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FFh PPCPs X &ALt iR it /E R

Bk, tRESE, Rt

(MR 2R, BoKNASGEIRI S W IRIT R BE I E AR, Fat 210098)
E. T HERZY LA AP ( pharmaceuticals and personal care products, PPCPs) X 155 ¥ 44 1] i & % Ak 3 AR 32 | R
JHUUR Wy Ye 3¢ 52 56 7 %, WF 5% 1 6 e W9 I B ( sulfamethoxazole, SMX ) Fll B 48 3 A 4 R £ 3 © Bis ( 2-ethylhexyl- 4-
methoxycinnamate, EHMC) 7EAS A BE T (0. 01, 0. 1, 1.0, 10 F1 100 pg- L") XA A VL UTE s ALV AR . T A5 b B
) F AR T AL A, SMX A EHMC SEREZVE & T IR M4, 155 66% . A7 SMX Al EHMC Ak FZH 35 2 25 4l 1 o
Jin4& i ( ammonia monooxygenase, AMO) & PEFT amoA FEH F &, SMX Bl K H 5 EHMC BEE1A S T H EHMC 5 50 A4 410 i 5%
R SMX Fli k5 EHMC Be& #5882 0 1T YUY i A 32 i A AL il hydroxylamine oxidase, HAO) J& 1 & hao F&[H F fF | It
R BR A A0 BE 5 T 0 EHMC ARSI T HAO 3G MEA hao FEH F B, G55 3B, PPCPs 52 T = M SR T OB 9 v il
PCTERE AT, B0 T S A A I R R — 2PN T KA S RGP A ST ).

SRR Al P s W ABE N ARIR C BRIl 5 ARGV DURRY AEALPER

FESEES, X522 CEARIAF. A XEHS 0250-3301(2021)06-2868-07 DOI; 10. 13227/j. hjkx. 202011199 -

Effects of Two PPCPs on Nltrlficatlon in Sediments in the Yarlung Zangbo Rlver
LING Xin, XU Hui-ping, LU Guang- hua : | & | i 4

( Key Laboratory of Integrated Regulatlon and Résource Development on Shallow Lakes, Ministry of Edu(:ation, Cell“'ege-:“"of

v - 1

Env1ronment Hohai. Umverslty, Nanjing 210098 Chlnd) I L WV s

Abstract To understand the effects of pharmaceutlcal n _.-per%onal care products (fPPCP%') on n}}rogeh tran@formatlon in high- altltude
rivers, we 1nvest1gated ‘the influence of. thessingle and combined exposure of / ﬂulfamethoxazole (SMX) and 2-etl’1ylhexyl 4.-
rnethoxycmnamate (EHMC) at different eoncentrations (0 Ol 0. 1, 1.0, 10, and 190 ng L7 ]j |on nitrification in thé*sediménts of
the Yarlung Zangbo River in sediment slutry|expetiments. All treatments %wnlfl(anﬂy reduced nitrification rates, and the maximum
inhibition rates 1nduced by SMX and EHMC (alone and i it combination) were 47%),"50%j and 66%), respectively. SMX significantly
1nh1h('[ed ammonia monooxygenase (AMO) activity in a concentratlon -dependent manner, with the inhibition rates ranging from 51% to
78% . The 1nh1b1t'6ry effect of SMX combined/with EI—rMC on. AM'O activity was similar to or stronger than that of SMX alone, and the
1nh1b1t10n rateb ranged from 55% to 84% . All EHMC expoeureb also significantly inhibited AMO activity, but the inhibition rates
decreased w1th an increase in EHMC concentrations. The amoA gene abundance was significantly reduced in all the treatments, and
SMX alone and in combination with EHMC induced stronger inhibitory effects than EHMC alone. SMX alone and in combination with
EHMC significantly inhibited HAO activity, showing a similar concentration-effect relationship, but their combined exposure produced
a stronger effect. SMX alone and in combination with EHMC also significantly decreased hao gene abundance in the sediments, and the
maximum inhibition rates were 76% and 68%, respectively. Although exposure to higher concentrations of EHMC increased hao gene
abundance and HAO activity, the notable decrease in nitrification rates in the sediments suggested that oxidation of ammonia to
hydroxylamine catalyzed by AMO was the rate-limiting step in the nitrification process. The results also showed that PPCPs influence
the activities of nitrifying communities in the sediments of high-altitude rivers and inhibit nitrification, and their coexistence further
increases the pressure of nitrogen loading in aquatic ecosystems.

