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Effects of polycyclic aromatic hydrocarbon (phenanthrene) addition on soil nitrogen mineralization processes
in rural and urban river wetlands of the Pearl River Estuary, China

YIN Shuo, BAT Jun—hong’, WEN Xiao—jun, ZHANG Guang-liang, HAN Ling, HU Xing—yun

(State Key Laboratory of Water Environment Simulation , School of Environment, Beijing Normal University , Beijing 100875, China)
Abstract: Soil samples were collected from rural and urban river wetlands in the Panyu district of the Pearl River Estuary to investigate the
effect of polycyclic aromatic hydrocarbon (phenanthrene) addition on soil nitrogen mineralization processes in both types of wetlands. To
analyze the changes in nitrogen mineralization rates, urease activities and the ratios of ammonia—oxidizing archaea (AOA ) to ammonia—oxi-
dizing bacteria (AOB) in the process of nitrogen mineralization in both wetland soils were analyzed under three phenanthrene—addition
treatments (0, 15 mg- kg™, and 100 mg-kg™) throughout a 42—day laboratory incubation experiment. Soil nitrogen mineralization rates un-
der all treatments ranged from —4.885 mg-kg ™'+ d™" to 5.877 mg-kg™ +d™".The rate of ammonization varied from —3.823 mg-kg™-d™" to 4.677
mg-kg ™' +d”, and the rate of nitrification ranged from —4.990 mg-kg™ +d™" to 5.369 mg kg™ - d™'. Urease activities declined with increasing
incubation time under all three treatments, with the decreasing percentages ranging between 26.1% and 83.4%. The decrease in percentag-
es under phenanthrene addition was significantly lower than those under control conditions (P<0.05), except for rural river wetland soils un-
der high levels of phenanthrene addition (P>0.05). In rural river wetland soils, the proportion of AOB of ammoxidation microbials under no
phenanthrene addition and high levels of phenanthrene addition decreased by 25.85% and 7.31%, respectively, while the proportion in-
creased by 36.37% under low levels of phenanthrene addition. Comparatively less effect was observed in the urban river wetland soils.
Phenanthrene is not conducive to nitrogen mineralization except for the improvements observed with high levels of phenanthrene addition to
urban river wetland soils. Compared with the control treatment, phenanthrene was beneficial in enhancing urease activities, while no signifi-
cant effect in rural river wetland soils under high levels of phenanthrene addition was observed. In rural river wetland soils, AOB exhibited
higher adaption to phenanthrene, showing the highest adaptability to low concentrations of phenanthrene, while phenanthrene had little ef-
fect on the microbial community structure of ammonia oxidation microorganisms in urban river wetlands.

Keywords : estuarine wetlands; phenanthrene; nitrogen mineralization; urease activity; ammonia oxidizing microorganism
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Figure 1 Location map of the study area
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Table 1 Soil physical and chemical properties of rural and urban river wetlands

1 b2 Wetland type pH THEFHLTSOM/g-kg" /K WC/% MATN/g kg'  BATH/g kg C/N
PSR RTITRATS: 1 7.24+0.04a 40.10+6.18h 55.53+0.69h 2.13+0.12b 11.99+4.27h 10.85+1.11a
I ] T 7.07+0.03b 206.87+32.92a 61.29+1.41a 8.50+0.36a 22.39+4.68a 14.12+2.13a

TE AN INE PR R AN [ A A3 1 5 ] 22 5 13 (P<0.05) o

Note: Different lowercase letters indicate significant differences in the same property between two types of wetlands (P<0.05).
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Figure 2 Dynamic changes in the rates of ammoniation,
nitrification and mineralization in rural river wetland soils under

different phenanthrene addition treatments
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Figure 3 Dynamic changes in the rates of ammoniation, nitrification and mineralization in urban river wetland soils under different

phenanthrene addition treatments
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Table 2 Average nitrogen transformation rates of soils in rural and urban river wetlands under different phenanthrene

addition treatments different

- s P PR A

CEOsTE Average mineralization rate/ Average ammonization rate/ Average nitrification rate/
Wetland type Treatment o o o
mg-kg'-d mg-kg'-d mg-kg'-d
AR A 0.308:+0.010a 0.0010.005a 0.307+0.007a
el

