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Abstract: Intense, largely uncontrolled human activities (e.g., population growth, agricultural production, industrial
development, energy consumption) have negatively affected urban and regional ecosystems. Nitrogen is an essential element
for all ecosystems, and nitrogen export has been a major indicator of global change. However, quantitative assessment of the

anthropogenic disturbance of the nitrogen cycle is still a challenge. A framework is proposed herein with respect to
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anthropogenic-derived nitrogen emissions in order to evaluate the ecological risk to urban and agricultural systems. An
ecological risk is defined as the probability that a specific population, landscape, or ecosystem in a dangerous environment,
will be negatively affected in terms of its health, productivity, hereditary features, or economic and aesthetic values.
Taiwan’s unique environmental background (i.e., intense agriculture, concentrated industry, numerous traffic facilities,
and dense human population) make it ideal for this type of examination. The major human activities there have been
considered in the assessment, including the daily activities of the population (e.g., industrial production, transportation,
crop plantation, raising of livestock and poultry, aquaculture). Nitrogen emissions from human activities have affected the
soil, water, and air in the local environment; therefore, the estimation of nitrogen exports integrated three major ecological
risk sources. The degree of vulnerability for risk depends on the characteristics of the land use types, which are directly
linked with urban planning. In this paper, land use types were classified as building areas, industrial areas, cultivated
areas, forest lands, conservation areas, scenic areas, infrastructure, and others. A building area with different population
totals and complex influences could be reclassified as commercial, residential, or rural. On this basis, we defined the
degree of vulnerability of different land types based on an expert questionnaire, and we estimated the degree of regional
ecological risk. Finally, strategies were proposed for local ecological protection, and these strategies incorporated the
assessment results. In this paper, the temporal trend of nitrogen emissions in urban and agricultural systems is analyzed,
and the degree of vulnerability from 2001 to 2010 is determined. The level of ecological risk in the Taiwan area was
categorized as high, medium, or low based on comprehensive ecological risk assessment. The results indicated that the
ecological risk decreased due to reduced agricultural nitrogen emissions, but increased because of higher energy
consumption for transportation since 2005. In 2010, Kinmen County, Lienchiang County, Penghu County, Hsinchu City,
Chiayi City, and Keelung City were classified as low-risk areas because of their low human population and agricultural
intensity. However, Taichung City, Pingtung County, Tainan City, Kaohsiung City, and New Taipei City were determined
to be at high risk because of higher emissions from transportation, industry, and the raising of livestock and poultry.
According to the Yearbook of Environmental Protection Statistics of Taiwan, the increase in the number of motor vehicles in
2010 was an important factor in air pollution because nitrogen oxide emissions from motor vehicles accounted for
approximately 45% of nitrogen emissions in air. Inspection and enforcement against pollutions sources, promotion of clean-
energy vehicles and public transportation, and controlling the increase in polluting motor vehicles would be expected to
decrease air pollution effectively. In addition, water quality could be improved by reducing the discharge of industrial
wastewater, sewage, and livestock wastewater, and by raising the standards of wastewater discharge based on specific
rainfall characteristics. However, there has still been no significant reduction in industrial waste gas, wastewater, waste
residue, livestock excreta, or energy consumption. Environmental education and sustainable developmental concepts should

be promoted with the aim of changing human behavior and of mitigating the negative effects of human activities.
Key Words: nitrogen emissions; ecological risk assessment; Taiwan area; agriculture system; urban system
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Fig. 1 Research flow of regional ecological risk assessment based on nitrogen emission estimation
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Table 1 Description of data source

BAENZ Data BAAF Unit KI5 Sources
ﬁiiﬁl on persons HBT 5 X Ik R I 4w 1

BRI e o A AL B A A

S = L 2y 4 [39]
Capacity of sanitary landfill, dumping, composting and others tons AR PR RS T
6 K BE K RO N
LI KRCK B 1000w AT BB ST 4 )
Domestic water
15K AR B -
" an sow % AT 5 < B TR 4
Treatment rate of the urban sewage
R R e
Numbers of livestock and poultry head AT
B 9t e
Quantity of inland aquaculture tons AL
22 B gy =X B
festhfl ons SR
Consumption of chemical fertilizers
[ AR R ]
el bt RIS
Cultivated area
F A .
LR EO e R
ields of major crops
T AR HE R

tons/ day MBI R AR b 1)

Discharge of industrial sewage

BRI TRERIE 2%

Energy consumption of transportation

10°kloe 2 P R AE IR )