Key words : sulfamethoxazole ; 2-ethylhexyl-4-methoxycinnamate ; Yarlung Zangbo River; sediment; nitrification
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Hh—2 PPCPs Eﬁ7k14i?i%f“6%?ﬂﬁé’ﬂﬁﬁ%
SUBRE , XA AR PSR BT A KU
R FE M PPCPs TEHLZR K 32 Fe A7 25 5 B 1
ARG WA 5 B I 38 BAE B K A S %%
ARG I N 2. BHiOCT PPCPs X[ &R 4t
R AT FE I 52 BF 58 AR AR /D R 0 2 % A A X
i 55 1) e R AT I R B, B 2 6] 1T
TGS R 8 340 B A B2 7™ A T AR, S B0
FRER AL ZOREUE T N0 MR 5 i Rl R
/\zﬁﬂaﬁﬂmmﬁl%E’inﬁﬁfkﬁﬁfﬁiﬁj}ﬂﬁﬂ%ﬂ
VER'®. Bt VG 35 7K Fi T & B0 4 a0 | e 45 5 A V37
WAZ B T H 2338 2. i T 2RI 15 7K Ab #E3K
R, [RS8 15 K A BT 25 %6 8 B LTS G4
(A BRSNS R & AU & W A PPCPs i
NS FAT L. O AW 2 I, S A VT B
ST R E SR M B A K 1.3 ~ 2.5
mg-L™',EK A L1 ~2.0 mg- L' 31 Fif
PPCPs Bk, ¥ JE 0 I 72 75. 6 ~ 234 ng-F '

] 5 RS WU Al 45 SR R B ﬁm{ﬁfﬁ JXT&:*

A A T .
ﬁé%ﬁ&m%ﬂfﬁﬁiﬂﬂiﬁtmﬁ%ﬁﬁ EL
E’@E’Jﬁﬂ:ﬂfﬁl H'ﬂfﬁt}j ) B A R AR AR AR

i 1 smMx fn EHMC Ry iz it {E35
Table 1 §lructurc dng physicochemicl properties of SMX and EHMC

=

o R " A A R N A B ( ammonia
monooxygenase, AMO) BIEALAE R T AL L
SR PR MG AE P2 e S8 A A SR (hydroxylamine oxidase,
HAO) A1 F T S A8 5ok A S A, X A
WrBOR A R T AR T AT AMO B
3AFEH G, 4350 A amoA . amoB Fl amoC. Frh
amoA HtSH#EHF T AMO il 14 57 25 1 W7 35 | 2 LAY
(R AL BESE B 10 AR SR BT A 65 R A VLT 12 A
H BT PIRR PPCPs , fif 1 T gk ( SMX) T HT S5 AR
M2 O (EHMC) |, Bl R B8 e 45 A VT DURR
FI KRR & B FE L AF PPCPs XA AL 3 . AMO
FHAO T4 R AH I HE P 2 B A2 ), LAS by v it 4k
TN 15 G (R A 28 KU TPA AR} 2= A i

1 #RE5FE

11 H ; a8y

SMX (984 ) EFIMG,(98% ) . LC-SAX(500 mg,
3 mLL) il HLB((200 me} 6 mL) [ FIEA0EN 19 1
TR ST 00 PR B L. PR R TR A
W 1 P81 Morck 74 P4 €t . LA A3 LA 5 1
2 P T B a1, 4 4 2. SMX il EHMC:‘}
(AR (2 iﬁﬁu ?% 1. =

sww | N S

case/ N gl TR gmol - AR /mgel 16K,
i ek T osmx 123-46-67 D 253 459 0. 890
5466-77-3 290 0.155 5. 80

U A R 2, Y EHMC

1.2 FEACRE

T2019 49 H 7EHEE AT TIAR 2 B (29°32730”
N, 94°2627"E) RERZUIFYI (0 ~5 cm) F1 7
K. URRAIRE S % B O R SRS D, KA
TR, MRIR S [ SZ 58 =, SRAE SRR
2910 m, /KRN 16.2°C ,<EH 70. 9 kPa.
1.3 LRIk
1.3.1 VIR 5=

I BRI SMX AT EHMC AR i 19 5%
i), 72 SEIFF U 2 A, ST UL AR S R AT S 3% B
SR 0] B ITCRR IR S e B B B S 25 4% (30 em x 30 em
x20 cm) 91, F 2230 38 0% 2h S AR F5 LK BB h,
T BEE R 1 mLemin ™', 7E AN TAUESE (15°C) ik
P, Wi A 7 d BOOURR AR 5, KT SMX A
EHMC 9B, 2 TR PR

