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Fig. 1. Total exposure model for hazardous waste sites.

Analytical Science & Technology



AN QA A HrhdD 3A

o 589 & Utk 2Zt2oA FAYE= dioxin®] #f
2 54 71E AEAF Wizl A, AL A%
9 He] 74, e ok B AR Y Tax 4%
5ol 4% 4 sk

A x& Hrke & A 4 $3 W AeE
o] AM-E T Ul olE A4ES A B 1
W AEAle) o33t AR (Henry A4, Kow, BCF, ..),
3 A ARAPE 9 Yol 2§, UM 2R, 3

Time averaged popultati
daily dose In mg/kg-d

Fig. 2. Example of daily dose amounts according to expo-
sure routes and matrices.

Table 1. Reasonable maximum exposure assumptions for human
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(Source : US EPA 1988a. 1989)

Factors Assumption
L Adults : 70kg
Body weights Children (1-6years) : 16kg
Adults : 21./d
w intak
ater intake Children : 1 L/

Adults : 20 m¥/d

Inhalation rates (air intake) Children : 5 m¥d

Soil ingestion

Children (1-6 years) : 200 mg/d
Children (> 6 years) : 100 mg/d

Fin fish: 54 g/d
Beef: 0.112 kg/meal
Eggs: 0.064 kg/meal

Food consumption

Showering: 12 min/d

Exposure times Swimming: 2.6 hr/d

Exposure frequency

Pathway-specific (typically 350 day/year for ingestion of contaminated food and
water and inhalation)

Exposure duration

Pathway-specific (typically 30 years for residential exposure pathway for adults)

Average time of exposure

Carcinogenic effect : 70 years (365 d/year)
Noncarcinogenic effect : number of days in the exposure duration
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Table 2. Basic equations for various exposure routes

LS ERE T R

Routes of exposure Equation
. . IR,y EFXED
Soil ingestion Cx X CF
AT
SA EF xED
Dermal uptake Cx W X Sax ABS x X CF

Inhalation intake

(C X leoil X BCFROOT)+(C X lR.mil X BCan’m) x EF X ED x

Inh-R  EFXED
CXPDRx x
BW

AT

Food ingestion CF
BW AT
C : Chemical concentration in soil (mg/kg) SA : Skin surface area available for contact (cm?/kg)
IR : Ingestion rate (mg/kg/day) ABS : Dermal absorption factor (unitless)
BCF : Bioconcentration factor (unitless) ED : Exposure duration (years)
BW : Body weight (kg) Sa  : Skin adherence (mg/cm?)
Inh-R : Inhalation rate (m*/day) CF : Conversion factor (10 *kg/mg)
PDR : Particulate dispersion rate (mg/m®) EF  : Exposure frequency (days/year)
AT  : Averaging time (days/year)
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Table 3. Summary of average inhalation rates (m*hr) by age group and activity levels for laboratory protocols’

(Source : adapted from Adams. 1993)

Age Group Resting? Sedentary® Light Moderate? Heavy®
Young children' 037 0.40 0.65 DNPe DNP
Children® 045 0.47 0.95 1.74 2.23
Adult females' 0.43 0.48 1.33 2.76 2.96
Adult males* 0.54 0.60 145 1.93 363

“ Resting defined as lying
: Sedentary defined as sitting and standing

“: Light defined as walking at speed level 1.5-3.0 mph

b.

4: Moderate defined as fast walking (3.3-4.0 mph) and slow running (3.5-4.0 mph)

e

: Heavy defined as fast running (4.5-6.0 mph)
! Young children (both genders) 3-5.9 yrs old

& DNP. Group did not perform this protocol or N was too small for appropriate mean comparisons. All young children did not run

b: Children (both genders) 6-12.9 yrs old

" Adult females defined as adolescent, young to middle age, and older adult females
! Older adults not included in mean value since they did not perform running protocols at particular speeds
*: Adult males defined as adolescent, young to middle, and older adult males
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Eoll o]2idt A4 6709 |av) 2% 94z A
5 WA (BCeHo) & A8 o 8}

o2} o] ol 2% UM xTH/E Sy
o el B AA Aae BAMe] 2FFHT ATt
7ol mEM e 2EE A QA =28 A4
o 22 & A AL Fol WANE BME=
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CEF 58 ¢} S0ppb(viv)2 §X\8}32%} & )

CEF concentration = 160 ug/m3 = 160 ng/L
=50.15ppb (v/v)

Conversion Factor : pg/m3=40.9 X MW X ppm (v/v)
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AL 23t 7} el 28 o 90pge] Al
EFHIT T F 50%% oAl 3Fe g3 A=z )
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A g s
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Air conc. X Duration X Sedentary Breathing Rate x

