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Pollution risk and resource potential of vegetable waste in the Huang—Huai—Hai region, China

XU Zi—yun', LI Yong—qiang", LI Jie*’, WANG Zhe', JIA Sen'

(1. National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources/ College of Resources and Environment,
Shandong Agricultural University, Tai’ an 271018, China; 2. Agro—Environmental Protection Institute, Ministry of Agriculture and Rural
Affairs, Tianjin 300191, China)

Abstract: Resource utilization and nutrient recovery of vegetable waste are necessary measures to achieve sustainable and eco—friendly
agriculture. In order to determine the pollution risk and utilization potential of vegetable waste in the Huang—Huai—Hai region, we
estimated the nutrient contamination load (total nitrogen (TN), total phosphorus (TP), and total potassium (TK) ) of vegetable waste in
prefecture=level cities, through literature collation and data analysis. We used ArcGIS to characterize the spatial distribution of the
comprehensive index for pollution intensity and pollution risk, of TN, TP, and TK, to identify the key areas of this region where should
control nonpoint source pollution of vegetable waste. Furthermore, we examined the potential for utilization of vegetable waste resources by
comparing the amount of vegetable waste with the demand for fertilizer. The results showed that in the Huang—Huai—Hai region in 2017,

the total amount of vegetable waste was 16.18 million tons, with TN, TP, and TK contents of 0.42, 0.11, and 0.54 million tons, respectively;
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the average pollution intensity of vegetable waste was 6.45 t-hm™-a™", while the TN, TP, and TK pollution intensities were 15.15, 4.05, and

19.49 kg+-hm™-a™', respectively. In the prefecture—level cities of Huang—Huai—Hai, the areas where the pollution load of vegetable waste
exceeded 580 000 t - a™' were concentrated in the central region, and included Xuzhou, Weifang, Zhoukou, Nanyang, Shangqiu and
Tangshan. The pollution load accounted for 26.44% of the total load. The pollution load of TN, TP, and TK in these areas exceeded 16 000,
4000 and 19 000 t+a™". The pollution intensity of vegetable waste exceeded 10 t-hm™+a™, and the cities where the pollution intensity of TN,
TP, and TK exceeded 23.76, 6.36, and 31.58 kg+-hm™-a™', respectively, included Zaozhuang, Kaifeng, Laiwu, Tangshan, Tai’an, Anyang,
Jinan, Weifang, Fuyang and Shangqiu. The cities with a higher potential for utilization of vegetable waste include Weifang, Qingdao,
Dezhou, Liaocheng, Linyi, Tai’ an, Jining, Heze, Shangqiu, Zhoukou, and Nanyang, and account for 19.0% of the Huang—Huai—Hai region.

These results can be used to inform decisions on the control, rational distribution, and comprehensive utilization of vegetable waste in the

Huang-Huai—Hai region.

Keywords : Huang—Huai~Hai region; vegetable waste ; waste production coefficient ; risk assessment;spatial distribution
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Figure 1 Administrative division of Huang—Huai—Hai region
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Table 1 Waste production coefficient of various vegetables and proportion of TN, TP and TK(% )

N R RS - . - - .
ST i il akE TN fr it TP 5 bt TK #r Sk
Representative Waste production .
Types of vagetables - Moisture content TN content TP content TK content References
vegetables coefficient

e 3% 9.7 93.2 2.70 0.67 4.39 [15]
JRSE HJI 2.5 88.7 2.27 0.96 3.23 [16]
P b 42 91.2 4.04 0.52 2.86 [15]
UHEES il 22 84.4 2.43 3.25 4.52 [17]
Wi KA 1.7 91.0 2.21 0.37 3.33 [18]
EHIE 3= 7.6 89.5 2.46 1.15 3.06 [18]
KA TR 2.1 90.5 2.46 1.15 3.06 [19]

2R ZBURITN TP TK B i 2 DL T 463

Notes : Waste production coefficient, TN, TP and TK content are calculated by dry base.
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Figure 2 Temporal characteristic of vegetable waste pollution load
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Table 2 Statistics of vegetable waste yield and agricultural fertilizer consumption in Huang—Huai-Hai region in 2017

iy e KM 10% 4351 %% 25% 43 Ek 50% 43 E 75% 53 i EL e/ IME
Variable Maximum 10% quantile 25% quantile 50% quantile 75% quantile Minimum
BT R0 88.39 53.02 38.87 21.56 12.23 1.60
AR /10 ¢ 157.78 104.36 62.13 35.06 24.00 2.40
— 907 —

http://'www.aed.org.cn



KU FREMMEFHR-E375 - F 64

2000 9 2007 445 0t - 2007 4E35 Yt

O 2012475 YL fifr —@— 20124775 Y oin
1501 B 20174755 G g -O- 2017 AR5 LR )Y

Ju—

(=

S
T

(10*t-a™)

