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Effect of returning potato starch processing wastewater on nutrients and heavy metals in soils

ZHAO Bo—chao', WANG Xue-ting', DOU Guang—yu', ZHU Ke-song', YUAN Xi-nan', LIU Gang’, PAN Cen—xuan'"

(1. State Environmental Protection Key Laboratory of Eco—Industry, Chinese Research Academy of Environmental Sciences, Beijing
100012, China; 2.Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou730000, China)

Abstract: In order to study the effects of potato starch processing wastewater on nutrients and heavy metals in soils, we selected six potato
starch production enterprises in Guyuan City, Ningxia and measured soil nutrients and heavy metals on farmlands irrigated with potato
starch wastewater from commercial processing companies. Paired /—tests and comprehensive index evaluations were used to test changes in
soil nutrients and heavy metals in farmland soil samples with and without irrigation using potato starch processing wastewater. No
significant difference in heavy metals was observed between the two treatments (P>0.05). We also found no significant differences using
comprehensive index evaluation, indicating no significant differences between treatments regarding soil quality, as confirmed by the
previous analysis. Moreover, soil nutrient content was significantly improved on farmlands irrigated with potato starch processing wastewater
(P<0.05). The comprehensive index (/) evaluation method of the grading standard also indicated significantly increased soil nutrients on
farmland with potato starch processing waslewater irrigation (I=83) when compared with soils that did not receive wastewater irrigation
(intermediate level, /=53). Therefore, our results suggest that irrigation with potato starch processing wastewater increases soil fertility
without significantly increasing soil heavy metal content.

Keywords: potato starch; processing wastewater; soil quality; soil nutrients ; comprehensive quality index
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PR/ PR (B 7/ 58 U IYAL L DR B SNE 15
2 it CHLAE AE SR At . JCHLAEIE A ) i
Jit A L S LS LU R AR AL, S B SR 2
TR AR R B S e 0 Rl e R AR U
FIE B3 MK A B AL R - R /K95 e Ak
b TR T G (] RS, 5 b ] A A RE A7 2808 R B
R A AR A PR R A B B I, AN
BB S AW AT A AR b BB A N A
o BIBEE T T 0 A A HLIE XS L E T
BBy A s e A 5 ), 45 SRR W It A A= Ay
HUAE ) - S HE T ] A2 i o, 1 S LI L A % ol %
R AR S A Y A R R .
B S I S FH A ATLAE X R - P SR AT BB 52
B85 SRR AT ALAE 22 1 i 1 L A% H 3R Ok Ak
YRR, 203 3R 4h M, al e — e R EARIH AR XS
BRI

CHES VR I T A T B R Ve
LI 73 B AR AR R T e A R —
O /NBURLTERY M AP YR RO B B S
HLBEK!™, B HEA K M 2o UK (A R B SR A
GfEE . HBTENR DA B RE RN TR K BIR BEOR
DL A - 4R 00 B A Ak 3805 =000 3200, oA 4k 2
oAb A A ERBEIE AR A2 I Fenton - R4
RIS R R T SRR N T B AR P AR P L AR
AU ZRACH X A R AR A T8] R Gl A A2 3
A ISR R R i 5 58 2% R s AT A
MELARSE IRARHERCSE R . B K BRI A B
Je— M IRIR B, Al A 22 B BRI AT B BT Ak
T % S Ry N TR K A Al A JRE AR SRR ER 1Y
Tl S PE RN IR K s P TR A DR X — X ALY

Mg, HRTER T (N5 (TR CH N e A
SEBRI T EE S R 5 SRS T I T KA 1
A A AR AN S T4 B, 4 BRI e 2 4 157
G B PRI J5 ek ) 0t ik 2 R AR IR . A S 1B
TR SR 6 ZE A R R Al 3SR AR Al
At FF - A% ST oy i LR K 1 - 38 it T 3~ 10 4F 5
S TER N TR K B SRR A L SRR AR i
LHEFR I A SRR AR , 8 I XA KR RN 255 4
HOPPAN 43 A Eh 8 SN K FHR S 353 03 K
R B RE R, LAY R T A% SR N TR K A4 A
MRS % .

1 MEETE

1.1 X3 ith = 5 B E]

PERE T B BT 6 28 H R S E Ry Ak ) B A IR
B A M, Al BRAETE S B TE M AR PP A R (11—12
F )W 4% S M 0 T Kt TV E YIS s R4S TR
A, T 445 12 A it H 58 52, it FH 29 3 000 m’ -
hm, Jife FH B4 B 48 S E M TR K s L% 1. it
IHER NN TR K A% B AR R T IV ROk D %
YEW , FlkeL Bt AS Pt FH A0 A A At A AILAE , AN it FH 5
A SEVE RN T K 1 A R R AR AR 4 75 2K il P
PRE BEIR — AP 4 A Bk HRBAE .

