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Analysis on the Risk-Based Screening Levels Determined by Various
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Factor at Former Janghang Smelter Site
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ABSTRACT

This paper presents the short-term and long-term measures to determine the fugitive dust concentration in a contaminated
site, which is a crucial step for the determination of particulate emission factor (PEF) for risk assessment. As a long-term
measure, USEPA method employing Q/C value (inverse of the ratio of the geometric mean air concentration to the
emission flux at center of a 0.5-acre square source) seems to be suitable as it reflects regional-specific meteorological
conditions. However, it requires nation-wide database collection and interpretation. Use of ASTM method is an alternative
as a short-term measure. The method is readily field-applicable as PEF calculation equation is simple and input parameters
can be easily derived at the site of interest as well without the nation-wide efforts. Using ASTM method, PEF at the
Former Janghang Smelter Site was determined. According to various mode of aggregate size distribution and fractions of
vegetative cover, which are the most important factors in PEF calculation, PEF values at the Former Janghang Smelter
Site varied greatly. When the mode of aggregate size distribution was set at 0.25 mm, PEF values at the Former Janghang
Smelter Site was 5~20 times higher than the default PEF value (i.e., 35 ug/m*) shown in the current Korean Soil
Contamination Risk Assessment Guidance. On contrast, when the mode was set at 2 mm, PEF values at the Former
Janghang Smelter Site was 160~640 times lower than the default PEF value in the Korean Guidance.

Key words : Particulate emission factor, Fugitive dust, Risk assessment, Mode of aggregate size distribution, Meteoro-
logical conditions
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Table 1. Meteorological and site factors for the derivation of
particulate emission factor (PEF)

Factor Unit
Meteorological factor
Mean annual windspeed m/s
Diffusion height m
Site factor

Roughness height cm
Fraction of vegetative cover -
Mode of aggregate size distribution mm
Width of contaminated area m
Area of soil contamination m?

F ol Cox= WaF Texas 9] Fefo] AxH 7%
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Fig. 2. Climate zone of United States classified by USEPA
(USEPA, 1996a).
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2.1. USEPA 2HH(E7|H Ci24)

USEPASIXE EGUALY] BIARE 2dAlZ sfjasict. |
e EFUAP) tI7]1Z2 o]Esl= Tl (emission)O|H,
2= 712 o] Ee EYIAPL thy] FollA ke
A (dispersion) ]}, 194HA] (emission)ol] Tt 2L ol
2l (1) o8&t

U.A\3
0.036x(1-G) x (Um) x F(x)x 0.000001
t

Pe™ 3600 s/h 0

1714,

P.=HAFHA] A E-(areal total respirable particulate
emission flux from source(g/cm>-sec))

G=2o] EAlsh= AR 9] Bl&(fraction of vegetative
cover(unitless))

Uy, = 9% T3%5(mean annual wind speed (m/s))

U=7m “F3oX2] JAZS(equivalent threshold value
of wind speed at 7m (m/s) = 2.5><1n(7zl0)xU*)

Z,="FE0] (roughness height (cm))

U* = a5 (friction velocity (m/s))

F(x)= 9%T3E 2 7m 3ol dAZSS vie=
3= g(function dependent on U,/Ugunitless)=0.18
(8¢ + 12x) x exp(—x?))

x = AHTETETL Tm Agelxe] JAZE HlE(ratio
between U, and U; (unitless) = 0.886><(%>)

0.036 = AIZF T FYsh= YRR (respirable fraction
(g/m’-hr))

0.000001 = T 8-2FA] <=(unit conversion factor (m?/
cm?®)) °Jc}.

$ 4 (1) Cowherd 5°] AAISF “unlimited reservoir
model” 2).0.Z (Cowherd 5, 1985), AFTHE3(U,), YA
vEEREER(U), A vighe] mhgo] dojue =0](Z,) %
2Ao] EAlSHE WA HE(G)Y] T2 i AAvE
AFTEE ] EYYAEY HRWIgk(mode of aggregate
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Fig. 3. Relationship of threshold friction velocity to size distribution
mode (Cowherd et al., 1985).

size distribution)®] == Edo| T, USEPACIA]
ESYREE HRge] 72O R 0.5 mmE AASHL
t}. USDA(United States Department of Agriculture)
F4 05 mmeE F 2 (coarse sand)2} F3F =7] E
(median sandys THEsh= 7IEolth HWIgko] 0.5 mmY
ufo] AARELS 0.5 m/so]UK(Fig. 3) A =717}
1 em oPdel ol 24 Fo| EAE 75 JAFESS
o] T At F8Al 1 7FsAel el
A 1255 A8l S dAPFESESS 0625 m/s7h
AMEEITHUSEPA, 1996a). 5=3F, di34:0] 7]2gke 1)
=7 PY|AE}  Minneapolis®] AHTFTER 4.69 m/sZ

L
T
o)
P

=

0.5m/se g

F(x) Tends to 1.91
| as x tends to zero.

