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Abstract: To elucidate the release and migration patterns as well as the ecological effects of ultravio-
let absorbers (UVAs) from poly (butylene adipate—co—terephthalate) (PBAT) biodegradable mulch
films in the soil-maize system, a greenhouse pot experiment was conducted using maize as the test
crop. Three PBAT mulch film addition gradients (0. 1%, 0.5%, and 1% w/w) and a blank control
were established to investigate the formation of microplastics (MPs) and the accumulation and migra-
tion of UVAs in soil and plants during PBAT degradation. The results showed that PBAT mulch films
aged and fragmented in soil to form MPs, whose abundance increased significantly with increasing
addition amount (p<0. 05). After 100 days of burial, the total release rate of UVAs from the mulch
films reached 39. 6%, and soil UVA concentrations exhibited a clear gradient characteristic of T3>T2
>T1. Maize could absorb UVAs and accumulate them in various tissues, with the accumulation lev-
els following the order of root>stem>leaf. The migration pathway of UVAs was characterized as
"mulch film release—soil enrichment-root uptake—selective translocation to aboveground parts". In
addition, PBAT degradation products significantly reduced soil electrical conductivity (EC) and
available phosphorus (AP) contents. This study demonstrates that the degradation of PBAT mulch
films simultaneously generates MPs and releases UVAs, which can enter the crop system and pose
potential ecological risks. Therefore, it is imperative to strengthen the environmental safety assess-
ment of PBAT biodegradable mulch films.
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A7 RS BB SS B, 4 © R AR SRR (MPs ) {5 G DR IR 2 —
ORI/ O R T R (PBAT) Sl AR M e M, PR (0 B R B E R I5E  nl 58 4 00 il Ay
IR SRR, BN AR RALGE IR O (PE) MU SRR DT 58, (HHAE B AR S0 T SEBL 8 4k
FRE T HE 2~5 4E IR ST A P PBAT HUBERE 1, 7 B W) S8 AN IR . AR ADLEIB IR 55 2
MRS, RGBT ORI/ T 5 mm () MPs™ . HAEIR S5 B EE AT, PBAT MBI R =
HE MPs F B2 B35 G TR AT PE IR 03X 88 MPs AMUAEIRSE T HAA BRIV ATE, ICREVE AT R 3k
PRI R A P ) 2 . RS F Y0, R IR SR O 8 2 ST BE BRI e -1
Y RGP B AT R
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PATRRERE, MIEZE BRI AL B | S KR S ] FAb A4 sy, UVAs J 24085
IKMRHIRZSE . ORHIIZE . ROF =S 2280, Horp ZOR B 2R AR =S R ARt e i e e
PERHCRLE , AR ol i AR R B PIZE i SR, 28UV As BAEGE I ERE- K73 Bl 25
(logK,,), HAELIBEIRSERUAEYIFEME, HAL B R RES K, JF midd B s e s
7 PARIE =R UV-328 fE/R IR H Bl s 542 K, HATE BN GUrfss
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S N E) SSE
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UVAs TEAN ] st 3 BT RS9 HOWHE, DUBHAEEY AN FIZHER 8 B B . #5028 5 70 BURFAE 54
O, W Z RGEVEEEE S, R UVASTE “ HI-1EY” 8k b 0 IE R4 AL 1 AN
iy, X ERR A 7R PBAT MU 4 A di A R S5 XU A HE A DRl S5 B

Zibpnd, AL IRAHORVEY), iR = RS, RGO =7 RO TR I PBAT
AL B &, UVAs FE R BRI 00T UV AS 78 FORMRAR B 25 v i) RABVFAE 51
o 2%, FIWIHAE 3R R h I B4 s WIH UV As BRER X SRR i 50 , 46 7R Hoxt 4
SRR ATV, . WETCAE R B AR PBAT U A 224 B ISR BE R it , AR AR S R e b R
WGP T A 2 A

1 SLIRERS

1.1 a8

EPAIVEY) E K (Zea mays LOVERMEIRMIY) s HIBFHEAT 2023 4F 6 HAEAL ST RARBLFEBE N K
IR AR ARG R, BRERR WAL 225585, 1S mm GERO 8583 1 /1R
(aFgii
1.2 Kwigit

