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Abstract:

An analys�s of f�ne part�culate data �n eastern North Caro-
l�na �s conducted �n order to �nvest�gate the �mpact of hog 
�ndustry and �ts em�ss�ons of ammon�a �nto the atmosphere. 
The f�ne part�culate data are s�mulated us�ng ISORROPIA, 
an equ�l�br�um thermodynam�c model that s�mulates the 
gas and aerosol equ�l�br�um of �norgan�c atmospher�c spe-
c�es. The observat�onal data analyses show that the major 
const�tuents of f�ne part�culate matter (PM2.5) are organ�c 
carbon, elemental carbon, sulfate, n�trate, and ammon�um. 
The observed PM2.5 concentrat�on �s pos�t�vely correlated 
w�th temperature but ant�-correlated w�th w�nd speed. The 
correlat�on between PM2.5 and w�nd d�rect�on at some 
locat�ons suggests an �mpact of ammon�a em�ss�ons from 
hog fac�l�t�es on PM2.5 format�on. The modeled results are 
�n good agreement w�th observat�ons, w�th sl�ghtly better 
agreement at urban s�tes than at rural s�tes. The pred�cted 
total �norgan�c PM concentrat�ons are w�th�n 5 % of the 
observed values under cond�t�ons w�th med�an �n�t�al to-
tal PM spec�es concentrat�ons, med�an relat�ve hum�d�ty 
(RH), and med�an temperature. Amb�ent cond�t�ons w�th 
h�gh PM precursor concentrat�ons, low temperature, and 
h�gh relat�ve hum�d�ty appear to favor the format�on of the 
secondary PM. 
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Introduction

Particulate matter has become a relatively recent concern 
in the overall air quality of our environment. In 1997, the 
Environmental Protection Agency modified the National 
Ambient Air Quality Standards for particulate matter by 
dividing the total suspended particulate standard into two 
separate modes of particulates, fine (PM2.5) and coarse 
(PM10-2.5) particles, with the standards for fine particu-
lates being 65 µg m-3 daily and 15 µg m-3 annually. The 
US EPA has recently t�ghtened the da�ly-average standard 
for PM2.5 to be 35 µg m-3 The fine mode of PM is known 
to contribute to human respiratory problems, dry and wet 
acidic deposition, reduced visibility, and radiative forcing 
(US EPA, Office of Air & Radiation, 2005). PM2.5 is com-
posed of primary and secondary pollutants; primary PM2.5 
species may include organic carbon, elemental carbon, soil 
dust, ash, and sulfate. Secondary PM2.5 may include sul-
fate, nitrate, ammonium, and organic carbon, which are 
formed through the oxidation of their gas-phase precursors 
such as sulfur dioxide, nitrogen dioxide, ammonia, and 
volatile organic compounds. 

In part�cular areas of the Un�ted States, ammon�a and 
ammon�um have become a s�gn�f�cant contr�butor to total 
PM2.5 concentrat�on. Ammon�a can react w�th ac�d�c com-
pounds to form var�ous aerosols such as ammon�um n�trate 
(NH4NO3), ammon�um chlor�de (NH4Cl), ammon�um sul-
fate ((NH4)2SO4), and ammon�um b�sulfate (NH4HSO4). 
Globally, �t �s est�mated that a total of 49.3 Tg of NH3 �s 
em�tted �nto the atmosphere w�th 56 % of th�s total be�ng 
anthropogen�c. The largest contr�butor to these ammon�a 
em�ss�ons �s domest�c an�mal waste decompos�t�on, wh�ch 
accounts for 22 Tg NH3 (Warneck P. 1988, Schless�nger 
W. H. et al. 1992, Crutzen P. J. et al. 1990, Duce R. et 
al. 1991). In the state of North Carol�na alone, the larg-
est source of ammon�a em�ss�on �s domest�c an�mal waste 
(Aneja V. P. et al. 2001).

