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Abstract: To have explored the mechanism of the impact of MPs on the nitrogen metabolism function of water bodies, the study had
conducted indoor simulation experiments from the perspective of microorganisms. Specifically, it had experimentally tested the
impact of traditional polyethylene (PE) microplastics and biodegradable polylactic acid (PLA) microplastics at various
concentrations (0, 1, 5, and 10mg/L) on total nitrogen (TN), ammonium (NH,~N), nitrite (NO, -N), and nitrate (NO; —N) levels.
Furthermore, it had analyzed the effects on nitrogen-metabolizing microbial communities and their functional genes. The results had
shown that both PE and PLA microplastics had contribute to nitrogen accumulation in water. PE microplastics increased TN
concentrations by 53.77% to 94.76%, while PLA microplastics had caused an increase of 24.04% to 48.74% compared to the control.
The impact on different nitrogen forms had varied according to the type and concentration of microplastics. Notably, PE
microplastics had been negatively correlated with nitrogen-fixing bacteria, such as Cyanobacteria, whereas PLA microplastics had
exhibited a positive correlation with bacteria involved in inorganic nitrogen processes, such as Actinobacteria. It had further shown
that both PE and PLA microplastics had significantly affected genes responsible for nitrogen fixation, nitrate reduction, and
denitrification. This research had highlightsed the complex effects of microplastics on nitrogen cycling in aquatic systems, with the
same particle size but different types and concentrations of MPs leading to varied outcomes on microbial community structure and
nitrogen metabolism functions.

Key words: microplastics (MPs); water bodies; nitrogen metabolism; microorganisms; functional genes
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JE I B2 5w A M B 4Lk B 4 MPs 3
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S A Ak 3ok 7217 2R S 40 (PVC— MPs) ) 2 4101 i
KA ROV LA R L MPs 4 B Y
m R U A A AR IR, I B g
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Table I Basic physicochemical properties of water samples

ik BE A AR AR D
_ pHfH COD
EiELin (mg/L) (mg/L) (mg/L) (mg/l) (mg/L)

8.89 53.77 2.03 0.54 0.69 0.02 0.09

1.2 KFER B RE

H 1% 3% 25 /R I D o e 2 5 I
i AR FH K FR K s MPs (1) )5 8 94 15 i [l £
1x102~10° 4L\ 2pug/L~40mg/L 1] 5| & % Fi i 12
I, A 3K B AT B e b S B 5256 f MPs IR AE
Smg/L I 5K EH MPs $5AHIT, Guol ERT 5%
MPs X K AR A W) (1) 5% W Hh B, 10mg/L 1) MPs £
| S K A A A ) A A R A DR IR A R R T
MPs s, B A FR B MPs A7 AR D)
REM g, AR R :CK(ANEN ) PE_1(1mg/L)
PE 2(5mg/L) . PE 3(10mg/L) . PLA 1(1mg/L) .
PLA 5(5mg/L). PLA_10(10mg/L). ¥ MPs 55 i /K
FEATIRAT RN 14d, 76 B 78 10 i R rp i K
I B it HARFE7K 4 DO 1E 7.00~8.00,7K
PR BEAERF7E 15°C~20°C.
1.3 JKFEERA P TSI

A [5] AH 5 R, A SE G A /K AR Bk M T HE AR A
DTN R BTN B o R 1 58 0 ke
JGREZE(HT 636-2012); 2 A(NH, -N) IR AL
YE(HT 535-2009); i A %R(NO; -N) LRAMPE 6
(HJ/T 346-2007); WA A A (NO, -N) N-(1-Z45)-&4
TR ER G REVL(GB 7493-87).
1.4 T/EY) DNA BEHUAI 504

