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Release, Migration and Accumulation Characteristics of UV
Absorbents in Biodegradable Mulch Film in the Soil-Maize System

HU Yi-wen'?, JIANG Ke', XU Li**, SUN Jia-qi’
(1. College of Eco-environmental Engineering, Guizhou Minzu University, Guiyang 550025, China;
2. Institute of Quality Standard and Testing Technology, Beijing Academy of Agriculture
and Forestry Sciences, Beijing 100097, China)

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 UVA concentrations in soil exhibited a clear gradient characteristic of T3>
T2>T1. Maize could absorb UVAs and accumulate them in various tissues, with the accumulation
levels 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 addition treatment significantly reduced soil electrical conductivity (EC) and avail-
able phosphorus (AP) contents. This study demonstrates that the degradation of PBAT mulch films si-
multaneously 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 assessment of
PBAT biodegradable mulch films.
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A A 7= R RS T MBS S FR a4 8ok R B SRR (MPs ) V5 YAz ORI —
RAPIE WO R T AR (PBAT) v A=Wy B b i, PR B A A M IR B T VT 5842 20 ik 7K
R AR, PIA AR RAEG R M (PE) MR AT 58, (HEAE A AR R A T S0 52 e B iR
W TTE 2~54E7 MR SE RN PBATHUBERE Fr, 76 H B S AMAC AU | DL S5 2 4h
HIEEAE T, R SBEFIERRAZR/NT 5 mm ) MPs”® . HIEFZE 2T, PBAT MR = A4
1) MPs = B 1 25 5 T 48 PE MUK o X288 MPs AMUAEIREE Hh AT A AR A, EREAE i5 Yedi ik
WEFE e i 2. EEIREAEY T, FIRRRERMCE b i & 25 ThRE BRI, i hig - VE Y
RGP IE AT YA

PBAT HURRAFAEMmPBEPE 25 . FH Ta) (Y 5 i et SR D A e, Tl AR p= H h Z5GE S VAR N5 2R T RE B 70k
PeAb LA TERE . o R AMRISRI(UV As) A2 B 2 e e il —, alWRISCE RE Kb s %
O AIRERER, WIMTREZE SR M b b . RE KON 5 R . #2450 005y, UVAs EEAEE
IKMTRIGZS . AR WIS . 0 =R SR AN 00, Hoh TR W AN I = AR e e ) e
PEFIR A, RO ER Tolk i R K22, SR, 240 UVAs B RS EIE /KB R 5L
(logk,,), HAMELIBEIREERUAEY AR, R AE B AR M hKINEY , It o @l L Y E
£ BLARERIE =R ) UV-328 TE/KIR TR R G R KR 542 XY, BTt kg Cnissr
IREEINZT) F A LIG Y ETE o, ICAERAIREE IS A SREW . UVAs EFEENARZE . TS
KIGYE . R H IR LSRR A B o ks i, VA AR AR BRI A XU 5 | e e BRI B}
B R

L H T N AN RE PBAT W] AW Al I UVAs (ORFR CBUSWI5 EE , (HIE IR 2 BT
KSRGS UVAs IR TERFIE,, B0E I S0 SR T R 8l 11, kB . SIS0
PRl 2] JE 2 LR AR SR, FEROL HIE-RI R, MR R EHE AR . T
UVAs 7EA m] et - 58 A8 BiodiAE, DURRHAEVEY AN ZH R e B R . §5328 5 50 BCRHIE 55 4%
O, WEhZ RGPS, RH R UVASTE “H3E-1EY” E8k i IE R 4B LI 1 A
By, X BRI TR PBAT MBS 2 A iy JRT R PSR XURS: A 0 A S5 504

ZE LRTR, AR U ARAMGAEY, B IR E A, RGIFRE =0 TAE: #8958 PBAT
HIPEZEARIEBEEG B T, UVAs7E I RO s 2007 UVASTE FORMER L 2Em i) RBUHIE 5 1T
FRE, BB HAE IR RGP RSB RAR s WIEH UVAs 2500 I B n sz, 38R HR +
SRR TEIEROY . WRITEE R 5 754 PBAT MU 24 B SR AR AR 6, B RO A S R b 3R
IIMAIEIEA T A2 A,

1 XWElsy
1.1 a8

PEBUAIVEY) EK (Zea mays L )VEREIRKLY); T IEFEAK 2023 4F 6 HZEAL R T RAREMHEBE P K
HCEER R BRI Yo 3%, BRENIRVT WAL . 225G, A S mm G0 38861705 4018
A1
1.2 =XIwigit

