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Pollution Status and Control Countermeasures of Polyethylene Mulch Film Residue in Farmland Soils of
Qingdao City, China

LI Yan—chao', LI Hai-ping>, WANG Yong—xian®, SUN Ya—ping’, WANG Kai-rong", YANG Qing—xian’

(1.College of Resources and Environment, Qingdao Engineering Research Center for Rural Environment, Qingdao Agricultural University,
Qingdao 266109, China; 2.Qingdao Agricultural Environmental Protection and Rural Energy Extension Station, Qingdao 266071, China;
3.Jimo Agricultural Bureau, Jimo 266200, China )

Abstract: The benefits of using polyethylene( PE) mulch films in agriculture are well established in China. However, residues of PE films
contaminate soils. Disposing of used films may lead to off —site environmental pollution, especially contributing to white pollution. We
conducted a study to measure the amount of PE film residue in a number of farmland soils (27 sites ) previously subjected to long—term film
mulching across five main agriculture production regions of Qingdao, China. The amount of film residue in soils was highly variable with the
mean being 32.3+15.7 kg -hm™. Seven sites exceeded 40 kg +hm = with the highest being 69.3 kg +hm=. There was no evident correlation
between the amount of film residue in soil and the type of cropping system or the number of years of surface mulching, but was related to the
recovery rate of the film in the current season. About 1.6% of the recovered PE films was in pieces less than 2 ¢cm? 7.3% was between 2 cm?
and 20 cm?, 19.2% was between 20 ¢cm? and 100 ¢cm?, and the remainder(71.9% ) was in pieces greater than 100 ¢m? More than 90% of the
residue PE films was in the 0~20 cm ploughing soil layer, while 5% was in the 20~30 c¢m layer. A number of key steps are suggested to control

the ongoing pollution of PE film residue in farmland: (1) Establish and implement a comprehensive program for controlling soil PE film
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residue pollution in agriculture involving both government and industry initiatives; (2) Upgrade the quality of PE film to increase the

proportion that can be recovered after harvest and recycled; (3 )Develop and promote new biodegradable films to as cost—effective alternatives

PE residual pollution.

Keywords: polyethylene mulch film residue; field investigation; pollution control countermeasures; Qingdao
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Figure 1 Distribution of sampling plots for film residue survey in

farmland soils in Qingdao City

1.2.4 AR RSF AR Bk B it

$2 B R 5F>100 ¢m?,100~20 em? ,20~2 cm?® F1<2
em® A TAPRIFFRE
1.3 HES T

)3 1 DPS (Excel 34X 8 2 $ s 2617 25 53 B
I A

2 HRE5HM

2.1 AEFMEXRHIEEREE

22 S By A AR DX AR IR B A 13
AR B e A A AL AR g rp Y- 15 B
iR 32.3£15.7 kg-hm?(H i {H 27.3 kg-hm™), H
VG 30.9415.3 kg-hm™, FREEFH) 40.249.9 kg
hm?, B 52515 22.949.0 kg -hm?, Jiig M- 14 21.949.1
kg-hm, #5544 58.6210.2 kg-hm™, K [a] 3 BfEY)
R BRI BRI YO B SE ARAE KGR AR W
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Table 1 Basic information of sampling plots for film residue survey in farmland soils in Qingdao City