Absorption efficiency

150 (ng/m*) X 2 (h) X 0.6 (m*h) x 0.5=90 pg

For breath sample: about 50% expired

For ingestion sample: 0% expired

~50 ug benzene ingestion =50 ug/0.8787 x 0.001
=0.057ul
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Fig. 3. Various dose-response curves (See the text for detail description).
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glof(antagonist)®] H7}2. sle] b gek-wkg-TAl
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petitive antagonism)o]2}al 3t} A7 A Q) Z18)ata-o
o] Azt Qlsle R oAl 4 Qo -k

A B

Response (probit unit)

I I |
Log dose (mg/kg)

Fig. 4. Dose-response curves were showed among three
different compounds (A, B and C) to describe slopes, po-
tency, and maximal effects. Maximal effects were increas-
ed in the order of A =B>>C. The compound A had higher
slope than the compound B. Potency in compound B and C
was higher than the compound C.
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A g B8AA AAE AR A eln HE
A AFZAN 23t AA s opt qot ®FEAQ
EHAA A=) AR (1) 738 BEAR) A7)
Z x&Fe] d& AYARZHE 94} s Aol
£ %108 ARE ARG3H. o712 QlFAHe) 74
Y Alolelld & 4 e FEAU g wtAdel
7118 HaHg w2jsh= Azle|d(10H=R &b, (2)
At A&t MY datad o] 8- 5 QAY ol=dl
data® A= 7e] ¥7F53 A5 APFE A2
2E3AF 42 A}E AMEld A 9, o]0 B
72z x10& AMEH. o] FEAY daad A}
oAl oatshe 2o #dE BFAUAA Axjolnt
(10A}s g} (3) A717H53t Al x2A)7] data
o olgo| ¥7Fst 7-olA)uh WM FF data
& o83 g3 dabshe Aselle = o 37
ol x10 QAAHE AM-ETH(10SELT B, (4) «37)e)A
NOAEL " 4l¢] LOAEL (lowest observed adverse
effect level) 237E] RIDE AlALS= 79 = o2 3
7H4Ql x10 U2 ARg3tedelst 3k (10Lojgtx
Rhe}). Table 4ol W2 Foll H3te] NOEL, NOAEL
3 LOAELe| o= Hxe} 2ol & Jehlnlg o2
Hos o Eol ANNAG A2 44E =4
end point2 ¥ 7-¢-, NOAEL 43l A iz u)
shd of 2%2) Ho14 AT B4 vehis o),
LOAEL §-3ollM: o 20%2] 714 e 4%
©2 4983 ok NOEL Sl Hz2st 3
o) & epiA sk

Yubdog RfD Bo} 2h& §3oA:= adverse
health risk7} deol'd 7FsAdo] e glon, o] EAE
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Table 4. Hypothetical data to illustrate reference dose concept

Dose (mg/kg.day) Observation Effect level

0 Control-no adverse effects observed -

1 No statistically or biologically significant differences between treated and NOEL
control animals
2% decrease () in body weight gain (not considered to be of biological significance)

5 Increased ratio of liver weight to body weight Histopathology indistinguishable NOAEL
from controls Elevated liver enzyme levels

25 20% decrease (x) in body weight gain Increased liver weight () to body weight LOAEL

gain Enlarged fatty liver with vacuole formation Increased liver enzyme levels (*)

* Statistically significant compared to controls (Barnes and Dourson, 1988)

Aol Aot = Al W AAe) 2] A
%t 224 RIDE S718ke 4% 3 € 79
- ol FAlto] adverse health risk & 713 80| Z7}
g} 22y RID o3k ST risk7} E2H3}A]
9}32 RID o|Ate] fekollMql risk7} A8} 2
& il A2 ol Ay Pelnt

4. | a)

At oAM= JFWHAT =2 H7F R HHA
B} Fobe ¥4 =E 54 59 2 Hokld =
PHoz £ 5 3 ¥obe ohet 22y B4
Z 3R Y 2UEs 3L 4508
7t D4 AA W AdsEdT 2 59
37F 5ol A4 H7HE sk ol 7 712
Aol F2% ¥ofyd2 o] ol Z2¥ "ort g

AAZAPF o 5] A AR 29
7] A el o E8l5E F2 e Aol M
oln, =2t o4 vhA9] B =% =el¥t A3} v
44 72 o AAHezs A agHon ¥
4 Aok 22y oA FWelME APY g
2ol M9 BUEFYLS A o)feix)x] T UE
AAelct. o] WA ATl AA I AA WA
Wake] A ychs JMAHA FH HH e
2 YL Ho| avdn & 4 o B LAY
A= e Mol AAA 1EE <z 2YE
P Aol FAY B 5 A AP ] 2 A=
PIRAIT 4 A el e T REWA Hel
ARdele}. = g7hA] gole 2= ¥4 9l HrE 97
e A4 Q4 HEE & AEgE % A 29 &
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