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ABSTRACT

Mercury concentrations 1n the air, soil, and
sediment - water were estimated to determine the
levels of mercury that might be present in the
envircnmental media within 5 km of an incinerator in
New Jersey. Gaussian dispersion equation was used
as a basic tool for estimating mercury concentrations
In the air Universal loss equation, atmospheric
deposition (wet and dry) and accumulation equations

were used to calculate mercury concentrations in soil,

and sediment - water

Estimated high - ground level concentration of
mercury 11 the ar was about 28 ng/m’ under
D - stabality, which 1s shghtly higher than the aver-
age 1n the U.S. (2 - 20 ng/m’) due to the result of near
- source calculations (5 km} Mercury in soil and
sedimenl. regardless background concentration, were
approxamately 0.37 and 0.33 mg/kyg, respectively, which

1s high companng to ancther county soll samples

INTRODUCTION

Mercury 15 considered one of the toxic metals
and it can accumulate in the food cham (especiaily
methymercury).” In human, mercury can cause
paresthesia and developmental neurologic effects
m - utero ™ Serveral studied showed that mercury
emitted from incinerators causes the increasing of
mercury contamination 1 the environment  In

Minamata Bay, Japan, widespread problem of

mercury contamination caused Minamata disease
Mercury pollution has hecome the subject of much
gencern and public outery This paper attempted to
estimate mercury concentrations in air, soil, and
sediment - water within 5 km downwind from and
mcinerator in New Jersey with the best available data

from hiteratures
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METHODS

1. Determination of mercury concentrations
in the air

&8 was

Gaussian dispersion equation (1)
used to estimate the mercury levels downwind. The

calculations assumed that the plume from the incin-

2
(3,

0

= X ¢
2u 0O
S ¥ Zz

where C is the downwind concentration of
total mercury (g/m’), Q is the total mercury emission
rate {g/s), US is the average wind speed at stack height
(m/s), 0’y is the horizontal distance from plume
centerline {m), Z is the vertical distance from plume

centerline (m), R is the reflectiom of plume when it
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where x is the distance in km: a. b, ¢, and d
are coeffrients depending on downwind distance and

stability, which are used to fit Pasquill - Gifford curves.”
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erator behaved similarly to lhat described by the
Gaussian plume model (Figure 1) for simple terrain
and that no chemical reactions occur during the

transport (bkn) :

~ (1)

reaches the ground (assumed 10% abscrotion due to
soluble species, Hg™'), and H 15 the effective stack
height (m). Equation {2} and (3) were derived from
the User's Guide for 1SC3 (1995)" to estimate O and
(O

A

= 0.017453293 [c - d In(x)] - (2)

- (3)

In addition effective stack height was calculated from

the following equation : ¥

- (4

where h is the stack height (m), and AH is the plume rise (m) calculated by :

vd
AH =2
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1.5+12.68 X 10%(P)

T-T

T——d

R

- )



NSAISUHIDINNAUYSWN
% 5 U0A 1 unTAL-TnUDY 2543

Estimation of mercury transport and accumulation

31 Nares Chuersuwan and Subuntith Mekekhayai

where AH is the plume nise (m). v is the stack
exit velocity (m/s), d 1s the stack diameter (m), P s
the atmospheric pressure {kPa). T 1s the stack
temperature ('K), and Td 15 the atmospheric tempera-
ture ('K). Table 1 shows the parameters used 1n the
calculations.
2. Determination of mercury depositions
Once mercury 1s 1n the air, 1t will eventually
deposit to the ground, water bodies, plants, and so
on The wet and dry deposition rate of atmospheric

mercury were applied to estmate the accumulation of

WD =

where C 18 the murcury concentration in air

{ng/m’), R 15 the annual average ranfall rate (m/hr),
and t 1s the time accounted for ramnfall (yr)

Almosphernic mercury

b) Dry deposition

Dry deposition flux (DD)

{C WWRIR)(t)