In recent years, the hog �ndustry of North Carol�na has 
exper�enced rap�d growth. Between 1986 and 2005, the 
hog populat�on expanded from 2.4 m�ll�on up to 9.7 m�l-
l�on, wh�ch makes �t rank the second �n terms of p�g pro-
duct�on by state nat�onw�de (NCDA & CS, 2005). The 
sw�ne �n North Carol�na are est�mated to em�t 68,540 tons 
of ammon�a per year, wh�ch makes sw�ne the largest con-
tr�butor among all domest�cated an�mals �n North Carol�na 
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(Aneja V. P. et al. 1998). These sw�ne are concentrated �n 
the coastal pla�n reg�on of the state or the southeast corner 
cover�ng Bladen, Dupl�n, Greene, Leno�r, Sampson, and 
Wayne count�es (Walker J. T. 1998).

A number of aerosol modules have been developed to 
s�mulate f�ne part�culate matter. A part�cular area of focus 
has been study�ng the �norgan�c aerosols of f�ne part�culate 
matter, wh�ch make up 25-50 % of total f�ne part�culate 
matter (Grey H. A. et al. 1986). Some examples of these 
aerosol modules are MARS-A, SEQULIB, SCAPE2, EQ-
UISOLV II, and AIM2, wh�ch have been thoroughly re-
v�ewed for the�r s�m�lar�t�es and d�fferences (Zhang Y. et 
al. 2000). ISORROPIA �s a thermodynam�c equ�l�br�um 
model used for pred�ct�ng the part�t�on�ng of major �nor-
gan�c spec�es between the gas phase and aerosol phase. 
Th�s model was selected due to �ts eff�c�ency �n computa-
t�on and �ts overall sat�sfactory performance aga�nst more 
comprehens�ve aerosol thermodynam�c models. W�th an 
�nput of temperature, relat�ve hum�d�ty, and the total (gas 
+ aerosol) concentrat�ons of sod�um, ammon�um, n�trate, 
chlor�de, and sulfate, ISORROPIA pred�cts how much the 
total amount w�ll be �n the gas and aerosol phases (Nenes 
A. et al. 1998 1999). 

Table 1:
The PM2.5 Sampl�ng S�tes �n North Carol�na.

S�te Names T�me Per�od of Sampl�ng # of Po�nts S�te Type K�nd of Sample

Fayettev�lle Jan 2002 - Jan 2004 124 Urban Spec�ated F�ne PM Conc.

Goldsboro Jan 2001 - Dec 2003 362 Rural F�ne PM Concentrat�ons

Jacksonv�lle Jan 2001 - Dec 2003 354 Coastal F�ne PM Concentrat�ons

Kenansv�lle Jan 2001 - Dec 2003 361 Rural F�ne PM Concentrat�ons

K�nston Jan 2002 - Jan 2004 123 Rural Spec�ated F�ne PM Conc.

K�nston Jan 2001 - Dec 2003 360 Rural F�ne PM Concentrat�ons

Rale�gh Jan 2002 - Jan 2004 146 Urban Spec�ated F�ne PM Conc.

Rale�gh Jan 2001 - Dec 2003 1084 Urban F�ne PM Concentrat�ons

W�lm�ngton Jan 2001 - Dec 2003 348 Coastal F�ne PM Concentrat�ons

The pr�mary object�ve of th�s study �s to �nvest�gate the 
effect of �ncreased ammon�a em�ss�ons on the PM2.5 con-
centrat�ons throughout eastern North Carol�na. The source 
of these �ncreased ammon�a em�ss�ons �s the presence of 
the hog �ndustry. The work conducted here �ncludes analy-
s�s of the const�tuents of PM2.5, the�r correlat�ons w�th me-
teorolog�cal var�ables, and the �mpact of the hog fac�l�t�es 
on PM2.5 concentrat�ons. Another object�ve �s to test how 
well ISORROPIA can pred�ct the PM2.5 concentrat�ons 
and under what amb�ent cond�t�ons the model has �ts best 
performance �n reproduc�ng PM2.5 concentrat�ons. 