4 B 0.067+0.003b -0.077+0.003b 0.145+0.004b

C 0.015+0.005¢ -0.074+0.007b 0.089+0.006¢

BT I 3 A -0.222+0.002b -0.645+0.002b 0.423+0.002b

14 B -0.290+0.002¢ -0.698+0.006¢ 0.408+0.007¢

C -0.118+0.006a -0.593+0.004a 0.475+0.003a

T AN AN TR R (7] — Pt AN [7] A2 3P P [ — R A8 1 2 57 1 25 (P<0.05) o

Note: Different lowercase letters indicate a significant difference in nitrogen transformation rates between different treatments in the same wetland (P<

0.05).
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Figure 4 Changes in urease activities in rural river wetland soils(a) and urban river wetland soils(b) under different

phenanthrene addition treatments
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Table 3 Changes in urease activities and their changing rates in rural and urban river wetland soils before and after incubation under

different phenanthrene addition treatments

T e i%?%ﬁﬁﬂﬁ'(ﬁ@fﬁ‘fﬂi i%?)?ﬁﬂﬁiﬁ@?ﬁ‘fﬁi A ppR

Wetland type Treatment Urease a(:tl\ilty hef(ﬁ"e cl{lllure/ Urease act1+V1ty aﬂir (:ul}lllre/ Rate of change
mg NHi=N-kg™'-2h mg NHi-N-kg™'-2h

AT 3 A 205.459+4.424b 41.967+4.578h 0.795+0.026a
1 B 232.396+7.869a 87.946+6.881a 0.622+0.028b
C 222.757+5.762a 37.061+12.692b 0.834+0.055a
bR IR A 457.876+7.015a 172.515+44.331a 0.622+0.102a
1 B 176.965+3.026¢ 129.159+9.832a 0.271+0.043b
C 229.331+7.306b 169.105+7.008a 0.261+0.050b

TE AN FREROR [F] W M AN R 4b B A 22 53 1.3 (P<0.05) .

Note: Different lowercase letters indicate significant differences between different treatments in the same wetland (P<0.05 ).

2.3 AOAFIAOBIhREEE Tk

]S B FEAR AT e b B ARV B S S i Ak
IR AOA FL Bl S PRI R34S , HoAth A A FRAERG 57 5
AOA W Lt 2 aT 9125 F Mt AOB FEAIRMR B2 JET5 YL 4%
A A R R . AR TGN IR R R A B
AOA A5 it 35 % B (B3 it A8 K, e v B JE Vs in Ak
LN AOA U7 A 3G R /IN T TS U 4., fir LA AOB X 2
B2 3 OB TS VA A L1 S E D O K (375 [ OB TS VA 5 4 =108
SR AN A, AOA 5 AOB [ EU 5 7538 17 770 3t
T b R AR A R R AR AR, DA 22 3855 18 T RE X

[JAOA [JAOB
100 PO r I r I
80
< L — | _—
£ 60f -
<
o
\E 40
20
A B C A" B ¢ A B C A" B
LA GV I T 0T ALV

Rural river wetland Urban river wetland

A B.C ORI B SR AT G ARUE R LA AL ;AT B L C
3SR G JCUS I AR BE ook B AL TR

A, B, C is no phenanthrene addition, low level of phenanthrene
addition, high level of phenanthrene addition treatments before
incubation, respectively; A’ , B’ , C’ is no phenanthrene addition, low
level of phenanthrene addition, high level of phenanthrene addition

treatments after incubation, respectively
5 AN [E)FE R 0 A0 BB TS A AT AT R 34 60 355 T SR AT R 3
AOAF0AOB EE I ZE1L
Figure 5 Changes of AOA and AOB ratios in rural and urban
river wetland soils before and after incubation under different

phenanthrene addition treatments
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