B 500mL /KA 0.2um RIS BHEST 38, Jo K
JE B -80 'C & 7 JF ¥ 17 DNA $2 H, ff
NanoDrop2000 A7 MlIFE 5 DNA )4l 5 Rk A
TN B P L VRS U & DNAL TR 52 48R 7 5 14
X3k 515F_907R, 51741k “GTGCCAGCM-
GCCGCGG” Ml “CCGTCAATTCMTTTRAGTTT” ,
1A 16S rRNA LM 1 V3~V4 X i ] TruSeqTM
DNA Sample Prep Kit 2R3 51 &0 A2 Bl /37 SC e #
Hlumina W 745 20177 FIEEAT T4 R g 98 5 3047
FEAD Tl 53248 2 53 1 00 DU P 0 AT ¥R 4G W SR A
BCEE X 16S TRNA #7347 45 ) 1E47 PICRUSt2 1)
Re T, 45 & KEGG #udls FE1S i FE A KO
Pathway. EC %545 K.

1.5 Hdirr

ARSI KA R FH Microsoft Excel A4 1474
AL TR BT A TBtools £ I &AM L R ZE 4
TETE 0 A BB R SPSS X B B4 7 M1 G tE 23,
W B B 2= 5 (LSD) B AT B 2= ek by
(P<0.05);FIFH Origin £ Th g Fk K 3= 1 &, I 2 1
MPs K FE 5 Dl e il A= 0 v 21 1 ) R 5 DR 2 ()
(RIAH P A

2 ZHRE5SH

2.0 THORRER KA R P R 5

MPs A7 %5 7K A2 rh 0 32 TR A7 A 2 e Pk T,
7E PE 1. PE 5. PE 10 %M [ CK ALK& 1)
TN WRJE MBI T 53.77% 72.79%+ 94.76%;
PLA 1.PLA 5.PLA_10 MWi N TN #4017 48.74%-
33.42%- 24.04% (&l 3(a)), 15t B MPs 7] fig £ ik
H KA B AT D R AU S 40 LRI PE-MPs X}
TN [A4E S0 T 58 4 BT NH, N IR LR IR
] MPs i NH, N [0 = AR R 5. 5 CK A
Lt ZE PE 1 5209 N NH, -N W EH N T 42.49%, 1H7E
PE 5 F1 PE 10 $%Wi K NH, N ¥KJE5 BIFEA% T
26.39%-45.06%, Uit W14 PE-MPs W& T = n] figss
{2 1 K AR S A A FH A2 U3 Ak A R R R 2
FMT B ZR RIS CK AL,
PLA 1. PLA 5. PLA 10 §M1 & NH, -N ¥ 5)
BINT 37.12%-. 38.41%. 39.16%(W1&l 3(b)), i
PLA-MPs 2 18 ik $1 il 7K A4 S A A 72 1T 3 BOK A4
HONH, N R JE T s, 8 DI E T /K AR 2
MPs 5 & S AAFAEAN AR 527K AR TH NO, —N I JE
AL K BLBESE PE-MPs Al PLA-MPs ¥ 5 71 K44
H1 NO, N K E T+ #,55 CK MLG,7E PE 1. PE 5.
PE 10 /K& NO,-N WRE BN T 7.15%-
21.99%. 82.19%,7f PLA 1. PLA 5. PLA_10 5
T NO,-N WE M T 15.38% 30.59% -
49.98% (& 3(c)), 3t B PE F1 PLA 23 i 5% i K 44
RFR A AT AL AR AR 2 AR A A e NOy —NLAS Il 7K A
o NO; -N WAL K ILAE PE_1. PE_5. PE_10.
PLA_5.PLA_10 51 I NO; N 737341 1 5.00%-
9.69%. 8.75%. 8.75%. 34.06%,/H{F PLA 1 %W
T FENO; N IREZEFAR T 6.25%(i Kl 3(d)).