P4 5845, PBAT b2 BT 2085 0. 19%(T1) . 0.5%(T2) . 19%(T3) i FL N £ 1 i 338 v 78 4345
FE, SIS HHER A5 AAGRRCR W ERRAS A O AR 30 em, IR 21 em, 28 cm, 4
FFEANT 110 kg, FHBCE AT IIHBER) +3EVE 25 A IR(CK) . BEHER o R KPP F, il am
SOEW 24K BB E 6 NPT, WEINIE A HBEK, 4eREHE SRS RR K R 70%, RE
SRR M 19.2 °C, AHRHZEE R 38%, 153F 100 d Jo REAEMNK . 3R FORFES:, IR RERER +3E
MR 2 FK RO AR S 43 TR T AR S BT, (RIGZEIE o
1.3 M=EFZE
1.3.1 TEBAMERMONUE

pHE S-SR 43 pH ORI S 38 BN E . A (AP) : il R £ (BC 3054-100T .
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BC 2955-100T) 3285, RAMEFMUINE . AHER(SOC) : IR (L3 APLRNINE EREIREA-r
HOEEER) (HI615—201 )M . HA(TN) : &M (hHehc R 2R BLRE) (H) 717—2014)
™
1.3.2 TEMPsHIMER %

T RIEEGREE . BRSNS mm AEENGT, B0 gFEMAEH . $2H: 1100 mL ZnCL%
W (p=1.5 glem®) FFIESLEUPBAT-MPs'"' 5 285 um TSFEREF4E Z I8, JEMSER T, ES AN, LK
— =M. BB R, G BT 43 B8 SR AU MPs ORI 4682 R bR ICIRIE RIS, SEcRife
M 55015 REE ;45 A I AR IRLT /G 5 Aglient Sadtler 2L/ REEHE I LI RE .
1.3.3 UVAsEEMRRENE
1.3.3.1 H&EATAE  HBEFES AT E S IO . SRS YIEIY 5 mmxS mm 1) 1E 7 TE#E R O
BHFREE 0. 1 g), BT 10 mLBFEEOE T, R0 ng FMZNARENIN S mL 5 H ke, S@miihz
B30 min, HU1.0mL FiSWFEEHEG, A3 mLIECHRUITRIE R TG, HNEOHL4 000
r/min &30 10 min, FH1 mL ETEW, ERAZERR MR 2L T, SERH I mLOREEE, £0.22
pm A AUFHERS 854682 2 2 mLAROHEA, FF LU B AR (1),

#1 HisomiEe

Tablel Information of target analytes

Abt)iroe;na- Analyte Chinese name CAS# Formula  log Ky,
BP Benzophenone "R HH ] 119-61-9 C13H100 3.18
UvV-531 2-Hydroxy-4-octyloxybenzophenone 2- R R4 TF S FE T R 1843-05-6 CZ]H’ZGOB 6.42
Uv-234 2-( Benzotriazol-2-yl )-4, ()—bis—(2—pheny|pro» 2-(2-33F-3 ) 5-Toa-REEAEIL) 2H- I 70321-86-7 C30H29N30 7.67
pan-2-yl)phenol =
UV-320 2-(2° -Hydroxy-3", 5’ -di-tertbutylphenyl) 2-(3, 5-— T ZE-2-FFERF)FIF = 3846-71-7  C,H,N,0  6.27

benzotriazole

UV-326  2-(3-t-Butyl-2-hydroxy-5-methylphenyl)-5-  2'-(2'-#25£-3"- U T JE-5'-HJLHEHE)-5- 50 3896-11-5 CH,CIN,O 5.55

177718

chlorobenzotriazole AIf =g
UV-327  2-(2’ -Hydroxy-3’, 5° -di-tert-butylphe- 2-(2'-f8%-3", 5'- U T FIREE)-5-  3864-99-1 C,H,CIN,O 6.75
nyl)-5-chlorobenzotriazole I =
UV-328  2-(2H-Benzotriazole-2-yl)-4, 6-di-tpentyl-  2-[2-}83-3, 5-Z(1, 1-ZHUIJENIEIR  25973-55-1  C,H,N0 7.22
phenol L) J-2H-ZE 5 =k
Uv-329 2-(2’° -Hydroxy-5’ -()(:t_vlph(tnyl)*hcnzotri— 2-(2'- ¥R K5 SRE R FE ) I = mp 3147-75-9 C,,H,sN,0 6.21
azole
UV-360 2, 2’ -Methylenebis[ 6-(2H-benzotriazol-2 2, 2'-\F.HHW (4-f1EHL-6- 40 =R 103597-45-1  C, H, N0, 12.46
-yD-4-(1, 1, 3, 3-tctram(‘,thylbutyl)ph(:no]] 1)