BRI 7215 Y S A0
Vegetable waste pollution load/
wn
S

=
BRI Y vtk

0
TR

Bebps RO sgRHd REmdr ol

Vegetable waste pollution intensity/
(tehm?-a™)

T MR JFET Y

B3 EifEE KRR F Y B IS R 5 i RIS Y 0R B (B 4 AE

Figure 3 Distribution of vegetable waste pollution load and pollution intensity in Huang—Huai—Hai region
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Table 3 Statistical analysis of pollution load and pollution intensity in Huang—Huai—Hai region

S SR e/ MHE S oNH] LRIV S {E bR
Index Number Minimum Maximum Median Average Standard deviation

B SR FEY T Y A/ (10° ta™) 58 1.60 88.39 21.55 27.90 20.05

TN GG fi/(tea™) 58 412.45 22 835.46 5568.42 7207.49 5181.26

TP Y5 Yt i/ (t-a™) 58 110.33 6 108.40 1 489.53 1927.98 1385.97

TK 54 fi/(t-a™") 58 530.75 29 385.38 7165.61 9274.82 6 667.40
BERIE TG YA/ (t-hm ™2 -a™) 58 2.11 14.72 5.36 6.45 3.18
TN V5 Ye58 1/ (kg-hm™=+a™) 58 495 34.57 12.58 15.15 7.48
TPI5 Y58/ (kg-hm™-a™") 58 1.32 9.25 3.37 4.05 2.00
TK V5 Y¢85 %/ (kg hm™+a™) 58 6.37 44.48 16.19 19.49 9.62
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Figure 4 Spatial distribution of pollution load in Huang—Huai—

Hai region
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Huai-Hai region
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Titea™, B S-S YL R 14.73 t-hm™-a™ , TN,
TP TK 75 Y38 4351 4y 34.57 .9.25 .44.48 kg-hm2-a™
(Kl6.%4).
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Figure 6 Comprehensive pollution index of vegetable waste in

Huang-Huai—Hai region

R4 BREFDE SRR X5 RERL

Table 4 Pollution in areas with high risk of vegetable waste contamination

15 4L B 4} Pollution load

15 Y435 FE Pollution intensity L AIE YR

iﬁézlf BRI TN/ TP/ TK/  BRREFY TN/ TP/ TK/ Comprehensive
(10*t-a)  (10*t-a™)  (10*t-a’)  (10°t-a’) (t-hm?+a") (kg-hm>+a') (kg-hm?-a') (kg-hm>.a"') pollution index
IR 31.62 0.82 0.22 1.05 14.73 34.57 9.25 44.48 1.00
SiEan) 46.65 121 0.32 1.55 12.33 28.95 7.74 37.26 0.81
JeFeh 8.16 0.21 0.06 0.27 12.33 28.95 7.74 37.25 0.81
JEILT 58.08 1.50 0.40 1.93 11.79 27.68 7.40 35.62 0.77
E=:qitl 39.08 1.01 0.27 1.30 11.81 27.73 7.42 35.69 0.77
e 37.45 0.97 0.26 1.25 11.53 27.06 7.24 34.82 0.75
T 42.47 1.10 0.29 1.41 11.48 26.95 721 34.68 0.74
Hbsii 78.41 2.03 0.54 2.61 10.86 25.49 6.82 32.80 0.69
LB 42.15 1.09 0.29 1.40 10.34 2427 6.49 31.23 0.65
T 65.10 1.68 0.45 2.16 10.12 23.76 6.36 30.58 0.64
ZHEGT 15.14 0.39 0.10 0.50 9.96 23.37 6.25 30.08 0.62
T90 48 T 50.09 1.29 0.35 1.67 9.76 2291 6.13 29.48 0.61
JER L5 i 32.00 0.83 0.22 1.06 9.62 22.58 6.04 29.05 0.60
TR AT 21.77 0.56 0.15 0.72 9.12 21.40 5.72 27.53 0.56
EI=ki 69.34 1.79 0.48 2.31 8.91 20.93 5.60 26.93 0.54
H 39.74 1.03 0.27 1.32 8.42 19.77 5.29 25.45 0.50
BT 88.39 2.28 0.61 2.94 8.39 19.70 5.27 25.35 0.50
T 19.02 0.49 0.13 0.63 8.45 19.84 5.31 25.53 0.50
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Figure 7 Resource utilization potential of vegetable waste in Huang—Huai—Hai region
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Table 5 Agricultural pollutant emissions in the Huang—Huai—Hai

river basin(10* t)

2 4 b2 A AR A Jexi:
Vit i . .
Basi Chemical oxygen ~Ammonia Total Total
asin . .
demand nitrogen nitrogen  phosphorus
T 154.6 7.8 76.5 3.8
TR 175.5 13.0 94.2 11.5
] 75.1 35 35.0 3.9
it 405.2 243 205.7 24.2
BRRVEFEY) — — 41.80 11.18
WETE DTk % — — 20.3 46.2
— 911 —
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