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Abstract

The outbreak of COVID-19 has exposed the problem that China’s medical waste emergency dis-
posal capacity is weak. Improving the emergency management plan and the medical waste emer-
gency disposal facility system is an important direction to improve the emergency system during
the outbreak of infectious diseases in China. Based on the relevant theory of the reverse logistics
network of infectious medical waste, this study, on the one hand, considers the construction of a
new temporary treatment center to cushion the sharply increased pressure of the disposal of in-
fectious medical waste, on the other hand, considers the end-to-end coordination between the ep-
idemic center city and the surrounding areas, so as to establish an optimal logistics network mod-
el for the emergency disposal of infectious medical waste, which considers both cost and risk. In
order to further analyze the impact of uncertain medical waste output on the optimization results,
Based on the above model, a robust optimization model is established and verified by taking the
actual parameters in the early outbreak of the epidemic in Wuhan as an example. The results
show that the temporary treatment center can alleviate the risk level caused by the sharp increase
in medical waste to a great extent. Decision makers need to weigh the budget and cost. The uncer-
tainty of medical waste production has a significant impact on the risk level, Increasing the budget
will help reduce the impact of uncertainty on the level of risk.
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Figure 1. Network structure of infectious medical waste emer-
gency disposal
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Table 1. Description table of relevant parameters and variables of the model
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Table 3. Parameters of incineration facilities
%< 3. RIRRTHESH

BRI No Ny N, N
Be 1 (T 7 /m 31) 15000 7500 2500 2500
RERA C; (JU/T-38) 1.12 1.12 1.12 1.12

IR =R IR TR ] 2 B A Gk R BRI A D DAL I 2%, R TR RIS B B

@:=
N HER
1 Aj SR
) J. A
Jo A
AR ‘ﬁ:}z A
e A
J
1 A N3.ﬁﬁ]7
IEX o
R A,
J;
AN B A
o A R ETEF
M @ ki

Figure 2. Layout diagram of infectious medical waste recy-
cling network nodes
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Table 4. Solution results based on epsilon constraint method
= 4. BT epsilon-AFERIK AR R

Y02 S S ¥ X sy i (0

(Ji75) t=1 t=2 t=3 t=4
1 247.19 1845086.5 4 247.19 1751/1141  296/1343 936/4198 0/30,000
2 248.19 1238225.8 4 248.19 392/2500 0/1639 0/2564 0/27,429
3 249.19 951525.8 4 249.19 392/2500 0/1639 0/1784 0/22,744
4 251.19 588345.2 4 251.19 392/2500 0/1639 0/1768 0/11,176
5 255.19 341840.2 4 255.13 392/2500 0/1639 0/1768 0/0
6 260.19 341840.2 4 255.13 392/2500 0/1639 0/1768 0/0
7 270.19 341840.2 4 255.13 392/2500 0/1639 0/1768 0/0
8 285.19 341840.2 4 255.13 392/2500 0/1639 0/1768 0/0
9 300.19 341840.2 4 255.13 392/2500 0/1639 0/1768 0/0
10 301.19 324607.8 5 301.19 0/2892 0/1639 0/1768 0/1957
11 301.39 313219.0 5 301.39 0/2982 0/1639 0/1768 0/1434
12 301.59 303343.0 5 301.59 0/2982 0/1639 0/1768 0/965
13 301.79 293467.0 5 301.79 0/2982 0/1639 0/1768 0/495
14 301.99 283591.1 5 301.99 0/2982 0/1639 0/1768 0/26
15 302.20 282352.5 5 302.14 0/2982 0/1639 0/1768 0/0
16 302.30 282352.5 5 302.14 0/2982 0/1639 0/1768 0/0
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PES R R b E e, EINEIR R B2 55 Wi AT, 1M B IS K AL B RE 7 i A AL 1
WA IZIE B HADIR T, A4 L ARTE R BE AN I AL A O HER, PR SRS SR A el i, BRI AE 1Y
MG EEBE B R, 2238 OB AP BRIE B FE, XEGE N T BRI KT, 752K B R T T g vr
2 HIGET AR G, DR HEAT B A b R 0 2 H R SR .
422 PHESBEEDH

EEXER IR = s AR E I, G54 LA B8, ¥E e =303 T30, Wy 43I 307 K 7 K 0.25%
2%, MERLPSRARAE TR 4 5 iR .