Seeley Z5°VE T PE F1 PET IAZ TUiF4 16d
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Fig.3 Changes in nitrogen concentration in water bodies containing MPs
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IR FERE B T 7.12%F1 8.67%. 550 R BLAE
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PE_5. PE_10 73K T 27.41%-. 3.01%. 28.56%,
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Fig.5 Changes in relative abundance of functional microbial phyla in water bodies under different treatments
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Fig.6 Heat map of the correlation between MPs and dominant microbial phyla with nitrogen metabolism function
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(r=-0.73), 5t B PE-MPs 3 % 41 B 114/ F 2R 5
KA PE-MPs A7 1] fi 2 38 ik 00 1) 3 4 7 1)
(A KT R R K AR [ B g, H TR X MPs & i 2
VI 50 R I = TR 2 1) PE 20 4t 1 AR K
{HAZ PET et A KU SR 2R ) MPs
XTWEGN B 2R KA AE 22 S M . 3BT PLA-MPs
g2 1Al A et :PLA-MPs 55T ], i
LR B VRNV R B ) 5 LA O, T B TR 41
TR AGAHSRE 6(b)). Xt L&KL PLA-MPs 5% %7
B ) TR R AR S B R (r=0.91), i B PLA-MPs %
VAP TR AR A FH S 5 A I K 44 PLA-MPs I

A7 23 10 I I 1 T 5 B 1] ) AR T ik K A S HL A
Al % & B PE-MPs(r=-0.40) fl PLA-MPs(r=
0.73) 5 B2k VA 1) (R AH G PEAH 2, B W] PE-MPs il
PLA-MPs X SR TR |1 IRIAE TSR AN R AR B AH O &
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A SR B IR PLA SRR TR
K, PE SR KPP g5 4 Zl—‘;k%ﬁﬁn R IEN
B SR MPs 5 B B 5 20T MPs A0 R 5
(1)
2.3 TR KR AR D eI E W B /K TR s
MPs A7 T 7K AR D BETH A1) e 7K T 1 A 4
7 J R, 5 A AR G AR 32 B R 10 1)
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Fig.7 Stacking diagram of dominant microbial genera in water bodies
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I 2 Al ffa R £ 70 R S B 3 I 8 1 2 ol 1%
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e AR A AR BERE B KT S i R AR KL A
PLA-MPs 50 N & EL PLA 1 23l fa s Al £ 15
Kangd K 1 RBEE PLA WREETF 1% 5 e 4 1
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KT 6.84%(liFE 8(a)), HBLIX A i o i X ] R
Je AR TR € BOREIEXT PLA 77BN
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R EE PLA 7EZKAR T 23 03 i o i A E 3 A Ok iy
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Pt A B T B A Ak T BRI B kG B
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W & (Marivita) X EE R IUAE PE_10 F1 PLA_10 5401
IO R P (R RO S W, S CK A EG i 14
SYBEINT 9.97%. 8.17%(n I 8(b)), i W ik J&
PE 1 PLA 2 it (i AP I8 B e 1) A=A T i g 7Kk 4k
AR, H AT A G R K 3RS MPs 1]
S R i B SR A B R I 1 R W B MPs
(R F 1M 5% W K AR B A I FE 6 L R I PE-MPs - %)
0 AT Jeg (1) 4 P 28R B i, Ui W] PE-MPs A4 D fE R
it SRR v % i T KA T Ry kg T R e AR E
(RIS S 32 J T o R Jeg S . S v R B v R BE T
PE-MPs fil PLA-MPs &Il W& ¥4 1 & 14 K, 5 CK
AHEL PE 10 A1 PLA 10 $2M R iZ% & 5 5l AR T
10.23%- 6.70%(1 Kl 8(c)), i W =iy &£ (1) PE Fll PLA
2 0 T A0 3 A TR D ) A K T R IR K A A A i R
SEH I MPs 6 I B g 2 7 AE AN [R] TR 52 i 2L
SR LA O AR 40 ) s PR i L A K, LA v 3
¥RL PE-MPs X i A KT 5 J8 10 3R 35 22 [
8(d)).
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TR B h R, 36 22 T B (heel_clade)iliit 55
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