S SRALIT ] K 2018 4E9 H 25—26 H .
1.2 HmAERLE

53 I HE A it FH E5 8 S VE R i T K Ak LR E
Jit FFT 5 44 S A n U ZK A A FH e B 3 A4 57, TR
T AR A 0~30 em B9 T IERE AL, AR EA DT
0.5 kg RAEJG 3N MRS IR A AR — MR A
FE L, H A8

x1 DEREEMMIEKES (ng-L")

Table 1 Component of potato starch processing wastewater(mg-L™")

WY ol ol T ST ST Sl
Component Enterprise [ Enterprise Il Enterprise Ill Enterprise IV Enterprise V Enterprise VI
pH 6.72~7.43 6.13~7.47 6.82~7.36 5.82~7.23 6.27~7.41 5.93~7.12
5 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
oK 0.000 18 <0.000 04 0.000 11 <0.000 04 <0.000 04 <0.000 04
it 0.001 1 0.001 8 0.004 7 0.000 8 0.006 4 0.009 2
it <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
N 0.012 0.013 0.076 0.049 0.021 0.023
i <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
BE 0.06 0.46 0.70 0.21 0.51 0.37
SR 1 000~1 200 1 000~1 200 1 000~1 300 500~700 1200~1 500 400~700
e 80~100 150~180 130~150 80~100 130~150 30~50
el 1 800~2 000 2 000~2 300 2 800~3 000 1 700~2 000 2 100~2 300 1 800~2 100
http://'www.aed.org.cn — 667 —
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SRAE B i BT RE S B 2 (JEZ) 2 em)
e = B GE AR B AT T TR R RE Ak
FEPIAR (it U VD A ] A SRR R LR B 2
SRR AT 2 mm FLAR I o 4 ad 2 mm FLAR T A £
FER UL HE H BRI R 1 kgFES BUH b 2y
500 g A A AR SLOR B fif 2 48R ad 0.25 mm FLAET , T
K43t , 555029 500 o B S bR s F H BHAS BT
1.3 iR ENE R &

FE fib 43 B0 5 48 A5 B - R FE bR - pHL
i (Cd) 7R (Hg) Jifi (As) (5 (Pb) (5% (Cr) JBE (Zn) Vi
(Cu) BR(ND) ; HHEFR AR AW 2R KR A
RO A . FAARIE Tk e AR 2.

14 TEFSEEIEHITIEREREREH

S At B o S b R
BURT A A R A A8 I 4 T8 AR 85048 (3R 3)
T IR LG REUD .

]=2Fi><Wi
A MR BN LG REG FARERSE (AR IR

VRO, A D% 35 WA SRS i MEAR AL , A L
JEALEAH 030, 2 A AEAE K 0.25, A A E (E
h0.25, SALFIALEAE A 0.20,

HR A AR 7= i 7= b PR 358 o B B4 b o ) (H
332—2006) LA BT fs B0 A TR
BB LR A TR AR R (¢) -

1.5 Gitoh

% JH Microsoft Excel 2016 X} 5035 4740 H 43 ¥,
K SPSS 21.0 S EA TBE X REAS ¢ K56 20 #r , 8 25 1k
K a=0.05

2 #EREW®R

2.1 MHETEFSOE WS

Jiti FH RN A it F (CKO) Eh 4% e By 11 /K - He 4%
WG AT R W 4, +HEFR > & T8 bR 1)
BEXTAEAS ¢ 45 35 25 5 PAE /T 0.05, Jiti FH 5 4% 3
T m T K e A A 45 00 95 oy i R i, 3K 5 i
BSOS T R R L X R S N TR K AR A