= ()]

mercury 1n soil and sediment - water

a) Wet deposition : Soluble forms of mercury
such as HgClZ, may be removed by precipitation,
whereas insoluble, volatile forms such as elemental
mercury (Hg ') and dimethylmercury [{CHQ)ZHQ] are
likely to remain in the atmosphere " Wet removal of
mercury can be estimated using a washout ratio (WR)
approach WR is defined as CW_VW [ng/mj}/C”[ng/
m’] ratic,”" " The wet deposition ﬂﬁx (WD} was then

estimated from the {ollowing equation -

— 6

accounts only for a small pertion of particulate Hg'
(<6%) compared Lo the gaseous phase " Dry depos:-
tion flux (DD} was estimated based on deposition

veloaity (V ) as descnibed by NJDEPE (1993) o

—{7)

ol

Total mercury deposition (TD) is the total of WD and DD

3. Determination of mercury concentrations
in soil {due to depositions)
Universal Loss Equation Developed by

Sk

'

where Xe is the loss rate per unit area water-
shed over time {g/m’-yr), E, 15 the ramfall erosion
index {yr'),"” K, 15 the soll erodability factor (ton/
acre} based on type of soll and organic content, ¢ 18

the unitless cover and management factor based on

LS =

X = E)EK LS () P)D )

(A/22.1)5 (6541SF + 4.565S + 0 065)

USDA"" was employed to estimate mercury concen-

tration in soll

- (®)

B NF

the type of land use and the percentage of ground
cover, P 1s the umtless supporting practice facter,
an 15 the unmitless sediment delvery factor, LS 15 the

slope length factor

~ (9)
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where LS is the umtless slope length factor  determine slope length (L.S), and S 1s the land surface
to determine the rate of soil loss xe, A is the land slope (rm/m).

surface slope length (m), E_, is the exponent to
E_, - 086 [1_8(—358358)] - (10)

The first - order loss rate of mercury calculated  erosion (k1 - yr*) was

based on the following equation :*” in soil due to soil

k. = ({JIED_} (D ) - {11)

where BD ) is the soil mixing depth (m), and  concentration from total deposition was calculated o

SD_ is the soil bulk density (kg/m). Mercury

_p( k) (AT)
rp| e

_ 1
ot = (SD_)(BD_) i

soil

where Csm] is the annual concentration of in sediment - water
mercury in soil due to wet and dry deposition (mg/ Mercury concentrations i sediment - water
kg), TD is the total deposition rate of murcury to soil ~ were calculated from the follewing
(g/m"yr), and AT is the accumnulation rate (yr). a) Mercury concentrations in sediment -

4. Determination of mercury concentrations water due to runoff (C rj) o

(X J(WA XC )AT)

C = -~ (13)
sed
(BDsoii) (SDsoil) ( mw)
where the WAL 15 watershed area contributing b} Mercury concentrations in sediment - water
to runoff (m”), AT is the accumulation time (yr), and  due to deposition (C e 40
sed {uep,
WAW is the area of waterbody receiving runoff (m?.
]
(X )AT)TD)
= --- (14}

Csed (dep) ( BD )(SD soil)

soil
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RESULTS

Figure 2 and 3 show the patterns and concern-
tratiens of mercury along the plume centerhine for
X -7 (100m x 50m scale), and X - Y (100m x 10m
scale), respectively. The concentrations were calcu-
iated 1n every cell along both X - 2 and X - Y axis
These calculations (ng/m‘) were examples of the
concentrations under neutral stabiity (D - stability}
and u of 2 m/s. The plume spread slowly under
neutral stability. thus GLC further away (downwind)
from the incinerator at 3.7 to 5 km were the highest
(approximately 28 ng/m’).

WR was calculated from data of mercury con-
centrations in the air and rain collected by Greengerg
et al, (1992} "" Estimated WR was 5.04 x 10" Then,
WD was approximately 42 x 10" g/m®yr The
estimated DD using v of 0006 cm/s was 529 x 107
g/m“yr. Thus, TD of at-mosphenc mercury to surfaces

mn the area was 473 x 107 g/m’/yr

Estimated LS was 3 39 that was used Lo esli-
mate x{_ of 27 8 g/m’-yr BD...m 15 001 m for standard
assumption and deposited mercury 1s obviously
retained at the soil surface,” ™ SD_ 151300 Km/m’
for the most likely value"” Results showed the KW
was 214 x 107 yr and C_ was 0.37 mg/kg K was
0.35 ton/acre {assuming loam or sity loam)."” The ¢
value of 0.003, the mest likely value, was used
because the area around the incimerator was assumed
to consist of 20 to 70% undisturbed land with grealer
than 40% Ltter cover. The default for P 1s 0.5"" The D
vatue of 0.4 was given by Bonazountas and Wagner
(1984) " Estuimated C  was 027 mg/kg and C__