FHLE R

Numbers of automobiles and motorcycles
NERHEE

Highway density by length

Number R 5 I R G I )
km?/km? HR 5 X I R G g )

b 43 DX TR

Area of land use zones

ha H T 5 X UK R 4

1.2.1 Rl ARG AAA
Al A 7 i B B R HE RS B A (Nitrogen from agriculture, Now) s FEHIE T RAEY A HE ( Nitrogen from

crop farming, N ) KB MIZ E 7758 ( Nitrogen from livestock-raising, N, ..; Nitrogen from poultry-raising, Nop)

K7 i F#58 ( Nitrogen from aquaculture-raising, N,.,.) S AT 3l 7 A8 19 EHERCR
Nugw =Ny ¥ Nioe ¥ Nt + N (1)
AN EW)Fh AR A R 1) S HE B B A5 VE Aol &R Gt A B & Z AR RHE (Nitrogen in fertilizer, N, ) . TR
HEWE 7K ( Nitrogen in irrigation, N,,)  AAE#) [E %A ( Nitrogen from biological fixation, N, ) 4% VE¥ ik H
(Nitrogen in crop residue, N, ) , ASAE A 2 Gtk ) 09 A /EPIISCAR ( Nitrogen in Crop harvest, N,..), 115

= WLl

Ncrp :N/er + Nirr - Nﬂx + Nresd - Nhurv (2)
Hoh & AR FH A5 7% 08 T A2 IR LI R, A2 TR o 1 B IR Be IR R AR L5 LA
BRI S FACNE R AT AT HLIE AR S8 AR & N 3 FEE A s HEE P 5 U A B ) 3 24
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TR 7 B R T P 7K 5 SRR S DL s A AR [ R o Ak S DU G 455 1 SRRV 0y e i A A ] R 8
A G RME Y iR AR B AR AR P [ R0 3 s RAE YRS AR A FH i e B /UG B8 2 B TR AT AR 7 1 38 L LG 491 LA
FRERT & B SR bR s RAEWMCRW Ky i Hh A A 225 T8 T &R - i OR RO & A
KB RIS PR R E 2R A AR R IR & R & 2808 AT .
N,,.. = Number,,. * (Waste,,, — Recycle,, ) * Con,, * 365 (3)
N o * ( Waste * 365 (4)
Hr Number,,,, ( Number of livestock ) Fll Numberpoul( Number of poultry ) [XFEHK KK & KB WIELFA T
Waste,,,.( Waste amount of livestock ) Fl Waste,,,,,( Waste amount of poultry ) WA RE T MK E HIEE - &

Recycle,,,.( Recycle waste amount of livestock ) Hl Recycle,,,,( Recycle waste amount of poultry ) i ) ERBREMEK

lives

= Number - Recycle,,,,) * Con

poul poul poul

& HFME R, Cony,,,, (Nitrogen content in livestock waste) #l Con,,( Nitrogen content in poultry waste ) 7%
REBME B IR RE

K7 i SR BT AR A BRI T2 R A ORI R B 23, 8 R A 0 A i LA R i TR A 5K
LU

N,y = Feed,,, * Cong,— Yield,,, * Con,,, (5)

HH Feed,,,,( Amount of aquaculture feed ) fURAFE XM K, Con,,,,(Nitrogen content in feed ) F 1 £} (-
WERE, Yield,,,, ( Yield ofaquaculture ) R = =i, Con,,,,( Nitrogen content inaquaculture ) 8K =
HAYF AU
1.2.2 it RS A A 57 12

ST A R AR T e R P RCHE R A B (Nitrogen from urban, N, ) %5 & T 3T &2 48 5 A2 A3 ( Nitrogen
wom )~ LM A 72 (Nitrogen from industrial production, N, ) M 3¢ i iz #ij ( Nitrogen from
transportation, N, ) %5 R R HE R

from human living, N,

N = Nyt Niart N (6)
YR AR GE PN A I B A B S HR L 32 2k A (Nitrogen of human excreta, Ny, ) CET B
17 3% (Nitrogen of living solid wastes, N, ) A% 757K ( Nitrogen of household wastewater, N _....) % MM I
AR
Nyw= N + Nyt Novater (7)
Hoh NS R A R 525 18 T Bii N DB | A M0 A i M 1 5 R DA S 3 [l i
R A 17 T AR 8 GCHE A S0 255 R T A 3 5 SR A i (R SRR A5 ) 2R 3 B IR 4 35 K i A
R AR T /K B A HRBOE A A T 15K HECR: 5 /K AR AR V5 K A B Vo e 7 A e 5 PR R J5 el s
KE RS M
T A= Bl A A SRR ok A Tl UK (Nitrogen of industrial waste gas, Ng,.) « TAE A
J% 54 ( Nitrogen of industrial solid wastes, N, ,....) F1T)li5 7K ( Nitrogen of industrial wastewater, N, ...) 5,
P ARAT