P4 5845, PBAT Hb 32 BT 52085 0. 19%(T1) . 0.5%(T2) . 19%(T3) B F N £ I i 338 v 78 4345
FE, (S R 5395 AURSEER AR A EH HAR30 em, IKFR21 em, B28 cm, &
FFEANT 110 kg, FHBCEATRIIHBED) +3EVE 25 A I(CK) . BERER o B KPP F, il am
ZOEW 20K, BAMHE 64 PAT. RIS H PEK, iR RIS K E S HIFK R 70%, RE
PR A 19.2 °C, AHXHEEE A 38%, 153F 100 d 5 RAERE | HIEFIFORAES,, IR REGH 13E
HiHE K BRSO S T R A A B BT, RRIGZEIRE .

1.3 M=EFZE
1.3.1 TEBAMERMONUE
pHE S SR /3l pH SR S 3R M E . AR (AP) : il i ik & (BC 3054-100T,
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BC 2955-100T) 128U, FRABEFRINE . AHLR(SOC) . Fiehid (43 AP E EARIRA A Ib-4>
FkSEE) (HI615-2011)M%E " . FA(TN) . %8 (R R 220NE BLIKHE) (HI 717-2014)
e
1.3.2 TEMPsHIME %

R RIERIRIEE . B EAT, 5 mm AEENGE, 10 gFESETH . $2EL: 1100 mL ZnCL%
Wi (p=1.5 g/em®) FIRIRBUPBAT-MPs""; 285 pum iEMREF4E RS IE, IR T, EAAXR, L5
—R =y DB, I TCR BB 7 2 BE I MPs ORI - 45 85 2 TP ICIEREINAS , SERckife
M 5515 REE s 45 A E I AR IR LT AT 5 Aglient Sadtler 1M REEHE I LI RE .
1.3.3 UVAsEEHRBRSNE
1.3.3. 1 AR E MRS AT A S RO S YIEIR 5 mmxS mm B IE 7 T A O
FHFRE 0. 1), BT 10 mLIFFEE.OE R, TR0 ng [FAIZNFRIEMAN 5 mL S W4, SHsEIAE
B30 min, HU1.0 mL EiHWEEEHEG, M3 mLIECEUDIERE R TG, BN OHL4 000
r/min #5010 min, B mL LW, FERAASR TRERET. &ERH 1 LR, £0.22
pm AHUAHIERS IR F 2 2 mLAREAHFER, fF AU B AR (1),

#1 HiaaomiEe

Table 1  Information of target analytes

Abbrevia-

. Analyte Chinese name CAS# Formula  logK,
BP Benzophenone I EEN | 119-61-9 C13H100 3.18
UV-531 2-Hydroxy-4-octyloxybenzophenone 2-$2 I -4-1F AR L IR R 1843-05-6 C,,H,0, 6.42
UV-234  2-(Benzotriazol-2-yl)-4, 6-bis-(2-phenylpro- 2-(2-}84k-3, 5-Z-a-PIHEAIL)-2H-A5F  70321-86-7  C,HN,0  7.67
pan-2-yl)phenol =
UV-320  2-(2’-Hydroxy-3", 5 -di-tertbutylphenyl)  2-(3, 5-"RUT FE-2-FEER ) ATF = 3846-71-7  C,H,N,0  6.27
benzotriazole
UV-326  2-(3-t-Butyl-2-hydroxy-5-methylphenyl )-5-  2'-(2'-F33L-3"fUT F-5"- B RO 5L ) -5-44 3896-11-5 C,H CIN,O 5.55
chlorobenzotriazole R =mk
UV-327 2-(2’-Hydroxy-3", 5 -di-tert-butylphenyl)-5- 2-(2"-¥23£-3", 5/- U T HIEHL)-5-40K  3864-99-1  C,H,,CIN,O 6.75
chlorobenzotriazole I =mp
UV-328 2-(2H-Benzotriazole-2-yl)-4, 6-di-tpentylphe- ~2-[2-¥£JE-3, 5-7(1, I-“HEENIEAE  25973-55-1  C,,HN,0  7.22
nol JE) J-2H-Z 9 =
Uv-329 2-(2’-Hydruxy—5’—uutylphellyl)—bcnzolriazole 2-(2'- ¥R -5 SR R ORIE ) I = mh 3147-75-9 C20H25N30 6.21