XS PAAAE J Hh A e J X BRI FEH Y ZRRMEVEY) 7 DX RAR IR/ 4R
LX-01 TG I AL AP SR AT bie INFE-FR-AEE IR = A 15
LX-02 TG I AL T YDA bie B - - ORI =2 ik 15
LX-03 TG YT Sk A bie INFE-FR-AEE IR = A 15
LX-04 TG TR A S A AL =k Hite INFE-FR-AEE IR = A 15
LX-05 3G H R4 = sk bRl INFE- R -AEE I = A 13
LX-06 3V H B H AR b TRl INFE—FRAEE I = P 10~15
PD-01 SR 22 B SR e INFE—FRAEE I = A 22
PD-02 P TELE S L A A ThIE INFE - TFOR—AEA AR =3 1eE 10~15
PD-03 SR TH s AR 4 ThiE INFE-FR-AEE I = A 26
PD-04 VLR R AT B TR B - AT ik 25
PD-05 SR L Fride FR-FGF—AEPTR PN 26
PD-06 AP I AR AR R B Frde INFE-FR-AEE IR = A 10~15
IM-01 B B 1 ) K P A Fride INFE-FR-AEE IR = A 10~15
IM-02 B B A 135 AL A i INFE- R -AEE IR =3 A 10~15
IM-03 BB B R AR B Fride INFE-FR-AEE IR =3 A 10~15
IM-04 BIVBE ) 8 1 P DA IX el G A bie BB 2% 32
IM-05 BB 4 1 EEA LA iR INFE-FR-AEE IR = A 31
IM-06 BV AR XU B =8 A bie BB - = PLLA 8
J7-01 JEPH R A1 B SR P A Wt INFE- R -AEE IR = A 10~15
JZ-02 JE M B P B Ak A Wt INFE-ER-AEE IR = A 10~15
J7-03 JEH BV BELAE — S Wt INFE-FR-AEE IR = A 10~15
JZ-04 JBE M JEE PG B TR A Wt ok B R — AT ik 10~15
J7-05 JBE M JEE PG B TR A Wt E R B SRR T ik 10~15
J7-06 JBEPH BV LA X P A Wt B B3R T ik 10~15
HD-01 ErESILEG I S T Frde INFE - R -AEE IR =3 A 10~15
HD-02 WA ERER i INFE - TFOR—AEA AR =3 1eE 20
HD-03 15 R P LY S I ThiRAE INFE-FRAEE A P 20
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T i A H A B b SR P T AR A IR

LRFNBIRAR . R/ NLARTF 100 em? (522, 1
¥ 71.9%;20~100 em? K/ 5 19.2%;2~20 em? [
17 7.3%;<2 em?® IIEE R 1.6%(% 2),

T T 5 A L DX 118 e S e AR ) A B
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22 AR EHRES RS

TR 4 BT, T B A FH A 4 rh gk B
0% b3 A AERHER  HH 0~10 em 42 P 3458
4 26.1 kg-hm?, (5 77.7%;10~20 cm 4 2535958 54
4 5.92 kg-hm?, 5 17.3%;20~30 cm + 2 F- 5% B4
R 1.73 kg-hm™ ALY 5.0%. i@ XA R BV EDIAS
[] 1 )25 B ot LA R 0 A B ) 4528 0~10 em AT 10~
20 cm 5% B B = o0l ok 28.4+11.8 .6.4+5.0 kg -hm™, 75
JEEAE 22 20~30 em FR R f A Ik, M 2.0 kg-hm?, #5142
DA M S P ik 3 B 22 57 (P<0.01) .

®2 FRMARMEXAKHTEMEKBE (kg hm?)

Table 2 Amount of PE films residue in farmland soils in different planting areas in Qingdao City(kg+hm™2)

PER B >100 em? i 100~20 cm? f5 20~2 em? fi <2 em? Ji
LX-01 12.68+2.19 9.04 255 1.08 0.01
LX-02 58.75+18.42 41.30 11.87 533 025
LX-03 32.52+4.51 20.97 6.57 3.0 1.78
LX-04 26.62+7.77 19.62 5.37 1.17 0.46
LX-05 24.50+6.07 18.06 4.94 1.16 0.34
LX-06 30.17+14.00 227 4.09 2.15 1.66
PD-01 50.81+3.44 34.46 9.26 530 1.79
PD-02 51.41+8.00 35.89 10.39 331 1.82
PD-03 38.52+18.55 27.39 7.79 223 111
PD-04 31.49+5.44 2321 5.36 1.19 1.73
PD-05 27.28+4.81 20.11 551 1.50 0.16
PD-06 4157+2.48 29.64 7.40 426 0.27
IM-01 20.11+4.50 14.82 4.06 1.12 0.11
IM-02 14.92:£3.96 10.99 3.01 091 0.01
IM-03 14.40+4.50 10.61 2.81 0.97 0.01
IM-04 26.37+4.32 19.43 33 3.6l 0.03
IM-05 38.71£7.23 24.53 7.82 6.34 0.02
IM-06 23.05£1.91 16.98 4.65 1.41 0.01
JZ-01 26.84+9.62 19.02 5.42 2.17 0.23
1202 11.75£0.99 8.66 237 0.64 0.08
1203 10.70+2.74 7.89 2.14 0.61 0.06
1204 36.44x17.16 25.86 7.36 321 0.01
1205 26.94+16.64 19.86 445 2.15 0.48
1206 18.63+4.56 13.74 3.78 1.09 0.02
HD-01 57.65+10.33 4249 11.64 337 0.15
HD-02 48.88+7.83 36.04 9.87 2.29 0.68
HD-03 69.27+18.75 53.06 13.83 1.58 0.80
http://www.aed.org.cn —229—
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Table 3 Investigation on recovery rate of PE films in Qingdao City