TR AT TS OO . BRER2. 0 g 148, MI10 ng WIS NAR, I 6 mL PYE/AE &b
(ERHEL 2 - DIRGIER], #4230 min, 4 000 v/min 250> 10 min, %% RO EEIREUIK; &3
FEEREARZELT, | mLOBEER, 20.22 pm GYAHIERS G5 AR 0ERE

TP SR AL B 7 S SR s FRERO0. 2 o AR Ty, N 10 ng [RIGZ Z bR, 2816 mLIE
CER PR30 min, BOJEHB LIEW; F6 mL 0. 1% 20K S EE @1, 24k, &3F
EEREAREILET, | mLZREER, HRFESIN100 mg GCBFRASNT, £20. 22um GHUHIERE S I8 G4
BRI
1.3.3.2 p#r77%  BAsMEEWRNE T iESROCER . 5 T8 S 808 AH g - 5 D5 g (UPLC-MS/
MS, Waters Xevo—-TQS)M &, %44 BEH C4E (100 mmx2. 1 mm, 1.7 wm), #iE 40 °C, FESMER
JE10 °C, WA A 10 mmol/L ZERER(A)-ZHE(B), BEEEVEME, FHEO0. 3 mL/min, FEAEARFSHL; ik
K2 RO W (MRM) AR, . HUBESEE & TR (ESI+),, BAE B3 kV, EASIRE400 ¢, Hikz:
a2, @ik FEAFENPRIE, SRR VCECAR i h 2l T &, bR h Ze R TE [ 0~100 ng/
mL, FHERE=0.99; HARM 20 ANESI 1A FdEAE S, F RO bR SR R R (L3R Y
80. 4%~103%) , & H R (LOD) 4 0. 02~2 pg/kg, E & FHR(LOQ) M 0. 1~7 pg/kg, & A5 EE W
TE 3K



4 TR AR (http://www.fxesxb.com) 545 3%

2 B 5 ARE OB 24

Table 2 Mass spectrometric detection parameters of target compounds and internal standards

Abbreviation ~ Retention time/min Precursor ion(m/z) Quantitativeion(m/z) Qualitative ion(m/z)  Cone voltage/V.  Collision energy/V
BP 4.54 183.04 104.91 76. 82 20 18/26
UVv-326 6.77 316. 30 260. 20 107. 00 70 26
Uv-329 6. 87 324.40 212.10 92. 00 34 45/25
Uv-320 6.92 324.40 268. 30 212.10 34 30/24
UV-531 6.64 327.00 214.90 136. 90 26 28/20
UvV-328 7.08 352. 19 282.25 212.17 80 28/22
Uv-327 7.03 358. 40 302. 20 246. 20 30 28/25
Uv-234 6.89 448.50 370. 30 119. 10 32 22/35
UV-360 7.62 659. 60 336. 30 265.20 28 28/55
UV-328-D12 7.05 365. 40 289.90 214.30 122 28
UV9-D3 5.31 232.20 154. 10 105. 10 12 16

1.4 HiEAbE
= VRl UVASTE 13- FOR R I HIERAT R, a1 MR- 2E-iE
B2, R AT

. Csoil
TFfilm — soil = Chilm (1)
. _ Croot
TFsoil — root = Csoll (2)
TFroot — stem = Cstem (3)
Croot
TFstem — leaf = Cleal (4)
Cstem
Cleaf
TFfilm = leaf = 7 (5)

K TF,, oW 3R 250 TF,, A HIE-HUER R T, L AIR-ZZIER REG TR, h
E-HER RS TF,, OB ER REG MR UVAS S8 (nglg) s € I8 UVAS & & (ng/
g); C RHFEKRMBHP UVAsE R (ng/g); C,., WEKRZEHUVATE(ngle); C  AEKHH UVAsEE(ng/e) .
BAEZ Excel ALFE S SPSS 27. 0481041, DA(E+FRUEZE(SD) TR, Hrpdln) 2 5iE it 2
AT, 81 Origin 2022 2% #FF1 GraphPad prism 9. 5 HI/EEITE . {04 p <0. 051, A A ikEeas
HAEG2EER, SPSS W FMEER LR “abed” bR, AAFERICTRHORINER BE,