Measurement and Modeling Methods 

PM2.5 observat�onal data was obta�ned from the North 
Carol�na D�v�s�on of A�r Qual�ty (http://daq.state.nc.us/). 
Th�s data cons�sts of average da�ly values for seven s�tes 
�n Eastern North Carol�na between 2001 and early 2004. 
The exact spec�f�cat�ons of the part�culate data are l�sted �n 
Table 1. Fayettev�lle and Rale�gh are the urban s�tes, wh�ch 
are s�tuated to the west of the major�ty of the hog fac�l�t�es. 
Goldsboro, Kenansv�lle, and K�nston are the rural s�tes, 
w�th Kenansv�lle be�ng both the smallest c�ty and the most 
enclosed by the hog fac�l�t�es. Jacksonv�lle and W�lm�ng-
ton are two coastal s�tes w�th the hog fac�l�t�es to the north 
and west of the�r pos�t�ons. F�gure 1 shows the locat�ons 
of the seven s�tes �n North Carol�na and the�r relat�ve pos�-
t�ons to hog fac�l�t�es (Blunden J. 2003). For all these s�tes, 
when the average da�ly value cons�sts of less than 90 % of 
the �nd�v�dual hours report�ng, the average da�ly data po�nt 
�s cons�dered �naccurate and �s d�scarded. Meteorolog�cal 
data was obta�ned for each s�te from the North Carol�na 
State Cl�mate Off�ce (http://www.nc-cl�mate.ncsu.edu). 
Wh�le PM2.5 data �s ava�lable for all seven s�tes, spec�ated 
PM2.5 data �s only ava�lable for two urban s�tes, Fayette-
v�lle and Rale�gh, and one rural s�te, K�nston. 

The model �s set for a forward problem, �n wh�ch the to-
tal (both gas and aerosol) concentrat�ons of ammon�um, 
sulfate, sod�um, chlor�de, and n�trate concentrat�ons �n ad-
d�t�on to relat�ve hum�d�ty (RH) and temperature (T) are 
used to calculate the total aerosol mass. Also, the model �s 
set to run �n the thermodynam�cally-stable state (�.e., sol�ds 
can be formed when RH decreases below �ts del�quescence 
relat�ve hum�d�ty (DRH)) �nstead of the metastable state 
(�.e., aerosols are �n l�qu�d even when RH < DRH). The 
�n�t�al cond�t�ons for the ISORROPIA model s�mulat�ons 
are l�sted �n Table 2. These cond�t�ons were selected based 
on ava�lable observat�onal data �n North Carol�na and l�t-
erature values when observat�onal data was not ava�lable. 
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F�gure 1:
Map of Hog Fac�l�t�es �n North Carol�na and F�ne Part�culate Sampl�ng S�tes

Table 2:
The �n�t�al spec�es concentrat�ons and meteorolog�cal cond�t�ons for 
ISORROPIA s�mulat�ons

Input Var�ablesa K�nston Fayettev�lle Rale�gh

Sod�um 0.22 0.19 0.17

Sulfate Med�an 
M�n�mum 
Max�mum

3.43
0.58
14.30

3.53
0.75
12.9

3.36
0.72
13.8

Ammon�um Med�an 
M�n�mum 
Max�mum

3.13b

0.32
11.50

3.19c

0.07
11.4

5.10c

0.83
16.4

N�trate Med�an 
M�n�mum 
Max�mum

1.07b

0.26
5.24

1.41c

0.18
12.3

1.60c

0.19
19.4

Chlor�de Med�an 
M�n�mum 
Max�mum

0.14b

0.10
0.97

0.33c

0.02
3.20

0.34c

0.02
4.75

Relat�ve 
Hum�d�ty

Med�an 
M�n�mum 
Max�mum

77
46
97

74
38
100

74 
36
98

Temperature Med�an 
M�n�mum 
Max�mum

291.00
269.61
302.44

291.39
271.22
304.39

289.86
268.72
301.94

a All concentrat�ons are g�ven �n µg m-3

b (Walker J. T. et al. 2004)
c (Bar� A. et al. 2003)

For each modeled s�te (�.e., K�nston, Fayettev�lle, and Ra-
le�gh), three levels of �n�t�al total PM spec�es were used:
med�an, m�n�mum and max�mum, represent�ng the med�-
an, lower and upper l�m�ts of the 2002 observat�ons respec-
t�vely. For each concentrat�on level, the model was run un-
der three meteorolog�cal cond�t�ons: med�an RH/med�an T, 

m�n�mum RH/max�mum T, and max�mum RH/m�n�mum 
T. The output var�ables �nclude concentrat�ons of gaseous 
spec�es (�.e., ammon�a, hydrochlor�c ac�d, and n�tr�c ac�d) 
and aerosol spec�es (�.e., sulfate, ammon�um, n�trate, so-
d�um, chlor�de, and water), as well as the pH value.