\
\
F(x) 1 \\
\
- ! N\
] x = 0.886 ut/[u] I
- i \
. [ ]
05 ! ! 1 I
F(x)=0.18(8x*+12x) X exp(-x?))
for larger values of x
f
[¢]
[ 05 1 1.5 2

X

Fig. 4. Graph of Function F(x) (Cowherd et al., 1985).
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tion to the emission flux at center of a 0.5-acre square
source; Q/O)E F3l At A=E 23 SITHUSEPA,
1996b). Q/C= 2] (2)F o83t AT 4= Ut
2
(InA;,.—B)
C
f71A,

A, B, C=71%70) mle} 245 = vl S

A7 4 (constants based on air dispersion modeling

Q/C=Axexp 2)

for specific climate zones)

Agie= 2
(acres))°]c}.

2 2914 Age= acres THE THE FA] WE o,
28 7Fs3 MYE 0.5~500 acres(2,025~2,025,000 m?)°]
THUSEPA, 1996b). A, B, C= AI¥ 7|4EA] o}
AAEE FOE USEPAIME o] ke TE317] 93l
Industrial Source Complex Short-Term(ISCST-3) Dispersion
Modelo|2Fs AZESO)E o]83199t}. ISCST-3 Modeloll X
= 4 3 2 Gaussian Equations ©]-83}c] nlgto]
H= Z(downwind)O 2 x meter, B0 H= Hlgke] =
Wak(crosswind)2-Z y meter GO oA 9] tirls®
(X2 A =3ITHUSEPA, 1996a).

A& (areal extent of site or contamination

- QK ﬁ(ﬂerfc[l}dz
2mug 6,0, oy

X

371A,

Q=HJ4PAR] A E (area source emission rate (g/m’-s))

K = ©¢]3-:101A} (scaling coefficient to convert calculat-
ed concentrations to desired units(default value of 1 x 10°

for Q in g/s and concentration in pg/m?))
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V=27 o]Fd QUAK(vertical term)

D =3l <Ak (decay term)

o, o= BRI FERTE] £11 B 55F ¥R
Z}(standard deviation of lateral and vertical concentra-
tion distribution (m))

u,= HIAHAR|7E dAEE A1 9] Big<i(mean wind
speed(m/s) at release height) ©]T}.

A A GBys o83t 45 EE3] S8 nlikA]
AEQE 1 gm>sZ 73199t olwl xe $) Q/ColA
coll aig=, /7t ovlshs vk HILHA] Ao
mE 7] F BikiA] 5 Hlgo|EE QF AR
LA F CEE E=3she WS ARSSIITHUSEPA,
1996a). $1 2] (2)¢] A, B, C3& ==317] S8l 9 2
GriM =28 vliA FE(pE yFO2 3L 29W
A& xFOE 3k = (Fig. 5)F AT F, Haalks
H(least square curve fit, CURVEFITT Version 2.11)&
AFEBIATHUSEPA, 1996b). V& @549 437 o)F
o] o, 7Y eedEZeld =717} 20 pm
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A LAEHe] BalEe A=E UehlH, £371 Yo
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Table 2. Pasquill stability class (McCormick and Horlzworth,
1976)

Stability class

Definition

A very unstable
unstable
slightly unstable
neutral
slightly stable
stable

mm Y O w

UA] e85 Alell= D7} 19]tHUSEPA, 1992).

L@EHo] WAshs A=Y FE ) 7E 1%
X9 FE(uedll B3 R 2 4y o] vERE
ATHUSEPA, 1992).

h_\»
us=uref(;i) (4)

o714,
Uper= TEH TS5 (observed wind speed (m/s))
hy=BIXFAA] B =0 (release height (m))

Zer= 7 <31 (reference measurement height (m))
p=1F3 #AE A]9=(wind profile exponent) ©]T}.