®2 HmUERERSHE

Table 2 Indicators and methods of sample measurement

191 H Ttems A FE #5 Indicators K J5 7 Test method J7 R UE Method Standard
ER:S78 pH 8 pH A NY/T 1377—2007
i BT B R AIE B R T GB/T 17141—1997
K BRI 55 10943 A ROR AN 2 NY/T 1121.10—2006
fitt IR B 113843 - AR NY/T 1121.11—2006
i R B BRI A AR IR R GB/T 17141—1997
i 5 BERIIE ORI S O R HJ 491—2009
B AT R BERIIE AT e R GB/T 17138—1997
il T A BRI AT IR R GB/T 17138—1997
B T BRI AR RIS R GB/T 17139—1997
T AL BRI 2 6 3B 43 : HHERE LRGN E NY/T 1121.6—2006
o A3 A N 1k CRRE T IR NY/T 53—1987
IR AR A I E LY/T 1228—2015
R BRI 2 75 A AT O I NY/T 1121.7—2014
HAH AR I LY/T 1234—2015
3 FEHLIEFERITES N
Table 3 Beijing soil nutrient index scoring rules
15508 AL £ R TR
Score value Organic matter/(g-kg™) Total N/(g-kg™) Available P/(mg-kg™) Available K/(mg-kg™)
204y <10 <0.65 <15 <70
404% 10~15 0.65~0.80 15~30 70~100
6043 15~20 0.80~1.0 30~60 100~125
804> 20~25 1.0~1.2 60~90 125~155
1004y >25 >1.2 =90 >155

Vs F A A K VA A S R R ) & (B R

Notes : The inclusion relationship of each nutrient content interval score is lower (limit) included, upper(limit) excluded.

— 668 —
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PR A8 25718 — 30, JUHUE 8ok i A AL
TR S0 BG40 R T 1.84 315 4%
TASAE(FRS) X WG A e M TR K s &K
TR PR (FR 1) ARG AL AR

Z: 2 A0 T 1 TR 4 A bR e, RIS
AT MR ZE A HR B 5yl B, B AR A (0< < 30) %
(30<1<50) . "1 (50<1<75) | 1= (75<1<95) M iy (95<I<
100) . BEFEFE S HHEAT LT 45 A A0 A A
LA TGHRAREU , S5 A at T IR 5 0 A b ifE
TR PO it FH S e R i T 7K A Ee A it
A 3SR AR B KR 2 5 125 Ak 5 4 F- 3
HIHE, LSRR B8R =53, T2 50 KA
Tism=83, F2 53 /K FM i o
22 TEpHEEMESESETH

A H 4458 pH M 5 4 5 A E5ds 1 £ T 46 b
it 3 B 25 A W3R 6, AR A i 45 2R | it FH 5 A it
TR SEGE R N TR K (A% B A e 4500 o 4 g 1 3
TR i A b 1 398 75 Y JRURE A5 s b o )
(GB 15618—2018 )"y JXURS i {1 , 3% B A% HH + 1 3R
Ba R B X3 pH K R B ET VB VB B
B S MR AT R REAS o KG 56 0 A  AR BR M P Y KT
0.05 , 2= B i FH -5 A it FH = 4% S5 08 By 1% 7K i) 13
pH &I E 4R S R & X

A H A 3P 4 R AN IR 4R R B R T5 K
DL 0 KA R KA IE A2, AR AT
BLARAR IR F A 2 15 it FH S8 SR N TR K, i 4R

SENN TR KA HH it R T A UL A R A
A E 4B NSy, TR e P T 4 8 o e i T A PR
ORI s
2.3 KETEREREZWH T

HR A CEE AR 7= i 7= M 3R 358 0 A b o ) (HT
332—2006)"", £ 7= iy 7= s A= HEIR BT T AR i - R4
PR B L5 A R BT (o) T LAY R =4, B I (g<
0.7) .3 1% (0.7<¢<1.0) J#ibR (¢>1.0) . ZFH ZbrifE
o R BT O TR Tk ST R 6 R R
B BRI VBE B R AS At F  AE FH
R VRN I TR K B AR B - R 25 A R AR B (3
7)o SRR S A S N TR K AR
FH - SRR o 15 1) J8 995 0o S 0, it P Eh 4% S B i
TR KA H A 58 R BT 25 o A 2 (g) AN
0.418, W 125 F At S 4% Sy A i TR /K AR H - 420
B R IE B 1E (0.405) o XF &A1 FR S
ZEA T FR B TR REAS e K56 43T , 25 5 P=0.46>
0.05 , 2% B it FH -5 A il 25 4% S 5 by i T K A4k 1
TG AR RIEAOL R R W R s
AN e S P 4B B FOX AR AN ¢« A 50 4 A
SEVSAH L EE , & BH ft FH 75 44 e By i 1% 7K S i ]
PIAN St A FH A S A B o o B 25 01k