Observed PM2.5 and its Correlations with Meteoro-
logical Variables

The part�culate data was f�rst analyzed for �ts ma�n con-
st�tuents at the three s�tes w�th deta�led spec�ated PM2.5 
data over the ent�rety of the sampl�ng per�od, as shown �n 
F�gure 2. The plot shows the major const�tuents of PM2.5 
to be organ�c carbon (OC), sulfate, and ammon�um cons�s-
tent w�th the results by Harr�son R. M. et al. (2004), and 
Tanner R. L. et al. (2004). The add�t�onal components of 
PM2.5 �nclude n�trate, elemental carbon (EC), and over f�f-
ty trace elemental spec�es. The PM2.5 OC concentrat�ons 
were h�gher �n the urban areas, due to large local em�ss�ons 
of pr�mary OC and volat�le organ�c compounds (VOCs). 
The sulfate and ammon�um em�ss�ons were found to be 
larger �n the rural s�te, due to the �nfluence of the hog farm-
�ng fac�l�t�es �n the rural area. 

F�gure 3 shows the scatter plots of PM2.5 concentrat�on 
vs. RH at Rale�gh, K�nston, and W�lm�ngton that represent  
urban, rural, and coastal areas. H�gh PM2.5 concentrat�ons 
(> 20 µg/m3) occur w�th the range of RH between 60 and 
90 %, and th�s effect �s more prom�nent �n the urban areas. 
Th�s trend supports the fact that the overall RH �ncreases 
the f�lm of water formed on the surface of the part�cles fa-
vors the format�on of PM2.5. 
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F�gure 2:
PM2.5 Compos�t�on at Three Spec�ated S�tes (K�nston, Fayettev�lle, Ra-
le�gh) over ent�re sampl�ng per�od
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F�gure 3:
(a) Urban (Rale�gh) Relat�ve Hum�d�ty vs. PM2.5 Concentrat�on
(b) Rural (K�nston) Relat�ve Hum�d�ty vs. PM2.5 Concentrat�on
(c) Coastal (W�lm�ngton) Relat�ve Hum�d�ty vs. PM2.5 Concentrat�on
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F�gure 4:
(a) Urban (Fayettev�lle) W�nd Speed vs. PM2.5 Concentrat�on
(b) Rural (Goldsboro) W�nd Speed vs. PM2.5 Concentrat�on
(c) Coastal (Jacksonv�lle) W�nd Speed vs. PM2.5 Concentrat�on

F�gure 4 shows the correlat�on between PM2.5 concentra-
t�ons and w�nd speeds at three s�tes. The observed ant�-cor-
relat�on between PM concentrat�on and w�nd speed �s con-
s�stent w�th that of Chu S.-H. et al. (2004) and de Hartog 
J. J. et al. (2005). The PM2.5-temperature plots for Rale�gh, 
Kenansv�lle, and W�lm�ngton are shown �n F�gure 5 to repre-
sent urban, rural, and coastal areas respect�vely. Many h�gh 
PM2.5 concentrat�ons occurred at h�gh temperatures. The 
slopes range from 0.08 to 0.18 at the urban and the rural s�tes 
and 0.01 to 0.02 at the coastal s�te. To �nvest�gate the �m-
pact of ammon�a on PM2.5 concentrat�ons, the ammon�um 
concentrat�ons were plotted aga�nst the total f�ne part�culate 
concentrat�ons (f�gure not shown). The values for the slope, 
�ntercept, and the coeff�c�ent of determ�nat�on are shown �n 
table 3. There are s�gn�f�cant correlat�ons �n the two urban 
s�tes (�.e., Rale�gh and Fayettev�lle), but no correlat�on at the 
rural s�te (�.e., K�nston). The very low R2 value �n the K�nston 
correlat�on plot �s due to the local var�ab�l�ty of local pr�mary 
OC PM2.5 em�ss�ons (�.e., local b�omass burn�ng from farm-
�ng pract�ces). 
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F�gure 5:
(a) Urban (Rale�gh) Temperature vs. PM2.5 Concentrat�on
(b) Rural (Kenansv�lle) Temperature vs. PM2.5 Concentrat�on
(c) Coastal (W�lm�ngton) Temperature vs. PM2.5 Concentrat�on