AR [/

X keohm®  kg+hm IR %
B I DX P Y TR 37.50 20.70 55.2
B XSRS R 44.10 23.70 53.7
B X LR BE BT 40.20 28.05 69.8

P A E I AL FIVDIRAS  54.75 36.90 67.4
HePa T Mt E A AL = 39.45 25.20 63.9

SEVETH H A — AR R4 37.80 22.65 59.9

i 0 J2 PG A T R 37.50 32.40 86.4

Ji2 B P A T A 37.50 33.75 90.0

Ji2 s P A T A 37.50 3345 89.2
3 g

T T A b A S AR AR B PR AR A
AR Z R R SRR B A AR
o bR T X R AR B SE R AR A K
PEAAE AR A R AR AT o 25 1 0, R R
1 C €, b 5 3 R 5 X A A R 1 P O B R 2R
T3 L R b R SRS AT SR ARG G R
B KK 3 R RBOR , b s el AR S PR fE i 2%
iR AEE B IR, (AR ESZH M
i R T AR TR T AR - R S B VS e ) R
Xt BT A X A LS R R, F S
138 rp i BEE 24 5% BA R 10.7~69.3 kg -hm2, -1 32.3
kg-hm™(3 2), PO A AL, 3
SR INAR M X -3 rh i 4% BA AR W Sk 20.1~263.3 kg -
hm™, P33 231.0 kg -hm™?; P BT + RIFX AR AL
RS A X ST 25 5% B E 100 kg-hm™ £ 475 48
JEARAEERSE X PR AR B IX A R A A oK X i i
5% BRI AE 50 kg-hm™? LUR o 54 FH 43 s
S5k B e AR AU AR SR IX PG e R DX R AR A
A R XA THEA AR 7K . 5 5T &4kl 3277 X
BRI B BRI T, (E b RS AR 3 L 5 R
R R A ARG S8 , A R P AR
TEAREE 0 LRI /IN /N2 0 R ORAR 2R i

T, BN R B T A HH A 39 b A% B AR A Y
R Z— o BEAb, 7 5 i AR A [l SR A X A v
ARIEISCE Ry 53.7% , Feidin® 7 90.0% (5K 3) , THT
sttt DX A FH - 38 FR ) TSR A-AN B) 60961, 75 8%
T4 FH A= 398 e b 8% B9 it 5 il RS 5 R 5 A B 22 1]
WA I AR SENE , 3 53R e A At/ 22 1l DX 1)
PHA LA, W] BB 55 B XA R (T84 R
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®4 BRMARBATERRSESHIFE (kg hm™)
Table 4 Layer distribution characteristics of residual films in

farmland soils in Qingdao City(kg+hm™)

