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trajecLry model, the absence of horizontal numerical 
diffuai'" n in the trajectory model, and ;;: ... , effect of 
bbu:hdary and initial conditions on the gri&,,,,.,odel. The 
grid-based version of the photochemical airshed model 
tested here has the advantage of increased spatial coverage 
when compared to the trajectory model and, thus, can be 
used to efficiently examine the basinwide consequences 
of emissions changes. In paper 2 of this series, the effect 
of a variety of candidate emission control programs on Los 
Angeles nitrate air quality will be examined. 

Registry No. PAN, 2278-22-0; NH4N03, 6484-52-2; 0 3, 

10028-15-6; N02, 10102-44-0; NH3, 7664-41-7; HN03, 7697-37-2. 
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• :Siotransfer factors for organic chemicals in beef and 
tnilk were found to be directly proportional to octanol
Wiier partition coefficients, while bioconcentration factors 
foi vegetation were inversely proportional to the square 
root·of octanol-water partition coefficients. 

Introduction 

The food chain is the primary source of human exposure 
~.a large class of environmental organics (1, 2). Included 
lll this class are such chemicals as DDT, PCBs, dioxin, and 
lllost pesticides. Assessing the magnitude of human ex
P<>sure to these and other such organics depends largely 
~the ability to predict the extent of their bioaccumulation 
~'l~e aquatic and terrestrial food chains (2). The octa
---water partition coefficient (Kow) has proven a valuable 

for making such predictions. It is correlated with 
· factors in fish (3-5) and beef (5). The 

~"~1>01~e of this paper is to develop correlations between 
the bioconcentration of organics in beef, cow milk, 

,;De12et:ation. Such correlations will be of value in more 
quantifying human exposure to organics through 

the terrestrial food chain (1, 6). 

Uptake of Organics in Beef, Milk, and Vegetation 
The traditional measure of a chemical's potential to 

accumulate in an organism is the bioconcentration factor 
(BCF), which is defined as a -chemical's concentration in 
an organism or tissue divided by its concentration in water 
(for aquatic organisms) or in food (for terrestrial organ
isms). However, the concept of biotransfer factor (BTF) 
is more useful in risk assessment, since chemical exposure 
to cattle and cows may occur through both food and water 
pathways. 

The biotransfer factors for beef (BJ and milk (Bm) are 
defined as 

concentration in beef (mgjkg) 

Bb = daily intake of organic (mg /d) 

concentration in milk (mgjkg) 

Bm = daily intake of organic (mg/d) 

where measured concentrations of organics in beef or milk 
fat are converted to a fresh meat or whole milk basis, 
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Table I. Relationship betwee, otransfer Factors in Beef 

(Bb) and Octanol-Water Pa Coefficients (K ..,) 

chemical logK"" log Bb ref 

aldrin 5.52 -1.07 5, 11 

Aroclor 1254 6.47 -1.28 12 

benzoylprop-ethyl 4.57 -4.81 i4 

chlordane 6.00 -2.13 5 

chlorpyrifos 4.97 -3.55 5 

clopidol 2.90 -4.76 5 

coumaphos 4.13 -5.20 15 

cyhexatin 5.39 -4.44 5 

2,4-D 2.81 -5.32 16 

DDD 6.02 -1.90 17 

DDE 5.83 -1.31 17, 18 

DDT 5.76 -1.55 5, 11 

dicamba 3.01 -4.58 19 

3,6-dichloropicolinic acid 1.75 -5.50 5 

dieldrin 5.16 -2.10 13 

endosulfan 2.23 -3.66 20 

endrin 5.16 -1.92 5, 21 

famphur 2.28 -4.11 15 

fenoprop 3.86 -4.55 5, 1o 

fenthion 3.16 -4.50 15 

flam prop-isopropyl 4.41 -4.20 14 

heptachlor 5.44 -1.81 5, 21 

heptachlor epoxide 5.40 -1.10 21, 22 

hexachlorobenzene 5.45 -1.35 18, 23 

kerb 3.18 -4.69 24 

lindane 3.66 -1.78 5, 11 

malathion 2.89 -4.74 25 

mirex 6.89 -1.25 26 

oxadiazon 4.09 -3.23 27 

phosphamidon 1.34 -4.81 28 

ronnel 4.88 -3.16 5 

2,4,5-T 3.36 -4.82 5 

TCDD 6.15 -1.26 5 

toxaphene 5.50 -2.79 11, 21, 29 

trichlopyr 2.09 -5.85 5 

3,5,6-trichloropyridinol 2.27 -4.37 5 

0 

-1 • • ••• • • •• -2 • • 
• 

~ -3 • e • 
<:> • • 
g -4 • • • .oc •• • 

• 
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-6 • 
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LOG (Kow) 

Figure 1. Relationship between blotransfer factors in beef (8 bl and 

octanol-water partition coefficients (K owl· 

assuming meat is 25% fat and whole milk is 3.68% fat. 