Table 3:
The slope, y-�ntercept, and l�near f�t R2 value from the Total PM2.5 vs. 
Ammon�um PM2.5 Plots for K�nston, Fayettev�lle, and Rale�gh

Slope Intercept R2

Fayettev�lle 0.0841  0.1758 0.591

K�nston 0.0168  1.21 0.011

Rale�gh 0.0995 -0.05 0.712

To �nvest�gate the correlat�on between w�nd d�rect�on and 
PM d�str�but�ons, a box wh�sker plot �s made for all seven 
s�tes w�th respect to the e�ght card�nal d�rect�ons, as shown 
�n F�gure 6. The m�n�mum, 25th percent�le, average, 75th 
percent�le, and the max�mum of each d�str�but�on are plot-
ted. The �mpact of the hog fac�l�t�es on PM2.5 concentra-
t�ons can be seen at some s�tes. For example, h�gher PM2.5 
average concentrat�ons were found from a southeast flow 
at Rale�gh (urban), wh�ch corresponds to Rale�gh’s or�en-
tat�on to the hog fac�l�t�es. H�gh PM2.5 concentrat�ons at 
K�nston (rural) were from the southwest and west d�rec-
t�ons, wh�ch correspond exactly to K�nston’s or�entat�on 
to the major�ty of hog fac�l�t�es. The h�ghest average con-
centrat�ons at Fayettev�lle were found from the southeast 
d�rect�on, rather than the east from wh�ch the em�ss�ons 
of hog fac�l�t�es come. The weak correlat�on between the 
PM2.5 concentrat�ons and the east w�nd d�rect�on at Fay-
ettev�lle �s l�kely due to the fact that fewer measurements 
were ava�lable at th�s s�te and the easterl�es were not the 
preva�l�ng w�nds dur�ng those days w�th observat�ons. At 
the other two rural s�tes (�.e., Goldsboro and Kenansv�lle), 
relat�vely homogeneous correlat�on between PM2.5 con-
centrat�ons and card�nal d�rect�ons was found. H�gh PM2.5 
average concentrat�ons at Goldsboro were from the south-
east, southwest, west, and north d�rect�ons w�th the peak 

concentrat�ons com�ng from the southeast. The PM2.5 
concentrat�ons range from 2.7 to 31.4 w�th an average of 
10.8 µg m-3 at Kenansv�lle , wh�ch are very h�gh for a small 
rural town. Th�s �nd�cates the �mpact of the hog fac�l�t�es. 
The two coastal s�tes (�.e., Jacksonv�lle and W�lm�ngton) 
have h�gher concentrat�ons from the southwest and west 
d�rect�ons, �nd�cat�ng the �mpact of em�ss�ons from the 
state of South Carol�na. H�gh correlat�on was also found 
for the east d�rect�on at Jacksonv�lle and the northwest d�-
rect�on at W�lm�ngton. 
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F�gure 6:
(a) Urban (Fayettev�lle) W�nd D�rect�on Box-Wh�sker Plot (b) Urban (Rale�gh) W�nd D�rect�on Box-Wh�sker Plot
(c) Rural (Goldsboro) W�nd D�rect�on Box-Wh�sker Plot  (d) Rural (Kenansv�lle) W�nd D�rect�on Box-Wh�sker Plot
(e) Rural (K�nston) W�nd D�rect�on Box-Wh�sker Plot  (f) Coastal (Jacksonv�lle) W�nd D�rect�on Box-Wh�sker Plot
(g) Coastal (W�lm�ngton) W�nd D�rect�on Box-Wh�sker Plot
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Fine Particulate Modeling Results

F�gure 7 shows the observed and pred�cted average total 
�norgan�c PM2.5 concentrat�ons and �ts compos�t�on at three 
s�tes: Fayettev�lle, K�nston, and Rale�gh (“total �norgan�c 
PM2.5 or total �norgan�c PM” �s def�ned as the sum of the 
four major �norgan�c const�tuents: ammon�um, chlor�de, 
n�trate, and sulfate). 
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F�gure 7:
Observed and Pred�cted Total Inorgan�c PM2.5 Concentrat�ons at K�n-
ston, Fayettev�lle, and Rale�gh, NC under med�an RH and temperature 
cond�t�ons