XS FRIEEE 0~10ecm )2 10~20 em +)2 20~30 em + )2

LX-01  12.68+2.19 9.04 2.08 1.56
LX-02 58.75+18.42 43.33 14.07 1.35
LX-03 32.52+4.51 24.78 4.57 3.17
LX-04 26.62+7.77 20.08 4.72 1.82
LX-05 24.50+6.07 19.40 3.92 1.18
LX-06 30.17+14.00 23.89 4.99 1.28
PD-01  50.81+3.44 37.24 12.36 1.21
PD-02 51.41+8.00 37.71 11.69 3.01
PD-03 38.52+18.55 30.50 5.43 2.59
PD-04 31.49+5.44 24.94 4.99 1.56
PD-05 27.28+4.81 2227 3.67 1.34
PD-06 41.57+2.48 34.92 5.40 1.26
JM-01  20.11+4.50 14.92 4.17 1.02
JM-02  14.92+3.96 11.00 3.17 0.75
JM-03  14.40+4.50 10.62 2.65 1.14
JM-04  26.37+4.32 20.44 3.96 1.97
JM-05 38.71+7.23 31.53 451 2.67
JM-06 23.05+1.91 19.98 2.66 0.41
JZ-01  26.84+9.62 19.25 5.43 2.16
JZ-02  11.75+0.99 9.13 1.98 0.64
JZ-03  10.70+2.74 8.53 1.52 0.65
JZ-04 36.44x17.16 30.37 4.85 1.22
JZ-05 26.94+16.64 22.34 3.43 1.17
JZ-06  18.63+4.56 13.76 3.66 1.21
HD-01 57.65+10.33 44.65 9.77 3.23

HD-02 48.88+7.83 38.43 8.54 1.91

HD-03 69.27+18.75 53.86 12.11 3.30

SRS ) R B AU | LA K b Y 2 DS AR
—RER R

B A A 77 X AR RN LK T
100 em’ (8222, 44 5 71.9% ;20~100 em® K/
19.2%;2~20 em® 89 (5 7.3%; /NTF 2 em® B8 AL 5
1.6%. TFEFR B X, Al HH 58 rh g AR A/ N TR
<d em® B/NMERTEZ, 5T 70%E4; THFL 4~25
em’ [ HR YRR Ry 209% ; T FL>25 em?® B RRE R BT o
AR 109 A7 1™ 7 AL AR F - 498 v )2 DL i
Fl<d em® B/ £, THIFL 4~25 em? BB IR
2 HA>25 em? BRI R/, T 1L PG AR H 4398
T4% Y5 A TR 10~15 em?® () Fp BRI J- 2+ HE5k
BT AR/ N B AR S - A O A oG, FRIEREARIX,
TEHIEHsmAR X, 2R AN AL A B AL B A
TR 39, % -39 v g B M B P B R R R . T
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By AR BR S FN Eh % RN 1, 22 R A1/ INRLER FH L
BRGS0 X 3 R R e R A T
INo T Sy DX MR 22 DU FobRis B 4R 2, iX
ol T AR A R A B R e, AR i = el T
FLRNAR RAR A MU N R BOb R R = 5% B . A
TEXFMEDL T, — BB & 55 | AR I Tl T H
TSR R T OB R, Bk SRR E R R
Hh SRR

T T A XA A J2 0 i 5 5% B8 A7 e B 3
A0 BE A A RAIE o 0~10 em - 2 i sk B4 i s,
Bk 3] 26.1 kg -hm™, 7 1+ 5 rp ib 558 B2 9
77.7%;310~20 em + )25 BRIk, 15 5.92 kg-hm?2,
i 17.3%;20~30 em +)Z28/0 P HA 1.73 kghm,
{5 BBk B 5.0% 47 o X PP AR AE S D
S RO Y AR AR DX - 4 PR AR A 43 A R AR H —
B TR X S BRI 3 A R A AR K 22
S o T B R RS BT R A ] T HB X AR 0~10,
10~20 cm Fil 20~30 em + J2 F gk B 5 4 51 K
38.7%.31.2%F1 30.2%, £51-JZ 2 [A] i M 5% P e 2
SEANIEE X AT BB BT DX A (5 TR LA B
b, T3 0~30 em +)EPER B HIY— A %