2 HRSHE

2.1 MPs & K& HXf + 52 014 A 200

RS (SEM) MEEE R (B 1a, b) 7R, 4G PBAT B RHDGIH iE2E, ARMEEH B AYFLIR |
RO I AR AL AIMERE (FTIR) 204 BE—AIESE , IS U SR B PBAT SR Wy i RFIE W Ui
W, FUIHAIIR > 450 5o HARE (8 1e) o 45 100 R TR IS, Wiy SR & A 1
WES: FACEEN R AR, F BRI . AHINREORERERTE Sy, B PBAT
HOBEAE LSRRI R A TR AR . XAVESRAL R 2 R K P EIVE RO 2R, ERAEER
FHOHUBOE A . LI A Wy 4R o A LU B S AL R FERE PBAT M B AL i
T MPs ) EERIE EFHEH(E 1), HESHERNE2IERSE, AE BB RIA T3>T2>
T1(p<0.05), HEl] PBAT HUBEAYTE ] B P g 13 MPs AR B AR BUKSF IO 3% . BaRERFE
W, BT A R AR, FESCBR A O R sh s 2R Mps,  HUHORS IR St 8 LA R
RX—2hie 5UH 2B AR . ERERRE, SIRIEAEAH MPs R E R, 2t
— P R R B A SO ST, i T RN H: A R RE TR DRI, I AR TG B L -1
RGP G EAT A

PBAT M5 figt ™ A2 64 MPs BRI EA TR INGH0 0k L3 BRAL R Bl 3 00 5 B AR e P e (6 3) . &
3% pH (E7E & AL BEIW) 0 W 25 22 55 (p>0. 05) , B TS IRINZZ b (R RAHXT AR E ™ . MHLLZ T, &R
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(EC)BEHUBSE R DN O34 NS FRE#E S, Hob T3 4B E KT CK41(p<0. 05) . X ] HE5 MPs it A8 + 3 A
RORFIFLIREH . B K o SV FiE8% . JFURFHT 2 A 56 1370 J7H, TNFSOC ZE&4b
PR )R 25 (p>0. 05), FHH 100 RBEFESLME T PBAT anﬁq:FE%Xa‘Jr_%i?%ﬁ}J?pﬂ’J%ﬂnﬁ B . A&,
APTEA A P IGACT CK 4L, Hrp T, T2 BEF TR, T3 BEA RIFAHATEZALT CK4L(p<0. 05) .
XO[RE 5 MPs 3 3L . IRSIHET RS, LLE MPs Fl UV As s2 i it A S I IE IR T f2 A e,
A TAF AT LIRS . DR R skl iR PRI , 1AL e 22 Se g e — B 3iiE . T3
LRI APBEA [ TF, DTRES R TRIIE T 3R s 0 B oy [ 2 A BRI A 5%
Zi L, PBATHUEAE +- 3ol % A AR I i MPs, HLF ) F@{Rbniﬂﬁﬂnﬁﬁimbn B, B
figE P R T o B PN ECFI AP TR, ik} prﬁ TN F1SOC E‘éﬂﬂiﬁad\o

L == g d
5.00 um 3.0 kV 3.9 mmx10.0 k SE(UL)
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— U M 200 8
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Fig. 1 SEM image of mulch film surface before(a) and after(b) soil burial, FTIR spectra of mulch film surface before and after
soil burial(c¢), changes of MPs content in soil under different treatments (d)
F3 AIE PBATHIIE T LI ML B
Table 3 Changes in soil physicochemical properties under different PBAT addition levels

Index CK T1 T2 T3
pH 7.73+0. 14 7.77+0. 02" 7. 84=0. 06" 7. 83+0. 09"
EC/(nSem™) 132. 43£6. 09° 136. 37+15. 18" 125.73£2. 83" 100. 67+8. 98"
AP/(mg-kg™) 186. 464, 48° 154. 6423, 09° 148. 22+4. 80° 166. 39:0. 86"
TN/(g+kg™) 0. 77£0. 06" 0. 83£0. 15" 0. 84=0. 08" 0. 69+0. 03"
SOC/(g-kg™) 7.38+0. 46" 7.65+0. 67" 7.85+0. 65" 7.66+0. 56"