UV=360 2, 2’-Methylenebis[ 6-(2H-benzotriazol-2 -yl) 2, 2'-F FUEEXL(4-H0FHe-6-H0F =M 103597-45-1  C,H N0, 12.46
-4-(1, 1, 3, 3-tetramethylbutyl)phenol ] 1)

TR SR AR T VA S OCHR T BRI 2. 0 g 14, 10 ng I ZE AR, N 6 mL P ER/AE b
(EFHEL 2 - DRGSR, BR42EH30 min, 4 000 v/min 250> 10 min, %% FHRGFEEIRIIK; &3
FHWAREIET, | mLZJEEE, 220.22 pm AHURHIEBOE I8 G 4558 ARG IR

FEPAE SR AL B 7 R S SR FRER 0. 2 o AR TRy, DN 10 ng R ZP9bR, JEH16 mLIE
CEAR PR30 min, B0 8B FIEW; F6 mL 0. 1% 20K S G @ e, R4, &63F
EERERERET, | mLKEERE, WS 100 mg GCBERZL, £420. 22 pm A HUHIEND I8 54
B RFR O
1.3.3.2 4 77%  BAsEEWRNE kS ROCER . 5T S AR08 AH A% - B DTS (UPLC-MS/
MS, Waters Xevo—-TQS)M &, %+ BEH C4E (100 mmx2. 1 mm, 1.7 wm), F:i 40 °C, FESEE
BE10 °C, B A 10 mmol/L ZTRER (A)-Z 05 (B), BEEETEME, L. 3 mL/min, BEFAAFLS wL; B
K2 KR Wil (MRM) RS, . S22 1E &5 TR (ESI+) , B HE3 KV, ZEE400 'C, HikZ
B2, @ FNRNARMEIE, RAAEFEICEChRIE 260 T &, AR R LB R A 0~100 ng/mL,
HHE R 2L =0, 995 H AR 20 ANAE S 1A BTy AL S, IRDOZ 2% b o S A I [l 2R (3R A )
80. 4%~103%) , ¥ HFR (LOD) 4 0.02~2 pg/kg, & & FHR(LOQ) K 0. 1~7 we/kg, 4 AHE S 5 & )
3o
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%2 HEMEEY 5 NbRi oS RIN 24

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

Abbreviation ~ Retention time/min Precursor ion(m/z) Quantitative ion(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-D,, 7.05 365. 40 289.90 214.30 122 28
UV9-D, 5.31 232.20 154. 10 105. 10 12 16

1.4 HiEabE
S BE— B VA UV As 7 - TR R e SR AT R, 200 S - . AR5 T
ARG, HEAKXIT .

¥ == (1)

Mot = 6 @
C.

TF,, o = C (3)

TF &‘ (4)

Tmmeéi (s)

K TR, AHE-EHEER 2% TF,, - RER R T, OR-ZEER R TF,,, . -
HIEREREG TF,,  AHIE- TR R C, AU UVAs B & (ng/e) ;s C 3B UVAs & & (ngle);

B2 Excel HALEE 5 SPSS 27. 04814007, LAXIME+bRiEZE (SD)JEREBL, Hp b2 Hilid £ &
OB VERS , A Origin 2022 844 H1 GraphPad prism 9. SHIVEEIE . 1% p <0. 058F, AN AEIRLER AR
GuitiEZEse, SPSSEEMEERTARM “al b, . d7 bRk, AAEMRCTFEEARIZEREE

2 #HRIGITR

2.1 MPs K& E XS T EEB 014 FRAI &0

FIHE B (SEM) MZE4E R (E 1A B)BoR, JRIA PBAT U R LI EELE, AW LS B FLER |
ot AN AR IR LT AN EIE (FTIR) 43 M i —HAESE, IR AR HBE S I PBAT 3R 5 R AE IR I
W, FHHHAG S TE 52 HRaE (B 10) o 2553 100 d i T 3R RS, el Wi i s e i & A T
WELAS . AR R AT, [FE IR B LI . ARUZRSRRLRGE Jy, FHH PBAT
HOEAE LR v & A T I AR AR . XS AR S I E PR EIVE 452, AR E AR
RAMPUUE . R AR b oy il DL A Ak 22K E TR . PR PBAT MBS A B 1
3 MPs 1 FEEEBLEE FIHES(E D), HS5MERINEZIEME, AL R LD A T3>
T2>T1(p<0.05), EHH PBAT MRt A 2t pe i 3 MPs AR i@ A RBUK B DR 3. Bak4E R
FH, RO T AR i, e SERR AR BN R AR MPs,  H RS S5t ) 2 ELREAR R,
X2t 5O A 20 H B LA RARRLY . EAERNE, SRINELAEA T MPs KRR, &S
— 35 M R ) Ak SO SR, R BT BRI L R Ih RS IR, ek AR TS Y e - 1EY
AP G T R .