hum-excre

Nyaw= N indtgas T Niaiwst ¥ Nindiovater (8)
Horr b B R ORI 1A 52 5 0 R 1 RSO 352 1 Ml B =R A IR e ) i 0 27 [l
WSR2 P2 3 R 5 Tl i 7K o S i ECHIE A 8 0] = 3 ok Tl T K HE il i | Tk i5 /K AR B8 35 K Ak 3
JE sl At 15 U IR Y5 LA S E K B A S DAk A
A2 32 Fan 1% 20 BT PR A B9 R CHE I 3 EE 3Rk B U4 (Nitrogen of aerial transportation, N, ) 2% ( Nitrogen of
highwaytransportation, N, ). 8 # ( Nitrogen of railwaytransportation, N, ). % £k ( Nitrogen of pipeline
pipe) F17KiZ ( Nitrogen of water transportation, N, .. ) 554528318 T B AL A BORLS R H Ad 5
BIEA AT

transportation, N
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Ny = Nyot Nyat N+ N, pipe T N yoer (9)
fhiSE R P 2 T8 T N [R) S AT AT AR A A R R R R SHRICR MR B S AR S
1.3 XA SRR I i
93 BT BOR 3 AS [8) 22 5 T 7 A ) DX 2 KU AR5 ARl S Wt 22 e v N 2956 3l il 7 A 1) SRR
SEHEATRE S A0 AT 133 AR B A i BT S D2 e RS LR AE AR TR S0 AR S R G R Y R )
{H, VEREANTR] LA FHE B S XU 2 A%, 70 XU 52 MR G 3553 B2 I A o, i SRR 15 9 DX P e A P
K73 K Tl DX AR X BRAR I ORI T DX R DX A R0t K H B A 32 S AT 2 A | 3 5 P bR
W X I 25 R GE 2 o SRR, HC v PR A DN 11 B v LR HR TR AR 5 vy, A2 0 i 52 R 3805 T 7 A
XFRR, B M2 R 22 S A o Dl X AR X S I, BEMTES & L KA, e it ORI ORI UA
IR ZHTET AT AR TF] b A 2884 52 NS08 Sl 52 0 1) e 55 R 2, HGvb g s P e e 5 0 10 03, e AR
H 1,
F2 REAHENRTEEAMERMNIEERERE

Table 2 Vulnerability degree of major land use types under Nitrogen pressure
X Building area

Tkl kX FRARIX RIPREX KEIK A3

X 225 W A
J—ULDC Rk IX FEIX S ff[X  Industrial Cultivated ~ Forest Conservation Scenic  Infrastructure fte
Risk types Commercial ’ Others
Residences Rural area area area land area area land
district

HERE
j:‘z@éﬁljﬁ RE7 7 8 6 2 1 10 9 5 3 4
Soil pressure
KRR
KERRBUE) 7 8 6 1 2 10 9 5 3 4
Water pressure

SERE R
RAURRBES 9 10 6 2 5 8 7 4 3 1

Air pressure

AT — X A TR A
RISK = NC* VD* LR (NC=1) (0<VD<10) (0 <ILR<1) (10)
Hr NC Ry A& 3R JI{E ( Nitrogen Carrying capacity) , VD AN [a] 1= Hu A ST 9 Mg 55 72 B ( Valnerability
Degree) , LR /AR £ M A FHZE AT (5 Hofil ( Land use Ratio) o A A [R) XUBS: [8] HAG — &2 B ] X Eb e, NC 0 1
WRAGE T LA B T 1B a A, BUE S 1, Hof BT BRI (A & T TR
ZRA HE A ( Comprehensive Ecological Risk, CER) & AR N AR EA J5 B — Az 25 XS & A A3 ) 2
L HEARN
CER = Y ED*NC*VD*LR (0 <NC<1) (11)

ot ED WK 5 5 58 BE (Exposure Degree ) , HUEARIUE AT ARG AR I G THAEAR ) kA5 A oY 3222
WAl 2 10 4R B HLIX A BT R A 22 9% A4 25 53 00 bt KR B O RUR BT ) 2 55 5t BE HEA T ISR AT
TR A D 4544 BTy XU (R, 3 i 8 B — IR 98 P T B 2 2R | R T 0 A 2 2 25 IXURR: 19 2 1) 22 5 )
v RS DX, 0 JHL i AT IR 7 917 4 55 AR P it