2.2 PBATifERH UVAs B
E 2a R, @ RAGHE A UVAs WG 0 AR I E & B, UV-234 ZERURS 35 & 5 L i
(37.73%) , H KA UV-360(33.77%) , H AL 5K IK A UV-329 (15.71%) . UV-327(5.66%) . BP
(4.02%) ., UV-326(1.19%), UV-531(0.85%) . UV-328(0.58%) F UV-320(0. 5%) , PBAT Hb & 7F
Fefpid #erh, BRIZMPs Sb, AEREA IR R RS2 R . I 2b s, Bl R A ZE K, HbfE
UVAs & B R0 35 TR, HEE RGN 39. 39 mg/ke (%% 23. 77 mg/kg, FEIE M 39. 6%, X
—ZERRIH, UVAsFERUBSRE it R v 220 IR S P B RO T BE N -3E3R 58, 25 LR, PBATHY
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EAERE frpd R th AR L R RS, (R TR A
INFE Y B AR, R, PBAT HUBSEAN{
MPs () B ZERYE, ] I ¢ B RS f UV As i Fp 224
N
2.3 UVAsTETEFRHEENE

MK 3 PR, HiER UVAs BB R & HIEE Y
Fifi PBAT HiLJE VR I 38 e T, Bk B T3>T2>
T1 BB AR ALRAE (p<0. 05) . UVAsHYE BB ACK:

37.73% UV-234
1 37.77%  UV-360
15.71% UV-329
5.66% UV-327
4.02% BP
1.19%  UV-326
0.85%  UV-531
0.58%  UV-328
0.50%  UV-320

7.75~9. 24nglg, TI1: 29.35~33.73ng/lg, T2: 95.97~ 40 000 - UV-360
100. 85ng/g, T3: 152.52~171.8Ing/g. W] PBAT i & % -
e Lk UVAS M TSERIE, HRRsonrm 2" =tly
B BEE PBATHIA RN, HHOE UVASETRR] 22 000 e
i, RN ERINEAE T 2 MPs, it 7 £ = UV-329
UVASHORSERERL, A UVAsfEREEh i BB ete 0% e
RS, H, UV-234, UV-360. UV-329FIBP{EN o . -

MO B UV As, 23 i BRI, X IR SURRIR

STERBE ARG G RS0 R e o, A B2 BRIGBLE UVAS B0 Al (o) UL IO
- by - ” JEHE R UV As [ S 825k (b)
RAsRZIiEE CAt DRy ZLEN R TETENE i S E S Fig. 2 Distribution of UVAs in the original mulch film
IR UVAs(AN UV-360) il HAHE M logK,,, B (a), changes in the total amount of UVAs in the mulch
Sy IR A AU IR, TR A R R R film before and after landfill(b)

735 10 BP SRR T =B NS YT REEA SR IE

PR A, RUAE HIE PRI SR . b, UV As i B SR b 2= fa e PERIAe i A )
P, e R okl s B, [mIIT, PBATREARF=A2 1) MPs AT REVE A2 A IE— 25 5200 UV As
EHERNRAE ST, R&SB0ERIEP R R, e a2ty 28 3 .

UV-531 »
_ 30- UV-360 A 804 UV-329 a
'sn
: b
o] - 60-
™ é 204 L b
23 40 =
£ 1 LI 10- c
£ [ 20
S L a [H
0 T T T T 0 T T T T 0 T ?{ T T
CK TI T2 T3 CK TI T2 T3 CK TI T2 T3
3 3
Uv-327 Uv-328 L |UV-326
— 34 a
5 -
g 21 % 21 a .
e % b ] 2 b
2 1 1 -
< 14
<
g c b b ¢
© c b <
G T T T T G T T T T () T T T T
CK TI T2 T3 CK TI T2 T3 CK TI T2 T3
n 1.0
UV-234 i UV-320 BP
=30 30
0 a a
E T ab |
i 220 b 054 20 "
®E I ==
£ l b b
< 104 T - 10
£ t L &
(o] e c I
. C
G T T T T 0 T T T T 0 T T T T
CK TI T2 T3 CK TI T2 T3 CK TI T2 T3