1.3.2  fif i FH el 7 R A0 PR IR 2 O TR 8
il

Vo UR T 1 I W DO RRI R o SR PR S 325 741) 2 AL
( Dionex ASE 350, Sunnyvale, 3¢ [#) ZHU, £
HLB 41k, & | Waters Acquity”™ UPLC-MS/MS
(Waters, Miford, MA, USA) & % i AH {6 3i%- = 5 1Y
WFF IS R i 2 SMX A1 EHMC A B . SMX
A EHMC R BR 4334 0. 2 F10. 3 ng-kg ™', H5 57
28 d J& ,SMX Fll EHMC F i B 416 F R DU FR , &5 5
TGS W DU S e iR A T IR 2Lt b
1.3.3  fisfb R

B 58 i 55 B DUAR A i (600 ) 58 4fisk
(4.5 L)IRA, o iR 2115 BIVe KA . Sl e
WEEFE 24 h, KFRAJENH, -N. 285 K 100 mL Je

% Oasis
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B 42 %

HFE Al e A 250 mL HETE R . ) AR O o A
NH, Cl #l KH, PO, ( 24 & 43 51> 100 pumol < L™
F130 wmol - L") . MHFFE PPCPs 21 Bl Ak B Xt it Ak
SRR, R E 3 AL FRZ] (SMX, EHMC, SMX
+ EHMC) Fl1 5 Mk B2 20 (B — R 5 Ab BRA Hh SMX
A EHMC ¥ B4 0.01, 0.1, 1, 10 A1 100
pee L7 AAMEE A A RE AL i Ak B RN X R i
B3 AT BTA MG TE 15C T EEOGIR T (200
DREFE 12 h 5, TUE NH, -N AU BE. B A
(i) PB4 Jo 2 P U0 B 400 T FE B NHL N oA il b R
AR,

remin_

N = (k, - k)/W

X N AR RS AE S N3 K [ nmol - (kg+h) ' ;5 &,
Hl ko 35 R A T NH, -N A 046 Tk B RN 2 1 F R
(nmol-L7"); W BT i (g) .
1.3.4  Jigs M e

*EE@“@B’J%%EX:M%%@%
3 25 mL, T 4°C . 4000 r-min "~
{4t bW 0, DOTE ] 2% v E
K. R /BZEHMJLf 4%C |
min 71(}‘:%&@5@7‘ 4°C, 12000 1+min A"%.#F*’(/\

E’J%’Eﬁ/#ﬁqﬂﬁy\(}ﬁ
#F_FI%IL.‘ 3 min,
%‘EU 25 ml), 4 —

20/ ki P2

R L 30 min, BUE O 5 9 I8 W, RO HLR .

AMO JEPENE  7F 10 mL SR ZR d A 600
pL LG FD 1. 8 mL 0. 01 mol - L ™" Ay B2 £h v Wi A
1.6 mL 2 mmol-L~" (NH,),S0,. 7EfH & (15°C) #&
¥ 30 min, 2R 5 B0 38 o 0 E BN RIS R R R
NH, -N¥&JE 155 AMO AY3G 1.

HAO 3G P 5E B 4 mL JZ W (50 mmol L~
Tris-HC1, 1 pmol-L™" K,Fe(CN),, 4 mmol-L™'
EDTA, 2 wmol-L~" NH,OH) #10. 4 mL M BHR IR &
57 76 25°C K TR 5 min, LA 1 mL Eh R
W (2 mol- L") Z& 1k, 7 400 nm A0 5E W
1.3.5 B0 AH DG IE R e

KEFREE I I HEIE R P B 2K 10 mL, 4 000
TR EIURRY, ¥ VR TR S L HE DNA
B 41 WK A 4 B DNA (MP Bioriedicals,
Cleveland, OH, USA). R FsCHt & %ﬁ%’%ﬁ%}i
(qRT-PCR) R ZEM 3E amoA I hao %IB’J%‘%LF
BT SEI 5 0 4 B | 9 B e ﬁﬁﬂ?%%
2. fff Fi ABI 7500° /% F1 & W % 4| Applied
Biosystems, . Carlsbad LCAY USA) e amod ﬂel] hao
E’J%l%'ﬂéﬂz ) < -

r*min

£2 amoAﬁhaagﬁtEI%%f" ElE7):d ﬁufruifr BEME

Table 2 Primers, lhermaL pmﬁleb imd paramelers for qRT- -PCR quanuﬁcatwn of amoA and hao e
RN Slat  slwEsl (s ¥ P & SCk
oY ampA-1 Bz GGGGTTTCTAGICGTGGT | 95%C . 3 min, —AMEFF; 94°C . 30 s, 65°C . [12]
¢mo% 1 ¥ ameA-2R CCCCTCKGSAAAGCCTTCTTC o 30 s, 72°C . 10 s, 40 MBI
hadll tiao-F GTMGGHTGYATYGACTGYCAC 95°C . 3 min, —MEH; 94°C . 30 s, 71°C . [13]
% hao-R GRCGRTTGGTBKTYTGDCC 30s, 72°C | 10 s, 40 MEH