Daily intakes were computed, where necessary, assuming 

an average dry feed ingestion rate of 16 kg/ day for lac

tating cows and 8 kg/ day for nonlactating cattle and cows 

(7, 8). The exposure period for beef, with the exception 

of three chemicals, was for 4 weeks or longer. BTFs for 

beef meat and milk can be converted to BCFs in units of 

[mg (kg of beef or milkt1]/(mg (kg of dry feedt1] by 

: multiplying by 16 kgfday for lactating animals and 8 

kg/ day for nonlactating animals. 
The bioconcentration factor for vegetation (Bv) is de

fmed here as the ratio of the concentration in aboveground 
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Table II. ~onship between Biotransfer Factors.i;""1 

Milk (B.) ~ctanol-Water Partition Coefficients (..K;of,..j~ .. 

chemical log Kaw log Bm ref 

aldrin 5.52 -1.62 30 .. ,,.1 

Aroclor 1254 6.47 -1.95 12 · 

benzoylprop-ethyl 4.57 -4.72 14 .1 
chlordane 6.00 -3.43 31 

chloropropylate 4.49 -3.65 32 

chlorpyrifos 4.97 -4.73 33 

2,4-D 2.81 -5.12 34 

DDD 6.02 -2.52 17 
DDE 5.83 -2.02 17, 18 

DDT 5.76 -2.62. 17, 30, 35 

dicamba 3.01 -4.60 19 
dieldrin 5.16 -1.97 30, 36 

endrin 5.16 -2.76 37 

fenthion 3.16 -5.60 38 

fenvalerate 6.20 -3.09 39 
flamprop-isopropyl 4.41 -4.42 14 

heptachlor 5.44 -2.49 30 

heptachlor epoxide 5.40 -1.45 40 

hexachlorobenzene 5.45 -2.07 18, 23 

lindane 3.66 -2.60 30 

methoxychlor 4.40 -3.83 30 

~n ~ ~~ 41 .J 
naphthalene 3.59 -3.70 42 ;j] 
naphthol 2.84 -3.92 42 

oxadiazon 4.09 -3.72 27 

2,4,5-T 3.36 -4.55 34 

TCDD 6.15 -1.99 43 

i' e 
CJ 
9 

0 
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Figure 2. Relationship between blotransfer factors in milk (8,.) ancf 

octanol-water partition coefficients (K ow)· 

parts (mg of compound/kg of dry plant) to the concen

tration in soil (mg of compound/kg of dry soil). The 

geometric mean functional regression method (9) was used 
to determine the proper correlation between bioconcen

tration factors and K,... 
Beef. Table I lists biotransfer factors for 36 chemicals 

in beef (BJ together with octanol-water partition coeffi· 

cients (also see Figure 1). A geometric mean regressio~' 
of these data yields · · 

log B, = -7.735 + 1.033log Kow n = 36, r = 0.81 

Halfon (9) and Mackay (10) have argued that the 

concentration factor in tlBh should be linearly n:aa~.e:u 

K_. Equation 1 indi~tes the same is true for the 

transfer factor in beef. Constraining the slope in eq 

be 1 and refitting the data yields 

log .B, = -7:6 + log Kow 

Thus, the biotransfer factor of an organic cotnpoUJ!l( 
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in Veg.;tation (B.) ud Octanol-Water Partition 
Coeffic\_enta (K _) 

( 
,_ 

chemical logK.,., log ho;"" ref 

aldicarb 1.15 0.85 44,45 
aldrin 5.52 -1.67 46,47 
Aroclor 1254 6.47 -1.77 48 
atrazine 2.65 -2.00 49 
benfluralin 4.69 -3.12 50 
benomyl 3.11 -o.47 51,52 
benzo[a]pyrene 6.19 -1.25 53 
chlordane 6.00 -1.81 54, 55 
cyanazine 2.02 -o.oo 49 
DDE 5.83 -o.98 56 
DDT 5.76 -1.80 56,57 
diazinon 3.31 -o.59 58 
3,4-dichloroaniline 2.69 -o.3o 59 
dieldrin 5.16 -1.01 57 
diflubenzuron 3.82 -o.53 60 
endrin 5.16 -1.82 57, 58 
ethofumesate 3.27 -o.32 61 
fluchloralin 4.79 -1.07 62 
heptachlor 5.44 -1.48 46, 58 
heptachlor epoxide 5.40 -1.62 40 
hexachlorobenzene 5.45 -o.32 63,64 
lindane 3.66 -Q.41 56,65 
mirex 6.89 -1.14 66 
PCNB 4.18 -o.35 63 
phorate 4.70 -1.70 62 
polybrominated biphenyl 9.35 -4.00 67 
simazine 2.22 0.22 49 
TCDD 6.15 -1.87 68 
trifluralin 5.33 -o.37 62 