The pred�cted values were obta�ned under the cond�t�ons 
w�th med�an �n�t�al total PM spec�es concentrat�on, med�an 
RH and med�an T, as shown �n Table 2. The observat�ons 
at all three s�tes show that sulfate has the largest contr�-
but�on (approx�mately 2/3 of the total observed �norgan�c 
aerosol), followed respect�vely by ammon�um, n�trate, and 
chlor�de. The s�mulat�on results from ISORROPIA gen-
erally agree well w�th observed PM2.5 �n terms of both 
magn�tude and compos�t�on. Compared w�th observed to-
tal �norgan�c PM2.5 concentrat�on, ISORROPIA underes-
t�mates by 0.50-0.75 µg m-3 (8.7-12.5 %) at Fayettev�lle 
and K�nston, and overest�mates the observed values by 
0.37 µg m-3 (6.9 %) at Rale�gh. At all three s�tes, sulfate 
has the largest contr�but�on followed respect�vely by am-
mon�um, n�trate, and chlor�de. The ammon�um concentra-
t�on at K�nston and Fayettev�lle �s underpred�cted by ~0.1 
µg m-3 (~7.4 %) and that at Rale�gh �s overpred�cted by 
the same value (7.7 %). The largest d�fferences between 
observed and pred�cted values are �n the n�trate concentra-
t�on. It �s underpred�cted by 0.39 µg m-3 at Fayettev�lle and 
0.54 µg m-3 at K�nston (48 % and 59 % respect�vely). The 
n�trate concentrat�on pred�cted at Rale�gh �s 0.25 µg m-3  

(37 %) greater than the observed n�trate concentrat�ons. 
The observed chlor�ne concentrat�ons are nearly zero wh�le 
the pred�cted chlor�ne concentrat�ons at the three s�tes are  
< 0.1 µg m-3. At each s�te, the pred�cted pH and aerosol 
water concentrat�ons are �n the range of 7.53-7.56, and  
5 µg m-3 respect�vely. The model g�ves the best agreement 
aga�nst observat�ons at Rale�gh among the three s�tes.

F�gure 8 shows the pred�cted total �norgan�c PM2.5 con-
centrat�on at the max�mum �n�t�al pollutant concentrat�ons 
at each s�te under the three d�fferent meteorolog�cal set-
t�ngs. 
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F�gure 8:
Pred�cted Total Inorgan�c PM2.5 Concentrat�ons under three meteorolog�-
cal cond�t�ons and max�mum observed Total Inorgan�c PM2.5 Concentra-
t�ons at K�nston, Fayettev�lle, and Rale�gh, NC

The max�mum observed values are also plotted for com-
par�son. For the med�an RH/med�an T and the max�mum 
RH/m�n�mum T cond�t�ons, the pred�cted total PM2.5 �nor-
gan�c aerosol concentrat�ons range from 26 to 50 µg m-3 at 
the three s�tes, wh�ch cons�stently overpred�cts the observed 
max�mum concentrat�ons (15-18 µg m-3) at all s�tes. The 
pred�cted total �norgan�c PM2.5 concentrat�on �ncreases as 
the urban development of the area �ncreases (K�nston (ru-
ral), Fayettev�lle (small c�ty), Rale�gh (large c�ty)). These 
d�fferences are due to d�fferences �n the pred�cted part�cu-
late n�trate concentrat�on, wh�ch �s factors 2 and 3 h�gher 
at Fayettev�lle and Rale�gh, respect�vely, than that at K�n-
ston. The pred�cted part�culate ammon�um concentrat�on 
�s h�gher by 32 % and 80 % at Fayettev�lle and Rale�gh, 
respect�vely, due to format�on of ammon�um n�trate. W�th 
the h�gher sulfate concentrat�ons at K�nston and Rale�gh, 
the aerosol �s much more ac�d�c at these s�tes (w�th pH val-
ues of 4.5-4.8), whereas that at Fayettev�lle �s more neutral 
(6.8). The pred�cted total �norgan�c aerosol concentrat�ons 
range from 17.23 to 19.09 µg m-3 at the three s�tes under 
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the m�n�mum RH/max�mum T cond�t�on. Such a cond�t�on 
favors evaporat�on of n�trate and water, result�ng �n zero 
n�trate and water concentrat�on �n the aerosol phase. The 
aerosol cons�sts of pr�mar�ly ammon�um sulfate salt. The 
d�fferences �n pred�cted total �norgan�c aerosol concentra-
t�ons among these s�tes are thus much smaller. 