Table 5. Solution results under different robustness levels
% 5. TEI&#HEKETKRBER

KT

0% 0.25%  05%  0.75% 1% 1.25%  15%  1.75% 2%
f1 (J3) 28.25 2930 3037 3143 3469  37.74 4008 4413  46.98
SR (T TT) 302.1 3024 3027 3029 3030 3030 3030 3030 3030
HEHEANEL 5 5 5 5 5 5 5 5 5
AP AR (J578) 16.16 16.26  16.36 1645 1654 1665 1675  16.83  16.95
BEFIEA 1 (Jio0) 9.58 9.60 9.63 9.65 9.68 9.91 9.93 9.92 10,12
B 2 (5 T) 15.04 1513 1521 1530 1523 1455 1444 1437 13,69
BERRA ()3 78) 12.22 1225 1228 1231 1232 1217 1214 1211 11.99

2R BEAE 0% 2% 2 RIS BN, dehtJ7 RIGA AR, IXREHEARA K KK THE KT 66.3%,
F B R R I A5 DR U A A B o R A R I AR B ) R PR K T B ARBE AR SRR R, I8
B A 1 (1= B 2 1 I AR B rb o B IE B FROAR) BT K, IS HRT AR 2 (1 P A 2 v B0 B 8 et 138 i B AS)
AR P R R AE I e i B P DS iy 7 M I A o ) LRSS B30 s A A58 BB A S 18 K il
FERZAEEREIIRBIPIE . B HRAR A S I T A 3 Fis.
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Figure 3. Variation trend of costs under different robustness levels
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Appendix A. Number of open beds for Covid-19 patients in Wuhan infectious medical waste generation center

iR A BUXTERME £ O e s AFFRBUR L E (1)

B= i R EL (74 PR H

BB R E B 720 BT SRS EE B 430
BT 3 TR B 420 X P EEEE R 394
LT B LR B P B X 319 TLE X B b 260
I L BR Bt (J T80 43 e 515 BT R X AP e 200
BT 58 =R B QB4 4 Br) 300 BRI B B 288
L [F) 5 = b 536 BT IR X B it 26
DL AR 5 P A2 X 360 2m) [X S R AE B 242
BB N R B 2R B X 420 QLKA L B B 1000
Wb T PE R A A R B 187 QA A L B B 1500
S PURHH R 2 B I R A B 265 XA EHEGEDX) 305
BT BE B 100 PO Bras et 1800
WAL B P R R RS B 273 B FF BRI R X iU F 0 1100
o [N B T8 ZE Hh BR IX L R B 282 AT 2000
LT R B 122 R EE 800
RN A EER 304 KA R Abgg e 1000
BT B B B 504 BB VL 2 X 4 R A £ ot 1000
BT 3 B BE R 220 HED B R S R 1000
BT B LR B 405 T A U R g e 800
R+ F B 304 PUBH DXL ] s 120 e 1000
EAN S I T BB 102 HR— R E 300

Appendix B. Output of infectious medical waste (kg)
Mi® B. fERMETENER(TR)

& G R 7=

1 2 3 4
Iy QI 4 AR R PR Bt 990 855 900 810
I, BT 3 TR B 578 499 525 473
I3 DU 38 TR e v B X 439 379 399 359
lq BT O BE B (J5 1 23 Be) 708 612 644 579
Is BT 3 =R B O A7) Bi) 413 356 375 338
ls B[R B B 737 637 670 603
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Continued
I7 T2 5 P A X 495 428 450 405
lg BBUR A N R B 2R B IX 578 499 525 473
lo WAEE VRS A EE 257 222 234 210
10 QDURHE K 27 I Ja R A = B 364 315 331 298
I BT BE e 138 119 125 113
I WAL/ PR ER A G B B B 375 324 341 307
13 o N RO Hh B R X B 388 335 353 317
l14 LT AR} 25 g 168 145 153 137
15 BT BE R 418 361 380 342
l16 BT B B B 693 599 630 567
l17 BT B B B 303 261 275 248
l1g DT B LR B 557 481 506 456
l1o BT BB 418 361 380 342
20 PN EE ZHR LI B 140 121 128 115
It LT /N EE B 591 511 538 484
2 TR IX B B 542 468 493 443
l23 TLE X &R 358 309 325 293
l24 P T B X A X e 275 238 250 225
I2s DU I B2 B 396 342 360 324
2 DT PURE X BE B B 36 31 33 29
l27 ZeAa) X A B IR B 333 287 303 272
I28 BB L BE R 1375 1188 1250 1125
l29 D L B e 2063 1781 1875 1688
I3 HPUAE TR (G X)) 419 362 381 343
I3 B EFre 2475 2138 2250 2025
I3 B ZETFHARTE R IX B F ot 1513 1306 1375 1238
I33 R T 2750 2375 2500 2250
I3 Bl EH 1100 950 1000 900
las KAE L 4B E) L 1375 1188 1250 1125
I36 BBV 2 X 4 B A B v 1375 1188 1250 1125
l37 HEDEARHE S L 1375 1188 1250 1125
I35 LT A R A ey e 1100 950 1000 900
I3 UBH DX L ] s 1706 1375 1188 1250 1125
L4 HB A 413 356 375 338
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Appendix C. Distance between hospital and candidate points of temporary center (m)
M C. EfTSiERT i MRE S 2 B CK)

