can be described using a single deposition velocity for all congeners. Or,
expressed in an oversimplified but useful way, each gram of grass scavenges the PCDD/F out of the
gas phase of a certain volume of air.

A Simple Food Chain Model

Using this knowledge, it was then possible to reevaluate some earlier data that had been collected in
the Bayreuth area. The average air concentrations determined from 12 hi-vol samples collected
continuously between July 12 and October 4, 1989 were compared with the PCDD/F concentrations
measured in several hay and corn silage samples harvested in the same year. It was found that for
these crops (in contrast to the Welsh ray grass culture) the dry gaseous and particle bound
deposition velocities of the PCDD/F were approximately equal. Hence, the meadow grass/corn did
not just scavenge the gas phase of a certain volume of air, but also the particle phase of an equal
volume.

The data indicated that the meadow grass scavenged the equivalent of 9 m3 of air per g dry grass
while corn plants scavenged the equivalent of 4.5 m3/g dw. A typical feed ration for a lactating
cow in Bavaria is 9 kg dw of grass and 4 kg dw of com silage (there are other feed components,
but there contribution to the PCDD/F uptake is minor). Multiplying the feed uptake by the air
scavenging ratios and adding:

9 m3/g dw x 9000 g dw/d + 4,5 m3/g dw x 4000 g dw/d
= 99,000 m3/d
This says that each day a cow ingests the amount of PCDD/F present in approximately 100,000 m3

of air. We can then write a very simple equation to describe the PCDD/F accumulation in this
agricultural food chain:

C(air) x 100,000 x Absorption
C(milk fat) =

Lactation (g milk fat/d)

where C(air) is the air concentration during the growing season.

This simple model was used to estimate typical concentrations of PCDD/F in milk fat for Bavaria.
The air data from the summer of 1989 mentioned above were substituted into the equation along
with a typical average fat lactation of 600 g/d. The absorption rates in Table 1 were used with the
exception of ClgDD/F, where the values were reduced to 0.005 on the basis of unpublished results
from a recent study. In Figure | the results are compared with the average concentrations obtained
from a survey of over 100 milk samples collected in Bavaria during 1989 and 1990'4). The results
are very good, indicating that this simple model provides a good approximation of the accumulation
of PCDD/F in the air-plant-cow agricultural food chain. However, more study is required to
further validate the model.
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Figure 1: Comparison of the predicted and measured concentrations of PCDD/F in milk
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