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ABSTRACT

Nitrate dry deposition fluxes were directly measured using knife-leading-edge surro-
gate surface (KSS) covered with greased strips and a water surface sampler (WSS).
The average gaseous flux (8.3 mg/mz/day) was much higher than the average parti-
culate one (3.0 mg/m%/day).

The best fit gas phase mass transfer coefficient (MTC) of HNQO3 was cbtained by
linear regression analysis between measured gaseous flux containing nitrogen com-~
pounds and measured ambient HNO3 concentration. The result showed that the MTCs
of HNO3 were approximately two times higher than those of SO2. Especially, during
the ozone action day. measured gaseous fluxes containing nitrogen compounds were
much higher than those ones calculated as the product of measured ambient HNOs
concentration and gas phase MTC of HNQs. which is calculated from MTC of SO
using Graham's diffusion law. This result indicated that other nitrogen compounds
except HNO; contributed to gaseous flux containing nitrogen compounds into the
water surface sampler. The theoretical calculations suggest the contributions of nitrous
acid (HNO2) and PAN to the gaseous dry deposition flux of nitrogen containing com-
pounds to the WSS.

Key Words : Dry Deposition Flux, Water Surface Sampler, Knife-leading-edge,
Surrogate Surface. Mass Transfer Coefficient
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Fig. 1. Comparison of dry deposition to a
greased strip on a knife-edge sur-
rogate surface and the water sur-
face sampler.
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Fig. 2. Contribution of gas phase and par-
ticulate phase dry deposition to the
total nitrate flux.
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Fig. 3. Relationship between ambient HNO3
concentration and total gas phase
flux.
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Fig. 4. Comparison of estimated HNQOs flux
to measured total gas phase nitrate
flux.
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Fig. 6. Comparison of estimated (HNOs:+
HNO2) flux to measured total gas
phase nitrate flux.
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Table 1. Summary of sample information and data calculations (Sampling time for daytime and
nighttime was between 09:00 and 18:00 and between 18:00 and 09:00, respectively)

S0; overall G Estimated HNO;z Estimated Estimated HNO; Estimated
Date 1oy me (2, 502 088 MUX - o all *MTC CKa) HNOs flux  overall *MTC (Ku) NOy (HNOs+HNOy) flux
Daytime 4y (mg-m“day’) M 2 1 2 -1
{cm-sec™) (cm-sec ') (mg-m “-day ) {cm-sec™) (mg-m *-day ")

06-29-97 1.413 21.07 1.420 7.438 1.566 9.929
09-04-97 1.336 35.99 1.343 0.964 1.481 5.288
09-08-97 1.211 20.96 1.218 0.270 1.343 4.499
09-21-97 0.948 49.13 0.953 11.670 1.050 20.279
10~05-97 1.028 44,21 1.034 9.114 1.140 13.767
98-04-21 1.413 1.161 1.420 0.990 1.566 6.429
98-05-06 1.336 18.818 1.343 15.812 1.481 21.456
98-05-09 2.509 4774 2.522 2.149 2.781 6.533
98-05-21 0.832 14.910 0.836 4.969 0.922 7.968
98-05-25 1.531 2.329 1.539 2.512 1.696 4110
98-05-27 0.714 2.839 0.718 2.982 0.791 7.034
98-05-29 1.872 4.741 1.881 3.200 2.075 6.932
98-06-23 1.220 6.722 1.226 6.539 1.352 8.528
Nighttime

07-24-97 0.891 11.140 (.89 0.435 0.987 4.156
09-03-97 1.046 24.540 1.052 0.797 1.160 3.381
09-11-97 1.110 27.530 1.116 1.010 1.231 6.116
98-05-06 1.110 3.959 1.116 0.882 1.231 12.065
98-05-09 0.726 0.402 0.729 0.593 0.804 6.999
98-05-21 0.482 0.273 (.485 0.545 0.535 4.181
93-05-25 1.105 0.093 1.110 0.872 1.224 6.350
98-06-08 1.360 2.235 1.367 1.137 1.507 16.576