A Jp Js Ja Js Js
Iy 32,571 95,966 67,313 72,743 32,655 37,257
I, 20,246 65,406 45,458 100,526 46,257 35,520
I5 21,797 58,334 41,190 86,219 48,044 33,820
Iy 28,615 72,726 55,597 74,915 36,023 25,302
Ig 37,438 68,283 23,850 74,679 56,967 50,699
lg 22,528 65,067 46,385 82,850 43,111 28,887
I 14,007 54,188 41,704 89,540 52,682 30,913
Ig 45,890 65,819 28,222 88,934 70,485 57,455
lg 27,615 72,501 55,045 77,212 38,662 27,151
lio 28,784 60,165 39,754 82,907 56,399 42,551
I1q 28,090 69,324 40,523 73,155 37,743 31,560
I 32,773 63,824 26,696 78,850 51,656 46,540
lis 31,135 61,923 27,571 81,270 47,301 40,799
I 20,298 67,785 50,656 81,926 42,186 26,966
li5 31,168 76,054 43,566 68,021 34,441 30,704
lig 35,392 67,280 36,506 70,271 38,413 34,928
7 29,263 60,758 40,347 79,795 45,378 39,520
lig 41,837 76,076 38,955 67,755 41,643 38,524
1 26,759 71,645 54,516 69,434 34,139 26,295
loo 59,262 96,519 58,922 60,599 54,165 66,640
I 26,400 67,709 47,298 76,886 35,454 29,394
loo 61,075 115,093 101,231 48,866 1609 43,187
I3 44,559 43,651 4345 106,443 97,786 61,733
24 97,151 139,431 101,834 4915 44,852 88,860
s 33,266 64,053 43,642 72,765 39,794 36,624
I 30,453 54,212 41,109 134,734 93,137 51,332
57 9056 64,428 51,325 108,917 58,496 21,379
log 1360 61,207 48,104 102,737 61,140 22,217
[P 33,451 52,700 17,765 100,339 64,034 44,510
I3 22,311 62,551 45,758 84,555 45,662 28,288
I3 23,302 63,694 46,901 73,183 39,168 30,458
I3 13,540 54,861 40,999 112,590 70,993 30,227
I3z 31,091 95,809 81,947 71,984 30,763 29,481
I34 30,685 61,647 41,236 78,876 60,275 42,469
I3 56,863 50,267 7993 99,039 99,110 71,388
I3 32,482 97,416 83,573 71,419 29,987 29,145
l37 46,274 74,144 36,547 67,162 67,233 79,708
I35 29,917 62,214 25,822 80,547 61,946 41,197
l3g 23,339 58,358 37,837 95,601 53,468 34,981
lao 70,214 124,669 110,807 60,180 12,327 53,472
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Appendix D. Distance between candidate point of temporary center and incineration center (m)

BRSR D. lImBYMRIE = SRR il 2 [B]BE S (oK)