3 #ie

(1) it FH =54 S e by fin LK iy A H -3 oA AL
Jit AR KRR A RO AL i B S, UL

R4 HEAMKEADSRZENMTEKNIERDHITER

Table 4 Soil nutrients without/with potato starch processing wastewater

A LT &) KA A A
FEAS Organic matter/(g-kg™) Total N/(g-kg™) Hydrolytic N/(mg-kg™")  Available P/(mg-kg™") Available K/(mg-kg™)
Samples it it JH AT Tt 1 At 1 it At 1] it EN/ il it JH
Without With Without With Without With Without With Without With
wlk—C1) 14.4 15.8 0.91 1.14 58.6 131.0 17.6 40.7 146 459
Al = C1) 15.8 18.9 0.89 1.85 139.0 365.0 34.7 81.9 121 1940
Al = (1) 13.9 19.2 0.97 1.56 90.4 151.5 22.8 87.0 146 1535
Ak V) 15.8 19.7 1.05 1.64 50.0 200.0 6.4 52.0 118 429
N FE (V) 15.7 15.5 1.11 1.08 61.6 94.2 16.8 34.0 199 650
k7S (VD) 12.0 19.1 0.79 1.67 58.9 344.8 6.8 134.2 113 850
P1H 0.022 0.017 0.029 0.032 0.023
x5 EASREADRIEMMIEKN TEFSHE
Table 5 Mean values of soil nutrients in farmlands with and without potato starch processing wastewater
TiH AL o KRR AR G
Ttems Organic matter/(g-kg™) Total N/(g-kg™) Hydrolytic N/(mg-kg™) Available P/(mg-kg™) Available K/(mg-kg™)
e | 15.1£1.8 0.980.12 70.0+30.1 17.8+13.3 13736
Jiti 1 18.3+2.0 1.51+0.28 198.7+£100.8 73.8+34.7 1116607
http://www.aed.org.cn — 669 —



KU FREMEFHR-E375 - F 58

xo MASKEADREBFEMMIEKTIEESERAESRTTER (mg-kg")

Table 6 Analysis of soil heavy metals with and without potato starch processing wastewater(mg-kg™")

F547 Indicators 11 H Items 1 1 il| v A% VI SES{E R 1EZE Mean+SD P {H P-value

pH Jiti 8.13 8.03 8.17 8.23 8.08 8.21 8.14+0.08 0.091
it 1 7.84 7.82 7.92 8.18 8.19 8.13 8.01+0.17

& Jiti FH 0.120 0.100 0.095 0.090 0.090 0.078 0.0960.014 0.998
SRSt FH 0.120 0.130 0.090 0.075 0.080 0.080 0.095+0.022

K Jiti 0.063 0.020 0.024 0.026 0.018 0.046 0.0330.018 0.418
it 0.021 0.039 0.031 0.016 0.023 0.017 0.025+0.009

fif Jift 11.0 12.8 11.7 15.0 10.3 8.20 11.5+2.3 0.278
it 11.2 12.7 11.2 15.1 6.60 7.70 10.8+3.2

Y Jiti JT1 21.8 23.0 22.4 28.2 26.8 24.4 24.3+2.6 0.851
At 20.8 23.8 23.7 27.0 30.0 222 24.6+3.4

B Jite I 29 33 32 37 31 30 32.0+2.8 0.137
it 1 24 29 30 32 33 30 29.7+3.1

il Jitt i 22 28 26 25 23 25 24.8+2.1 0.356
it 30 27 25 25 26 24 26.2+2.1

B Jite FH 59.7 65.7 72.8 54.0 59.0 69.3 63.4+7.1 0.460
ATt 71.2 67.3 74.9 37.5 41.0 66.0 59.6216.1

s Jiti FH 54 76 76 49 53 67 62.5¢12.1 0.501
it FH 64 54 88 52 51 96 67.5+19.7

=7 ERAMKEASREEMINTEKLIERE

S ik

ZEREREY
Table 7 The comprehensive index of soil quality with and without

potato starch processing wastewater

o Jifti 7l With K Jite Ff Without

Samples qft &y qffi ey
g—value Grade g—value Grade

I 0.39 T 0.37 T

II 0.44 i 0.41 T

i} 0.38 T I 0.43 T

\% 0.48 i 0.47 T

A% 0.41 I 0.42 &

VI 0.40 i 0.33 i

SEMMFRMEE 0.4180.001 0.405+0.002

S b B R TSR R A A R S R S R A O
RN R E VR I T K AT AR Ak L3
TRy IR0 B2 AHUTT LRI A PR, R it
P8 B RE R I T K 1 L8837 00 S Th oK it
J5 IR s ROk

(2) A Amll it FH P % e I T K AR FHAR EEAR
Jiti A Eh % B RE R N T K BOAC L, SR 4 ik (A
BY BB VBR B SR BOA B AR, HI R T (R
PRIE i A Tl - 35 G KU A P bR E ) (GB 15618
—2018) B XU Ot e (L, - SEPRBE oA R Ag o ]
PETER N TR AR H IR 255 B e 8 S R
it P A0 T L ey 2 25 52, BB T 9.
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