1.4 BdRab s o pr

G A (SPSS, version-20. 0) FE 17 84
et ot R R I7 225081 (ANOVA ) 6 50 4[]
A B 55T R A ) 11 2 5 DA % [R]— A PRZFLAS ] ok B 1)

()22 5. 22 E K ] OriginPro 2017 5.

2 HFRESW

KA B M B AT VAR BeKRE R NH, . NO;y
FINO, HYHEE 4 0.280, 0.360 F10.004 mg-L~",
LAY h & A Bk 3.27. 3.88 Al 0. 140
LU T A S BN 487 mg-kg
2.1 i frig P s AR FR AR S PR AR IR & L TR T A Ak
o AR A

AN[EARFE Y SMX FI EHMC 4034 454 F iR
gL R AR AN & 1 B, SRR B, A Ak
FRZF TR A A 58 1 10 2 B AIR. SMIX Ay vk ik
15, KBS A AE P A A P ARR AR | AN [R] v B R o 2%
YR 30% ~ 47 %, BB — 5 B MR BE AN KRR

mg-kg~

| ESi C
I:Iom pgL”! a’
EZ20.1 pgL”!
P Gc
S b .
= B, 4 pe B
E Ny -
% Sl
;’—?, NE NE
= \= NE
=3 %E §E
N NE
N |7\
\E NE
SMX EHMC SMX & EHMC

PIE + brfE2E 0 =3, A KE FRERR R — b B oA R VR B
Z )Y b 22 5 AN DB 20/INE SR SRR A TR B R A [ Ak
B KOG BRZ 2Z ) 1) B 25 57 (P <0.05) , T[]

E1 SMX #1 EHMC XF§4K i & B 2500

Fig. 1 Effects of SMX and EHMC on nitrification rates

Al B2 EHMC (306 2R 9. 7% ~ 50%, Hir 1
pee L' EHMC X i £ 8 2 0 400 ol /6 FH feig s o8
I EE TR (10 gL' 100 pe- L") 0081508 A BF
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WA, 5 0.1 pg- L7 WA BE 2R, SMX A
EHMC Bk 5 %% & 0T A 16 A 6 30 61 2 38% ~
66% 1E! W E N K AR . 0.01 pg-L~" Al 10
pe - L1 RS 2 A A 3 5 i TR AR, O
e B KA 2 B AL A R 5 SMX 5 EHMC 50
TR —3
2.2 it il HH s R AU R R R 2 C R X AMO
FTHAO & PE R 5200
SMX fil EHMC X} AMO 1 HAO 1% 4 i) 5 i 4
K2 fir7n. A SMX A1 EHMC b FRZH 1 & 4mid 1
AMO . B SMX ¥ B 09 Tt 55, AMO i M 3% Wi

WEARS, T 28 TE 51% ~ 78% 22 18], 5% I B I 416 ok J -
BN S FR. AE SMX Fl EHMC BEA b 34H ) AMO 1
PEID A 55% ~ 849, {H J2: ¥ FE AR APEAS B 4. 1
Bififs EHMC ¥ B 38, X AMO 355 P 59 31 i 25 52
BN R

SMX Hupl K 5 EHMC B4 b BRY 8 2 il 1T
HAO TP, 2 B ALY TR B 300 K 3R, e KA
HR 50K 57% F 87%, BEA B 515 S T R A1
HIRGNE. (H, 5% R ZL A LL , R B EHMC 3% W
P 7E HAO f5 1k, 2% EHMC ¥R T 1 pg-L~" i,
HAO {EHE3E N T 21% ~40% .

2000 600 [
I i B 1 el
C_JoorpgL”! Y 10pgl” s00 L Cd[?l),
1600 0Z20.1 pel” [ 100 pgL™ et
= T ' ‘\I
) Z 400}’ %
1200+ 2 N
; ) %\
El E 300t %
£ 500 # 3
) £ 200t N
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