No N, N, N3
Ji 12,769 62,184 85,186 119,981
Jy 67,893 115,774 46,476 128,120
J3 53,551 101,473 42,615 89,716
Js 84,703 113,210 140,341 51,641
Js 57,019 62,281 134,425 85,966
Js 25,653 41,880 99,215 120,474
Appendix E. Hospital (1) and temporary center candidate point (J) population exposure level
Mi® E. ERR()SiREFiIMRES ) ABEREXKTE
R FFEKT R FFEKT R FEE KT
Iy 59828.49 117 44871.37 l33 29914.25
Iy 59828.49 lig 44871.37 l34 29914.25
I3 59828.49 I 44871.37 I35 29914.25
Iy 59828.49 log 44871.37 I35 29914.25
Is 59828.49 I 44871.37 37 29914.25
lg 59828.49 15, 44871.37 l3g 29914.25
I, 59828.49 I3 44871.37 I3 29914.25
lg 59828.49 log 44871.37 140 29914.25
lg 59828.49 l55 44871.37 1 17473.54
I 59828.49 e 44871.37 3 12695.18
lg 59828.49 lo7 44871.37 J3 11846.95
I, 59828.49 I 29914.25 I, 16625.31
lis 59828.49 I 29914.25 Js 11422.83
I 59828.49 I3 29914.25 s 29009.47
I1s 59828.49 I3 29914.25
I 44871.37 I3 29914.25
Appendix F. Exposure level of people in transportation sections between nodes
M F. HREEMRERAFREKE
W) 3 Js 3 I Js
Iy 68920.24 203064.06 142434.31 153924.19 69097.98 78835.81
I, 42840.54 138399.10 96189.13 212713.02 97879.81 75160.32
I3 46122.45 123434.74 87158.04 182439.40 101661.10 71563.12
Iy 60549.34 153888.22 117643.25 158520.14 76224.67 53539.03
Is 79218.81 144486.83 50466.60 158020.76 120542.17 107279.08
Il 47669.25 137681.77 98150.66 175310.60 91222.88 61124.89
I; 29638.81 114661.81 88245.66 189466.64 111475.11 65411.91
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Continued
Ig 97103.24 139273.00 59717.75 188184.34 149146.26 121574.78
Iy 58433.34 153412.12 116475.22 163380.59 81808.79 57451.52
lio 60906.94 127309.14 84119.46 175431.21 119340.28 90037.92
Iy 59438.44 146689.58 85746.67 154795.98 79864.19 66780.96
I, 69347.67 135051.58 56488.74 166846.60 109304.10 98478.64
l13 65881.66 131029.07 58340.24 171967.32 100088.92 86330.68
Iy 42950.57 143433.06 107188.10 173355.42 89265.58 57060.06
Iy 65951.49 160930.26 92185.66 143932.44 72877.16 64969.66
16 74889.47 142364.48 77246.70 148693.44 81281.91 73907.65
l17 61920.51 128563.93 85374.25 168846.22 96019.85 83624.32
lig 88527.09 160976.82 82428.78 143369.58 88116.59 81516.78
Iy 56622.04 151600.82 115355.86 146922.34 72238.12 55640.22
Iy 125398.39 204234.20 124678.95 128227.48 114613.14 141010.24
Iy 55862.40 143272.24 100082.57 162690.78 75020.66 62197.70
I 129234.70 243536.79 214204.80 103400.46 3404.64 91383.69
los 94286.84 92365.52 9194.02 225233.39 206915.18 130627.03
P 205571.52 295036.00 215480.74 10400.14 94906.83 188027.76
Iy 70390.86 135536.15 92346.47 153970.74 84204.10 77496.38
Iy 64438.55 11471259 86986.64 285097.14 197077.89 108618.51
157 19162.50 136329.65 108603.70 230468.37 123777.54 45237.96
I 2877.76 129514.01 101788.06 217391.49 129372.24 47011.17
log 70782.32 111513.20 37590.74 212317.32 135495.94 94183.16
I3 47210.08 132357.92 96823.93 178918.38 96620.79 59857.41
I3y 49307.03 134776.50 99242.52 154855.23 82879.49 64449.13
I3 28650.64 116085.88 86753.88 238240.44 150221.19 63960.33
I33 65788.56 202731.84 173399.85 152318.14 65094.51 62381.80
I3y 64929.46 130445.05 87255.38 166901.62 127541.90 89864.40
I35 120322.11 106364.97 16913.19 209566.52 209716.76 151057.01
I3g 68731.91 206132.26 176840.47 151122.60 63452.49 61670.82
l37 97915.78 156888.70 77333.45 142114.79 142265.03 168662.13
l3g 63304.37 131644.82 54639.35 170437.45 131077.74 87172.85
I3 49385.32 123485.53 80063.09 202291.72 113138.29 74019.80
lso 148572.82 263799.60 234467.61 127340.88 26083.93 113146.75
No 27019.204 143661.59 113313.92 179231.55 120652.2 54281.748
N, 131581.344 244977.78 214716.87 239552.36 131786.6 88618.08
N, 180253.576 98343.216 90173.34 296961.56 284443.3 209938.94
Ns 253879.796 271101.92 189839.06 109272.36 181904.06 254922.98
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