A7} ok t712] QP42 Pasquill Stability Category
B3l AFE A 65HoE 185, A7t 7P &
Akl B} 78 Q3 AElE Table 200 2t S5
915 YeRNITHMcCormick and Horlzworth, 1976).
Pasquill Stability Category= 325, €& 1413 $oilA
= 1AMRE 7R Bd A (insolation) R U=
XZE AollA B 2 dE 1XRE F74A19] 7K (cloud
cover)©.Z Table 337 Zo] FEHTh FE3H Table 39

-0, i

o r

Table 3. Meteorological conditions that define the Pasquill stability class (McCormick and Horlzworth, 1976)

Surface windspeed at 10 m Insolation Night
(m/s) Strong Moderate Slight Thinly overcast or > 4/8 low cloud < 3/8 cloud
<2 A A-B B - -
2-3 A-B B C E F
3-5 B B-C C D E
5-6 C C-D D D D
>6 C D D D D
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Table 4. Default p values provided as a function of stability
category and wind speed class (McCormick and Horlzworth,
1976)

Stability category Rural exponent Urban exponent

A 0.07 0.15
B 0.07 0.15
C 0.10 0.20
D 0.15 0.25
E 0.35 0.30
F 0.55 0.30

A-B, B-C % CDE Z% B, C ¥ D& 15FE + 2
o} th719] eFgAdell W pgkS Table 40 YERNRITH

o, o= LE=A 7] T gk TAVE o, F
S iRIAE B2 FH(EAIA Y, 5EAY) 2 g7)
o] QP8 (stability #A7F ek E3L, o, o= HERO
B ko 2o @ Mt Ele] A2l (downwind distance)
o= FAPT o} FEA|GAME Pasquill-Gifford WS-
Bl 6,2 o5 AKIH, TAAYGeX= McElroy-Pooler
WS 530 6,9 0,8 ARKIHUSEPA, 1992).

USEPACIXM = 9]9} 22 WHo 2 297 Superfund -
o th3t 715 =2 ISCST-3 Models: ©]83le] &3
2 34 W A, B, CRES ARSI, olF 9] 90vC
& 4314l 3= Minneapolis Superfund 2ol A]<]
A, B, Gt B QHHEES v Ao tigk 71Ego s
A7l oA st =% Minneapolis Superfund
BN Q/CERS 93.77 g/m*-s per kg/m*o|th.

1] HPHS E83lx vliHIE EE3] Haxe 2
A 5 AR T, 3 71, R 59
(Pasquill Stability Category) % T}7] &% 3l(mixing
height) 5ol thet 2k571 DRshdt. o714 7] Sjtals
olgfellA] AlEl= ASTM A|39] 7] ks (diffusion
heigh) = T2 Hdog AFHA 7] IHd=
(inversion aloft) H3a}&71A|9] &olE oJw|gith. T3, <t
A T35 245 flE M= 10m gelre] 3,
Bgd ik B el gk JEE BT sk= 5 =
71481 Hlo|epH|o] 28] o] A E|ojof gt

{

K

Of

o

2.2. ASTM WHH(TH|X CHaY)

ASTME USEPAZ} 19910l AA3F v A=A A}
2511, USEPAS} Pz IR EUIAY] BlAkS 29
2 st} 1WAl EYYAPE ti712 olsshe @l
(emission)°]™, 2= W72 o)53 EIAPT U7
ZollA A== T (dispersion)e|tF. ASTMOIA= HlAH
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A% - 95
ATE EYeIA 7198 £ 7Fsst |APM,)0] F%=
(total respirable particulate concentration originating from
surfacial soil source; VF,)Efal “gejatm, ol 2 (59}
o] vt}

P

VF =—= 5
P DFamb ()

371A,

VF,= Aol A §9 71ss 9A19] F%(total
respirable particulate concentration originating from
surfacial soil source(g/cm?))

DF gy = SAHA| S=(dispersion factor for ambient air
(cm/s))

P.=H]AFHA] 2B (areal total respirable particulate
emission flux from source(g/cm>-sec)) ©]T}.

P= ERIAP EEolAM U712 o] 53l= A= (emission
factoryS 2JR[3PH, DF,= W72 ©&3t HlaFIA7} of
7] oA Fikel= P (dispersion factor)ES LFERHTE.
ASTMOIM= PR 7I1EFICZ 6.9 x 1074 g/em’s= A|AJS}H
Il YoM, DF,d] 718702 10 em/sE AASIaL ATk
P 7184k 2] (1)S 53] E==F|JATHUSEPA, 1991).

ASTMOIME EFYAEE NIk 718302 2 mm
E ARSI ot 2mme= USDAOIA AAShe A4
(gravel) @}t E(sand)2] TEVIECE EUYAEES] F
Higto]l 2mmd o] PAREEFLELS F 0.88 m/solth
(Fig. 3). B=8F, ASTMOIXE L@TFA el 214o] EA)eHA]
et 7P (G=0), BT 71/ 4 m/sE A
AlBlaL JATHASTM, 2010).