A s�m�lar plot �s shown at the m�n�mum pollutant concen-
trat�ons at each s�te �n F�gure 9. 
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F�gure 9:
Pred�cted Total Inorgan�c PM2.5 Concentrat�ons under three meteorolog�-
cal cond�t�ons and m�n�mum observed Total Inorgan�c PM2.5 Concentra-
t�ons at K�nston, Fayettev�lle, and Rale�gh, NC

The model underest�mates the observed m�n�mum con-
centrat�ons by less than 1 µg m-3 at each s�te. Under the 
med�an RH/med�an temperature and the m�n�mum RH/
max�mum T cond�t�ons, the total �norgan�c PM2.5 concen-
trat�ons are the same and they cons�st of sulfate salts only. 
The n�trate concentrat�ons are e�ther zero or negl�g�ble. 
Under the max�mum RH/m�n�mum T cond�t�ons, some n�-
trate forms. The total PM spec�es concentrat�ons pred�cted 
at the three s�tes range from 1.01 to 1.11 µg m-3. Under th�s 
cond�t�on, the urban areas are character�zed by 20 % more 
sulfate than the rural s�te, but the rural s�te (�.e. K�nston) 
had sl�ghtly more n�trate, ammon�um, and chlor�de result-
�ng �n total PM2.5 concentrat�on that �s sl�ghtly h�gher than 
that at Fayettev�lle but lower than that at Rale�gh. 

Conclusion

The concentrat�ons and trends of PM2.5 �n eastern North 
Carol�na are stud�ed w�th data analys�s and an aerosol ther-
modynam�c box model that pred�cts the gas/part�cle par-
t�t�on�ng of PM. The un�que em�ss�on fluxes of pollutants 

(e.g. ammon�a) from the hog �ndustry and the�r �mpacts on 
PM concentrat�ons make th�s reg�on a un�que env�ronment 
to understand the role of these em�ss�ons �n PM format�on. 
The major const�tuents of f�ne PM2.5 from the greatest 
to the least are OC, sulfate, ammon�um, n�trate, and EC. 
H�gher PM2.5 concentrat�ons tend to occur between 60 
and 90 % RH w�th th�s effect be�ng more pronounced �n 
urban areas. There �s a pos�t�ve relat�onsh�p between tem-
perature and PM2.5 concentrat�ons, and a negat�ve rela-
t�onsh�p between w�nd speed and PM2.5 concentrat�ons. 
The box-wh�sker plots of w�nd d�rect�on demonstrate that 
there �s a connect�on between hog fac�l�ty dens�ty and f�ne 
part�culate concentrat�on, but w�th the l�m�ted data, these 
concentrat�ons could not be attr�buted to any spec�f�c pol-
lutant. 

ISORROPIA �s used to s�mulate the gas/part�cle par-
t�t�on�ng and the total �norgan�c aerosol concentrat�on at 
three s�tes �n eastern North Carol�na. The model pred�c-
t�ons show that the major pred�cted const�tuents of �nor-
gan�c aerosols are sulfate, ammon�um, and n�trate, wh�ch 
agrees w�th the overall measurements. The pred�cted aver-
age total �norgan�c concentrat�ons are sl�ghtly (< 1 µg m-3) 
lower than the observat�ons. Wh�le the model pred�cts the 
concentrat�ons of sulfate and ammon�um that are �n good 
agreement w�th observat�ons, �t tends to underpred�ct the 
observed part�culate n�trate concentrat�ons by 0.22 µg m-3 
(27.5 %) at all three s�tes. The s�mulat�on results are sens�-
t�ve to �n�t�al total PM concentrat�ons and meteorolog�cal 
cond�t�ons, w�th the h�ghest secondary PM format�on oc-
curr�ng under the cond�t�on w�th max�mum �n�t�al total PM 
concentrat�ons, max�mum RH, and m�n�mum temperature. 
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