*. Mass Transfer Coefficient

4.3, 7tAA EAAMEES| HARHZH 7| HNO; = H+ +NO2, pKa=3.23 (10)

pH7} 5.5 =& fA13te E2Y oA HH7|W

4.3.1. tspEa (NO) A E NO. 7} HNO:Z 248 715AL A ¢

123
7] o dadldre F2 AAZRREE AT
th. NOE B £l 4 (8)3} (9)o Yehd 5 7} NOz +03 = NO3 +0:
A g 9ee EaA obEAd o] & (NOy) € B4 k=5.0x10° M''s™ (11)
gl
AF Z41e] NO Age fou, vF A7la
NO+NOQOz — 2NOz +2H" A9gel A NO =€ 27.8 ppbel™, A& AH
k=2.0x10° M5 (8) Ao AFE HoldF AFZYPelMY o8&
NO+OH — NOz +H” OB (5/22) %d HF NO: T 61.78 ppbol
k=2.0x10"" M's" (9) th. NOSt NOz9 #eldse 242 1.9x10° M-
atm™, 0.01 M-atm™e]lZ2, 2] (11)el 2J3)A A
d7|A ke ¥rgAFelt 44E NO: & g 4 HElE NOo 9 BEE 6.53% 10" mole-L -5
(1) 2e 497 33 & w2t th. & NO: 7} NOs 2 Arstsictn 7Hystn, &
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¥ 370 By & 29E nAPE | 4 4
ol Aol ANAHY 23k 1.3 mg-m >~day”'©]
t}h 59 2299 31.8 mg-mZ-day 'eldhe A
A ps) 2 o, 2Ang ol ¥

4.3.2. Oj&3tE 2 (NO2)

v galxolF AlFln A G e ERE A
718 A 83tae] Aol e W HAGA M &
NO29 N=E 1996d FH At F e R
o oA N3 E ol Esle], st ERAW A7
e NO. 70 ppbel F71& 27)&tn th& st
AF 7)ol obFE HYE A G w, F AH7
o] AAN3Ee HAPAFL 95% FolFFEAA
gAgA o thEx) ke dgo] ugt®

4.3.3. PAN

W7l Fo) PANE THe® 2 w8e AH &4
SERE RO ECERELEY

CH3C(0O)0O2NO2 — NO3 +product
k=4.0x10"5s" (12)

Gaffrney(1996)] 2l&A A7}l A g PANS
A1 FExe 9 15 ppbolth. PANY &% A E57t &
AR k7] wWjFoll 15 ppbE AME3H PANS &
FA Q7oA BE 2 4.35%10° ME A
28 4 gdk (FPF5=2.9 M-atm™’) WA, &
Z PANC22EH 9& £ e Y Fagele 44
g2 4 (12)°) 28 1.74x10™"" mole-L.7-s™0]
1, 018 BEA A3re HAR AFH A2 1
&M 2.6 mg-miday'Z SLEFoIRAQ AAHH
9] 8.2 %olth Wt @ E&Fo|HAld 4 PANS
%7t 15 ppbE 2A Z3gchd, PANES A4
see AAAAN & 9L 1A F de 54
g AAF

4.3.4. 2AR2L0HNHs, NHs™)

2ol Y d2Yote k3o e 4 (13)3%
(14)¢h 2 Y9 Bg& A

NH3+H:0 = NHs"+0H, pKe=4.7 (13)
NHz — NOj3~ (14)

NH:& @& 2L 7bs@ Usilol o3 NOy
2 A8Y F Atk 22, 479 pKeol SeiA
pH 5594 % th¥¥o] NH,< "2 ERst7] B
A0 oleoze Mshe BAY £ Utk

4.3.5. opE£HHNO?)

oFEAHHNO.) 9 % A=2e thad 4 (15),
(16)3 2t

HNO; = H"+NO2. pK.=3.23 (15)
NO2+03 — NO3z +02
k=5.0%x10° M'-s™ (16)

QEFABA &% HNOz 039 =9 dad
(49 M-atm ™) & o] &3}W AiAtstEe) A4y
Ao sdste Ho 2HFA 4.76 mg-m -
day ' (EH S 15 %) 78 + Aok (HAA9
HNOgoll 93 7ld 28 Fig. 5ol Be ulsh 2
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4.3.6. HNO;

HNOs = H"+NO;, pKa=1 amn

BAAle] t7] = Aak 3x SF @ dejdsE
olgstal, EER A7) Yol AN v H 34
e ANEE, @) o] zhet 252 mg-L, 5.36
me-L2X A B3 437 e 24 APl
|8 ErHREA4=2.1x10° M-atm™).

aepz 2EY A7) U NOse AHe o
2Re APoeRE JAdte AE ¢ & At
AAZ Fig. 32258, A HNO: L H3A| 14
AHY gl ok 70%E AHE £ W 0@
BAlE A4te] 7l 5rt 17.2%1 £33t



4.3.7. N2Os
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