PBAT MR RS fige 2= A= 1) MPs BRI 7S IS0 8 BRA e B A 5 4 & R re AR B g (3£ 3) . -
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B pH B 7E £ AL B ) JE I8 35 25 55 (p>0. 05) , M IR ARZE v ik RAH G Fa ™ . MLbZ T, HEX
(EC) R DI A3 NS PRk, Hop T3 4 3% T CK 4 (p<0. 05) o XTI RE 5 MPs it A8 + 3 4]
RORHFLBRZE ) . BHASK A3 SV ff s i, PR 8 A 6. #E3745r JiTE, TN FISOCTE& Ak
FRIB TR EE R (p>0.05), FH 100 d BFE 51T PBAT FEAEM= Y0t £ 53550 R 2 AT B . 4R,
APTEA PR LT CK AL, Hop T, T2 B35 R, T3 BESA [l AHEAS R ERT CK 4 (p<0. 05) .
XTTRE S MPs #h8h L IEE b . RIS, LUK MPs Fl UVAs S2IE A P/ S 0 i Aa B0 5 F A 56™
HHFATARIF R LIRS . DR SE N sl iR P , AL T S 8Lt — B3k, T3
AbFE APBEA [0 T, WTRE S TR ONE T S M i R ] AR 5

Zi I, PBATHuEZE H I ol % A AL iR e MPs, Ho T EREA IR A T m g0 [, B4
fr= Rt 3 B SO0 BRI ECFI AP FFE, T pHAE . TNFISOC SEIHAG /N

s WETS] A

~—Before soil burial D
— After soil burial a
300
,—:D I
-~
£ 2004
2
% ab
5}
s
g
g 1004 b
T T T ¢
0 T T T T
1000 2 000 713 000 4000 oK T ™ ™
‘Wavenumber/cm

1 SEIEGT(A) | 5 (B) UBSERTHT A o Y- B, O A M i ) 8 L AR 2 Y (C)
ANEIALEF L3k MPs A2 £k(D)
Fig. 1 SEM images 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)

%3 A PBATIINE T L3r B T i
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/(uS+em™) 132. 43+6. 09° 136.37+15. 18" 125.73+2. 83" 100. 67+8. 98"
AP/(mg-kg™) 186. 46+4. 48" 154. 64+3. 09° 148. 22+4. 80° 166. 39+0. 86"
TN/(g-kg™") 0. 77+0. 06 0. 83x0. 15 0. 84+0. 08" 0. 69+0. 03
S0C/(g-kg™") 7.38=0. 46" 7.65+0. 67 7. 85+0. 65 7. 660. 56"

2.2 PBAT R s UVAS B

M 2A P, @ E GG HIBE T UV As W1 AG 0 ATRRE R I 8 K B, UV-234 FEb S b & & 5 Lo
5 (37.73%) , H K UV-360(33.77%) , HARH MK A UV-329(15.71%) . UV-327(5.66%) . BP
(4.02%) . UV-326(1.19%). UV-531(0.85%). UV-328(0. 58%) 5% UV-320(0. 50%), PBAT HiJF7FIiEHf
Fefgad vk, BRIES MPs b, IBRERRTR DGR SR, i 2B FoR, BEE SR I RE K, HuEh
UVAs & B 2B TR, HESE R RIGHUIEE) 39. 39 me/ke P % 23. 77 me/kg, FEIE M 39. 6%, iX
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—HERFEW], UVAs (EHURRE I e 20 RSP ie A

EEMORSALHEREE . S5 LPTR, PRATHONSTERER 0 O e e
SRR TR I TR, (2 TR \ S6h Uvoamy
BRI [, PRATHIBROUE VP HOTS | \l\ =W
KR, (IR KB UV As BORSSER AR Y =0 o
2.3 UVAs e+ i B S 2 S e v
W3 PR, T HER UVAs B8 R & Wk & iy ‘ "