E3  ASFEHEE PBAT HUBE R IR AL FE AR FE UV As 78 358 b )RR i

Fig. 3 Release of different UVAs in soil under treatments with different addition rates of PBAT mulch film
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2.4 EXRIFUVAsHIER

ME 4R, PBATHUBER LG (it 7 UVASTE ERARRIAL P E) R, BAkE, . R
H UVAs & &390 PBAT IR IR M &, RIAHT3>T2>T1>CK, Hb, R UVAs & & CK
[ 23. 64~25. 63 ng/g T+ T3 ) 261. 48~274. 27 ng/g; ZEH UVAs 5 & H CK Y 18. 91~19. 46 ng/g FF £ T3
[ 196. 49~206. 21 ng/g; M H UVAs & H CK 19 4. 30~4. 62 ng/g FF % T3 1 32. 94~34. 27 nglg, A[EIZH
2] RPUK PR BRI > 25 > 1, SEB UVAs BEN EORIEP G T35 ETAREE, i F3RiTs2
F—EBR . PBATRINEIGING, HOBEFEMRRERN UVAs BB T i, MRBR 3 i5 Yei i) 2 5k 1
M, NG SR 7 FORX UVAs (PRI R, SrAs e PBAT HUBERE i o] F=AE B 22 MPs, X6 MPs —J7
T ] RE SRR BRI, o — 5 AT T5 e B2 E UVAS TERR RS 48, MATT 4 i AR R I W Sc ik
R, CAHVREY, MPs ]l AR R4 AR, his Gt AP R SR AT (@ aE > . A
FEH UV-320 FEARTIORAS MY, T RE S HAE 3R P ik BRI B A A S AT BR A O

A 3

o |Uuv-s3l UV-360 a UV-329 UV-328 a
& 15 b g 20 a 4 \
< 27
g ab g 104 b b
3 = [ b
ié;i 1 be [ : 104 = 24 p i ;
\ = 1 T
S o =
= 0 T T T T 0 T T T T C T T T T 0 T T T T
CK T1 T2 T3 CK T1 T2 T3 CK T1 T2 T3 CK Tl T2 T3
P 20 20055
404 UV-326 a UV-234 . BF a
] b b A b -
4 T =z c e
BE | c 1o 150
KF20 !
z
E d C 1
& o - 104 ¢
z 4 ;
£ 0 T T T T 0 T T T T 0 T T T T
CK T1 T2 T3 CK T1 T2 T3 CK T1 T2 T3
B
= BT5vs31 a 4]UV=329 N UV-328 a
% l l 154 I
< 10 L b
i g = 10
V=] 24 b
g yobob 54 b b
< S I
O T T T T 0 T T T T G T T T T
CK T1 T2 T3 CK T1 T2 T3 CK T1 T2 T3
& L - a
Siso UV-326 a 4Juv-234 R § BP
2 t b b
4 E 1007 ) o BE
p= = 21 b
2 50 b ] sl e
2 c
g d 55 °
S o T T T T 0 T T T T 0 T T T T
CK T1 T2 T3 CK TI T2 T3 CK T1 T2 T3
C
7 LoV a 10TV 329 L3 Tv38
b =
\;/ _}l —= 1.0
2E 7 05 b
= E b b 2 a a
B ue - aL 0'5_ I= =
R b
E = =
“ o T T T T 0 T T T T 0 T T T T
CK T1 T2 T3 CK T1 T2 T3 CK T1 T2 T3
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Fig. 5 Migration pathways of UV As in the plastic film-soil-corn system
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Table 4  Differences in translocation factors of representative UVA monomers in the soil - maize system

Abbreviation Major migration characteristics I TF o TF e
UV-360 ZErPORKS H B _E IR RS Z R 0. 14~0. 48 ND ND
Uv-328 Rk, (HEA —E T 2.67~5.82 1.99~3.77 0.03~0. 15
UV-531 2508 2 1.00~1.72 1.90~5. 14 0. 23~0. 96

BP W EENE, BBk 7.99~10. 09 0.07~0. 1 1.45~1.73

ND indicates not detected; transfer factors were not calculated when the denominator concentration was below the detection limit
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