T A H A e AR B e ) R AR AN R L (H
1627 NEAE R I, A T A KR aR R A
40 kg-hm™, Hoo g m ik B A (E A F] 69.27 kg -hm™
(2 2), X Leth X Ay T38RI AT e X EY) AR 7 1
BEANFUSE R o PG |, 7290 B 5 B R B 1 |, it
JE % BA Rk 3] 37.5 kg~ hm™ I, 4 0335 500 /N7 % 24
A2 BEP R BT = A YN X, 2 3 sk
iR %) 40.0 kg-hm™ B, AT 3 AR/ N 22 F0 K3k
10.3%~12.5% A0 7.5%~9.4% , K G185 6.8%~
8.4% . TEMrIR K IR+ B0, 4 39 v ok i iA 3
58.5 kg+hm™ I, B 8 FKIE ™= 119%~23% , /N2 Ik
9%~16% , KIS 5.5%~9.0%, ERIEW " 14.6%~
59.2% AR SRS LU INAR B AL AR T
SCER ORI, Y ISR B il 37.5 kg +hm ™
B, /INZE K0 1) E AN A B aae e i %o Bt ™
9.5%F1 10.5% ; 4 -3 R R s ik 2] 75 kg
hm™ B, /22 R0 K A k™ 25 43 51 35 3] 23.8% il
13.9% . FRATTET 53 PUTH 1Y H AL H & B0
4 1 Ji55 5% B4 HR  37.5 kg -hm ™ 32 55 %] 75.0 kg -hm™
BF, 6477 8 904.5 kg+hm? K F] 8 054.1 kg
hm?, 5 25K 5 9.6% B A &) AL, AR
B, RIS RHX, Y R AT
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360 kg-hm™ 1EHOL T, %P4 £0AN A9 A 1 A it 52 i #
NTE

i S B T G o AR A AR A R P S R ) — A
FEHLHE | 55 P AE SR A b RS e IR - 3 g A 2R
G54, 52+ KB RS 1t R BEAHVE IR R4 7K 43
FFE I AR o R AR SO L AR U A6 2 D
TR, AR AE 0~12.1 kg-hm™ YEFEI,
B2 K Rt A SRR 5 AN 3T ik S B0 B
HEE5% BA S 1A I TIRAAIG o 16X 38 S S50 1l AP 83 i e
SO0 R B, 34N I AR R 2 A A A R AT
O, TT - LB R 25 7k 5 DU i - HE 73 B8 1t 348 T v S
FRAK. Y s Al 37.5 kg hm™ B,
T HEASEE L TCHRMEN RS  6.6% , KR AISLBRS
Iy AIREAR 4.3%F0 4.7% . >4+ 39E5% K F] 150 kg
hm2 B, A FIGIN 12.4% , 25 7K 5 FFL IR 45 51
FAR 9.3%F1 8.3%. £ LIk , 4 FH 4 398 v b i 7%
A R B 2 3 3 R AR ) o
I ERA EmEYE K I B0 (R AR
T - e i A% BA T Y A B, DL A [RIFE R IR) %) %
HEET Y 38 A UM S — i 19 25 Sk o PRI B 7T
A HH - 458 b A% B3 V5 Yo xof - 458 R AR VR A 7 1Y
PR S T VAT A i — R

4 FR5EN

(1) & Hb X R HH A 458 v b 5% B 1 A/, A
10.7~69.3 kg-hm™ Z [i] , P35 B 32.3 kg-hm?, 5%
B K/IN 5 Ay SXORN B A R 2 1R A B I A
K, 5 Y 2 b B R AR R A OC (r=—0.64 ), Rt ST
iR A2 (RTUSCATL AR, B8 i A B RIS R BB e L 5 FLAR
W5 |2 b T SO, 23 BB S e ) T R A
Z—

(2) R F 2441 7E 0~30 em HHZ N, M H. 0~10,
10~20.20~30 cm #2558 22 7 .2 (P<0.01), &1~
B JZ 5 5 5 3 e AR :0~10 em 2k 77.7%
(26.1 kg*hm™) . 10~20 cm & 17.3%(5.92 kg -hm™) .20~
30 cm Sy 5.0%(1.73 kg-hm™).,

(3)FRAEK/NEARTF 100 em? KiFF B2, 4
71.9% ;20~100 cm® K /INAY 15 19.2% 32~20 em? [
7.3% ;<2 em® FIRE AL Y 1.6%. BRIERE IR/ NEHE
S I S (RS, Bt BV EATE R A 64 fin 5k 2 b R
MR AR EE TN, B8 2240 /N A% B8 7E 3 b ey 22
B DRIMAE N T 22BRA RIS, 4 AT A g 5 A it
AR,
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