2 ZER5WE

2.1 ARl RGRAN 25 25 5

MEEHLIX 2001—2010 4FAO RGERARL ARG (18 2) AR AEY AR AR A2 1 5 L E A
Xtf i, FerP iR B IR Z SF A2 RLRHIT i AEA A ZUHR I L AR X v, (ELRE A HILAE FE R A 39, S HE G
AR D AN HE I FHAACHY SR ) S A A — E LU E AR IR SRR BV A A T AR B AR A (3R 3) | LR B 4F
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Fig. 2 Nitrogen emissions of agricultural system in Taiwan area

JIr 7= A B R HE R — B4R AR E KT AR AR
VIR A AL 22 B R A A R ZOR IR, 24 &7 Al JHEC
MR 94% LA I,

#3 2001—2010 FEMFETERHERTUFEE (T )

Table 3 Nitrogen emissions estimation of crop farming from2001 to2010 ( x 104 t)

e wmmmwn  GOE i Nawmin R
Year  Nitrogen in fertilizer irrigation Crop harvest biological fixation crop residue crop farming
2001 39.4 0.4 9.8 2.1 5.4 33.2
2002 38.9 0.4 10.1 23 5.2 32.1
2003 36.8 0.4 9.3 2.8 5.1 30.2
2004 38.3 0.4 8.0 3.0 5.0 32.6
2005 37.0 0.4 7.8 2.6 4.1 31.1
2006 36.9 0.4 8.1 2.7 42 30.7
2007 36.5 0.4 7.1 2.6 3.4 30.6
2008 34.5 0.4 7.5 2.7 3.4 28.0
2009 35.1 0.4 8.0 2.6 3.7 28.6
2010 34.9 0.4 7.5 2.6 3.6 28.8

AT R DX 32 S 1) B, VR A 2R HIE Ak LA g 0 DX R G i v, L Ry v X 3 v bR A AR
T IX el 5 3 2k EL T O AT L (P 3) MR e R HE e D e M X 3R AR B (3.7 T ) HOR M B T (3.2
Tiv) o TESY) KoK= F258 7 T, R LA e 8 DX 3 ) CHEORE X A s, HCU Oy s DI, — 23 v bR Xk
FPh ZAE (0.9 J7 v i FHE Bl Oy G S X SR iEiG shiy 281, BRI &, 40l R 58 A HE
DARE B XU AR 2 (4.3 T7 v) WS i iR, O G T (4.0 T3 t) o FIATHERN, 5 18 b DR 3% Sl AR X 4 v
TR IX, HVR A R i X, b3 K 2 3l DX A b 306 s AE X i B AR
2.2 W ARG AH AT 2R

2001—2010 4FH1H] (& 4) , 70 XA 1 39 3 A XA, 2009 4F A T IR 2 0.36 %%, i 7E A
A TR G 1) ECHE O TR AR AR 5 76 AR 16 R 500 B T 7K R HE IO 1 H T A 307 X elests | A HE i
S BT JEL v AR 2 70 ISR P 1 L f81) 320 A 1 A 75 14 R 3 8 1 iy 3 o 0 2709070, 2005—2008 4 1], [
PRI Z0 P08 R 1 S HE O 2 30% , 78 AE 36 15 7K J5 T8, 8CHIE R 4 R AP 0] = 2R F i3 /K AR R g g vy, AR T
F , FT AR AR 79 [ SOR T S K AL B P T (845 5 N2 A 16 AH DG A R HE R S i S 3 0 35 R
P (1 2005 4 11.2 J7 e BEZE 2010 42 7.5 T3 t) o DS wT UL, 6N F0 R B30 oo A I A= 16 AR 12 3540 7= A
B R HE TR TR AR X8 8, (H R T 5 K A B i |, A 1 5 7K RCHE I B0 70 A 16 R OR i LR AT
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Fig. 5 Regional difference of urban nitrogen emissions in 2010
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Fig. 6 Regional difference of comprehensive ecological risk from nitrogen emissions in 2010
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