ASTMOIAE AR8SRE Dl 71836 4 (602 &
&l == ATHUSEPA, 1991). 21 (6% Box Model=
=M, 94 79 WolA dizI7h ¢ EteEs 7St
Atk

=

LSxWxDHx 100 cm/m
DF, .= ~ (6)

o71A,

LS =l Wik} Baisl 991 Zo|(width of contaminat-
ed area (m))

W=&8a1o 49| F<E(windspeed in mixing zone
(m/s))

DH = &3}l (diffusion height (m))

A=FE42A HH(area of soil contamination (m?))

olct.
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Table 5. Summary of the input parameters and their input values used for the particulate emission factor equation described in USEPA

and ASTM guidance (ASTM, 2010; USEPA, 1996b)

Parameter Definition Unit USEPA default ASTM default
Emission factor calculation
0.036 x (1-G) x (U——Y x F(x) x 0.000001
e 3600 o

P, Areal total respirable particulate emission flux from source g/em’-sec 6.9E-12 6.9E-14
0.036  Respirable fraction g/m*hr 0.036 0.036

G Fraction of vegetative cover unitless 0 0.5
Un Mean annual wind speed m/s 4.69 4

U, Equivalent threshold value of wind speed at 7 m m/s 11.32 ND"
F(x) Function dependent on U,,/U; unitless 0.194 ND

Dispersion factor calculation
USEPA: DF,p, = QL/C
ASTM: DF,, = LS x W x DH x 100 cm/m
A

Q/C ir;\;iize of the mean concentration at the center of a 0.5-acre-square ofmi-s per kg/m’ 93.77 )
DF b Dispersion factor cm/s - 10
LS Width of contaminated area m - 45
U, Mean annual wind speed m/s - 4
DH Diffusion height m - 2

A Area of contamination m? - 2,025

1) Not described in the guidance.

2] (6l VERd QIR 717k USEPA A3
ER} ITHUSEPA, 1991). USEPASIAE 3t 2] Zolr}
45 ml A LHWE 7Pgsld 7ERkS EESINe
ug2 QFZo|(LS)} LAHH (A 7R 7 45m
9 2,025 m*|t}. DHe= t7] ERigoz Addo == Ql
7o)l 388 = JE =ol= u|dhH (Conner 5, 1995),
712k 2 mO]EUSEPA, 1991). Vi th7] &3 Aol
Ae] F&og 7|BZES 225 m/s0]H, o] USEPAdIA
21 6y T A ARSS AFTEER] 45m/se] A
HEZLo]THUSEPA, 1986).

2718 USEPA A3 ASTM Ao =ZA1G 24
of A&t o slEvEe 9 7]E3kS Table 5o VR
Ak

3. @EENHAREX| Al A7
(ASTM o] Mg,

3.1, 8% 0|2 TI58 (S BB (PEANULEX

Table 6. Values of meteorological and site factors of Former
Janghang Smelter Site

Factor Value Unit

Meteorological factor

Mean annual windspeed 39 m/s

Diffusion height 2 m
Site factor

Roughness height 4 cm

Fraction of vegetative cover 0,0.25,0.5075 -

Mode of aggregate size distribution 0.25, 0.5, 1, 2 mm
Width of contaminated area 4000 m
2115000 m

[S]

Area of soil contamination

Sk 2k E=E310 Table 6] YERNRITE JHT-352] 7
T (EAEREAE X AR A9 7PIRET
glo] dikd Bxet 7P QIS w4 A o] Hd At
Z4R1 3.9 m/s5 A3 wEhA ti7] EhlgelMe] 5
40 AW Fgo] Aukel 1.95m/sE A3 ti7)
s Eole AR QAVE £85E F e =ololung

ASTM Aol BAIE 2 mS IthE 28313t}

-
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Fig. 6. Roughness heights for various surfaces (Cowherd et al.,
1985).
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2) Fraction of vegetative cover
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Table 8. Field procedure for determination of mode of aggregate size distribution (Cowherd et al., 1985)

Step Procedure

| Prepare a nest of sieves with the following openings: 4 mm, 2 mm, 1 mm, 0.5 mm, 0.25 mm. Place a collector pan below the
bottom sieve (0.25 mm opening).

) Collect a sample representing the surface layer of loose particles (approximately 1 cm in depth for an uncrushed surface), removing
any rocks larger that about 1 cm in average physical diameter. The area to be sampled should not be less than 30 cm x 30 cm.

3 Pour the sample into the top sieve (4 mm opening), and place a lid on the top.

4 Rotate the covered sieve/pan unit by hand using broad sweeping arm motions in the horizontal plane. Complete 20 rotations at a
speed just necessary to achieve some relative horizontal motion between the sieve and the particles.

5 Inspect the relative quantities of catch within each sieve and determine where the mode in the aggregate size distribution lies,

i.e., between the opening size of the sieve with the largest catch and the opening size of the next largest sieve.
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