L frus

was 0.063 mg/kg when WAl of 10,000 m" and WA of

1

60000 m* were used (dernved from the GIS database

1

of the surrounding watershed) ™ Thus, total mercury

In sediment - water was approximatedly ¢ 33 mg/kg.

DISCUSSIONS AND CONCLUSIONS

Estimated (high) mercury concentrations of 28
ng/m3 {regardless background concentrations) were
higher than average in the US (2 - 20 ng/m")"™ due
to the near - source calculations and assumptions
used 1n the calculations (no chemical reactions (loss),
total mercury estimations). Background concentrations
were reported by NJDEPE {1993) to be about 2 - &
mg/m’. WD of mercury accounted for 89% of TD
because the wet deposition processes are an 1Impot-
tant removal process of scluble - mercury species (such

as HgCl}) near the incinerator In addition, C_ and

a0

C data from Greenberg et al {1992) provided WR of
504 x 10° which 15 higher than data reported value

{not 1n New Jersey) by Brosset (1987} of 1 x 10° to
5 x 10" because the WR was derved from near - source
measurement (2 to 3 km}. From the results of the
depositions. mercury in soil, and sediment - water of
0.37 1o 033 mg/kg were also high comparing to
ancther county {Atlantic County) scil samples {<0.062
to <0.089 mg/kg)} " Results from the calculations n-
dicated that hugh levels of mercury can be found in
the air, soll, and sediment - water 1n the vicinity of
the Incinerator Thus, the incinerator can be considered
a major source of mercury pollution n the area mn
accordant with the reperts by Aucott and Winka

{1996), and NJDEPE (1993) Further information about
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mercury i biota, eg., fish, can be calculated using
bioconcentration factor available in literatures.
Application of Gaussian dispersion equation
shows that 1s can be a very useful tool for preliminary
estimation of mercury dispersion point sources for

certain assumptions. More accurate calculations can

be accomplished with complex models that account
for chemical reactions of mercury or complex terrain.
Universal loss eguation, depositions, and other
accumulation equations are some of the methods used
by regulatory agencies tc estimate the concentrations

of mercury in the envircnment
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APPENDIX
Table 1. : Parameters used in calculations
Parameters Values Remarks
Q 0.013 Llg/s Premit Value {NJDEPE, 1993)
h 762 m Radian Corporation {1989)
v 18.29 m/s Martin (1988)
d 248 m Radian Corporation {1989)
R 09 Reflection of plume 80% (assume 10% soluble)
P 9.87 x 10° kPa Standard pressure (1 atm)
T 388.6 K Martin (1988)
T 293K Standard temperature {(20°C)
u 2 m/s Chu (1998)
WR 5.04 x 10° Greenberg et al |, 1992
R1 1000 hr/yr Chu (1996) NJ data
’Lr 0.003 m/hr Chu (1996) NJ data
v, 0.006 cm/s Lindberg etaal., 1992
S 0.0433 m/m Maost Likely value (NJDEPE, 1993)
2000 m NJDEPT, {1993)
B 175 yr* NJDEPE, {1993)
K 0.35 ton‘acre NJDEPE, {1993}
C 0.003 Most hkely value (NJDEPE, 1993)
P 05 NJDEPE, (1993}
D 04 Bonazauntas and Wagner, 1884
BDSQH 001 m Standard value (NJDEPE, 1993}
B 1300 kg/m’ Most Iikely value (NJDEPE, 1993)
AT 10 yr NJDEPE, (1993)
WA 100,000 m’” NJDEPE, {1993}
WA 50,000 m* NJDEPE, (1993)
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Figure 1: Gaussian Plume Model
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