B PBAT MRV IR RN B E T, Rk RETs D

T25T1 BB A AR GE (p<0.05) . UVASBI& REELIE S =i
CK: 7.75~9.24 ng/g, T1: 29.35~33.73 nglg, T2: 95.97~ §30000- o
100. 85 ng/g, T3: 152.52~171.81 ng/g. 5B PBAT M ~ _— = Uv-s31
iR R UVAS B TEORIR, ELRERCRZHOBERI v
PR, BEE PBATHIN RN, 3 UVAs & &1 S 100001 = V=326
SRS, SRR A A MPs, i 3 T 0 o

UVAs IR, A UV AS 18 38R ) SRBARE 1 17 7 T
MBS, Hib, UV-234, UV-360, UV-329FRIBPYEN O B B
MBI UV AS, FELHe i BBt b, 2 R S SR
SAEHIRE ORI AG f HURFIE— 8 BROIGETEZERAN, A Fig 2 Distribution of UVAs in the original mulch film
[E AR PR Bt s R VA A S B2 R 2. B (A), changes in the total amount of UV As in the mulch
7k'l‘$§i9iﬁ/‘3 UVAs(TI UV-360)@T¢?§@$§CEE{] logk ., o film before and after landfill(B)

Sy SRR ISR T, TG SR PR R RE 5 1T BP SR - BB/ ML ST REHA S
PRAGERSREHOHE AR, AR I WAL EGRIR . EAh, UV As i HARSRA - E PR 8 Y
R R, (E IR h Bl DO JeBi . [RIE, PBAT BEARFZAE R MPs 0T REVE R 2k Mt — 25 52
UVASTE TSP IIRAE 51T, RZCSECHAE bR 2R, T REN NG St 2 M.

3
UV-531 ¥
_ 30- UV-360 L] 804 UV-329 a
‘gﬂ b
B 21 60
= 204 — b
'*5 40+ -
g 1 LI 10- c
g b } 20
e = d c C
0 T T T T 0 T T T T 0 ., - T T
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3 3
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— a7 a
T?D T
2 21 = 2+ a
E b ] I 29 b
E it » > gk
1 1 "
E c b
B = o P S -
G T T T T G T T T T () T T T T
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Uv-234 a Uv-320 BP
~ 304 30
w . 8
éﬁ o |8 avh
3 204 20
B0 b 0.5 b
E } =
£ 10 - . 10
54 e | o 7
% ¢ S 7 c
© e c I
¢ C
G T T T T 0 T T T T O T T T T
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K3 AR PBAT MR I AEE A UV As 78 38 (Rt

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

mE4PTR, PBAT LRI Z(EHE T UVAsFE ERARRIAL P R, SkE, 1. Zfm
1 UVAs &2 36 PBAT RIS G INmFHE . E#BCAT3>T2>T1> CK, Hdr, I UVAs &8 H CK
[ 23. 64~25. 63 ng/g F+ 2 T3 1) 261. 48~274. 27 ng/g; ZEH UVAs &2 H CK 1) 18. 91~19. 46 ng/g F+ 2 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 AR RIUNR > 25 > 1, B UVAs BEN Bk R G B85 E TR, i EERiTs2
F—E Wi . PBATEIIRIE NG, MR UVAs ST, ARBR 38 Yu i) 285 ik 2
I, Mg SR T ERXS UVAs IR [RIE, AR PBAT MR g o] P~ 4E 55 %2 MPs,  3X 48 MPs —J7
T T RECASARBR AT, T3 — D7 T I VE AT e R (e ik UVAS TEMRTT S 82, NI AR R i lieiik
R, CAHVREY, MPs ] AR R4 S NAERTE, his Gt AP R SR AT A @ IE > . A
FEH UV-320 FEARTIOREG MY, VT RE S HAE H 3R P ik BRI B A A S A BR A O

A 3
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g,j 154 b = 20 a 41 \
= 24 1
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c 1 b
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S
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=~ *Tovszs a “uv-234 OTep R
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0
e =t 2 a 204 by
£ = in N =
% 2_ == b
£ 11 P 104
5 d d —
T T T T G T T T T C T T T T
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Fig. 4 Accumulation of UVAs in maize roots(A), stems(B) and leaves(C) under treatments with different
addition rates of PBAT mulch film
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Fig. 5 Migration pathways of UV As in the plastic film—soil-maize system
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Table 4  Differences in translocation factors of representative UV As monomers in the soil-maize system
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ND indicates not detected; transfer factors were not calculated when the denominator concentration was below the detection limit
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