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Abstract ; The devradatlon of soil polyeyclic afomatl( hydm( arbonls (PAHs) under denltnﬁcatmn is one of the most important pathway%
for dI’].,iE‘I‘OhHC PAH elimination, but little is known about the effect of nitrate (the terminal ele( stron acceptor for denitrification) on soil
denitrification actiyity and PAH degradation under anagtrobic- ('Ondltﬂ)ns In this study, the effect of nitrate on soil anthracene anaerobic
degradationand” denitrification activity was 1nvest1gated through an anaerobic microcosm experiment. Two groups of treatments without
(N, ) and’ with (N,,") nitrate (30 mg-kg™') amendment were conducted. Each group contained three treatments with different
anthracéhe concentrations (0, 15, and 30 mg-kg ™', denoted as A,, A5, and A, respectively). Therefore, a total of six treatments
(NoAy, NoAs, NyAy, NyA,, NyyAs, and Ny A, ) were incubated in darkness at 25°C for 45 days, and the production rates of
N, O and CO,, abundances of denitrification related genes (narG: periplasmic nitrate reductase gene; nirK: copper-containing nitrite
reductase gene; and nirS: cd, -nitrite reductase gene) , and soil anthracene content were measured at 3, 7, 14, and 45 days. The
results indicated that the intensive denitrification enzyme activity in each treatment was only detected at day 3, which could be
significantly enhanced by both nitrate and anthracene amendments. Subsequently, a sharp decline of denitrification enzyme activity was
observed in each treatment, while anthracene showed an obvious inhibition of soil denitrification enzyme activity. The result of a two-
way ANOVA also indicated that nitrate, anthracene, and their interactions had significant effects on soil denitrification enzyme activity.
The result of a quantitative-PCR indicated that, during the incubation, the abundances of narG and nirS exhibited an increasing
tendency, but the abundance of nirK was relatively constant compared with its former counterparts. The final removal rate of anthracene
under anaerobic soil environment was in the range of 33. 83%-55.01% , and neither the final removal rate nor the degradation rate of
anthracene could be significantly affected by nitrate amendment during incubation. The anthracene degradation rates in the higher
anthracene containing treatments (N, A, and Ny A, ) were significantly higher than those in the lower anthracene containing treatments
(NyA,s and N;yA ;). In summary, nitrate amendments had no effect on soil anthracene anaerobic degradation but could significantly
affect soil denitrification enzyme activity and the abundance of denitrification related narG and nirS genes.

Key words :soil; anaerobic incubation; nitrate; denitrification enzyme activity ; anthracene; degradation
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Table 1  Primer sets and amplification programs used in the quantitative PCR
I 519 8 (57-3") Ry Sk
narG ;25685{ R?g;;?igiiﬁiﬁgf\ 94%C 5 min; 94°C 30 s, 58 1 min, 72°C 45 s, 40 cycles; 72°C 10 min [22]
nirk 211?1:51}1: Eg%ﬁggfﬁf;éﬁg’%& 94°C 4 min; 94°C 1 min, 53°C 1 min, 72°C1.5 min, 35 cycles; 72°C 10 min  [23]
nirS C;;(aj g;ﬁgggz?éggfgﬁc&w 94°C 4 min; 94°C 30 s, 52°C 40 s, 72°C 1 min, 40 cycles; 72°C 10 min [24]
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Production rates of N, O and CO, for different treatments during the incubation period
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Table 2 Two-way repeated measures ANOVA examining the effects of nitrate (N), anthracene (A), and their interaction (N x A)

on the degradation rate of anthracene and gases (N, O and CO,) production rates

. N N0 co, PR
I P F P F P

N 1 2.38 <0.01" 2.61 0.13 | 2.77 O 12

A 2 5.29 <0.01" 34.61 <0.01* 187.87 S color=
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1) % 25 P <0.05 KB H M, FI BN 4
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AP0 A 2 B, i1 20T ),
Eﬁl*ﬂ narG %.EQEFFIL@T}I‘[?E’JL%(Z 1/x10°
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