directly proportional to its octanol-water partition coef
ficient. 
~\Milk. Table II lists biotransfer factors for 28 chemicals m milk (Bm) together with octanol-water partition coef
fi~ents (also see Figure 2). A geometric mean regression 
ot these data yields 

log Bm = -8.056 + 0.992 log K0 w n = 28, r = 0.74 (3) 

o.:: 

:'·_log Bm = -8.10 +log Kow n = 28, r = 0.74 (4) 

Note that the fresh weight biotransfer factor for meat is 
3.2 times larger than that for milk. On a lipid basis, the 
biotransfer factor for milk is 21.5 times larger than that 
for meat. 

Vegetation. Table ill lists bioconcentration factors for 
29 chemicals in vegetation (Bv) together with octanol-water 
Partition coefficients (also see Figure 3). A geometric 
mean regression of these data yields 

log Bv = 1.588 - 0.578 log Kow n = 29, r = 0.73 (5) 

Thus, the vegetation bioconcentration factor is inversely 
Proportional to the square root of Kow· The inverse pro
portionality is not surprising since transport from soil to 
aboveground plant parts is dependent on a chemical's 
solubility in water, which is inversely proportional to Kow. 

Conclusions 

Biotransfer factors for organics in beef and milk are 
directly proportional to octanol-water partition coeffi
cients, while the bioconcentration factor for an organic in 
Vegetation is inversely proportional to the square root of 
the octanol-water partition coefficient. These regression 
equations provide a useful addition to the risk assessor's 
techniques for predicting a chemical's BTF in beef and 

"~ i.ttl'~,-c_, ~,~~ 
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Figure 3. Relationship between bioconcentration factors In vegetation 
(8 .l and octanol-water partition coefficients (K owl· 

milk and BCF in vegetation. Consequently, they will be 
of value in more precisely quantifying human exposure to 
organics through the terrestrial food chain. 

Registry No. Aldrin, 309-00-2; aroclor 1254, 11097-69-1; 
benzoylprop-ethyl, 22212-55-1; chlordane, 12789-03-6; chlorpyrifos, 
2921-88-2; clopidol, 2971-90-6; coumaphos, 56-72-4; cyhexatin, 
13121-70-5; 2,4-D, 94-75-7; DDD, 72-54-8; DDE, 72-55-9; DDT, 
50-29-3; dicamba, 1918-00-9; 3,6-dichloropicolinic acid, 1702-17-6; 
dieldrin, 60-57-1; endosulfan, 115-29-7; endrin, 72-20-8; famphur, 
52-85-7; fenoprop, 93-72-1; fenthion, 55-38-9; flamprop-isopropyl, 
52756-22-6; heptachlor, 76-44-8; heptachlor epoxide, 1024-57-3; 
hexachlorobenzene, 118-74-1; kerb, 23950-58-5; lindane, 58-89-9; 
malathion, 121-75-5; mirex, 2385-85-5; oxadiazon, 19666-30-9; 
phoephamidon, 13171-21-6; ronnel, 299-84-3; 2,4,5-T, 93-76-5; 
TCDD, 1746-01-6; toxaphene, 8001-35-2; triclopyr, 55335-06-3; 
3,5,6-trichloropyridinol, 6515-38-4; chloropropylate, 5836-10-2; 
fenvalerate, 51630-58-1; methoxychlor, 72-43-5; naphthalene, 
91-20-3; naphthol, 1321-67-1; aldicarb, 116-06-3; atrazine, 1912-
24-9; benfluralin, 1861-40-1; benomyl, 17804-35-2; benzo[ a ]pyrene, 
50-32-8; cyanazine, 21725-46-2; 3,4-dichloroaniline, 95-76-1; di
flubenzuron, 35367-38-5; eihofumesate, 26225-79-6; fluchloralin, 
33245-39-5; PCNB, 82-68-8; phorate, 298-02-2; simazine, 122-34-9; 
trifluralin, 1582-09-8. 
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